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Abstract i

Abstract
This thesis studies relevance criteria for medical images applied by health care
professionals. The study also looks at the image information needs and image resources
used by health care professionals, together with the image seeking behaviour of health

care professionals from different disciplines.

The work is a qualitative study that uses the Straussian version of grounded theory. The
population of the study included health care professionals from different health and
biomedical departments who worked in Sheffield Teaching Hospitals NHS Foundation
Trust. In total twenty-nine health care professionals participated in this study and fifteen
relevance criteria were identified from the data collected using semi-structured
interviews and think-aloud protocols. The work forms part of the medical image
retrieval track of ImageCLEF (ImageCLEFMed), and investigated the use of relevance
criteria applied to search statements. Analysis indicates that some of the criteria
identified by participants could be included in new topics used for future versions of the

track.

The findings of the study showed that health care professionals paid more attention to
the visual attributes of medical images when selecting images and that they applied
topical relevancy as the most frequent and most important criterion. The study found
that health care professionals looked for medical images mainly for educational and
research purposes and judged the relevancy of medical images based on their pictorial
information needs and the image resources they used. We identified the difficulties that
health care professionals faced when searching medical images in different image
resources. Other findings also highlighted the need for, and the value of, looking at
narrower subject communities within health and biomedical sciences for better
understanding of relevance judgment and image seeking behaviour of the health care

professionals.

Relevance criteria for medical iméges abpliéﬂ by health care professionals



Dedication 111

Dedication
To my wife, Jila, and my daughter, Sayna
To my mother and my father, and to my sisters and brothers
For all their support and encouragement throughout my life and study

Without which I could never have come this far

Relevance criteria for medical ifnages ba'pplierd by health care professiohals



Acknowledgment iv

Acknowledgement
I would like to begin by expressing my deepest gratitude to‘all Iranian people, whose
precious resources were used through the Ministry of Health and Medical Education and
Iran University of Medical Sciences to fund my PhD. I humbly wish that the experience
and the knowledge I have gained during my studies in the UK will make a small

contribution to the progress of my beloved country, Iran.

Completing doctoral research is a difficult process with so many ups and downs. I am
deeply indebted to my erudite supervisors Dr Mark Sanderson and Dr Paul Clough for

their kind support and their admirable supervision.

In addition, I must acknowledge the help of the staff of the Research Department of
Sheffield Teaching Hospitals NHS Foundation Trust, who willingly cooperated with me
during the data collection stage. In particular, I would like to express my appreciation to
Dr Nigel Hoggard, Dr Rob Ireland and those members of the health and biomedical
departments in Sheffield Teaching Hospitals NHS Foundation Trust who gave up their

valuable time and assisted in this study.

My bottomless appreciation also goes friends and scholars who assisted me with their
knowledge and advice during my studies, in particular to Professor Nigel Ford, Dr
Alireza Howaida, Dr Hamid Reza Jamali Mahmuei, Dr Abulfazl Fateh, Dr Hesam

Seyedain and Dr Yazdan Mansourian.

There are many other people who have had an impact on my studies. There are too

many to name individually, but I thank them all.

Relevance criteria for medical images applied by health care professionals



List of Figures v

Table of contents

ADBSEFACE ..ottt as st s s sassssssssssssssnsssssesassnsasssemssnensseen s e ii
DEAICALION.....citiirreerereitsiincni e ssasessassssssesssssssesnsasssasssensssssesesessme e e ssod il
ACKNOWIEABEMENE .....eceoeetiecnrcttisieessses s ssssensssstssssasessessssssesesssssssasensssenessessssen e iv
Table Of CONLENES ...cucuiiiiiiiccieci et sssssessssssssssssnsesesssssesssenennesn o v
LiSt Of FIBUIES «c.uiiuiieniriinieitiienerenrennenninersessssssesssssnsssesesasssessnsasssssessnensa sevesesssrsrinsneres ix
LISt Of TADIES ..oeueereicncrrtriscitttcsiirnecce s sessssssasessssssasssnsesesessssosssesessesesessssen e X
CHAPTER 1- INTRODUCTION ....coocveeerenrerereemsessssssnssene .1
1.1. ProbIem StatemMeNt........cccevcmiriccereerece sttt esssssesssenssessssssssssesssssssnsssssasssssas 1
1.2, AIMS aNA ODJECHIVES.......veuirceiriinceeetne s sessn s ssss s e nsnssssesensassssssessssesessssanans 2
1.3. RESEAICH QUESHIONS.....ccviviiirrreeerrnieeissseeisssnsssesssssssssesnsssssensansassesseresensssenssessasas 3
14. SigNIficance Of the StUAY........c.cecveveeererivniisieieseeccaessesersessesenssnseesensssssrsassssssssans 3
1.5. SErUCLUre Of the theSiS ......ccuereerceiiierererntirrssss et sessesassssssssssssasssesarensas 5
CHAPTER 2- LITERATURE REVIEW 7
INEFOTUCHION «.ccouiiiniiiiiisicrnncarernecnnrerrestessnesssessnrsnessnessessanssanersossnerssossersasssnrans w7
2.1. The concept Of releVANCE......ccccerrmrirrcericiniesiissiniisiiineeresrrssesssossssssasssasessessnssanes 7
2.2, ClasseS Of FEIEVANCE......ccciiecrercrrccresrssrsssossssssssnsssseessesersasssasassaessssasessssnsenssnsssensonnnnns 8

2.2.1  Objective or system-0riented...........ccceeirrrieieerirereeeee et 8

2.2.2  Subjective or user-oriented..........c..covviiiiiiiniii e 9
2.3. TYPES Of releVaNCe....covcuiriiiresirenitinnrisnenneccsatesassssssssensesssesssassresseessssesnsrsssrenes 10

2.3.1  System or algorithmic relevance.............cccoovriniiiiiiiniinneece e 10

2.3.2  Topical Or SUDJECE TEIEVANCE.......cicceecieieeeeeer ettt e re e e eresenee s 11

2.3.3  Cognitive relevance or PertiNeNCe .......coccueicrirereerrieiireeeet e ceeeeiesstes e eeeeseneeenas 11

2.3.4  Situational relevance Or ULIItY ........ccveiveciiiiceiee et e e ser e s ene s 11

2.3.5  Motivational or affective releVanCe ..........ooeveeeiieeeeieeeeeee et v e s e e eaeaaaens 11
2.4, STUAtIONAl FRIEVANCE .....cceeevrrriciiiicnenttiniiiiiicrnnenirecsssssnnesteenesssssansenenssssassansanssssonss 13
2.5. Relevance Criteria........cuvvciiniscrccssnisssissssssssssssense 14

Relevance criteria for medical images applied by health care proféssionals



List of Figures

Vi

2.6. Relevance studies..........covververmnevrunnisesssssensacsesseennsnenns 17
2.6.1  IMage relevance STUGIES ..........ceevviuieieeeeeeeeeeee e 27
2.7. Information needs of health care professionals............coeeveeeveeeeseesessesesmsnns 32
2.7.1  Image information needs of health care professionals..............ooooooooooooooo. 38
SUMMAIY c.cticiiiriisnnniensnnnisiesisiisissssessssnssssensasssssessssssssssssessssessssssrsesssssssssseenesssssmemenensns 40
CHAPTER 3- METHODOLOGY ......ccovverenrsnscsresenresessesessens .41
INEPOAUCHION ...coerrcteitcciticiesnsassceenaeasasesss s ssssessssstsnssssesessensassensossessssesemenensoesesanns 41
3.1. Quantitative vs. qUAlItAIVE ........cccveeercrreinnieneniesnssssssesssessenssnsnssessssssrenssesssas 41
3.2. Research method adopted in this STUAY ........c.cuceevierierceersnesnssnessesesssssrassnrsssssesess 46
3.3. GrouNded thEOry .......cccuiciceerernenrrensersesserrssrsssssseseissssessssssssssssnsssssssnssssasesssessesnes 49
3.4. Qualitative methods and grounded theory in LIS........ccceceveerveerrersrrensenscessenssnsssesnes 51
3.5. Straussian or Glaserian versions of grounded theory............cecveereeeenererserssensenne 54
3.6. Components of grounded theory...........cccceeueeunenns 56
3.6.1 Data collection in grounded theory: Theoretical sampllng .................................... 57
3.6.2  Data analysis in grounded theory: Comparative analysis ..........c..cccocevevvreeervernnnnns 58
3.6.3  OPEN COUING vttt ettt ettt et ettt te st e e e e ns s eve e s teere e eesaes 60
3.6.8  AXIAl COAING -.coveneiiiiiece ettt et ettt sttt ene e ee e s 61
3.6.5  Selective COLING.......coverierieiiirieteeietee sttt ettt e seraasas 62
306.6  IMIBIMOS ..ottt ecieet et st e s et e e ee st e sate st e e sa e b e e s s e bt et et s est e et s eenen e aes 63
3.6.7  EXAMPIE COUINE ..cvirveerereiececceiercerrcr ettt ettt v s et sbs s 64
3.6.8  SChematic Of the StUAY ......cccoiriieciecee et 67
3.7. Data collection Methods........cccuvvevmserinississsssnniiiiinienisssseteeniesssensesesssssssesessssssnes 69
37,1 INEIVIBWS c.eneeeiiieeiir ettt sttt s vttt s et s et e et s s s e s b e e ab e e nnsnesesabesnee s nnennee 70
3.7.2  Think-aloud protocol..........cciiiiiiiiiiiiiiieceetce et 72
3.8. Data collection ProCeAUIES.......cuuvsvrirecersssesssntnrisisessessssennseacsssssnnnsesessssnssasnssossssnes 74
3.8.1  Prior to the data collection SeSSION ...........cccovveirceiriiceccteeceeeeceeee e 74
3.8.2  Research POPUIGLION ...........cocccuiuiucuiiiiiircciciesieee et sse et saen 74
3.8.3  Sampling and recruiting the participants.........cccceeieriieeriicciiereiiese e, 75
3.8.4  EthICAliSSURS ccconeeeiniiieeceietecie sttt ettt ae et areerans 78
3.85  TiME AN PlACE ...ocoviitiiccietr et 79
3.8.6  During the data collection SESSION .........coeecverereerieiier et 80
3.8.7  After data colleCtion........cocoorieiirieieceeeeee e 80
3.8.8  Presenting the interview data........cccoecveveiieniicieere e 81
3.8.9  Data collection ProtOCOIS ......cocveviieeeieeriieete et eee ettt a st 81
3.8.9.1 INtEIVIEW PrOtOCOL ...ooiieiiieecric ettt b e e ae et e sstes st e e eeee s eeaanas 82

Relevance criteria for medical 'imhges applied by health care professionals



List of Figures vil

3.8.9.2 Medical image search with think-aloud................cooovviviiircceieeeee e 82

3.9. ANAIYSING data c.cccieimierieiiesiincesinisiissiiestssisreseeenssesstesssssesssasanssassansassssensesnessesssne 83
3.10.  Preliminary STUAY ccceeriiieiciircntiissniiiieniecsnersnresserssssssssinssasanessssnserssssssseonsasssns 84
3.10.1 The findings of the preliminary study.........cccoeveeeevieeiceiieiccceeceeeea 85
3.11.  Trustfulness and replicability.........c.cccvvieiiniinicninccrecrsnensinnecssensssrensssesosssessonsesnseses 87
3,12, LimHtations...cceeiciiciiciicimnmssiessiioniiimmeresmessessessssssnrssnrisssssseseseessssossesesssssesnes 88
SUMIMAIY ..uueiiiiiiiicieiiiiiniensssntetissssstessesnniiiosionssssistsstsssesosasss tssssarsessssssnensnsersssssnsersssssensassanse 89
CHAPTER 4- DEMOGRAPHICS OF THE SAMPLE.......... S——— | |
INErOAUCHION ..uucicieicieiniieiiriisniis ittt eest e s nsesneesnesestrssesssessatesstesssessessssesssassnsonsesssanssenn 91
4.1. Sheffield Teaching Hospitals NHS Foundation Trust.........ccccccrererecereeecsercsnnconersesens 91
4.2, . Participants’ Profile .....cccciiiiiiiscscecniniiiiiecinsssscnrieescsssessnntesesiessssssnsssssesessssenessassas 94
CHAPTER 5- RESULTS...ccocsmnmssssssssnsnsnssonsens O RRRP— i
INtrOdUCLION .c.cueeerinrinicenissitticscstnessansr e sssssessssssessssssesssses .- 97
5.1. How health care professionals apply relevance criteria.....ccooeeeriiceiicsscinsciennnennes 97
5.2, Relevance Criteria....ccccvveeeessnneerncinesesessannieniinnne . 114
LI R VTN T T ot 1 {1 o - T OO OO 116
5.2.2  TexXtual CriteIIa ...ecvveeereeieiren e e 133
ST TN 0 1 1 [=] g1 1] (=1 A - PSSO PRt 140
5.3. Quantitative analysis of relevance criteria.......cccceevererrvrnenrecrcinmnsnciiisnninensenn, 153
5.4, An experiment with ImageCLEFMed topics.....c.ccomreniiricniiscissssnsssnnnsssnesenssnccsens 156
5.5. Image information needs..... Eireustssssesstisssatesessanteia R tesseaatesstaneresnnntesasanarans 159
5.6. Motivation for image searching........c.cciiiennieerisinsinnrennerscscesneceennisnsnssensieniosssssnnns 165
5.7. Medical IMage rESOUICES ....cuimirrecrcsssieiisssnsiiessnnitiossensessanseessensarsssnsessesansrssestasssnes 168
5.7.1  Web-based reSOUICES......coccveriereerirerereeeeisriinstis st b et bs s e ra e nsesas s e 169
5.7.2 X o =SOSR R VOOt 175
5.7.3  Personal COUBCHONS. .......ooereiiereeirere ettt eb e e 177

L 0 S = Te Yo | <O O OSSOSO 178
5.7.5  Other FESOUICES.....eeeieiiieeeeiiecerreettessseessatessseeestsssesasasssbensssssasesssnsnses s b aesaaanss 179

Relevance criteria for medical images applied by health care proféésibnals



List of Figures viil

SUMMAIY c.ccueicccrieseneeineseieesssssrsassssssssssnssnssassssssssssessssessassessassnssasonsosnssasessensesesssenseransaes 179
CHAPTER 6- DISCUSSION AND CONCLUSIONS.....ccouserererenmsnessrresessencenses 182
INEPOTUCHION coecueiiicccniisiiii e raesennee e stessesnessessessessesesasssssssssesssssessssssnsnsenesnensennas 182
6.1. Main research question: What criteria do health care professionals use to make
relevance judgments when searching medical IMages?........cocviierunerenserscessnesssssssssassnsenses 182
6.2. Other research QUESLIONS .........cccvvecerernnetesnessinsssessesesessnssssssssarssessessersesssssssses 185
6.2.1  Research question 1: Are the relevance criteria we identified different from those
criteria suggested in the HEErature? ..........c.o.oovveeeeuivei e e v er e 185
6.2.2  Research question 2: What are the core relevance criteria used for judging the
relevance of medical IMAGES? ..........ccouviieieeieriieecceee ettt r e eees 188

6.2.3  Research question 3: Where do health care professionals look for medical

images? 190
6.2.4  Research question 4: What difficulties do health care professionals face when

$€arching MediCal IMABES?......ccecviiiieiiieeiivereetecteeter et ettt s ne e e e esne e seaen 191
6.3. CONCIUSTIONS ..vviiceiicrennenteisiisnisensanississsssesnsssssessnessisstnsssasesenssnesassranssnssrassraresnres 193
6.4. FUrther research ......iiciiicinnnnnenniissnsiississnsssnnesssssnessesessees 196
6.5. FINAl WOPS ...oveerminininniicicnsiininnniininsssansssmsssessssss 197
SUMMAIY ccviiiierissenniiisnsnesssnisiecsessessssessansessesssnsesssssesssesssssnsssrsnsssanerosassassoraessrsars 198
BIBLIOGRAPHY............... 199
Appendix 1: Ethics approval from the NHS........... steesstenssnneesssnanens 216
Appendix 2: The invitation letter for pérticipation in the study trerescenrrsssssnaas . 222
Appendix 3: The invitation email for participation in the study.........cceciuneens 223
Appendix 4: The information sheet of the project....... cessnrssisssnens .. 224
Appendix 5: Reply slip .............. SeerasresessrRsEIssssNaTIsesEsIss REesbaEssrReResssansteraens 230
Appendix 6: Consent form......c.ccceinnnervrecssnnns teesssessnnsnnenniiiaasssasssisiseennns 231
Appendix 7: Interview protocol.......cccecniininisiniinsiicimsssanimsseesesses 232
Appendix 8: Publications cesressasesessnnnnne tiesseenasssnaesssssentstneesisnnresnenerarstasasassins 235
Appendix 9: A summary of image relevance Criteria .......ccvcerccniicitnnieccrnnscncnnenivisinen, 236

Relevance criteria for medical images applied by health care Hluof'cA)fe'ssi(')hals



List of Figures X

List of Figures

Figure 2-1: Illustration of types of relevance involved in an information retrieval

s€sSI0N fOr @ GIVEN SAMPLE.........coeeveieereeeceecceeer e 12
Figure 2-2: Synthesis of common concepts for relevance criteria in literature

(Maglaughlin and Sonnenwald, 2002).........cccoeoeriirineennenneinneseeeeseee e 24
Figure 3-1: Quantitative method as illustrated by Bryman (2001: p.63). ..ccooevevereriririerennes 42
Figure 3-2: The stages of the research process in the current study.........coccevvevecncreneecne. 69
Figure 3-3: The relevance criteria identified in the preliminary study...........ccccccocemneineeee 86
Figure 4-1: Distribution of roles among health care professionals

INEEIVIEWEd ...t 96
Figure 5-1: Google image search retrieved 786 images for the initial query

‘myocardial perfusion hibernating’ submitted by P16. .......ccccccoonvinnniinnnnnne 99
Figure 5-2: Google image search retrieved 547 images for the second query,

‘myocardial perfusion hibernating PET’, submitted by P16............ccoovinninns 100
Figure 5-3: Google image search found 119 images for the third query,

‘myocardial perfusion hibernating PET F18’, submitted by P16. ................c........ 101
Figure 5-4: Google image search results with the query ‘Tool-like receptor 3° . .............. 103
Figure 5-5: An image search with the query ‘TLR3’, Google returned 2,430

IIMIAZES. ©ovvveeererencacrene ettt s s st b et bbb r bR s s bbb bens 104
Figure 5-6: An image search with the query ‘TLR-3’, Google returned 6,450

TIMIAZES. vovvenieenieeteteteteece et ettt bbb s bbb bbb e 104
Figure 5-7: Images obtained for the query ‘MIBG scan pheochromocytoma’.................. 106
Figure 5-8: Candidate image-1 selected by P18..........cooiimimiis 107
Figure 5-9: Candidate image-2 selected by P18..........ccooriiniiics 108
Figure 5-10: Candidate image-3 selected by P18 ... 109
Figure 5-11: Results obtained for diabetes and retinopathy in Google image

=71 o 1 DU UU O OO OO OO OO ORI PO OPRT 111
Figure 5-12: Image selected by P12 for the topic ‘diabetes and retinopathy’.................... 112
Figure 5-13: General architecture of CBIR SYStEmS..........coooiiiiiinmnnininininininieniiiiees 113
Figure 5-14: Groups and subgroups of relevance criteria we identified. .........cccovvvnnnee. 116
Figure 5-15: TRMA s€arch reSults .........ccoovuviininmminieriniieiss s 127
Figure 5-16: QBIC query based on COIOUT ...ttt 131
Figure 5-17: A summary of the criteria mentioned by all of the participants. .................. 154
Figure 5-18: Top 5 most frequently mentioned criteria by participants...........cocoooevrnnn 155
Figure 5-19: Coverage of relevance criteria by the topics of ImageCLEFMed................. 156
Figure 5-20: A sample image from ImageCLEFMed image collection............cococcuveenn. 158
Figure 5-21: A comparison between the roles and image secking motivators of

the PATTICIPANES. ....c.veiceiieiiccie e 168

Relevance criteria for medical images applied by health care professioniﬂs



List of Tables X

List of Tables

Table 2-1: Studies of Users’ Relevance Criteria................. ettt ettt re s e 16
Table 2-2: Types of document evaluated by participants in the studies

investigated by Maglaughlin and Sonnenwald (2002). .........ccocceeeeererreeereserennnn. 25
Table 2-3: The frequency of the relevance criteria identified by Hung et al.

(2005). oottt et ee e an 30
Table 2-4: Information sources used by Physicians in Covell et al. (1985)’s

STUAY. ettt ettt ettt s e e et e s 33
Table 2-5: Surgeons’ purposes for medical information from Shelstad and

Clevenger (1996: Pod92).....c.cviieeeeeeceeteeee ettt et ettt e s s en e 36
Table 2-6: Surgeons’ source for their information needs (Shelstad and

Clevenger, 1996: P.d2). ....coiiieieiieiereteee ettt ee st e 36
Table 2-7: Ten most common generic questions asked by 103 family doctors.

Adapted from Ely et al. (1999: P.360). .....coooreeierriiereeteee e, 37
Table 2-8: Purposes of medical image retrieval by biomedical professionals

(Hersh et al., 2005). c..c.ooiviriiirirerieieiriecte ettt b s b s 39
Table 3-1: Some of the differences between qualitative and quantitative methods.............. 45
Table 3-2: Differences between Glaserian and Straussian grounded theory..............cc......... 55
Table 3-3: Profiles of participants in preliminary study ..........cccceeeeeeeererrresresenernsessnenens 84
Table 3-4: Image resources used by the participants of preliminary study...........ccccoceeueee. 87
Table 4-1: Average number of persons employed in Sheffield Teaching

Hospitals NHS Foundation Trust in 2007...........cccceevverireeinreneeeereeeeerererenersnesenne 93
Table 4-2: Profiles of partiCIPants. ..........cc.cceevcrernirirueirnnrieieeeeesesr et eceseeseseseesesssoes 95
Table 5-1: Examples of queries used by the health care professionals. ..........ccccccvecvrirrennne. 98
Table 5-2: Relevance criteria employed by participants...........cceecveeveveesenieneereeienserereeennas 115
Table 5-3: Dublin Core metadata element set and definitions.............cccececereverenenernncnn. 148
Table 5-4: Visual Resources Association elements set and definitions .........cccccceeeveecnnne 149
Table 5-5: Addressing medical image relevance criteria by Dublin and Visual

Resources Association (VRA) Core Categories. ........uvrvuemenirreeerereerereresenissenens 150
Table 5-7: Summary of Data Pole and Objects Pole (Fidel, 1997). ......cccccocreveccerncnnnae 160
Table 5-8: What motivates health care professionals to look for medical images............. 165
Table 5-9: Resources used by health care professionals for medical image

TEITIEVAL .o.vetiiiiieiecete ettt et s et e st se e s b e st et e s b e et ennesesaenenass 169
Table 6-1: The appearance of criteria in the literature...........cooeceeeveennicninnniiinnns 187

Relevance criteria for medical images appliéd byv health care pfbfesgionals



CHAPTER 1 - INTRODUCTION ' 1

CHAPTER 1-INTRODUCTION
Medical images contain useful information and these images are utilised by a variety of
users with different levels of subject knowledge in medical schools, departments and
research centres. Health care professionals search for medical images expecting to find

images relevant to their needs.

The research utilizes a qualitative research method to study the relevance criteria applied
by health care professionals to select relevant medical images in their work situation,
and to derive their relevance judgment patterns in the context of their real medical image
searching. Interviews and think-aloud protocols were used to explore the relevance
judgment and the criteria that health care professionals apply when searching for
medical images. The techniques for data analysis were based on using ‘grounded
theory’, specifically the Straussian version of grounded theory. The population studied
in this research was taken from various medical departments of the Sheffield Teaching

Hospitals NHS Foundation Trust.

This chapter gives an overview of the study, defines its aims and objectives, illustrates

the research problems encountered, and explains why the study is significant.

1.1.  Problem statement

How do end users search documents such as text-based resources, video and
photographs? What criteria do end users use to judge whether a document is relevant to
their information needs? These questions have been the central concern and topic of
much research in information science and a considerable number of criteria of relevance
have been identified since 1965 (Schamber, 1994). However, to the best of our
knowledge, no previous study among the large body of user-oriented relevance studies
focuses on how health care professionals perform real medical image searching when

faced with real information needs, and how health care professionals choose medical

images that they need.

Relevance criteria for medical ‘i‘r'né‘ge's apphedby health care professionals



CHAPTER 1 - INTRODUCTION ' 2

In several studies, researchers have investigated the relevance criteria applied by
different user groups (see chapter 2). The findings of those studies highlighted the
importance of the users’ information needs in their relevance judgment of the retrieved
documents. Thus, as discussed by Hersh (1994), we cannot assume that health care
professionals use the same set of relevance criteria that other users apply, for selecting

medical images.

The idea for this study came from the importance of relevance studies and understanding
the criteria and concept of relevance in the information retrieval field. Any relevance
Jjudgment study that focuses on relevance criteria has been described as a step forward
by Barry (1994). She stated that the findings of a study focusing on the relevance criteria
used by a specific group of users could be valid only for that group, who evaluated
specific types of documents relevant to their information needs. She mentioned that if a
study focuses on users who evaluated text documents, the results of this study could not
be generalized for other groups of users who might have different information needs, or
look for different types of documents such as images. She also emphasised that it is
impossible to investigate how all imaginable users evaluate various types of documents
in different situations in a single study. Therefore, with a number of studies investigating
the relevance judgment process of different users in a variety of situations, it will be

possible to have an overview of the relevance judgment process (Barry, 1994).

Similarly, Tang and Solomon (1998) supported Barry and suggested that empirical
studies of the particular criteria of relevance used by real users for specific situations or
information needs is required to find out how users evaluate retrieved documents, and

which criteria of relevance were used to mark documents as relevant to their information

needs and tasks.

1.2.  Aims and objectives

The primary aim of this research is to elicit and document the relevance criteria that
health care professionals apply when searching for medical images, and to provide
recommendations and strategies that could assist image retrieval research groups

improve their systems. More specifically, the objectives of this study are as follows.

Relevance criteria for medical images“ a‘}.)i)iied by health care professionals o



CHAPTER 1 - INTRODUCTION 3

To identify the relevance criteria that health care professionals apply for selecting

medical images relevant to their information needs.

To enrich our understanding of the medical image seeking behaviour of health
care professionals, and to investigate the techniques and sources they use to

find relevant images.

To identify difficulties that health care professionals might face when they look

for images to satisfy their information needs.

1.3.  Research questions
The central question of this study is to find out how health care professionals determine
which medical images are relevant to their information needs when searching for

medical images. Therefore the main research question for this study is:

What relevance criteria do health care professionals use to judge whether a medical

image is relevant to their medical image information needs?

Further research questions include the following.

1) Are the relevance criteria we identified different from those criteria suggested in the

literature?

2) What are the core relevance criteria used for judging the relevance of medical
images?

3) Where do health care professionals look for medical images?

4) What difficulties do health care professionals face when searching medical images?

1.4.  Significance of the study

Enser et al. (2006) reported that different types of medical images such as x-rays and
ultrasound/MRI/CRT scans are widely used by health care professionals in health and
biomedical departments. A comprehensive literature review (see chapter 2) revealed that

despite of the importance of medical images, too little is known about how health care
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professionals assess the relevancy of images and select images according to their
information needs in a real work situation. Moreover, it was noted there is currently no
known study that focuses on how health care professionals perform real medical image
seeking with real information needs. Thus, it can be considered as an urgent need to
know more about health care professionals and their information needs, their
requirements for medical image retrieval systems, and the criteria of relevance for

medical images used by them.

There have been a number of studies (see section 2.7) that discuss how health care
professionals currently search medical text-based resources and examine the medical
retrieval systems currently used. According to Crystal and Greenberg (2006) health care
professionals, especially those working in academic environments, frequently make
relevance judgments for their written information needs based on their knowledge of
specific authors, the reputation of the information source (journals, books, and
databases) and titles. However, no attempts have been made to study the criteria of
relevance used by health care professionals when seeking in a medical image database.
In addition, due to the considerable number of web-based medical image collections
now available, it seems appropriate to begin to explore how these collections are being

(or could be) used in medical departments.

As stated earlier, relevance studies to date have explored relevance criteria elicited from
the users of traditional information retrieval systems; however, our understanding of
relevance criteria for images including medical images has been limited by lack of
research in this area. Therefore, it is hoped that the results of this study will be relevant
and useful for the people working within the area of study and also expand our academic
knowledge of health care professionals’ image information needs, their criteria for
selection of medical images, and the nature of the relevance judgment process for

medical images.

From another point of view, the users of information retrieval systems assess the
relevancy of retrieved items in terms of how far they meet their information needs as

Borlund (2003a) stated. The information needs of health care professionals in general
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have been investigated in several studies; however, to our knowledge no prior study in
the literature specifically addresses their visual information needs and potential sources
that meet their visual information needs. In this study, we asked health care
professionals to describe their information needs for medical image in their own words

as Barry (1994) suggested.

Finally our study differs from previous work. Firstly, we did not focus on a particular
image collection or image retrieval system. For example, Markkula and Sormunen
(2000) studied the relevance criteria applied by journalists using the Aamulehti digital
image archive. However, we asked participants to look for images in any sources they
preferred. Secondly, we did not asked participants to look for images from any
predefined image retrieval task. Hung et al. (2005) asked ten students from the
Department of Journalism and Media Studies to look for images in the
AccuNet/Associated Press Photo Archive database system for three predefined image
searches. In contrast, we asked our participants to look for images they really needed.
Thirdly, we did not provide a list of criteria for our participants. Choi and Rasmussen
(2002) offered a list of nine widely-used criteria of relevance identified in prior
researches to the end users of the American Memory online image collection and asked
their participants to assess the relevancy of images to their real information needs using
these criteria. By contrast, we asked our participants to describe the criteria and
attributes of images which were important for them for the relevance judgment of

images.

1.5.  Structure of the thesis
The remainder of this thesis comprises five chapters. Chapter 2 provides a literature
review, commencing with a discussion of the concept of relevance in information

retrieval and then focuses on previous relevance studies.

Chapter 3 presents the epistemological position and the subsequent choice of
methodologies and research method selected in this study. The applied methods include

the Straussian version of grounded theory with research data collected using
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interviewing and think-aloud techniques. In addition, the chapter discusses issues such

as the recruiting of participants, ethical issues and limitations of the study.

Chapter 4 presents the demographics of health care professionals who voluntarily
participated in this study. It presents the characteristics of the health care professionals

such as their speciality and affiliated departments.

Results of this study are discussed in chapter 5. It reports the findings of the study on
health care professionals’ medical image seeking behaviour, image sources used, criteria

for relevant medical images, and attitudes regarding medical image retrieval systems.

Chapter 6 is devoted to the interpretation and discussion of findings from this study.
Furthermore, it discusses how far the research meets its aims and its objectives. Chapter
6 also presents the conclusions of the study and summarizes its findings. Some
implicétions for the development of medical image retrieval systems, and suggestions
for future studies on relevance judgment, are addressed. Finally, the appendices and a

bibliography are included.
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CHAPTER 2-LITERATURE REVIEW

Information retrieval is the name for the process or method whereby a
prospective user of information is able to convert his need for information
into an actual list of citations to documents in storage containing
information useful to him. Information retrieval embraces the intellectual
aspects of the description of information and its specification for search,
and also whatever systems, techniques or machines that are employed to

carry out the operation. Quoted from Calvin Mooers (Saracevic, 1995)

Introduction

This chapter reviews the literature related to the scope of the current study: the relevance
criteria applied by health care professionals to image retrieval. By focusing on studies
that could be helpful for understanding our work, the chapter seeks to put the current
study into context, making it possible to compare and relate the results of this study to

past work.

The chapter includes two sections. The first section starts with a brief overview of the
concept of relevance and then briefly discusses different views of relevance. The section
concludes by reviewing the literature relevant to the concept of relevance: relevance
judgments and relevance criteria applied by the end users of information retrieval
systems. In the second section of the chapter, the information needs of health care
professionals in general, and their medical image information needs in particular, are
discussed. This section also mentions some related studies on the information seeking

behaviour of health care professionals.

2.1.  The concept of relevance

Relevance has been a central concept in the information retrieval field since the 1950s.
This is hardly surprising, since the purpose of an information retrieval system is to
retrieve documents in response to the users’ information needs. Thus the concept of
relevance has received much attention and has been a core issue for the evaluation of

information retrieval systems (Schamber, 1994):
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The foundations for the use of relevance as a criterion for IR effectiveness
can be traced to the beginning of information science in the 1950s and
1960s. Researchers at that time were exploring the potential of
computerized information retrieval, even before actual computerized

systems were available. (Schamber, 1994: p.9)

Although research into the effectiveness of information retrieval systems is extensive,

much of the research was based on a particular notion of relevance: topicality.

Despite its importance, there is no common agreement between information retrieval
researchers on a single definition for the concept of relevance. Saracevic (1996: p.13);
Anderson (2006: p.6) noted this lack of consensus, and stated that despite its
significance, relevance remains one of the least understood concepts in the field of

information retrieval.

2.2.  Classes of relevance

Despite disagreements over the definition of relevance and the criteria actually used in
judging the relevancy of retrieved documents, researchers such as Anderson (2006);
Barry (1994); Borlund (2003a); Choi and Rasmussen (2002); Hersh (1994); Ingwersen
and Jdrvelin (2005); Kim (2006); Maglaughlin and Sonnenwald (2002); Mizzaro (1997);
Miiller et al. (2006); Park (1993) are in general agreement that two classes of relevance
exist and can be distinguished: objective or system-oriented relevance; and subjective or
user-oriented relevance. The two classes correspond to an understanding of relevance as
employed by objective evaluation of information retrieval systems, and by cognitive

user-oriented relevance studies, respectively.

2.2.1 Objective or system-oriented

The earlier presentations of relevance can be defined as objective or system-oriented.
This class has been derived from information retrieval systems evaluation (such as the
Cranfield tests conducted by Cyril Cleverdon in artificial test situations, which began in
the 1950s (Cleverdon , 1967)). The system-oriented approach considers relevance as a

static and objective process, as opposed to the user-oriented approach that treats
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relevance as a subjective individualized mental experience that involves cognitive

restructuring (Swanson,1986).

In this view, a document is relevant to a query if some or all of its theme overlaps the
query. Green (1995); Barry (1994) believed that this approach focuses on the evaluation
of internal mechanisms that information retrieval systems employ to match the terms of
query (topics) with the terms that were allocated to documents. With regard to the
definition of topical relevancy, information retrieval systems retrieve documents which
are topically relevant to the queries. Therefore all documents retrieved by the system
could, by definition, be considered as potential documents relevant to the query. Barry
(1994: pp. 149-150); Borlund (2003a); Green (1995) reported that this class of relevance
has been used for the evaluation of traditional textual information such as bibliographic
retrieval systems, and noted it refers to the relationship between the (textual) content of
retrieved documents and query representation. Therefore in this class, relevance is a

context-free concept, associated with the ‘aboutness’ of a document.

Barry (1994) also raised another point. She believed this class ignores the end users of
information retrieval systems. Barry (1994) explained that in real-life situations users
judge the relevancy of retrieved documents in relation to various criteria such as
helpfulness and how effectively the documents meet their information needs. Park
(1994) supported Barry’s ideas and stated that this class of relevance is context-free and
is based on fixed assumptions that ignore an individual’s particular context and state of
need. Saracevic (1996) notes however that dissatisfaction with the inappropriateness,
inadequacy and ambiguousness of the system-oriented approach has generated much
criticism. More recent research on relevance has thus focused on finding out how users

describe relevance: a user-oriented approach to relevance.

2.2.2 Subjective or user-oriented

In recent years, the concept of relevance has been regarded as subjective in nature rather
than as being objective (see Borlund, 2003a; Schamber, 1994; Mizzaro, 1997; Saracevic,
1996). This view of relevance promotes the importance of human subjectivity and

cognition in making relevance judgments. In this approach, relevance is not considered
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as associated solely with the topicality of a document, but is seen as a relationship
between users’ individual information needs and the documents. This approach pays
attention to the relevance assessment of the users of information retrieval systems. Tang
and Solomon (1998) stated that in the user-oriented approach, the relevance judgment
could be described as an outcome of personal perception related directly to contextual
factors such as subject knowledge. Therefore, in this approach users apply a non-binary,
subjective and dynamic type of relevance to evaluate the outcome of the retrieval
process. Consequently, this type of relevance assessment is multidimensional and does
not refer to a single relevance criterion as Borlund (2000) stated, but rather refers to
criteria such as quality of information, helpfulness, and utility of retrieved documents in

relation to covering the information needs, interests, tasks and situations of users.

2.3.  Types of relevance

Based on the two main classes, different types of relevance have been distinguished in
the information retrieval literature. For example, Saracevic (1996) identified five types
of relevance, which have been widely accepted and quoted (Ingwersen and Jérvelin,
2005; Hersh, 2003; Borlund, 2003a; Maglaughlin and Sonnenwald, 2002; Tang and
Solomon, 1998; Mizzaro, 1997). The next section discusses in detail the five types of

relevance widely accepted in the literature.

2.3.1 System or algorithmic relevance

This type of relevance refers to the rélationship between a query and a document in the
file of a system as retrieved or missed, by a given procedure or algorithm (Saracevic,
1996). Information retrieval systems use methods to organize and present documents
that the system inferred are relevant to the query. For example, search engines rank
documents with regard to the relationship between query and retrieved items. According
to Ingwersen and Jirvelin (2005) the algorithmic type of relevance is the most widely-
used type of relevance for traditional evaluation of information retrieval systems, and is

the clearest type of relevance in terms of definition.
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2.3.2 Topical or subject relevance

This type of relevance refers to the relationship between the ‘aboutness’ of retrieved
documents and the subject of interest as perceived by the user (Saracevic, 1996). Hersh
(1994) argued that topical relevance judgments are based on an assumption that both
queries and documents are about the same topic. Therefore, this approach ignores the

user’s state of knowledge of during the judgment process.

2.3.3 Cognitive relevance or pertinence

This type of relevance refers to how documents affect the current knowledge of users.
Saracevic (1996) described cognitive relevance as the cognitive correspondence between
the ‘informativeness’ of retrieved documents and the background knowledge of users.
Ingwersen and Jérvelin (2005) described this type of relevance as the relationship
between the nature of documents and the information need as perceived by the user at a
given pbint in time. For example, the user might consider the novelty of a document to

his/her information needs at a given point in time.

2.3.4 Situational relevance or utility

This type of relevance refers to the relationship between the user’s work task, daily life
situation or problem at hand underlying the user’s information needs on the one hand,
and retrieved documents on the other (Borlund, 2003b; Ingwersen and Jirvelin, 2005;
Salton, 1992). Borlund (2003b) notes a key difference between situational and cognitive
relevance: situational relevance is based on the pragmatic utility of retrieved documents
to solve users’ immediate real-world problems, whereas in cognitive relevance users

may search for information just to fulfil their curiosity.

2.3.5 Motivational or affective relevance

Motivational relevance refers to the user’s emotional reaction to documents, and
whether they fulfil users’ intents, goals, and motivation. In fact interests, goals and
motivation prompt users to use an information retrieval system and evaluate the

relevance of retrieved items (Saracevic, 1996; Borlund, 2003a). Saracevic (1996)
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believed that criteria such as satisfaction, success and accomplishment reflect this type

of relevance.

Among the five types of relevance, topical relevance is perhaps the most widely used
when judging the output or success of information systems. For example, using the
topical type of relevance, a document is relevant to an information need (expressed as a
query) if some or all of its theme overlaps the query. Cleverdon (1967) and Cleverdon
and Mills (1963) noted that measuring the effectiveness of information retrieval systems
depends on two factors: the first is the number of relevant documents retrieved as
against the total number of relevant items in the collection (recall), and the second is the
percentage of relevant documents among those actually retrieved (precision). Although
precision and recall are the preferred pair of evaluation measures for performance of
information retrieval systems, and both of them are based on the relevance judgment of
the output of information retrieval systems (Cleverdon, 1967 and Cleverdon and Mills,

1963), these measures have also been severely criticised (Saracevic, 1996).
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Figure 2-1: Illustration of types of relevance involved in an information retrieval session for
a given sample
(Adapted from Borlund (2003a: p.915)).
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Borlund (2003a) illustrates the main types of relevance, including situational relevance,

nvolved in information retrieval during a session of relevance judgment for a given case

(Figure 2-1).

In Figure 2-1, query (r) operates as an alteration and indication of the user’s current
information needs (N). However, situational relevance (SR) represents the subjective
relevance (IT) and pertinence relevance (P). Situational relevance (SR) does not relate
directly to topical (algorithmic) relevance (A). Borlund (2003a) also emphasized that the
subjective relevance refers to the relationship between the query (Q), the information
needs (N), or work task situation (W), as explained by the user (CW), and the retrieved

items.

2.4. Situational relevance

Topical relevance is an important type of relevance, which helps system designers
examine and measure the performance of information retrieval systems, but it cannot be
used to investigate how systems respond to users’ situational information needs in users’
real-life situations. For example, topical relevance disregards the users’ knowledge and
their real-life information needs as previously discussed; in practice, user’s knowledge

plays an important role in the judgment process.

As mentioned earlier, Schamber et al. (1990) re-introduced the concept of situational
relevance and stressed the importance of context and situation in information retrieval.
Schamber et al. (1990: p.763) suggested that information retrieval researchers must
focus on the perceptions of end users in real information-need situations, rather than on
subject experts or search intermediaries, or on any judges in artificial test situations.
Borlund (2003a) stated that in response to the call by Schamber et al. (1990), special
attenﬁon has been paid to the situational type of relevance, and this type of relevance has
been investigated in a number of studies ( e.g. Park, 1993; Barry, 1994; Hersh, 1994;
Saracevic,1996; Borlund and Ingwersen, 1998; Mizzaro,1998; Tang and Solomon,
1998; Xu and Chen, 2005).
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The findings of the relevance studies mentioned above support the ideas of Schamber et
al. (1990) with respect to the importance of context and situation in information
retrieval, and the dynamic nature of relevance. For example, based on the findings of an
empirical study, Park (1994) reported that user-based relevance is situational and
involves an individual’s interpretation and complex mental processes that go beyond
simple topical relevance. Furthermore, Barry (1994) explained that the topical relevance
of retrieved objects does not automatically mean that these documents provide the
information that users need; users look for documents that have properties beyond
topicality. Barry (1994) argued that situational relevance is a dynamic concept and is
dependent on the perceptions and information needs of a user. Thus, this type of
relevance is inferred by criteria such as the helpfulness of information in decision-
making, and the usefulness of information for solving a problem. Barry (1994) described

situational relevance as the relationship between an individual and information objects.

Similarly, Hersh (1994) stated that documents topically relevant to the query of the user
cannot be described as relevant documents, and that there might be factors such as the
information needs and knowledge of the user that affect the relevance judgment process.
He added that a document can be marked relevant if it provides information that the user

really needs.

What can be inferred from more recent relevance studies is that users’ relevance
judgment does not relate to the topical relevance between the query and document, but
as Borlund (2003a) illustrated relates to judgment of retrieved items (presented as O-O"

in Figure 2-1) according to the cognitive perception of the users’ work-task situation.

2.5. Relevance criteria

Reseérch has shown that relevance is subjective and depends on many different factors,
several of which have been identified in studies by Schamber (1991); Park (1993); Barry
(1994); Tang and Solomon (1998); Markkula and Sormunen (2000); Hirsh (1999). For
example, Schamber (1994: p.11) reported that relevance must be studied beyond

topicality. Schamber (1994) suggested that information retrieval researchers should
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extend relevance studies into the realm of what is described as ‘mental states of the

user’,

The notion of IR interaction processes (including relevance assessment)
should not be bounded at points of requests and documents, but rather
should extend into the realm of mental states of the user. One concern that
has been implicit throughout the discussion of relevance is IR system
design. Various authors have indicated that a surprising number of
subjective user criteria can be implemented in IR systems and services.
This includes tangible document elements that users have said are

important or that provide users with clues to relevance. (Schamber, 1994:

p.35)

In a comprehensive overview of relevance, Schamber (1994) analysed related literature
on relevance dating from 1960, and produced a list of eighty criteria which are likely to
influence relevance judgements. She classified these into six groups: attributes of the
person making the relevance assessment (e.g. knowledge and experience), queries or
topics, documents, the information retrieval system, judgment conditions and choice of
scale. She also believed the process of judging relevance to be a dynamic phenomenon
and based on several criteria such as informativeness of documents, personal knowledge
of the end users of information retrieval systems, and credibility of the source of

documents.

Mizzaro (1997) analysed 157 papers published since 1959 and classified them within
three periods: ‘before 1958, <1959-1976’ and ‘1977-present’. He analysed papers
within each time period with regard to the following aspects: methodological
foundation, kinds of relevance, beyond-topical criteria adopted by users, modes for
expressing the relevance judgment, dynamic nature of relevance, type of document
representation and agreement among different judges. Mizzaro (1997) concluded that
the focus of papers published in the ‘1959-1976" period had been on relevance inherent

in the document and query (topical relevance). However in the ‘1977-present’ period,
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researchers have attempted to understand, formalize, and measure a more subjective,

dynamic and multidimensional relevance judgment (situational relevance).

Table 2-1: Studies of Users’ Relevance Criteria.

Research By Criteria or group of criteria

Schamber (1991) Accuracy, Currency, Specificity, Geographic Proximity, Reliability,
Accessibility, Verifiability, Clarity, Dynamism, Presentation quality

Barry (1994) Depth (scope), Objective accuracy (validity), Tangibility, Effectiveness, Clarity,

Recency, Background/experience, Ability to understand, Content novelty,
Source novelty, Stimulus document novelty, Subjective accuracy (validity),
Effectiveness, Consensus, External verification, Availability within the
environment, Personal availability, Source quality, Source reputation (visibility),
Obtainability, Cost, Time constraints, Relationship with author

Park (1994) Internal context refer to user’s background and experiences
External context includes factors that stem from current search
Problem (content) context, includes the motivations underlying the intended uses
of a document

Tang and Solomon (1998) Topical relatedness, Types of articles, Similar topical focus, Duplicates,
Recency, Length, Depth (Breadth), Language, Geographical focus, Version of
article (repetitiveness)

Wang and White (1999) Topicality, Orientation/level, Discipline, Novelty, Expected quality, Recency,
Reading time, Availability, Special requisite, Authority,
Relation/origin,,Cognitive requisite, Actual quality, Depth, Classic/founder,
Publicity, Reputation, Prolific author, Journal spectrum, Peer review, Standard
reference, Judge, Norm, Target journal, Credential

Hirsh (1999) Authority, Convenience (accessibility), Interesting, Language, Novelty, Peer
interest, Quality, Recency (temporal issues), Topicality

Markkula and Sormunen Topicality, Technical, Contextual attributes and Visual attributes

(2000)

Choi and Rasmussen (2002) Topicality, Accuracy, Time frame, Suggestiveness, Novelty, Accessibility,

Completeness, Appeal of information, Technical attributes of images
Maglaughlin and Sonnenwald Citability, Informativeness, Author novelty, Discipline, Institutional affiliation,
(2002) Perceived status, Accuracy-validity, Background, Content novelty, Contrast,
Depth-scope, Domain, Citations, Links to other information, Relevant to other
interests, Rarity, Subject matter, Thought catalyst, Audience, Document Novelty,
Type, Possible content, Utility, Recency, Journal novelty, Main Focus, Perceived
quality, Competition, Time requirements

Xu and Chen (2005) Topicality, Reliability, Scope, Understand ability, Novelty, Relevance, Prior
knowledge
Hung, Zoeller & Lyon 2005 Typicality, Emotion, Action, Aesthetic, Text, Familiarity, Context, Impression,

Preference, Posture, Facial feature, and Appearance.

The aim of studies by Hirsh (1999); Maglaughlin and Sonnenwald (2002); Tang and
Solomon (1998); Choi and Rasmussen (2002); Park (1994); Xu and Chen (2005); Barry
(1994); Schamber (1991) was to identify criteria of relevance used by information
retrieval systems users to judge documents against their information need: (Table 2-1
outlines the findings of some major empirical works). However, each study yielded

criteria that were similar to criteria in other studies as Maglaughlin and Sonnenwald
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(2002) stated. Maglaughlin and Sonnenwald summarized the findings of relevance
studies in information retrieval and concluded that for textual documents, such as books
and articles, there was a significant overlap between criteria identified by various
studies, and therefore the information retrieval field seems to be reaching a consensus
about which criteria are used in making relevance judgments of textual documents. Xu
and Chen (2005) supported this and suggested that some criteria have overlapping

meaning (e.g. novelty and recentness).

Barry (1994) suggested that the first step for researchers who want to study relevance
criteria applied by different user groups within a range of situations would be to
combine of the results of previous studies which have gathered relevance criteria, and
variables which affect the relevance judgment process directly from users. The next
sections now discuss the findings of some experimental studies on the concept of

relevance.

2.6. Relevance studies

Borlund (2003a) reported that two rounds of relevance studies can be distinguished in
information retrieval literature: the first round of studies can be traced back to the 1950s
and 1960s. Borlund (2003a) reported that since the ASTIA' and Cranfield Uniterm tests
carried out by Gull (1956) and Cleverdon (1960), the debate concerning the concept of
relevance has become an important part of discussions in the information retrieval field.
For instance, papers published by Cuadra and Katter (1967) , Rees and Schultz (1967)

and Saracevic (1975) improved understanding of relevance and described how relevance

was employed in the past.

The interest in relevance declined after the 1960s until the second round of studies began
in the 1990s. Borlund (2003a) believed that the paper published by Schamber et al.
(1990) revived and intensified the discussions on the concept of relevance in the

information retrieval field. (e.g. Mizzaro, 1997; Ingwersen, 1992; Barry, 1994; Hersh,

! Atmed Services Technical Information Agency
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1994; Schamber, 1994; Saracevic, 1996; Park, 1994). We discuss related studies in this

section.

Few studies have actually addressed the factors that influence relevance judgment
(Hersh, 2003: p.106). Among them, two empirical studies begun in 1965 are regarded as
pioneering studies which attempted to investigate the factors which influence the

judgment process: Rees and Schultz, 1967; Cuadra and Katter, 1967.

Cuadra and Katter (1967) asked users to evaluate the relevancy of retrieved abstracts to
the presented request. Hersh (2003) reported on Cuadra and Katter (1967)’s work, and
stated that they found thirty-eight criteria such as style, specificity, and level of difficulty
of documents that affect the human relevance judgment. They classified those criteria
into five groups: (1) Type of document being judged, including its subject matter and
level of ’difﬁculty; (2) Query or topic which expressed the information needs; (3) Judge (
subject knowledge of judge and his or her familiarity with the subject of document); (4)
Judgment conditions such as time available, order of presentation, number of documents

in the document set; and (5) Judgment mode.

The findings of Cuadra and Katter (1967) indicated that criteria which relate to ‘judge’
and ‘judgment mode’ strongly influenced the relevance judgment process. It has also
been suggested by Cuadra and Katter (1967) that a major priority for future research was

the development of models of users and situations.

Schamber et al. (1990: p.763) quoted Rees and Schultz (1967) and stated that the
researchers studied the qualities of ‘judges’ engaged in various stages of biomedical
research. Rees and Schultz (1967) identified more than fourty variables including
primary variables (e.g. research stage, judgment group, document set, document
representations), and secondary variables such as education, professional experience and
research experience. The results of the study by Rees and Schultz (1967) indicated that
relevance judgments had depended on the subject knowledge of judges, the ranking of
documents, judgmental variations and the research stage of judges. Although, the criteria

that Rees and Schultz (1967) examined were similar to the criteria identified by Cuadra
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and Katter (1967), they examined a new factor which they defined as ‘research stage of

users’.

The studies by Cuadra and Katter (1967) and Rees and Schultz (1967) share a number of
qualities that make them significant to our current knowledge of relevance. Both studies
produced findings about the relevance criteria that have become widely accepted. They
showed that relevance judgement depends on many non-topical criteria including the
type of document, the way the information needs are expressed, characteristics of the
judges, the mode for expressing the judgment and the situation in which the judgment is
carried out. Unfortunately, while the two studies stand unreplicated, both studies
examined judgments by experts rather than actual users.

Schamber et al. (1990: p.774) examined the papers published since the 1960s and made

three conclusions about the nature of relevance and its role in information behaviour:

1) Relevance is a multidimensional cognitive concept and its meaning is largely
dependent on searchers’ perceptions of information and their information needs.

Relevance judgment has multidimensional characteristics.

2) Relevance is a dynamic concept, because judgment of documents may change over

time. It depends on users’ decisions about the relationship between the documents and

their information needs at a certain point in time.

3) Relevance is a complex but systematic and measurable concept if approached

conceptually and operationally from the users’ perspective.

Borlund (2003a: p.922) believed that Schamber et al. (1990)’s conclusions stressed the
importance of context and situation in information retrieval and brought dimensions and
dynamism into relevance. ‘Context’ may come from the documents or knowledge
sources in systems, but may also be part of the user’s real information-seeking situation.
‘Situation’ also involves a set of dynamic cognitive conditions in the mind of the user
while she or he is searching for information. Essentially, it implies that if relevance is

dynamic, the corresponding information need is dynamic as well and vice versa. A
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document may be perceived to be topically relevant, but may not be judged useful for a
particular situation the user is dealing with at that time. It is obvious that only the user
can conduct this type of ‘subjective’ relevance. In a cognitive sense, it is linked to a

work-related or daily-life task or event placed in a particular context.

A year later, and in her empirical research, Schamber (1991) used an open-ended
questionnaire and interviewed thirty professional users of weather information employed
in aviation, electric power utilities, and construction fields (ten in each field). She asked
users to describe one recent task situation in which they needed information about the
weather and discuss how they evaluated weather information that they obtained from
seven different sources including themselves, other people, weather information
systems, television, radio, newspapers, and weather instruments.Schamber (1991)’s
study was different from other relevance studies, since she investigated the users’
criteria of relevance for evaluation of obtained information and not retrieved documents.
She identified twenty-two criteria, in ten groups including accuracy, currency,
specificity, geographic proximity, reliability, accessibility, verifiability, clarity,
dynamism and presentation quality. Schamber (1991) elicited two new criteria that had
not appeared in the relevance literature. These new criteria were geographic proximity
and dynamism. Schamber defined geographic proximity as information which covered
geographic area, location or altitude. She also defined dynamism as the presentation of
information (e.g. a display with tracking or zoom capabilities). Therefore, it can be said
that users of specific types of information may apply certain criteria of relevance such as
geographic proximity that were generated by them. Based on the results of her study,
Schamber (1991) noted that four out of the ten categories had been applied more than
others. These categories of relevance criteria were: presentation quality; verifiability;
geographic proximity; and dynamism. Schamber (1991) also stated that users applied
different criteria for evaluating the source of obtained weather information. For
example, reliability was applied more than any other criteria in evaluating the
information obtained from another person. Users also had stated that currency is the
most important criteria for evaluating the results of retrieval using a weather information

system. Schamber et al. (1990: p.763) criticized Cuadra and Katter (1967); Rees and
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Schultz (1967) and declared that they failed to settle on a definition of relevance;
however, Schamber (1991)’s efforts also did not result in a definition of the concept of

relevance.

A study by Cool et al. (1993) explored the factors which affect the judgments of the
relevance or usefulness of documents to particular information problems. They studied
two different groups of participants using two different techniques. In the first group,
they asked 300 college freshmen to fill in a questionnaire and write brief explanations
concerning their decision to use or not use documents for a research paper. For the
second group of participants, they used interviews and asked eleven humanities scholars
about their information needs and the documents they used to meet those needs. Their
results indicated that six categories of relevance criteria were used by these populations:
topic (how a document relates to a person’s interests), content/information
(characteristics of what was in the document itself), format (formal characteristics of the
document), presentation (how a document was written/ presented), values (dimensions
of judgment), and oneself (relationship between a person’s situation and other
categories). Cool et al. (1993: p.81) compared their findings from two groups and stated
that: firstly, for both groups of people, factors beyond topical relevance were important
to decide whether to use a document or not. Indeed, there was a great deal of overlap
between the two groups in the types of criteria that were important. Secondly, there were
also differences between the two groups in the type of decisions that were made, and the
criteria that were applied to support them. This revealed that the nature of the user’s
situation was significant in using the criteria of relevance. Thirdly, the relationship

between a person’s situation and relevance criteria may be related to the goals of the

user and the problems that users are trying to address.

In an empirical study, Park (1994) investigated how university students and faculty
members judge the relevancy of scholar citations to their information needs. Park
reported that three major categories of factors that affect the relevance judgments
emerged from data. The first category, internal context, reflects the participants’
interpretation of a citation based on their own prior experiences or perceptions. The

second category, external context, represents criteria that originated in the individual’s
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search and current information needs. The third category, problem (content) context,
examines the motivations underlying the potential uses of a citation. Her findings also
showed that some of the criteria mentioned by participants included the subject matter
indicated by the title, readability, author’s status, quality of publication and type of
document. Park (1994: p.140) concluded that the psychological, situational, and
interpretative nature of information needs and relevance is not controllable, nor can it be

isolated from the individual and social contexts in which human beings operate.

Barry (1994) provided additional insight into relevance and conducted an exploratory
study to identify criteria of relevance using eighteen participants within an academic
environment. This study yielded twenty-three criteria: depth/scope, objective
accuracy/validity, tangibility, effectiveness, clarity, recency, background/experience,
ability to understand, content novelty, source novelty, stimulus document novelty,
subjective accuracy/validity, effectiveness, consensus, external verification, availability
within the environment, personal availability, source quality, source reputation/visibility,
obtainability, cost, time constraints and relationship with author. Barry (1994)’s findings
supported the argument that situational factors beyond the inherent topical content of
documents influence the relevance judgement process. She reported that the situation
included any factors that users bring to the situation (such as skill, education, knowledge
level, views and individual preferences) and these assessments of retrieved documents
occur within the larger context of the information environment. Barry (1994) also noted
that each participant did not possess a unique set of criteria by which information is
judged. However, some relevance criteria were shared across participants and situations.
She also stated that there had been a great deal of overlap in the criteria identified by her
study and studies by Schamber (1991); Park (1994). Though Barry (1994) stated that
results of a study such as hers could not be generalized to other groups of users,
examinations of different types of information, or other information need situations, she
stressed the importance of the findings of previous studies on relevance judgment. She
believed that the results of previous studies have some implications: firstly, there are
factors beyond topical relevance that affect the relevance judgment process; secondly,

there is an obvious overlap in the criteria of relevance that had been recognized in
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previous studies; and thirdly, users’ of information retrieval systems can recognize and

describe non-topical factors that influence their relevance judgment.

Maglaughlin and Sonnenwald (2002) examined empirically the relevance criteria
applied by twelve graduate students with real information needs to assess the twenty
most recent documents retrieved in response to their information needs using a three-
partite scale (relevant, partially relevant, and not-relevant). They identified twenty-nine
criteria including: citability, informativeness, author novelty, discipline, institutional
affiliation, perceived status, accuracy-validity, background, content novelty, contrast,
depth-scope, domain, citations, links to other information, relevant to other interests,
rarity, subject matter, thought catalyst, audience, document novelty, type, possible
content, utility, recency, journal novelty, main focus, perceived quality, competition and
time requirements. They classified the criteria in six categories: abstract, author, content,
document, journal or publisher and participant. Among them, the criteria in the content
category (content novelty, contrast, depth-scope, domain, citations, links to other
information, relevant to other interests and rarity) were the most frequently-used criteria

and were mentioned more than the combination of all other criteria.

In addition to these criteria, Maglaughlin and Sonnenwald (2002: p.334) studied the
positive and negative value of each criterion for the relevance judgment process.
Maglaughlin and Sonnenwald reported that criterion such as citability was always
considered as a positive criterion for the judgment of documents; however, most criteria
were discussed both negatively and positively with several exceptions. The authors also
suggested that users may spend more time examining useful documents carefully, or
may find it easier to discuss positive associations between their information needs and
documents.The authors also compared the criteria they identified with those suggested
in the studies by Schamber (1991); Park (1993); Cool et al. (1993); Tang and Solomon
(1998); Barry (1994); Wang (1994); Schamber and Bateman (1996); Bateman (1998a);
Tang (1999). They also reported that there has been substantial overlap of criteria (the
average number of studies in which a particular criterion is identified was 6.8 (see

Figure 2-2). Maglaughlin and Sonnenwald (2002) believe that the more frequently a
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criterion is identified, the more likely the criterion is to be applicable across document

domains and situations.

Figure 2-2: Synthesis of common
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As shown on the previous page, Figure 2-2 gives a synthesis of the common concepts

for relevance criteria in the literature.

Table 2-2: Types of document evaluated by participants in the studies investigated by

Maglaughlin and Sonnenwald (2002).

Schamber
Schamber 0 Cool et al. Barry (1993),
(1991) Park (1992) (1993) Barry (1994) Wang (1994) and Bateman
(1996)
Type of Textual Textual Textual Textual
d g Eu et GETGhES Textual documents documents documents
Gisars Varied (bibfbgraphic documents (full text and (full text and (full text and
: grap (full text) bibliographic bibliographic bibliographic
evaluated information) e T p : : 4
information) information) information)
Bateman Maglaughlin
Tangand (1998a); Spink et al. and
Solomon Tang (1999)
(1998) Bateman (1998) Sonnenwald
(1998b) (2002)
y Textual
Type of Textual documents Textual Textual Textual
document documents documents documents documents
o . (full text and agn ; oo : e )
users (bibliographic S : (bibliographic  (bibliographic  (bibliographic
b ; bibliographic : ) ) 7 { B¢
evaluated information) information) information) information)

information)

Although Maglaughlin and Sonnenwald (2002) did not explain why there has been a
great deal of overlap in terms of relevance criteria in those empirical studies, they noted
that in the studies presented in Figure 2-2 , researchers investigated the relevance criteria
applied for traditional textual documents (see Table 2-2). Textual documents share a
number of textual features such as title, author, and publication date. These textual
features have generally been considered as relevance criteria for judgments, or criteria

have originated from these features, as Barry (1994: p.151) stated.

Based on the results of the study by Maglaughlin and Sonnenwald (2002), and the types
of document judged in the studies they investigated Figure 2-2, we believe that the more
shared features there are across documents investigated in relevance studies, the more
likely it is that the criteria are applicable across situations. This assumption supports the
idea that the document itself is a central variable in the judgment process (Barry, 1994:
p. 152), and supports the feasibility of research into the shared criteria employed by
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users as a possible means of incorporating such criteria into the retrieval process. Further
investigation is required, however, to examine whether there is a relationship between

the type of document and the relevance criteria identified in relevance studies.

We can draw the following conclusions about relevance studies in information retrieval
literature. In the earlier studies, relevance was regarded as a measure for the evaluation
of the information retrieval process for traditional textual documents, regardless of the
person who made the judgment. However, since the 1990s relevance studies have
become user-oriented. The findings of the earlier studies suggested that the degree of
document relevance changes across documents and users. For example, two end users of
an information retrieval system do not produce two similar search queries, yet both
judge the different sets of documents as relevant. In the most recent studies, the concept
of relevance has been regarded as having moved beyond topicality in relation to

information retrieval and the information seeking behaviour of the user.

It is thus very evident from the literature that relevance judgment is based on criteria
beyond topicality. In real-life situations, users are concerned with the usefulness of
sought objects for their information needs situation. However, we may not know exactly
which criteria, or which specific combination of criteria, determine the situational
relevance of a document for a user’s information needs in a particular situation. Studies
such as Maglaughlin and Sonnenwald (2002) found evidence of a great deal of overlap
between the criteria applied by users.in several relevance studies (e.g. studies listed in
Figure 2-2). This indicates the centrality of users in relevance studies, which might be
explained by the fact that users have the ability to determine whether or not particular
criteria exist for a given document. On the other hand, the document (and its features)
plays an important role in determining its relevance. Traditional textual documents share
a range of tangible textual features such as title, publisher, publication date and author.
As mentioned earlier, situational relevance is different and is based on criteria beyond
topicality. Through studying the features that indicate to users whether those criteria are
present or not, we may be able to take information retrieval beyond the topical approach.

That means it may be possible to improve information retrieval systems by attempting to
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incorporate features of documents that users employ to detect criteria beyond topical

relevancy.

2.6.1 Image relevance studies

There are few studies which investigate relevance judgments for visually-orientated

documents.

Markkula and Sormunen (2000) investigated the relevance criteria typically applied by
journalists when selecting images for tasks in realistic work situations. The authors
interviewed eight journalists who were given twenty illustration tasks based on
searching for images in the Aamulehti digital image archive, a collection containing

over 83,000 photographs.

Based on the results of this preliminary study, Markkula and Sormunen (2000) classified
relevanée criteria that journalists applied for relevance judgment of images into four
groups. These were: topicality, technical, contextual attributes and visual attributes
(unfortunately the authors did not make clear the total number of relevance criteria they
identified, nor how many criteria existed in each group, though they did mention criteria
such as cost of images, recency of images and layout of pages). The first group of
criteria the journalists employed was ‘topical’ and they used captions to assess the
topical relevancy of images to obtain information about a relevant image and its
background. ‘Technical’ and ‘contextual attributes” were the second and third group of
relevance criteria used, with most journalists preferring to find images which were
technically good, rather than recently published and current (Markkula and Sormunen,

2000: p.277). Further important factors included the financial cost of an image, recency

or freshness of images.

The journalists also had paid much attention to the fourth group of criteria, ‘visual
attributes’. For example, sometimes journalists required images of a particular type such
as a passport photograph of a specific person. In addition, journalists would often use the
message they wanted to convey through an image as relevance criteria (e.g. dramatic,

surprising, effective, shocking, funny, expressive or threatening).
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Markkula and Sormunen (2000: p.277) mentioned that topicality was the first group of
criteria applied at the beginning of the image search; criteria related to the visual
attributes of images were always used at the final stage of image selection. At this point
candidate images were topically, technically and contextually relevant. However, the
selection of images for publication in the newspaper was based solely on their visual
attributes and aesthetic attributes such as colour and composition. In addition to these
four groups of relevance criteria, some other factors affected the decision of journalists.
Examples of these criteria were the article, the layout of the page, the section and its
illustrative style, its editorial policy and the ethical rules journalists follow. Markkula
and Sormunen (2000) believed that some factors such as the layout of pages restricted
journalists’ options for illustration. In addition, images were rich in content, and they
could be used in various contexts and in different ways. Moreover, journalists might use
selected parts of images in the article or establish the associative links between the
article and images in the captions. Sometimes journalists used neutral images to fill an
empty space on a page. Markkula and Sormunen (2000) concluded that journalists apply
a range of relevance criteria regarding their work-task situation, and that the importance
of relevance criteria varied in different situations. Nevertheless, when the researchers
asked journalists to specify the most important criterion, they stated that ‘the technical

quality of the photo’ was the most important criterion for them.

Choi and Rasmussen (2002) conducted a quantitative study to examine relevance criteria
before and after searching for images of American history. Thirty-eight graduate
students of American history and faculty members from departments of history at
Camegie Mellon University, Duquesne University and the University of Pittsburgh
participated in the study. All of them looked for images in the American Memory'
online image collection, and they were asked to discuss how they evaluated relevant
images. Since previous studies indicated a significant overlap between the criteria
applied by end users, Choi and Rasmussen (2002) had offered a list of nine common
criteria from those studies to participants and asked them to rate the criteria regarding

the importance of each for their information needs: topicality, accuracy, time frame,

! See htep:// memory.loc.gov/ ammem/index.html
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suggestiveness, novelty, completeness, accessibility, appeal of information and technical
attributes of images. Participants were then asked to search for images and evaluate
retrieved images using these criteria. They were also asked to list other relevance criteria
which they might apply. Before starting the search, participants were asked to rank the
nine criteria: topicality, accuracy and completeness were ranked as the top three. Once
participants had seen the retrieved photographs, they were found to apply criteria
relating to aspects such as ‘time frame’ and ‘accessibility of the photos’. The authors
stated there had been a significant difference in the ratings of each criterion before and

after users saw the images.

In a preliminary study, Hung et al. (2005) investigated the relevance criteria applied to
images by ten students from the Department of Journalism and Media Studies at Rutgers
University. The aim of this study was to find out what criteria searchers employ to select
relevant images. They asked participants to look for images in the AccuNet / Associated
Press Photo Archive' based on three pre-defined image search tasks, including those
deemed as specific, general and subjective. Hung et al. (2005) define specific, general,

and subjective image search tasks as follows:

Task I(specific): You are photo editing a story on Tiger Woods for a sports
magazine. For this story, you need to find some photos of Tiger Woods as
illustrations. Task 2 (general): You are photo editing a report on the crisis
in the Middle East for a newspaper. For this report, you need to find some
photos regarding this topic to be used as illustrations. Task 3 (subjective):
You are photo editing a special report on the topic of “Peace” and you

need to find some photos to illustrate the meaning of “peace”. (Hung et

al., 2005)

Based on the finding of their study, Hung et al. (2005) identify several relevance criteria

applied during three image search tasks. These criteria were typicality, emotion, action,

U oIhe AccuNet database is a selected collection of the Associated Press Photo Archive and contains 400,000
photographs that have been published by the Associated Press since the 1840s. The Associated Press Photo
Archive is a library of more than 50 million images (See http:/ /accuweather.ap.org/).
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aesthetic, text, familiarity, context, impression, preference, posture, facial feature and
appearance. They found that typicality, emotion and aesthetic appearance were the three
most important criteria, applied across all three tasks, where typicality was deemed the
most frequent and most important criterion for all three tasks (according to the authors,
typicality was a criterion that can exhibit universal representation of an object in a

photograph).

Emotion was the second frequently applied criterion by participants across these three
tasks. Hung et al. (2005) report that ‘emotion’ refers to situations in which an image
contains the emotional context telling what is happing in the photograph. Thus they
believe that images containing emotional context were more likely to be marked and be
selected as relevant images. The third criterion, ‘aesthetic’, was not applied as frequently
as emotion and typicality, and only female participants used this criterion. Hung et al.
(2005) state that this might be due to the gender difference in relevance judgments in
image retrieval; however, they stated that this assumption requires further investigation

to find out whether such a gender pattern exists.

Table 2-3: The frequency of the relevance criteria identified by Hung et al. (2005).

Relevance criteria Relevance criteria Relevance  criteria

for specific task for general task for subjective task
Typicality Typicality Typicality

Emotion Emotion Emotion

Facial feature Aesthetic Aesthetic

Aesthetic Action Impression

Action Impression Familiarity

Posture Familiarity Context
Appearance Preference Text

Affection Text
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In addition to these three core criteria, Hung et al. (2005) also point out that relevance
criteria were used differently in these three image search tasks. For example, in the
specific image search task participants considered the outward propertieé of objects in an
image. This might be due to the large size of retrieval sets and a high level of similarity
between the retrieved photographs. Hung et al. (2005) believe that in a specific image
search task participants chose an image (photograph) that can display the characteristics
or features of the objects and has an artistic quality. Thus, participants applied the
aesthetic criterion more than other criteria in the specific image search. However, in the
general image search, relevance judgment of retrieved images was based on criteria such
as text, familiarity, impression or preference. They state this might be because of the
unfamiliarity of the participants with the topic. Hung et al. (2005) conclude that
participants’ search tasks affect the relevance criteria that participants applied for the
relevance judgments of images. They also mention that image users applied different

criteria than those suggested in the literature for textual documents.

From the example studies mentioned above, we can conclude that topicality has been the
most important criterion in relevance literature. While the assessment of topicality
through the application of textual features of textual documents seems quite easy,
topicality judgment is not easy for other types of media. For instance, Ingwersen and
Jarvelin (2005: p.239) state that topicality assessment in music is meaningless.
Additionally there is no agreement in the relevance literature as to whether or not there
are tangible and shared features for topicality assessment of other types of documents

such as images.

A review of the image relevance literature also reveals that the process of relevance
judgment for images is multidimensional and the judgment, no matter how the classes
and types of relevance are described, is based on criteria extending beyond topical match
between a query and the documents. Moreover, image retrieval poses difficulties
compared to text document retrieval. Because the relevance judgment of images
depends heavily on different levels of situational interpretation by the users, there are no
agreed features to support the retrieval, interpretation and judgment process (Ingwersen

and Jirvelin, 2005: p.179). For example, textual documents (i.e. articles and books) have
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common textual features such as title, author and publication date. By contrast image
relevance studies, as discussed in this section, address a range of relevance criteria that
might be applied by image users in various disciplines such as joumaiism and history.
Nevertheless, researchers are unable to generalize about which image relevance criteria
might be shared across users of information retrieval systems in various situations.
Additionally, researchers of previous relevance studies could not specify which criteria
could be the most important criteria for the users and in which circumstance this
significance could happen. We found that our understanding of the judgement process
for images is incomplete; as yet there are no distinct explanations for the way that

relevance judgment is made for images.

Studies by Schamber et al. (1990); Ingwersen and Jérvelin (2005); Borlund (2003a);
Saracevic (2007); Hersh (2003) highlight the importance of the information needs of
users in relevance judgment of retrieved documents in specific domain. Therefore, the

next sections will focus on the information needs of health care professionals.

2.7.  Information needs of health care professionals
This section describes the findings of a number of studies on the information needs and
information secking behaviour of health care professionals in general, and in particular

on the medical image information needs and medical image seeking behaviour of health

care professionals.

Lancaster (1979); Yang (2005); Tang (1999); Mizzaro (1998) reported that the
information needs of users of information retrieval systems influence the criteria applied
by users for the judgment of retrieved documents. Moreover, Revere et al. (2007)
reported that the information seeking process is situational, contextual and unique to the
information seeker; knowledge of the information needs of users can help design
information retrieval systems that support those information needs. In the study of
relevance judgment, it is crucial to know about the information needs of users. A clear
understanding of the medical image information needs of health care professionals is

also vital to the design process and development of medical image retrieval systems.
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The information needs of health care professionals has been investigated in a number of
studies. A comprehensive review of the literature would be impractical for the purposes
of this study as our aim is to investigate the relevance criteria for the judgment of
medical images. We thus limited the scope of our review to a few studies. Perhaps one
of the most widely-quoted studies about the information needs of health care
professionals is by Covell et al. (1985). The authors investigate the information needs of
47 physicians practising internal medicine during a half day and used a questionnaire
and interviews to identify the physicians’ self-perceived information needs. The
physicians saw one to sixteen patients during the half day. The questionnaire was
completed before physicians saw patients and an interview was performed after each
patient was seen. Physicians mentioned that they had two questions for every three
patients seen. Of these questions, 40% were factual questions (e.g. ‘“What are the side
effects of bromocriptine?’), 45% were questions of medical opinion (‘How do you
manage a patient with labile hypertension?’), and 16% were questions of non-medical
information (‘How do you arrange home care for a patient?’). About a third of the
questions were about treatment of specific conditions, a quarter about diagnosis, and
14% about drugs. Covell et al. (1985) report that the physicians looked both for

information in print and for human resources to respond quickly after the patients’ visits.

Table 2-4: Information sources used by Physicians in Covell et al. (1985)’s study.

Information source Reported Observed
____________________________________________________ n=182) (=80

Print sources: 62 27
General and specialty textbooks 25 3
Pharmaceutical textbooks 14 9
Journals 18 7
Drug company information 1
Self made compendia 4 7

Human sources: ) 33 53
Specialist doctors 18 24
Generalist doctors 1 1
Office partner 3 4
Pharmacist 6 3
Other 5 21
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The physicians stated that they used print sources such as general and specialty
textbooks, pharmaceutical textbooks and journals, but in practice they were most likely
to consult other health care professional (see Table 2-4). Print sources were not often
used because of reasons such as age (publication year), poor organization, inadequate
indexing, lack of knowledge of an appropriate source, and the time required to find the
desired information. Most of the physicians stated that they could find information from
books rather than from journals to fit their information needs. In average, four questions
(from one half day) of each physician remained unanswered and the physicians reported
barriers such as lack of time, cost, poor organization and non-availability of information

sources for finding information they needed.

Based on the findings of the interviews with primary care physicians and the findings of
published studies of health care professionals’ information needs, Gorman (1995: p.730-

731) defines information used by health care professionals in five types:

1) Patient data: information about an individual patient that includes information about
past medical history, observations from physical examination, and results of diagnostic
testing. Health care professionals usually obtain this type of information from the

patient, his or her family and friends, and a patient’s medical record.

2) Population statistics: aggregated information about groups or populations of patients.
Health care professionals usually use their personal knowledge of recent illness patterns
in the local population as a form of informal epidemiologic information, modifying their

practices according to recent experience.

3) Medical knowledge: generalized information pertaining to the care of all patients.
Basically medical knowledge may exist in the form of original research and systematic

overviews published in the literature, or it may exist in the form textbooks.

4) Logistic information: refers to local knowledge about how to get the job done, often
specific to a practice setting or payment mechanism. Gorman (1995) explains that

logistic information may be as important in day-to-day medical practice as other types of
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information. For example, health care professionals frequently ask questions such as:

‘Which medicines (for treating a particular condition) are included in the hospital

formulary?’

5) Social influences: refers to knowledge about the expectations and beliefs of others,
especially peers such as colleagues and consultants, but also including patients, families,
and others in the local community. Local practice patterns and expectations regarding

prescribing of medication or performance of surgical procedures are examples of this

type of information needs.

Gorman (1995) declares that not all health care professionals such as physicians have
similar information needs. The different work situations of health care professionals
create varying levels of information need. He explains that a physician in a small clinic
may have less need for patient information than for medical knowledge; whereas a
physician in a large hospital or other institution may experience the reverse. Gorman
also adds that health care professionals rely heavily on human sources of information to
respond their information needs. This reliance may result from a need for higher-order
information than descriptive medical knowledge. For some questions, purely descriptive
medical knowledge (such as that found in medical textbooks) may be sufficient. In other
situations, however, health professionals may require higher-order information, such as
confirmation, explanation, apalysis, synthesis, and ultimately assessment; assessment

that takes into account the complexity and patient’s specificity.

Shelstad and Clevenger (1996) examine the information needs of surgeons in general
medicine and information seeking patterns. Ninety-nine surgeons participated in the
survey and they were asked to describe the purpose for which they required information.
The results of the study showed that ‘patient care’, ‘continuing medical education’, and

‘casual curiosity’ were the most common purposes for which they needed information.
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Table 2-5: Surgeons’ purposes for medical information from Shelstad and Clevenger (1996:

p.492).
Purpose Number
Patient care 98
Continuing medical education 83
Curiosity 53
Patient education 48
Medico-legal purposes 43
Teaching 4]
Research for publication 28

Surgeons also declared that ‘professional meetings’, ‘the medical literature’,

‘colleagues’, and ‘continuing education courses’ were the main sources for their

information needs.

In an observational study, Ely et al. (1999) analyse the information needs and
information-seeking behaviour of family doctors to determine the number, type, and
urgency of patient care questions encountered. One hundred and three family physicians
participated in this study. Ely et al. (1999) state that the most frequent questions were:
‘What is the cause of symptom X?’, ‘What is the dose of drug X?’ and ‘How should I

manage disease or finding X?’(see Table 2-7)

Table 2-6: Surgeons’ source for their information needs (Shelstad and Clevenger, 1996:

p.492).

Source of information Number  Source of information Number
Professional meeting 96 l Audiotapes 53
Medical literature 95 Self literature search 50
M.D. colleagues 92 Computers 37
CE courses 82 State medical school 35
Personal library 79 Community library 33
Hospital/medical library 74 Television 25
Drug representatives 70 UNM Medical Library 17

outreach
Librarian literature search 65 Compact discs 10
Videotapes 64 Motion pictures 9
Professional organizations 61 Computer information 6

networks
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It can be said that the nature of the questions asked revealed that the information needs
of health care professionals had a direct relationship to their work task. The results of
this study also indicated that textbooks and colleagues were the primary source of
answers to patient care questions; formal literature searches in medical databases and the
internet being rarely performed. This actually corresponds with the findings of previous
research (Covell et al., 1985; Gorman, 1995; Shelstad and Clevenger, 1996) that health
care professionals’ information needs were usually met by medical literature, such as
textbooks, and their colleagues. The authors suggested that the information needs of
doctors had a direct relation to their work task and an effect on their relevance
judgments. For example, Ely et al. (1999) report that when doctors were faced with a
clinical problem, often they tended to ask questions such as ‘How should I manage
disease or finding X?” The authors added that doctors needed quick and up-to-date

answers to their questions.

Table 2-7: Ten most common generic questions asked by 103 family doctors. Adapted from
Ely et al. (1999: p.360).

Generic question Questions Questions Questions
asked” pursued”” answered’™"

What is the cause of svmptom X7 94 (9%) 8 (9%) 3 (50%)
What is the dose of drug X? 88 (8%) 75 (85%) 73 (97%)
How should I manage disease or finding 78 (7%) 23 (29%) 19 (83%)
XY
How should 1 treat finding or disease X? 75 (7%) . 25(33%) 18 (72%)
What is the cause of physical finding X7 72 (%) 13 (18%) 6 (46%)
What is the cause of test finding X2 45 (4%) 18 (40%) 13 (72%)
Could this patient have disease or 42 (4%) 6 (14%) 4 (67%)
condition X7
Is test X indicated in situation Y7 41 (4%) 12 (29%) 10 (83%)
What is the drug of choice for condition 36 (3%) 17 (47%) 13 (76%)
X!
Is drug X indicated in situation Y? 36 (3%) 9 (25%) 7 (78%)

" Percentage is proportion of totalt questions asked (n=1101). “Percentage is proportion of questions asked.

"Percentage is proportion of questions pursued. *Not specifying diagnostic rement versus (r
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The main conclusion reached from studies to date about the information needs of health
care professionals is that to learn more about their needs requires an examination of the
questions, situation, and context within which their needs arise. As Gorman (1995:
p.733) states, some of the questions are fairly simple and direct; others are complex,
multidimensional questions embedded in context. Additionally, the meaning and value
of information provided by an information retrieval system depends not on the
information itself but on the context in which it is received'. As is mentioned earlier,
Schamber et al. (1990) puts emphasis on the dynamic and multidimensional nature of
relevance. Based on these studies, we suggest that although the user’s background
knowledge influences the dynamic and multidimensional process of the relevance
judgment, the dynamism and multidimensionality of the information needs of users

affect the relevance judgment and the relevance criteria applied by them.

2.7.1 Image information needs of health care professionals

To the best of our knowledge, there have been few previous studies specifically
addressing the relevance criteria employed by health care professionals when searching
for medical images, although existing studies have investigated their information needs.
In a qualitative study Hersh et al. (2005)* examine the pictorial information needs of
thirteen biomedical professionals with various roles including clinician, researcher,

educator, librarian and student.

The results of a study by Hersh et al. (2005) show that the medical image needs of
biomedical professionals can be categorized into four groups: research-related; patient

care-related; education-related; and other (see Table 2-8).

Hersh et al. (2005) investigate some real tasks of biomedical professionals, which were
supported by medical images; however, this was a small-scale study. Moreover, they did

not study the source of medical images that biomedical professionals use. No prior

" This supports the recent flurry of work in information retsieval on context (e.g. Information Retrieval in
Context (IRiX) conference).

2 Using similar methodology and questionnaire Muller et al., (2006) conducted a repeat study.
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research has examined the source of medical image information needs of health care
professionals while they are using these images. Furthermore, once an image
information need and its context are identified, context-specific image collections can be
created and tailored to meet the image information needs of health care professionals

during interactions with medical image retrieval systems.

Table 2-8: Purposes of medical image retrieval by biomedical professionals (Hersh et al.,
2005).

Research-related

Images as data: analysis and interpretation of images (photomicrographs, magnetic resonance
imaging, etc.)

Images for presentation and publication of research findings to research audience

Patient care-related

Check image test result in electronic health record

Diagnosis of uncommon or unrecognized condition

[llustration and explanation to patient

Education-related

Educational presentations to students, etc. (listed for all roles)

Learning — librarian support of others’ learning; clinician self-education on new technique

Other

General Information Educators

Expert witness testimony Clinician

Developing collections Educators

Marketing (before and after) Clinician (plastic surgery)

Paling and Miszkiewicz (2005) investigated the image information needs of 34 dental
faculty members and clinicians. They reported that participants looked for images in a
variety of sources, such as search engines, personal collections, digital textbooks, digital
journal articles, database and CD/DVDs. The authors reported that a substantial number
of the participants preferred to find and use digital images, and that none of the
participants indicated an overall preference for physical slides. Paling and Miszkiewicz
(2005) suggest that online dental image collections could be a good match for the
participants’ dental image information needs. Participants also preferred to access higher

quality, manipulable images and metadata schemes for describing the content of images

such as the name of a disease or injury.
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The importance of digital images in domains such as medicine is great; digital imaging
has become a vital component of a large number of applications within current clinical
settings (Eakins and Graham, 1990; Glatard et al., 2004; Miiller et al.,2004). According
to Eakins and Graham (1999), medical images are utilized by a variety of users such as
medical students, lecturers in medical departments, and clinicians, each with different
levels of subject knowledge. Access to images is commonly mediated through an
electronic patient record system such as DICOM' or PACS?. Although research into the
effectiveness of such systems is extensive, much of the research is based on a particular
notion of relevance (i.e. topicality), and there is relatively little research into the criteria

used by professional users who search for medical images as part of their daily work.

Researchers such as Markkula and Sormunen (2000); Greisdorf and O'Connor (2002);
Cunningham et al. (2004); Tsai (2007) have studied the needs and information seeking
behaviour of users searching for images. However, such studies have not addressed the
search for images in clinical settings. Similarly, although relevance studies have
explored criteria elicited from the users of document retrieval systems (see e.g.
Saracevic, 1996; Mizzaro, 1997), the understanding of such criteria, particularly for
medical images, is limited. Previous work within the large body of user-oriented
relevance has not addressed how health care professionals judge the relevancy of
medical images for their information needs. In addition, there have been few studies
concerning the medical image information needs of health care professionals. We were
therefore motivated to conduct such a study based on interviews with such professionals,

to explore relevance criteria commonly employed for medical images.

Summary
This chapter has provided an overview of the concept of relevance and has given a

description of different types and classes of relevance. It includes a review of the related
literature and some closely related relevance studies have been discussed. In addition,

the information needs of health care professionals have been discussed in detail.

: Digital Imaging and Communications in Medicine

2 Picture Archiving and Communications System
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CHAPTER 3-METHODOLOGY

Introduction

This chapter describes the methodology used to study relevance cﬁteria for medical
images as applied by health care professionals. It justifies the reasons for selecting a
qualitative research approach in general and in particular our motivation for using
grounded theory. The Straussian version of grounded theory was selected for data
analysis and the methodological procedures adopted in this study are based on the
framework developed by Strauss and Corbin (1998). This chapter also reports a pilot
study that we performed before the main study. In addition, we discuss ethical issues,
research participants, and data collection protocols, together with strategies applied to

enhance the trustfulness and replicability of the findings.

3.1.  Quantitative vs. qualitative
In order to conduct successful research and ensure the findings are valid, it is important
for all researchers to know which research methods are appropriate. Myers (1997)

defines the term ‘research method’ and highlights its importance as follows:

A research method is a strategy of inquiry which moves from the
underlying philosophical assumptions to research design and data
collection. The choice of research method influences the way in which the
researcher collects data. . Specific research methods also imply different

skills, assumptions and research practices. (Myers, 1997: p.241)

Research methods are traditionally classified into quantitative versus qualitative.
Although there are many definitions of qualitative and quantitative research methods,

some examples are given here to demonstrate the variety in the existing definitions.

Bryman (2001) describes quantitative research as a method that focuses on the
collection of numerical data and quantification in the data analysis stage and outlines the

main steps of quantitative research as illustrated in Figure 3-1:
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~» 1. Theory

2. Hypothesis

3. Research design

4. Devise measures of concepts
5. Select research site(s)

6. Select research subjects/respandents

!

7. Administer research instruments/ collect data

’

8. Process data

9. Analyse data

. 10. Findings/conclusion

11. Write up findingsfconclusion

I

Figure 3-1: Quantitative method as illustrated by Bryman (2001: p.63).

In contrast, he defines qualitative research as an interpretive methodology which deals

with verbal data:

Qualitative research is a research strategy that usually emphasizes words
rather than quantification in the collection and analysis of data. As a
research strategy it is inductive, constructionist, and interpretivist, but
qualitative researchers do not always subscribe to all three of these

features. (Bryman, 2001. p. 266)

Strauss and Corbin (1998) define a qualitative approach as follows:
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By the term qualitative we mean any kind of research that produces
findings not arrived at by means of statistical procedures or other means of
quantification. It can refer to research about persons’ lives, lived
experiences, behaviours, emotions, and feelings as well as about
organizational functioning, social movements, cultural phenomena, and
interactions between nations. Some of the data may be quantified ...but the

bulk of the analysis is interpretative. (Strauss and Corbin, 1998: p.11)

Myers (1997) puts emphasis on the origin of data in qualitative research and described

this method as follows:

Qualitative research involves the use of qualitative data, such as
interviews, documents, and participant observation data, to understand

and explain social phenomena. (Myers, 1997)

There has been a prolonged and ongoing debate known as quantitative vs. qualitative in
social science research since the 1960s. Some believe that only quantitative studies can
be used to study human behaviour; others think that only qualitative studies are
appropriate (Punch, 2005). The debate, sometimes described as the ‘paradigm wars’,
challenged the traditional dominance of quantitative methods in social science and
accompanied a major growth of interest in using qualitative methods which in turn led to

a split in the field between quantitative and qualitative researchers.

The quantitative and qualitative approaches to research have important differences, and
the distinction between these approaches is based on a range of considerations. The
main difference between the two methods lays in the nature of their data, and in methods
for collecting and analysing data. Studies using quantitative research deal with
numerical data (i.e. quantities): qualitative research emphasizes non-numerical data such
as terms, concepts, meanings and knowledge of participants. Thus the findings of the
two methods are very different. According to Punch (2005), findings of quantitative

studies can be generalized from a sample to some larger population. The intention of
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qualitative studies is not to generalize the findings, but rather to provide an in-depth

understanding of the phenomena under study within its real-life context.

Another difference between quantitative and qualitative methods relates to the way in
which concepts or variables are employed by researchers in the two methods. Bryman
(2001) describes concepts as categories for organisation of ideas and observations. He
states that concepts are the building blocks of theory in both quantitative and qualitative
research, and represent the points around which study is conducted. In fact quantitative
research is based on measurement and the researcher measures preconceived concepts.
For example, IQ (intelligence quotient) is a measure of a concept known as intelligence.
Once concepts are measured, they can be classified as dependent or independent
variables. However, emergence is the foundation of qualitative research and concepts
emerge from the data. Once emerged concepts have been validated and revised in
relation to the data, the researcher might turn to quantitative analysis if this will enhance

the research process.

Moreover, qualitative research method can be distinguished from quantitative research
methods in terms of the instruments of data collection and the type of data collected.
Myers (1997); Glazier and Powell (1992); Strauss and Corbin (1990) state that the data
collection tools used in qualitative research include observations, interviews, content
analysis of documents, and audio-video recordings. Additionally, Glazier and Powell
(1992) state that the type of data collected in qualitative research methods include
communications between people, groups and organizations, together with explanations
of certain phenomena. Thus, qualitative research methods are rich in description. Strauss
and Corbin (1990) also emphasize that while researchers might utilize qualitative data
collection tools such as interviews and observation to collect data, they might then
analyse the qualitative data and produce their findings using mathematical and statistical
procedures. Qualitative research methods refer to an informal analytic approach that

allows researchers to derive findings from data collected using tools such as observation,

interviews, documents and videotapes.
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Table 3-1 presents some characteristics of quantitative and qualitative research
suggested in the literature by Bryman (2001); Glaser (2003) ; Berg (2001); Slater
(1990); Pickard (2007); Glazier and Powell (1992); Myers (1997). .

Table 3-1: Some of the differences between qualitative and quantitative methods.

Quantitative research

Objective

Deals with numeric data

Uses statistical sampling: typically has large

samples

Data analysis is based on mathematical

techniques

Creates explanatory rules

Context free

Researcher examines theory (deduction)

Researcher does not participate in the research

Researcher measures the concepts

Researcher uses instruments to collect data

Qualitative research
Subjective
Deals with verbal data

Uses theoretical sampling: typically

has smaller samples

Data  analysis is based on

interpretation
Provides in-depth description
Context dependent

Researcher develops theory

(induction)
Researcher participates in the research

Researcher develops the concepts

Researcher collects data via

communication or observation
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Both quantitative and qualitative approaches are needed in social research and both have
roles to play in theorizing. It is not a case of trying to determine whether one approach is
superior to the other, but rather to see how the two approaches migﬁt work together to
foster the development of theory. In fact each of these methods has its own strengths and
weaknesses; therefore these methods can be complementary to each other. For example,
quantitative methods enable standardized, objective comparisons to be made. On the
other hand, qualitative methods are flexible and can be easily modified as study
progresses (Punch, 2005). What can be concluded from the definitions and differences
defined for the two approaches is that we need to be clear in our response to the

following question: What exactly are we trying to find out?

3.2. Research method adopted in this study
Strauss and Corbin (1998) note that once researchers have specified their research aims
and objectives and research questions, they should select appropriate research methods

and data collection tools in order to reach those aims and objectives and to respond their

research questions:

The original research question and the manner in which it is phrased lead the
researcher to examine data from a specific perspective and to use certain data-

gathering techniques and modes of data analysis. (Strauss and Corbin, 1998: p. 53)

Additionally, Strauss and Corbin (1998) believe that research questions not only help
researchers to stay focused, but also affect selection of the research method and data
collection tools. In some cases, it is easy to say whether a research question could be
answered using a quantitative or a qualitative approach. However there are situations in
which a_question is more specific. Punch (2005) argues that when researchers make
research questions more specific, they can often see the interaction between the research
question on the one hand, and the design and method of the study on the other. This
interaction raises the point that some questions are quantitative and a quantitative
method is required to answer them, while other questions are qualitative and researchers

can only answer them using a qualitative method. The method chosen can also affect the
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research questions asked: the important thing, however, is the matching of research

questions with the research method.

As stated earlier, the goal of this study is to elicit and document the relevance criteria
that health care professionals apply when searching for medical images and to provide
recommendations and strategies that could assist medical image retrieval research
groups improve their systems. The central question in this study is to find out how health
care professionals determine which medical images are relevant to their information
needs when searching for medical images. The question now raised is: Should we take a

quantitative approach or a qualitative approach in our study?

Sonnenwald et al. (2001) claim that quantitative research methods are unable to provide
data on the dynamic nature or complexity of many information seeking situations and
contexts such as relevance judgment process and relevance criteria. However,
Maglaughtin and Sonnenwald (2002); Ingwersen and Jirvelin (2005); Hirsh (1999);
Park (1994); Myers (1997) maintain that qualitative research methods can capture an in-
depth understanding of the complex and dynamic concept of relevance. Additionally, in
studies such as Hirsh (1999); Maglaughlin and Sonnenwald (2002); Tang and Solomon
(1998); Choi and Rasmussen (2002); Park (1994); Barry and Schamber (1998); Xu and
Chen (2005); Barry (1994) researchers applied qualitative, exploratory, and descriptive
research methods to study situations of information retrieval users and the relevance

judgment process.

Schamber (1994) believes that researchers apply qualitative research methods in order to
document users’ feedback using techniques such as open-ended questioning. The
researcher then analyses participants’ answers to elicit criteria of relevance applied by
users during the relevance judgment process. There are a number of reasons that a

qualitative method seemed most appropriate for the study of the relevance criteria for

medical images used by health care professionals.

Firstly, the research questions of the current study are qualitative by nature. As we

stated earlier, the central question in this study is to find out how health care
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professionals determine which medical images are relevant to their
information needs when searching for medical images. To answer this
question we need to access the health care professionals’ perception of the
concept of relevance, the criteria of relevance for medical images they use,

and their image information needs.

Secondly, there is no known research exploring the relevance judgment process
and relevance criteria for medical images used by health care professionals.
Qualitative methods are especially suitable when there is very little knowledge
about the subject of the study. Moreover, the qualitative method is most
appropriate when the researcher does not know what is likely to be found
during the research (Morse and Richards, 2002; Pickard, 2007).

““

Thirdly, the purpose of this study is to establish a substantive theory or “a
theoretical framework that reflects reality”. As Morse and Richards (2002)

state:

If the purpose is to construct a theory or theoretical framework that reflects
reality rather than your own perspective or prior research results, you may
need qualitative methods that assist the discovery of theory in data. (Morse
and Richards, 2002)

Fourthly we are interested in studying and understanding the relevance judgment
process and relevance criteria for medical images in depth and in its real-life
context. According to Morse and Richards (2002) and Pickard (2007), this

cannot be easily done unless a qualitative method is used.

Myers (1997) notes that a qualitative research method is often employed by researchers
to investigate phenomena relating to society and culture. Similarly, Strauss and Corbin
(1998) state that the qualitative method includes any methodology that refers to

investigation about ‘“persons’ lives, lived experiences, behaviours, emotions, and
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feelings as well as organizational functioning, social movements, cultural phenomena,

and interactional relationship.”

Strauss and Corbin (1998) suggest that qualitative research contains three basic
elements: data, analytic or interpretive procedures, and written and verbal reports. A
researcher gathers data using tools such as interviews, observations, documents, records,
and films. The analytic or interpretative procedures refer to procedures that researchers
apply to reach results or develop theories. In qualitative research the bulk of the analysis
is interpretative. Written and verbal reports might be published in scientific journals or

presented verbally in conferences.

In the light of the reasoning above, we adopted a qualitative method. We expected that
the qualitative study we carried out would enrich our understanding of the concept of
relevance and the criteria of relevance used by health care professionals for their

medical image information needs.

There are many types of qualitative research methods including action research,
ethnography, case studies, and grounded theory. Suitable tools and techniques for data
collection and data analysis were based on using grounded theory, specifically the
‘Straussian version’ of grounded theory. The reasons for selecting grounded theory is

explained in the next sections, however before that we describe this strategy.

3.3. Grounded theory
Bryman (2001) notes that “grounded theory has become by far the most widely used
framework for analyzing qualitative data”. As a qualitative research strategy, grounded

theory is specific and different as it is both a methodology and a set of methods for data

analysis.

In the 1960s Anselm Strauss and Barney Glaser began collaborative work in medical
sociology. They published a book under the title of ‘The Discovery of Grounded
Theory’ in 1967 and introduced the grounded theory method. Strauss and Corbin (1990)
published their book ‘Basics of Qualitative Research’ in 1990. Following this Glaser
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(1992) stated that Strauss had changed the meaning of grounded theory, and that what he
has described in his book could not be called grounded theory.

After this split, grounded theory was divided into two versions: Glaserian and

Straussian. Glaser and Holton (2004) define grounded theory as follows:

GT [grounded theory] is simply a set of integrated conceptual hypotheses
systematically generated to produce an inductive theory about a

substantive area. (Glaser and Holton, 2004: p.7)

Strauss and Corbin (1990) emphasize that grounded theory is a qualitative research

method and define it as follows:

The grounded theory approach is a qualitative research method that uses a
systematic set of procedures to develop an inductively derived grounded
theory about a phenomenon. The research findings constitute a theoretical
Sformulation of the reality under investigation, rather than consisting of a
set of numbers or a group of loosely related themes. Through this
methodology, the concepts and relationships among them are not only
generated but they are also provisionally tested. (Strauss and Corbin,

1990: p. 24)

Grounded theory is not actually a theory at all, it is a strategy. Grounded means that the
theory will emerge from the data, rather than from examining a previous theory; the
theory therefore will be grounded in data. Theory means that the objective of data
collection and analysis is to generate theory. The essential idea in grounded theory is
that theory will be developed inductively from data. Once the theory has been developed
on the basis of data, it can be validated by comparing it with other theories suggested in

the relevant literature.

There are a number of reasons that justify the use of grounded theory in this study.
Firstly, we have not generated any hypotheses with respect to the area of study. In other

words, we needed to apply an inductive research method in this study to construct the
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theory from an experiential perspective rather than testing a preconceived hypothesis.

Grounded theory was created for this purpose.

Secondly, there is no literature available concerning the relevance criteria for medical
images used by health care professionals. According to Goulding (1998) grounded
theory is a strategy that has been used to develop theory where little is already known

about a research topic.

Thirdly, we were interested in enriching our understanding of the concept of relevance,
the relevance judgment process, and the relevance criteria used for medical images in its
real-life context. According to Strauss and Corbin (1998), in grounded theory the
theories emerging from the data are more likely to resemble the reality, and to offer

insight and enhance understanding of phenomena under investigation.

3.4. Qualitative methods and grounded theory in LIS

Although research methods and data analysis strategies in Library and Information
Science (LIS) are predominantly quantitative, there are more modest increases in the use
of qualitative approaches in contemporary library and information science research as
Powell (1999) reports. Similarly Wilson (1999) believes that the adoption of qualitative
methods has risen since the early 1970s. He also comments that the use of quantitative
research methods for studying human behaviour within the library and information
science context is inappropriate (e.g. the information seeking behaviour of library users).

He explains why the number of qualitative studies in LIS has increased and reports:
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First, in the positivist tradition, quantitative research methods were
adopted that were inappropriate to the study of human behaviour: many
things were counted, from the number of visits to libraries, to the number
of personal subscriptions to journals and the number of items cited in
papers. Very little of this counting revealed insights of value for the
development of theory or, indeed, of practice. Secondly, researchers in the
field of information science seem generally to have ignored allied work in
related areas that might offer more robust theoretical models of human
behaviour... Thirdly, general models of information behaviour have only
begun to emerge, and attract much attention, in the past ten to fifieen

years. (Wilson, 1999: p.250)

As mentioned earlier, the current research was undertaken to investigate the image
seeking behaviour of, and the relevance criteria for medical images applied by, health
care professionals. Wilson (1999: p.249) defines information seeking behaviour as a set
of “activities a person may engage in when identifying his or her own needs for
information, searching for such information in any way, and using or transferring that
information” and states that quantitative methods are unable to study information
seeking behaviour in LIS. Wilson (2006: p.666) advocates the use of qualitative
methods in user studies in LIS and lists a number of reasons for the appropriateness of

qualitative methods for information seeking behaviour studies:
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Qualitative research seems particularly appropriate to the study of the
needs underlying information seeking behaviour because: our concern is
with uncovering the facts of the everyday life of the peéple we are
studying; by uncovering those facts we aim to understand the needs that
exist which press the individual towards information-seeking behaviour; by
better understanding of those needs we are able to understand what
meaning information has in the everyday life of the people; and by all of
the foregoing we should have a better understanding of the user, be better
able to design more effective information services, and be better able to
create useful theory of information-seeking behaviour and information use.

(Wilson, 2006: p.666)

According to Yang (2005: p.35) in the earlier empirical relevance studies in LIS,
methods of data gathering and analysis have predominantly been quantitative. This
situation was related to the centrality of topical relevance in relevance studies: the
relation between the search query and content of retrieved documents. As discussed
previously, this class of relevance, referred to as an objective approach, ignores the end
users of information systems. In recent years, researchers have focused on the subjective
approach to relevance in their studies and have attempted to discover what end users
think about relevance. The shifting from an objective approach to relevance to a
subjective approach also resulted in a shift in research methods employed in relevance
studies. Instead of applying quantitative methods such as surveys, researchers used
qualitative methods such as grounded theory (the research method employed in this

study) to investigate the concept of relevance in its real-life context.

Myers (1997) reports that grounded theory has become a popular research method in
LIS since the 1990s. Powell (1999) reports on qualitative methods such as ethnography,
grounded theory, and phenomenology applied by LIS researchers in detail, and

expresses the need for further studies based on grounded theory as follows:
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The fields of library and information science have no shortage of research
questions and phenomena needing thorough exploration and continue to
need more well founded theories, so there is certainly a need for more

grounded theory research. (Powell, 1999: p.103)

3.5. Straussian or Glaserian versions of grounded theory

As mentioned earlier, there are two different versions of grounded theory. In both
versions of grounded theory, the researcher does not begin the research with a theory,
and then look for proof. Instead the theory is derived from the data. Furthermore, during
the data analysis stage in both versions, the researcher constructs concepts from the
obtained data. Then, the researcher carries out new interviews/observations to verify and
amplify those concepts and group them to form the categories (sometimes a concept
might become a category). However, notwithstanding the similarities, there are a
number of differences between Glaserian and Straussian versions of grounded theory.
For example, in a Glaserian approach the researcher plays a neutral role during the
study; however in a Straussian approach the researcher is an active participant of the
study. Table 3-2 shows some of the differences between data analysis stages in

Glaserian and Straussian versions of grounded theory.

The differences between the Straussian and Glaserian versions of grounded theory could
be summarised by stating that the Glaserian version of grounded theory is a ‘purist’
approach that emphasises an ‘open’ attitude to the research where the researcher is
professionally naive. In this version, theory does not come from the researchers’
preconceptions, but comes straight from the data. By contrast, Straussian grounded
theory is as a ‘pragmatic’ method that emphasises a ‘structured’ attitude in grounding
the theory. In this approach the researcher must apply a set of tools and procedures.
Moreover, Strauss and Corbin (1998) suggest researchers have an active role in the

research in order to apply existing insights and experience during the research.

According to Hekkala (2007), for the majority of studies based on grounded theory in
the field of information science, researchers used the Straussian version of grounded

theory. She also cites Urquhart (2001) and reports that most people in information
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science research believe that Strauss and Corbin’s book entitled ‘Basics of qualitative

research: grounded theory procedures and techniques’ is the definitive book on

grounded theory.

Table 3-2: Differences between Glaserian and Straussian grounded theory.

Glaserian
The grounded theory is independent of the

researcher’s ideas
Theory emerges directly from the data

Glaserian approach emphasizes an open

attitude to the research

Researcher does not need to review the
literature in the area under study, either at the
beginning of the study or during the data

analysis

All data are important, and the researcher

should avoid data selection

Researcher must verify concepts by all data

and constantly refit the categories

Researcher plays a neutral role during the

study

Straussian
The grounded theory is influenced by the

researcher’s ideas
Researchers use the data to shape the theory

Straussian approach relies on a systematic

attitude to grounding theory

To define the research questions for the study,
the researcher needs to review the literature in

the area under study

Researcher selects data that relate to the

identified concept and categories

Concepts and categories will be verified

regarding their appearance in the data

Researcher is an active participant in the

study

In addition, Pickard (2007: p.242) notes that selecting the Straussian or Glaserian

versions of grounded theory is up to the individual researcher. However, he mentions

that Straussian grounded theory offers researchers something to hang on to in what can
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often be a turbulent sea of excessive amounts of unbounded descriptive data. As
mentioned earlier, this study proposes to investigate participants’ perspectives on the
relevance criteria and relevance judgment process for medical imageé. Fernandez (2004)
cites Lehmann (2001) and reports that the Straussian approach appears to be more useful
for studies of individuals than studies involving organizational, political, and technical

issues. Therefore, the Straussian approach seems most appropriate for this study.

Heath and Cowley (2004) compare Straussian and Glaserian approaches and suggest
that “researchers need to select the method that best suits their cognitive style and
develop analytic skills through doing research”. Thus, we conducted a preliminary
study to examine the appropriateness of Glaserian and Straussian versions of grounded
theory (see section 3.10). Initially we started with a Glaserian approach, but found it
troublesome to use its coding method for our data. Based on our experiences during the
preliminary study and with regard to the differences identified between the Glaserian
and Straussian versions of grounded theory, we believe that the Straussian version of

grounded theory best fits the aims and objectives of this study.

Additionally, we found that the Straussian approach suits this study better due to its
structured pragmatic approach to data collection and data analysis.

Though acknowledging and recognising the spirit of the Glaserian version of grounded
theory, this study employs the Straussian version of grounded theory developed and
tested by Strauss and Corbin (1998) as a research strategy and data analysis model.
Choosing the most appropriate methodology helped us to decrease the risk of

methodology mistakes and uncertainty — see Heath and Cowley (2004).

3.6. Components of grounded theory
Grounded theory incorporates a number of steps to ensure good theory development.

We discuss its main steps and components in the following sections.
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3.6.1 Data collection in grounded theory: Theoretical sampling

According to Strauss and Corbin (1998), in grounded theory data collection, data
analysis and building the theory are regarded as reciprocally fused. Guided by some
initial research questions, we selected the research population, the type of data and the
data collection method. Then we collected the first piece of data. At that point, we could
start the data analysis process using a constant comparison method (its procedures are
described in the next section). After the first set of data was analysed, the second set was
collected using the directions that emerged from the first data analysis. This is the
principle of theoretical sampling. Strauss and Corbin (1998) define theoretical sampling

as follows:

Theoretical sampling enables the researcher to capture all potentially
relevant aspects of the topic as soon as they were perceived. (Strauss and

Corbin, 1998)

According to Corbin and Strauss (1990) this is the characteristic feature of grounded
theory. Corbin and Strauss (1990) also believe that theoretical sampling decreases the
risk of researcher bias. This is because researchers do not begin their studies with a

predefined theory in mind, but begin to develop and verify a theory from the data.

According to Strauss and Corbin (1990), the researcher continues the cycle of
alternation between data collection and data analysis until theoretical saturation is
achieved. Strauss and Corbin) state that saturation is achieved when no new concept or
category emerges, and the researcher has identified the main category and established

the relationship between the main category and others.
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The general rule in grounded theory research is to sample until theoretical
saturation of each category is reached. This means, until: (1) no new or
relevant data seem to emerge regarding a category; (2) the category
development is dense, insofar as all of the paradigm elements are
accounted for, along with variation and process; (3) the relationships
between categories are well established and validated.. Theoretical
saturation is of great importance. Unless you strive for this saturation,

your theory will be conceptually inadequate. (Strauss and Corbin, 1990: p.
188)

3.6.2 Data analysis in grounded theory: Comparative analysis

As stated in section 3.3, grounded theory is both an approach to research and a way of
data analysis. The grounded theory approach was described in previous sections. This
section deals with the basic ideas of grounded theory. Grounded theory has a set of
procedures for developing theory through the analysis of data. Strauss and Corbin
(1990) recommended that in grounded theory researchers need to use its rules and

procedures for data collection, data analysis and theory generating.

Grounded theory analysis aims directly at generating theory to explain what is central in
the data. Glaser and Holton (2004); Corbin and Strauss (1990); Glaser and Strauss
(1967) maintain that a grounded theorist must identify the elements of theory in order to

establish it. These are concepts (or variables), categories, and hypotheses (propositions).

Concepts are the basic units of data analysis in grounded theory, thus conceptualization

of the data is the first and the most important stage as Corbin and Strauss (1990) state:
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Theories cannot be built with actual incidents or activities as observed or
reported; that is, from "raw data.” The incidents, events, and happenings
are taken as, or analyzed as, potential indicators of phenomeria, which are
thereby given conceptual labels. ... Only by comparing incidents and
naming like phenomena with the same term can a theorist accumulate the
basic units for theory. In the grounded theory approach such concepts
become more numerous and more abstract as the analysis continues.

(Corbin and Strauss, 1990: p. 7)

In grounded theory, any concept involved or discovered in the study is considered as
provisional. Then the importance of each concept in the induction of the theory relate to

its repeated presence in the data.

The next step is to find relationship between these concepts in order to form the
categories, the second elements of grounded theory. Corbin and Strauss (1990) define

categories as follows:

Categories are higher in level and more abstract than the concepts they
represent. They are generated through the same analytic process of making
comparisons to highlight similarities and differences that is used to
produce lower level concepts. Categories are the "cornerstones” of a
developing theory. They provide. the means by which a theory can be
integrated. (Corbin and Strauss, 1990: p. 9)

There is a systematic relationship between concepts and categories in grounded theory.
Each category contains a group of interconnected concepts. Grouping of concepts and

forming categories are based on the similarities and differences between concepts.

The third element of grounded theory, hypotheses, clarifies the relationship between a
category and its concepts and separate categories. Glaser and Strauss (1967) emphasize
that the hypotheses have at first the status of suggested, not tested, relations between
categories and their concepts. At the beginning, the researcher needs evidence only to

construct hypotheses, not to collect evidence to prove the hypotheses. The initial
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hypotheses may seem unrelated. However, as the researcher develops categories and

concepts, hypotheses become verified and related.

The essential idea in grounded theory analysis is to select a core category which is
grounded in the data. The basic operation in grounded theory analysis is coding. Strauss
and Corbin (1990) distinguish between three types of coding in the Straussian version of
grounded theory. These are: open coding, axial coding and selective coding. Strauss and
Corbin (1990) emphasize that these stages are not clearly separated. Thus, researchers
may move from one stage of coding to another stage. The different phases of coding

sequence in Straussian grounded theory could be described as follows.

3.6.3 Open coding

This is the first phase of data analysis in grounded theory and the intention of this stage
is to reveal fundamental characteristics of the phenomenon under investigation. Strauss
and Corbin (1998: p.102) describe open coding as the most important analytical step in
grounded theory and report that the rest of the data analysis and communication follows
from it. They also explain why the term ‘open’ is used: researchers must open up the
text line-by-line or paragraph-by-paragraph and expose the thoughts, ideas, and

meanings contained therein. Open coding as defined by Strauss and Corbin (1998) is:

The analytic process through which concepts are identified and their
properties and dimensions are discovered in the data. (Strauss and Corbin,

1998: p.101)

Open coding is the process of conceptualizing and it aims to identify and name concepts

from the written data.

The researcher begins by breaking down and conceptualizing the data in order to
recognize phenomena (concepts) such as events, object, happenings, or
actions/interactions that seem to be significant in the data. Conceptualizing is directed
by two procedures: theoretical sampling and questioning of the data. Once phenomena

are identified, researchers must give each phenomenon a conceptual label. In fact, a
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concept is a labelled phenomenon. The names or labels chosen for a concept can be the

name of an object, or the words of respondents themselves, referred to as ‘in vivo codes’.

The purpose behind labelling a concept is to enable researchers to compare each concept
with the others in order to find similarities and differences between them.
Conceptualizing the data also requires asking questions of the data. Questions such as:
‘What is this data referring to?’ ‘Do other participants hold similar ideas?’ ‘Is there a
specific theme or concept to which this issue relates?” Through the comparison
researchers can examine the concepts, group similar concepts, and construct categories.
While a category stands for a phenomenon such as an event or object, a concept answers
questions such as when, where, why, and how a phenomenon is likely to occur. In fact
concepts describe the properties and dimensions of categories. According to Strauss and

Corbin (1998) concepts become clearer and more precise during axial coding.

3.6.4 Axial coding

Axial coding is the next stage of coding in grounded theory, where the main concepts
which have been generated in the open coding stage become interconnected with each

other. Strauss and Corbin (1998) explain this process as follows:

The process of relating categories to their subcategories, termed ‘axial’
because coding occurs around the axis of a category, linking categories at

the level of properties and dimensions. (Strauss and Corbin, 1998: p. 123)

The purpose of this stage is to identify causal relations between concepts which open
coding has developed, and generate a model which illustrates the relationship between
concepts. If open coding breaks the data apart, in order to identify concepts, axial coding

puts the concepts back together. Now the question that might be raised here is that of

how concepts become interrelated to form categories?

To do interrelating, we need some concepts developed during open coding.
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There are three basic groups of concepts in grounded theory: conditions,
actions/interactions, and consequences. Conditions are responses to the questions why,
where, how come, and when. They form the structures and sets of circumstances or
situations in which categories are embedded. Actions/interactions are answers to the
questions whom and how. They are “strategic or routine responses made by individuals
or groups to issues, problems, happenings, or events that arise under those conditions”
(Strauss and Corbin, 1998: p.128). Consequences are outcomes of actions/interactions
and they respond to questions such as what happens as a result of those

actions/interactions. By the end of the axial coding stage researchers must produce

hypotheses or propositions which explain how concepts are related to each other.

3.6.5 Selective coding

Selective coding is the third stage of analysis in grounded theory. Strauss and Corbin
(1998) define selective coding as “the process of integration and refining categories”
(Strauss and Corbin, 1990). In this stage the researcher integrates categories that have
been developed to identify the core category The core category systematically relates to
other categories, and represents the main phenomenon around which all other categories
are based. This is the final stage in grounded theory analysis, where the researcher has
reached theoretical saturation. Saturation is a point at which no new concept or category
emerges from the data. There are some criteria provided by Strauss and Corbin (1998) to
decide whether a category is the core category or not. We used these recommendations

in our study.

Relévanéé éfiteria.for- medical 1mages applled byhealth care profeésionals



CHAPTER 3 - METHODOLOGY 63

[1] It must be central; that is, all other major categories can be related to
it. [2] It must appear frequently in the data. This means that within all or
almost all cases, there are indicators pointing to that conc;ept. [3] The
explanation that evolves by relating the categories is logical and
consistent. There is no forcing of data.. [4] The name or phrase used to
describe the central category should be sufficiently abstract that it can be
used to do research in other substantive areas, leading to the development
of a more general theory. [5] As the concept is refined analytically through
the integration with other concepts, the theory grows in depth and
explanatory power. [6] The concept is able to explain variation as well as
the main point made by the data; that is, when conditions vary, the
explanations still holds, although the way in which a phenomenon is
expressed might look somewhat different. One also should be able to
explain contradictory or alternative cases in terms of that central idea.

(Strauss and Corbin, 1998: p.147)

What we can conclude from open, axial, and selective coding is that grounded theory
analysis is based on abstraction. The essential idea of grounded theory is to select a core
category at the highest level of abstraction, but grounded in the data. In fact, grounded
theory and its components are the outcome of different levels of abstraction during the
data analysis process. Categories are identified in the first level of abstraction (open
coding). They are at a more abstract level than the data themselves. The aim of second
level abstraction (axial coding) is to bring categories together and to interrelate them in a
higher level of abstraction than first level. The objective of the third level of abstraction

(selective coding) is to find a higher-order, more abstract construct, and identify the core

category which integrates the other categories.

3.6.6 Memos

Strauss and Corbin (1998: p.111) describe ‘memos’ as “the researcher’s record of
analysis, thought, interpretation, questions, and directions for further data collection.”

Typically, memoing helps researchers to abstract and to record ideas during the
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research.. As researchers begin the analysis of data and develop the codes, they should
start memoing and continue throughout the research. Strauss and Corbin (1990) believe
that without memoing, grounding the theory could not occur. Due tl') the importance of
memoing Strauss and Corbin (1998: pp.221-223) suggest recommendations to be
applied by researchers while memoing. We applied these recommendations in this
study. According to Strauss and Corbin (1998) memos should contain headings, short
quotations of raw data, and type of memo; all of the memos should be dated. They also
noted that researchers should not be afraid of style of memoing. Each researcher can

develop his or her own style of memoing.

The aim of memoing in grounded theory is to construct a store house of ideas or memo
fund. Memos facilitate identification of the core category and the integration of
categories. Although researchers continue memoing until data saturation occurs, they
must sort and resort memos as categories become better elaborated and integrated.
Furthermore, sorted memos help researchers to generate a framework for integration of
categories and grounding the theory; thus, sorting of memos in the fund is an important

stage in grounded theory as Strauss and Corbin (1998: p.240) state.

3.6.7 Example coding'

Using the Straussian version of grounded theory, we analysed the interview transcripts
to allocate every line or paragraph a concept label. The following examples are

illustrations only of the coding process and do not represent findings of the current

study:

"“I'he rescarcher has put this section in as an example of the coding process.
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P3': I prefer to use images of my previous patients who gave me their
consent. I mean I prefer real images. I tend to look at those images more
than searching for images in books. If I could not find them I go through
Medline articles or medical organizations’ websites like Sport Medicine
Association, Cartilage Association and Joint Association websites. For
example, if I am looking for images about meniscus tear in the knee I go to

a relevant site or a journal site and I will definitely find what I need.

The previous paragraph (and associated part of the interview) illustrates a range of
emerging concepts. By referring to “I prefer to use images of my previous patients who
gave me their consent” the participant states that he uses his personal image collection.
The participant then explained he prefers “fo look at those images more than searching
for images in books.” In addition he stated that he would use image sources other than
books to find images: “If I could not find them I go through Medline articles or medical
organizations’ websites like Sport Medicine Association, Cartilage Association and
Joint Association websites.” Finally the statement “For example, if I am looking for
images about meniscus tear in the knee I go to a relevant site or journal site and I will
definitely find what I need” implies that the participant looks for medical images in
sources such as specialized journals or websites. Therefore, the following memos were

recorded in the open coding stage:

The participant has a personal image collection containing images from his previous

patients, and he prefers to use images from his own collection.
The participant uses images from published articles.

The partibipant looks for images in related websites.

! ‘I'hese codes refer to the interviewces. A list of interviewees and their corresponding codes is given in chapter 4

to which the reader can refer for details.
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Following the coding paradigm of Strauss and Corbin (1998), we then compared
emerged concepts to establish any relationship between them. At the next stage, as the

following example illustrates, we put related concepts labels together to form concepts:

P3: I prefer to use images of my previous patients who gave me their

consent.

Memo: The participant has a personal image collection containing images from his

previous patients
Concept label: Personal collections

P2: I also use books to find images. For example, if you want to know and
see the mechanisms that already have been discovered, you can use the

books.
Concept label: Books

P1: But for the special images I go to find them in papers.
Concept label: Papers

These example concept labels indicate that participants looked for images in personal
collections, books and papers. We therefore classified them under the category of
‘image resources’ during axial coding. Then we continued with the analysis to identify
the properties of each concept label classified under the category ‘image resources’. The

following examples illustrate this process:

Axial Code: Image resources
Concept label: Web
Properties of the concept level:

Property 1- Using the internet helps participants to find images quickly

P2: Using the Internet saves time as you can find images quickly.
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Property 2 - Participants may find many irrelevant images in the internet.

P3: The Internet is available everywhere, but you have to change or modify
the query term and see many pages of images to find the ones that you
need. As you know, there are lots of irrelevant images that do not fit your

needs.

Property 3 - Participants believe that they may find required images on the

internet.

PA: I also believe that through the Internet and image search engines, it is

more likely that I find the images I need.

Using grounded theory and its coding paradigm, we could identify other criteria and the
core relevance category to address our initial aims and objectives. In this study, the core
category was identified as ‘topical relevancy’ and we concluded the selective coding
stage of the grounded theory approach and made a statement as follows: ‘health care
professionals looked for medical images in different image resources and they used a
variety of relevance criteria to judge the relevancy of images to their information needs’.
Although, there was no agreement between them on the most important criterion, they

judged the relevancy of images based on their information need and the image resources

they used.

3.6.8 Schematic of the study

Although we discussed the methods and procedures in grounded theory separately,
Strauss and Corbin (1998) state that the steps and procedures in grounded theory are not

taken in a linear sequence nor they are separate in practice. Researchers can move back

and forth between them. They stated:

We emphasize strongly that techniques and procedures, however
necessary, are only a means to an end. They are not meant to be used
rigidly in a step-by-step fashion. Rather, their intent is to provide
researchers with a set of tools. (Strauss and Corbin, 1998: p.14)
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Figure 3-2: The stages of the research process in the current study.

We have discussed the Straussian version of grounded theory and the methodology
applied in this study. However, it seems appropriate to summarize the main procedures
of the current study. Figure 3-2 depicts the stages and process of the current study. It
should be mentioned that we stopped data analysis after we reached saturation. This
means no further new concept or category was developed. Additionally in grounded

theory, data collection is guided by theoretical sampling.

3.7.  Data collection methods

As mentioned earlier, it was important to see the relevance criteria and the judgment
situation explained in the health care professionals’ own terms. Maglaughlin and
Sonnenwald (2002); Ingwersen and Jérvelin (2005); Hirsh (1999); Park (1994) state that
methods typically used to investigate relevance criteria and related issues include
interview, think-aloud, questionnaire and direct observation techniques. Strauss and
Corbin (1998) state that they regard interviews and observation as the main tools for
data collection in grounded theory. Thus they suggest that once the researcher decides
on the research participants, the site of study, and the type of data to be collected, she or
he must develop a list of interview questions or areas for observation. Strauss and
Corbin (1998: p.204) report that the choice of data collection method depends on the
type of data to be collected:

A decision must be made about the types of data to be used. Does the
investigator want to use observations, interviews, documents, biographies
or combination of these? The choice should be made on the basis of which
data have the greatest potential to capture the types of information desired.

(Strauss and Corbin, 1998: p.204)

The types of data we collected from health care professionals were verbal; therefore we
selected two common ways of gathering verbal data: the semi-structured interview and
the think-aloud approach. We used these methods to identify and describe the relevance

criteria applied by health care professionals and their perceptions of the concept of
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relevance. In the first, and the main, part of this study we used interviews. We also asked
the participants to conduct real medical image searches and explain exactly how they
went about looking for images, and how they evaluated the retrieved images. In the

following sections, each of research methods used in this study is explained in detail.

3.7.1 Interviews

There are two main types of interviews in qualitative forms of research such as
grounded theory: the unstructured interview and the semi-structured interview.
Sometimes researchers use the term qualitative interview to encapsulate these two types
of interview. Although flexibility and variation are the main characteristics of qualitative
research, using the qualitative interview maximizes flexibility and variation. (Bryman,

2001: p.319).

In the semi-structured interview the researcher has a list of questions, without optional
response categories, which is referred to as an interview guide. Semi-structured
interviewing allows the researcher to open up the responses of the participants and direct
the interview according to the research objectives. The researcher asks all participants
the same questions; however the researcher may not follow the protocol exactly. For

example, sometimes the researcher may ask questions that are not in the protocol.

Unstructured interviews include open-ended questions that participants are allowed to
respond to freely. In fact the researcher does not control or direct the interview.
Unstructured interviews are employed when the researcher wanted to obtain a holistic

understanding of the thoughts and feeling of participants.

Regarding the nature of structured and semi-structured interviews, we believed the need
was to collect data according to the aims and objectives of the study. Thus, we used a
semi-structured interview protocol for data gathering in our study. After we started
collecting the data, it became evident that in grounded theory the researcher needs to use
semi-structured interviews as described by Park (1994). Park (1993) also emphasizes
that in grounded theory the researcher must control and direct the data collection, thus

we could not use unstructured interviews in a grounded theory study.
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Since grounded theorists prefer to construct (or discover) theory from the
data, data collection and analysis proceed simultaneously. The data
collection activities are guided by analytic interpretations a;ld guided to
Jocus further observation or interview procedures. Glaser and Strauss
called this a constant comparative method to generate grounded theory.

(Park, 1994: p.139)

Reviewing the literature showed that the face-to-face semi-structured interview is
probably the most widely used method for data collection in grounded theory and other
forms of qualitative research. Additionally semi-structured interviews are a common
data collection tool in relevance studies. For example, Schamber (1991) uses semi-
structured interviews to investigate how participants make relevance judgments. She
interviewed thirty professional users of weather information obtained from different
resources such as radio and newspapers and asked all participants to talk about one
recent job-related situation in which they had needed information about the weather to
make a decision or perform a task. The aim (Schamber, 1991) was to understand the
underlying meaning of users’ evaluation criteria in the context of contextual and

multimedia information retrieval.

Using semi-structured interviews, Park (1994) conducts a study and interviewed ten
participants in order to understand participants’ evaluation criteria of information. She
asked each participant their information seeking context, their information needs, and
the criteria they applied for relevance judgment of scholarly citations. Park states that
semi-structured interviews were used in order to collect users’ verbal descriptions about

their own thoughts and reasoning behind their perceptions and relevance judgments, for

each citation.

Although we believe that a grounded theory study requires the use of face-to face semi-

structured interviews, using face-to-face semi-structured interviews in this study had

some further advantages:

The researcher could help respondents if they had difficulty answering questions.
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There was an opportunity to probe respondents to elaborate on their response.

The researcher was free to ask questions in a flexible way, with respondents

answering them in the order the researcher asked them, which made each

question independent.
The researcher could collect additional data.

There was little risk of missing data, making partially answered questions less

likely.

3.7.2 Think-aloud protocol

We asked all participants to verbalize their thoughts while searching and selecting
images. This is known as the think-aloud technique. Using this technique we recorded
verbal data about relevance judgment, which is a cognitive process as Ingwersen and
Jarvelin (2005: p.92) state. Kagolovsky and Moehr (2004) specifically put emphasis on
employing the think-aloud protocol in user studies in information retrieval, and stated

that the results of think-aloud protocol analysis can be helpful for designing information

retrieval systems:

When a “gap” in the IR process is identified, other methods can be used to
investigate it. If a “gap” is related to users’ involvement in IR, methods of
cognitive psychology can be used. For example, although all users have to
Jormulate an information needs statement, choose a strategy, or evaluate
retrieved documents, these tasks can be done differently by different users.
Therefore, if a “gap” is related to one of these steps, evaluators have to
understand how users perform these tasks. One possible approach is a
“think-aloud” protocol analysis that is used in cognitive psychology. The
results of this type of analysis would allow the creation of information
systems that can support commonalities and accommodate differences

between users. (Kagolovsky and Moehr, 2004: p.108)
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The think-aloud protocol was introduced by Lewis and Rieman (1994). The think-aloud
protocol allows researchers to capture a person’s cognitive processes while she or he is

performing some task of interest. They described this protocol as follows:

The basic idea of thinking aloud is very simple. You ask your users to
perform a test task, but you also ask them to talk to you while they work on
it. Ask them to tell you what they are thinking: what they are trying to do,
questions that arise as they work, things they read. You can make a
recording of their comments or you can just take notes. You will do this in
such a way that you can tell what they were doing and where their
comments fit into the sequence. You'll find the comments are a rich lode of

information. (Lewis and Rieman, 1994 p.83)

A review of the literature shows that the think-aloud protocol has been successfully
employed in relevance studies. In studies by Barry (1994); Tang and Solomon (1998);
Maglaughlin and Sonnenwald (2002); Yang (2005); Tombros et al. (2005) the
participants were asked to discuss their reasons for judging the relevancy of document.
Using the think-aloud protocol was a crucial part of data collection in these studies,
since users described the relevance criteria and the judgment process in their own words.
Kagolovsky and Moehr (2004: p.110) note the appropriateness of the think-aloud
protocol for relevance studies in the information retrieval field. Kagolovsky and Moehr
(2004) declare that if tﬁe aim of the study is to investigate how participants judge the
relevancy of retrieved documents to their information needs, the relevance judgment

process and relevance criteria can be captured using ‘think-aloud’ protocol analysis:

The user’s task is to make a decision about the relevance of retrieved
documents to the query. The process of decision making is profiled using
methods of cognitive psychology: “think-aloud” protocol analysis.

(Kagolovsky and Moehr, 2004: p.110)
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3.8. Data collection procedures

3.8.1 Prior to the data collection session

A local research contact from Sheffield Teaching Hospitals NHS Foundation Trust
facilitated our access to interviewees. To recruit suitable participants we sent potential
participants an invitation letter (see Appendix 2) by traditional postal services. Potential
participants also received an information sheet (see Appendix 4), a reply slip indicating
their interest in participating (see Appendix 5), and to return these to us, they received a
pre-stamped and pre-addressed envelope. The letters of invitation also were distributed
via email (see Appendix 3) to subscribers of a Sheffield-based health and biomedical
mailing list. The recruitment process began in September 2007 and interested

respondents were then selected based on their suitability for this study.

3.8.2 Research population

The research population of this study is the health care professionals at Sheffield
Teaching Hospitals NHS Foundation Trust (see chapter 4 for detailed information about
the research population of the study). There were certain reasons that the current study

focused on health care professionals:

Our understanding of relevance judgment and the relevance criteria for medical

images is limited.

The medical image seeking behaviour of health care professionals has received

little attention to date.

There is a huge community of health care professionals in Sheffield; the research

site selected for this study is one of the largest sites in the UK.

The main researcher was a lecturer at Tabriz University of Medical Science from
2001 to 2005 prior to starting this project. In addition he has done his first and

second degrees in medical information and librarianship and worked as a
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medical librarian for almost four years before becoming a lecturer. He is thus
experienced in helping health care professionals locate information in an

academic library and in medical databases.

Since the main researcher’s subject background is medical librarianship and he
has worked as a lecturer in a Medical Information and Librarianship

department, he is familiar with the relevant subject areas.

The reasons for studying health care professionals and the selection of Sheffield
Teaching Hospitals NHS Foundation Trust as the site for this study are explained in this
chapter and in chapters 1 and 4. In the next section, we will discuss the sampling

methods used in this study.

3.8.3 Sampling and recruiting the participants

Although Strauss and Corbin (1998: p.214) believe that in grounded theory concepts
“are indicatives of phenomena and are not counting individuals or site per se”, they
suggest that the site of study or the research population must be selected according to the
research questions. In the light of the research questions for this study, we therefore
selected Sheffield Teaching Hospitals NHS Foundation Trust as the site of our study. In

particular we decided to study health care professionals who met the following criteria:

1) They worked in the site of our study. Since the research was carried out in
Sheffield, we selected the Sheffield Teaching Hospitals NHS Foundation Trust
as the site of our study. The Trust includes five hospitals: a) Northern General
Hospital; b) Royal Hallamshire Hospital; c¢) Jessop Wing; d) Weston Park
Hospital and e) Charles Clifford Dental Hospital.

2) They used any type of medical image.

3) They were skilled and knowledgeable internet and computer users.

4) They held a degree in health or bio-medical sciences.

5) They had access to the internet.

The following health care professionals are excluded from the study:
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1) Health care professionals who did not have an academic degree since we were

looking for participants with an academic medical background.

Sheffield Teaching Hospitals NHS Foundation Trust consists of about 11,689 staff (see
Table 4-1). The staff includes medical, dental, scientific, therapeutic, technical, nursing,
midwifery, and health visiting professionals, health care assistants and other support
staff. The sampling method for the interviewing stage of the current study was a
purposive non-random sampling and was a theoretical sampling as suggested by Strauss
and Corbin (1998). In describing this method, Strauss and Corbin (1998) state that in
grounded theory the researchers must collect the data in a non-random purposive,
convenient manner and they must continue data collection until they reach data
saturation. Strauss and Corbin (1998) declare that theoretical sampling is sampling on
the basis of “concepts that emerged from analysis and that appear to have relevance to

the evolving theory” [Theoretical sampling]. (Strauss and Corbin, 1998. p.202).

Moreover in the previous studies on relevance criteria, the number of interviewees
varied between eighteen and fourty. For example, Barry (1994) had interviewed
eighteen participants. Similar qualitative studies of relevance judgment used thirty-eight
(Choi and Rasmussen, 2002), thirty (Schamber, 1991), twenty-six (Yang, 2005) and
twelve (Maglaughlin and Sonnenwald, 2002). Based on the results of her study, Barry
(1994) believed that the full range of criteria of relevance can be collected through
interviewing less than ten interviewees. She also states that a limited number of criteria
of relevance are shared across users and situations. This means each user does not apply
a unique set of criteria for the relevance judgment process. Barry (1994) emphasizes that
the aim of her study was to provide a comprehensive list of criteria of relevance that
users applied during the relevance judgment process. Thus the only way to identify these
criteria is to inspect the superfluity of responses, and the redundancy will be achieved
when no new criteria was mentioned by participants. Barry (1994) adds that in any
possible ordering of participants, redundancy was achieved after the ninth participant
had been interviewed. In other words, without regard for the order of interviewing the

participants, no new criterion was identified once the ninth had been interviewed. This
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supports the findings of previous studies in which redundancy of criteria of relevance

was reached throughout interviews with less than ten participants.

Taking into account the number of participants in previous studies, and in view of
participants’ time limitation and availability, it seemed logical to interview a minimum
of twenty and maximum of fourty health care professionals in this study. However, this
is a qualitative study based on grounded theory and in grounded theory the size of
research sample is based on theoretical sampling; thus we started the recruitment process

and data collection as Strauss and Corbin (1998) suggest.

In order to facilitate and systematize the sampling in grounded theory a number of
practical guidelines can be taken into consideration. Strauss and Corbin (1998)
recommend three suggestions to apply while sampling. These practical guidelines are
useful to help decide how long a researcher must continue with data collection and
sampling. We applied them during the data collection and sampling in this study. In
response to the question ‘ how long a researcher must continue to sample’, Strauss and

Corbin (1998) responded as follows:

The general rule when building theory is to gather data until each category
is saturated. This means until (a) no new or relevant data seems to emerge
regarding a category, (b) the category is well developed in terms of its
properties and dimensions demonstrating variation, and (c) the
relationships among categories are well established and validated.

(Strauss and Corbin, 1998: p.212)

While interviewing participants, we used a method known as ‘Snowball Sampling’ for
the recruitment of further participants. In this method interviewees are identified based

on the recommendations of previous interviewees (Bryman, 2001).

Using the theoretical sampling approach, we continued data collection until we reached

saturation in data gathering. After interviewing fourteen participants, we reached data
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saturation: however, we continued the recruitment and data collection processes to

ensure that we reached data saturation. In total we interviewed twenty-nine participants.

3.8.4 [Ethical issues

Punch (2005: p.276) notes that all social research involves ethical issues. This is because
the research involves data from people, and about people. Thus researchers should
anticipate the ethical issues that might arise, and consider how they will deal with these
ethical issues in their studies. He reported that the substantial literature on ethical issues
is of two main types. The first type offers researchers guidelines for ethical conduct and
a checklist of points to consider. The second type of literature describes what issues
have arisen for social science researchers in previous studies, and how they have been

dealt with.

Ethics approval to carry out the study was obtained from the NHS' National Research
Ethics Service and Sheffield Teaching Hospitals NHS Foundation Trust in August of
2007 in order to approach, recruit and interview participants (see Appendix 1). It took
about six months to get the approval from the South Sheffield Research Ethics
Committee acting on behalf of the NHS® National Research Ethics Service. All
participants were aware of the legal issues involved and the need for protection of
patients’ privacy. Independent research monitoring officers from The University of
Sheffield and Sheffield Teaching Hospitals NHS Foundation Trust monitored the study
to ensure that neither the researchers, nor the participants, breached the rules. We
noticed that participants could access anonymous images through the health information
systems they used, and in addition used images in different ways for a variety of reasons
(e.g. viewing images from medical websites or electronic journals for clinical purposes).

Some participants used patient images only if they had written consent from the patient.

The anonymity and confidentiality of all data was maintained and participants were

informed about these issues. There was no disclosure of information and no reference

! National 1lealth Service in the United Kingdom
2 http://www.nres.apsa.nhs.uk/contacts/ find-your-local-rec/?Entryld 11=10435&p=14
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was made in verbal or written form, which could link participants’ names to the study:
participants are referred to by code number only. All data were collected anonymously
respecting participants’ confidentiality at all times. In addition, ali documents and all
recorded data and contact information of participants were stored in a locked drawer at
the Department of Information Studies of the University of Sheffield. The audio files of
data collection sessions have been saved in secure files and password protected folders.
Data were available only to the main researcher and his research supervisors. After the
main researcher completes his PhD, all data including participants’ contact information,

recorded tapes and transcriptions, will be destroyed.

All participants signed the consent letter presented in Appendix 6. This letter informed
all participants about the anonymity and confidentiality of data collection and assured
them that the data we collected would be used anonymously in the thesis, and in any
publication resulting from this study. The participants have also been informed that the
data collection session does not include any sensitive issues, and that they were free not
to respond to any question if they did not wish to. The participants could also request the
researcher to stop the interview at any time, and could withdraw from the study without
having to give any reason. Before starting the interview, participants were asked if they

felt upset or distressed.

3.8.5 Time and place

We interviewed participants during October 2007 — March 2008. We contacted potential
participants to arrange for the venue, date and time of the interviews. The interviews
with health care professionals who consented to take part in the study were carried out in
mutually agreed venues, at mutually agreed dates and times. Most of the interviews were
carried out in the offices of participants, and with participants’ permission we recorded
the interviews using a digital voice recorder. For two participants who did not have a
suitable room, a room was booked in the Department of Information Studies. The
interviews were carried out face-to-face by the main researcher and the mean interview

duration was approximately 42 minutes (range 28 to 92 minutes).
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3.8.6 During the data collection session

At the beginning of data collection, we again outlined the aims and objectives of the
current study to the participants, and the voluntary nature of their participation. Doing
this was also found to make the atmosphere friendlier and give the participants time to

ask questions before signing the written consent form (see Appendix 6).

We reassured participants that their anonymity would be protected at all times and
access to their data would be managed carefully. They were informed that we are the
only people who could access the data. No identification was recorded on the audiotape
or transcribed interviews. All participants received a copy of the signed consent form,
and with their permission we recorded the whole interviews including the medical image
search sessions with a digital voice recorder. Using a digital voice recorder facilitated

the follow-on transcription work for the main researcher.

Interviews were conducted in a range of locations and the format of interviews was
semi-structured (see Appendix 7). The questions focused on how participants search for
and select medical images they need. All interviews started with the following question:
‘Tell me about your profession and work experience?’ This question was followed by a
question about the frequency of their medical image searching. After the participants

had said what they wanted to say, we asked them additional questions as planned.

3.8.7 After data collection

A hallmark of the ground theory is the simultaneous data collection and data analysis as
Strauss and Corbin (1998) suggest. Thus, we transcribed each interview immediately
after the interview session. As we stated earlier, in grounded theory data collection and
data anélysis are based on theoretical sampling , meaning we must commence data
analysis as soon as we collect the first bits of data. Theoretical sampling could not occur

unless the researcher transcribes each interview immediately after the interview session.

Strauss and Corbin (1990) and Glaser (2002) state that in qualitative research, the

researcher should transcribe all tapes recorded during the interviews. However,

Relevance criteria for medical iiﬁages apphed ﬁby"healt'h'c;are professioﬁals



CHAPTER 3 - METHODOLOGY - 81

according to Glaser (2002); Strauss and Corbin (1990) in grounded theory the researcher

may also need to transcribe earlier interviews.

Although Glaser (2002); Strauss and Corbin (1990) suggest that the transcription in
grounded theory is selective, the main researcher transcribed the audiotapes verbatim.
Sometimes he consulted native English-speaking postgraduate students in the
Department of Information Studies and School of Medicine and asked them to explain
medical and local expressions used. To examine the accuracy of transcriptions, we sent
the transcribed text interviews to participants. This helped us to get participants’
confirmation of the accuracy of the transcription. Additionally, we received further
explanation and recommendations from health care professionals. This was also
ethically helpful, because the health care professionals had another opportunity to amend

any part of their interviews as desired, or to clarify what they had said previously.

3.8.8 Presenting the interview data

A number of quotations from the participants are included in chapters 3, 5 and 6 to
substantiate the discussions. Although the transcription of each interview was verbatim,
the direct quotations from the interviewees might seem a little disjointed because of use
of some repetitive words, incomplete sentences, or redundant catch phrases such as
‘well’, ‘wow’, ‘you know’, ‘I mean’ and ‘you see’. In order to quote from interviewees
concisely and for the sake of brevity, we removed some repetitive or unnecessary words

or phrases.

3.8.9 Data collection protocols

The data collection took place over approximately five months. We used interview and
think-aloud protocols in order to investigate participants’ perspectives on the relevance
criteria and relevance judgment process for seeking medical images. Most of the time,
participants conducted medical image searches during the interview to explain their
image search behaviour, relevance judgment processes and other activities. In other
words, interviews and think-aloud sessions were not separated. As participants

responded to our questions and conducted searches for medical images, we were able to

Relevance critefia for medicai iihag'es" eppl'ied By health care p‘vro'fessieﬁelsw -



CHAPTER 3 - METHODOLOGY 82

get additional insights and information from them regarding research aims and
objectives. Therefore, we considered the data transcribed from the medical image search
sessions as part the interview sessions, and did not analyse the data obtained during the

two sessions separately. We now discuss the protocols used.

3.8.9.1 Interview protocol
In the first stage of the study, we used the interview protocol presented in Appendix 7

and asked health care professionals to describe one of their recent medical image needs.
We developed the initial questions of the interview protocol based on the aims and
objectives of our study. Additionally, the experiments obtained from each interview
helped us to revise the interview protocol. Thus the questions in the interview protocol
became directed and more focused through theoretical sampling (Strauss and Corbin,

1998: p.203).

The interview protocol includes nine sections (see Appendix 7). At the beginning of the
interview we asked health care professionals about their background, departmental
affiliation, the nature of the activities they undertook, and the type of work they were
normally involved in. Then the participants were asked about the frequency of medical
image searching, and were asked to describe one recent job-related situation in which
they needed to find some medical images. In the third section of the protocol we asked
participants to talk about their favourite medical image sources. Then the interview was
continued covering the health care professionals’ specific medical image needs, image
searching queries, medical image selection process, and their final medical images uses.
Since the interview was a semi-structured interview, we constantly checked whether all

the questions on the protocol had been responded to.

3.8.9.2 Medical image search with think-aloud
The goal of our study is to provide insight into the cognitive process of relevance

judgments for medical images and the interactions of health care professionals during
the judgment process. The focus of this study was not on the outcome of the relevance

judgment process, but rather on the process itself: the relevance criteria that health care
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professionals applied and the attributes of medical images on which those criteria were

based.

Before starting the data collection, a brief training session about think-aloud was given
to the participants. The participants were informed about our interest in the way they
formulated queries and selected medical images, but that there were not specific
guidelines for participants on what we wanted them to talk about or how they should
express their thoughts. We asked each participant to perform a series of medical image
searches based on information needs that were developed independently by participants
and that they discussed in the interview session. Participants were allowed to search for
medical images in any way they found useful or natural. We encouraged them to search
as they would normally. Participants could use any available image search tools such as
image search engines, personal knowledge of the image sources (e.g. useful medical
image collections), or databases. Therefore, there was no restriction placed on the search
strategy that health care professionals would apply as suggested by Tombros et al.
(2005). While searching for images, we prompted participants to keep up the flow of
comments and discuss why they chose a specific image and what attributes that choice
was based on (Lewis and Rieman, 1994: p.84). We recorded their comments and believe
that the inclusion of think-aloud in our data collection stage provided insights into the

cognitive relevance judgment process that could not be achieved in any other way.

3.9. Analysing data

Using a grounded theory research approach, we tried to characterize the relevance
criteria that health care professionals use when making relevance judgments. There are
some software packages available for qualitative data analysis. Using such software
enables the researcher to search the assigned codes for patterns; and to establish
categories of codes that reflect testable models of the conceptual structure of the
underlying data as reported by Lewis (2004). Based on his experiments during the

preliminary study, the main researcher chose the NVivo software package.
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3.10. Preliminary study

It was crucial for us to conduct a preliminary study for several reasons. Firstly, we
carried out a preliminary study to ensure the feasibility of the main study, to examine the
data collection tool, and to assess the data analysis strategy selected for our research. It

was also an opportunity to develop interviewing skills and to prepare for the main study.

Moreover, we believed that the findings of such a study would help us to clarify the
research topic, and its aims and objectives. At the preliminary stage, we wanted to know
how health care professionals search for and select images they need. In addition, we
wanted to know which is the main source of medical images for health care
professionals. We were looking to discover whether health care professionals use
specific medical image collections to find images, how they begin their search for
medical images, and how they assess the relevancy of medical images for their
information needs. Are the relevance judgments and the relevance criteria for medical
images different from relevance judgments for non-medical images suggested in the

literature?

Between May and June 2007 health care professionals in medical departments at the
University of Sheffield were asked to participate in the preliminary study. Seven
volunteer interviewees participated and the mean average of the work experience of the
participants was 7 years 7 months (range 2 to 21 years). The results showed that they
used a variety of resources to find the required medical images. They would first rely on
articles and the internet (image search engines) for finding medical images. In addition,
they look for medical images almost every day or sometimes more than once a day.
Interview was the data collection method used and the mean interview duration was =

50 min (range 37-92 min). Table 3-3 shows profiles of participants interviewed and

their characteristics.
Table 3-3: Profiles of participants in preliminary study
(PhD: Doctor of philosophy; DDS: Doctor of dental surgery; MD: Doctor of medicine; MSc:

Master of science; AD: academic degree; IL: interview length; WE: work experience; and ID:
interview date).
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ID Participants’ Speciality AD IL WE ID

Pl Dentist, Dental Materials DDS 50 4 ° 29/05/07
P2 Molecular Genetics PhD 57 6 13/06/07
P3 Orthopaedic Surgeon PhD 92 12 06/06/07
P4 Immunologist MSc 58 4 19/06/07
P5 General Surgeon MD 47 5 20/06/07
P6 Consultant of Orthopaedic Surgery PhD 45 2] 26/06/07
P7 Stemn Cell researcher PhD 37 2 24/06/07

3.10.1 The findings of the preliminary study

From the interviews and think-aloud sessions and using grounded theory, twenty
relevance criteria (concepts) were elicited from participants. We grouped them into two
categories: medical and photographic (Figure 3-3). The findings of our preliminary
study indicated that image quality, orientation and topical relevancy were the three most
frequently-used relevance criteria, and these criteria were used by six out of the seven

interviewees.

The participants applied different criteria as the most important and first relevance
criterion. Topical relevancy of images was the most important criterion for three of the
participants; modality was the most important criterion for two participants. One
participént stated he would consider the photographic quality of medical images and

another participant stated that the importance of a criterion depends on what is required.
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parenthesis indicates the number of participants who applied each criterion.

f Medical Criteria (13) \ / Photographic Criteria (7) \

[ Relevance criteria employed by participants (Total=20); the number between ]

Topical relevancy (6) Orientation (6)

Technical information (4) Photographic quality (6)
Credibility (4) Magnification (4)

Age and Gender (4) Simplicity (2)

Background information (3) Size (2)

Diagnosis (3) Colour (2)

Type of medical image (3) Component of an image (2)

Image understanding (3)
Recency of images (2)
Didactic value (2)
Suggestiveness (2)

Anatomic region (2)

Aims to produce the image (2) \ J

Figure 3-3: The relevance criteria identified in the preliminary study.

Other findings of our preliminary study indicated that health care professionals used a
variety of resources including academic papers, the internet (image search engines),
books, personal collections, friends and colleagues, departmental collections, CDs and
DVDs to find medical images they needed (see Table 3-4). Amongst them academic
papers and the internet were used by all participants to find medical image they needed.

All of them were familiar with general image search engines such as Google.

Participants stated that the number of irrelevant images retrieved by search engines is
often very large and that they were unable to check all retrieved images and select the
images they need. Therefore, they stated that they usually first searched for relevant
papers in medical databases such as PubMed' and then looked for medical images
within papers. They added that the text of papers explain and clarify various aspects of

the presented objects in the images.

! http:/ /www.ncbi.nlm.nih.gov/pubmed/
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Table 3-4: Image resources used by the participants of preliminary study.

Medical image resources Number of participants
Papers 7
Web 7
Books 4
Personal collection 4
Friends and colleagues 3
Departmental collection 2
CDs and DVDs 2

We also went on to examine how images are used by health care professionals. The
results of the preliminary study showed that health care professionals required images
for the following purposes: patient care, education, research, publication and

documentation.

3.11. Trustfulness and replicability
According to Punch (2005) the trustfulness and replicability of the data are important
criteria for judging the quality of collected data, evaluating the outcomes of data analysis

and concluding of empirical studies.

Glaser and Strauss (1967) state that results of a study based on grounded theory should
meet four central criteria in order to be trustful and replicable: fit, understanding,
generality and control. Fit entails that the theory should be composed of components

that correspond to the ‘everyday reality’ of the research area that is studied and that has
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been developed from data. In other words, developed categories must fit the data.
Understanding entails that the theory should be comprehensible either to the researcher
or participants involved in the area of study. Generality means tha‘t the theory can be
applicable in similar contexts. Control entails that the theory should provide control of
components that relate to the phenomenon studied. Although we applied the criteria
suggested by Glaser and Strauss (1967), replicability data in this study has been ensured
throughout by using the think-aloud data collection technique. Using think-aloud also
decreased the risk of bias in the results as we asked all participants to explain their
medical image needs in their own words, including their search experiences as well as

the relevance criteria for medical images in a real context.

In addition the grounded theory method used in this research raised the trustfulness of
the findings the study, because the findings emerged from the data and not from
examination of preconceived ideas or theories predating the data analysis. Moreover, we
adhered closely to all procedures and rules of grounded theory for the recruitment of
participants, data collection, data analysis such as theoretical sampling, open coding,
selective coding, axial coding, saturation, and memoing to ascertain that all concepts and
categories emerged from the data. This enhanced the trustfulness and replicability of the
data and the findings of this study. To validate the coding the main researcher asked a
grounded theory researcher’ to check the assigned codes to four interviews. This method
is known as double-coding (Gilbert, 2001). Since both researchers were in agreement,
the trustfulness and replicability of the data were further confirmed. Additionally, the
data collection and analysis based on theoretical sampling allowed us to document any

changes to the questions of interview protocol.

3.12. Limitations
The study was constrained by some methodological limitations. Generally, due to time
and resource constraints of the research project, this research is limited to health care

professionals in a particular geographic area. Differences exist among health care

! This person has graduated and he used grounded theory in his PhDD project.
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professionals in terms of speciality, roles, academic degree and information needs. The

findings of this study cannot be entirely generalised to all health care professionals.

Additionally the concept of relevance is not a simple concept. It is affected by several
factors. For example, the role of health care professionals, their image information needs
and image resources used to find medical images might affect the relevance criteria
applied by health care professionals. Thus, one needs to be cautious in drawing
conclusion and generalisations from the findings of the current study even when the

generalisations are restricted only to health care professionals.

There were also limitations and bureaucratic problems in recruiting health care
professionals: it took six months to get the ethics approval and permission from the
NHS' National Research Ethics Service and Sheffield Teaching Hospitals NHS
Foundation Trust to approach health care professionals. In addition, it was not easy to
find and access potential participants for the study. The number of participants did not
limit this research since we reached data saturation after we interviewed fourteen
participants. Nevertheless, findings from this study might be applicable to similar
populations, their image information needs, and users of similar image resources and
subject areas. Since we recruited health care professionals from different departments, a
repeat of this study, with participants from specific medical department could enrich our

understanding.

Summary

This chapter has provided a justification and description of the proposed research
methods in this study. It outlined an explanation of two major research methods:
quantitative and qualitative. We have concluded that grounded theory, one of the
widely-used qualitative research techniques, could be used in this study. Moreover, the
data collection method of semi-structured interviewing was justified. The method of
data analysis, with special attention to the Straussian version of grounded theory, was

described and how the findings will be analysed was documented. In addition, a

! National Health Service in the United Kingdom
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rationale and description of how study participants were selected and recruited was

discussed.
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CHAPTER 4-DEMOGRAPHICS OF THE SAMPLE

Introduction

This chapter reports the demographic characteristics of the study population and the
demographic characteristics of the participants in the current study. The data collection
techniques and findings are presented in chapters 3 and 5 respectively. This chapter

gives further details of the study population in the form of tables and figures.

The data presented here provides some contextual information that helps to define who
participated in the study and aids our understanding of the results presented in the
following chapters. Although the information covered in this chapter could have formed
a section of the next chapter (chapter 5: Results), we thought that devoting a separate
chapter to the demographics of the sample would make it easier for readers to

understand the findings.

4.1.  Sheffield Teaching Hospitals NHS Foundation Trust

Sheffield Teaching Hospitals NHS Foundation Trust was formed on 1% of April 2001
and manages the five NHS hospitals in Sheffield including Northern General, Royal
Hallamshire, Jessop Wing, Weston Park and Charles Clifford hospitals. Each year, more
than 175,000 operations and day case procedures are performed and over 825,000
outpatient appointments are provided across the hospitals which together offer almost

every kind of treatment available through the NHS (Sheffield Teaching Hospitals NHS
Foundation Trust, (2007)).

Although the majority of admitted patients are from Barnsley, Doncaster, Rotherham,
Sheffield and parts of North Derbyshire, around five per cent of patients are from other
parts of the United Kingdom. The patients come to Sheffield Teaching Hospitals for
specialist treatments, many of which are offered in only a few NHS Trusts in the UK.

Specialist services of the Trust include:

Weston Park Hospital: one of only three dedicated cancer hospitals in the UK.
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Sheffield Cardiothoracic Centre: a regional centre of excellence for heart services.

Princess Royal Spinal Injuries Unit: a unit for the treatment of 'spinal cord injuries

and associated illnesses that treats patients from around the country.

Sheffield NHS Immunology and Allergy Service: the department provides a
National External Quality Assessment Service (UK NEQAS) and is
responsible for monitoring the quality of laboratory services in Immunology

and Clinical Chemistry in the UK and Europe.

Ophthalmic Services: the Trust hospitals run the largest specialist ophthalmology
service (for the treatment of eye conditions) in the region. Specialist services
include the treatment of patients with cancer of the eye and services for

patients with low vision.

Neurosurgery: the Trust has one of the best neurosurgical teams in the UK who

treat patients with complex diseases and injuries to the brain.

The Skull Base Group: a multi-disciplinary team made up of specialists from
different fields such as maxillofacial surgery, neurosurgery, head and neck
surgery and ophthalmic surgery, who work together to give patients with the

most difficult to treat illnesses the best treatment and quality of life possible.

Sheffield Teaching Hospitals is called a ‘Teaching Hospital’ because of its close
association with academic centres. The strong commitment to teaching and research,
with close links to the University of Sheffield, Sheffield Hallam University and other
learning ‘establishments, has established the Trust as a national and international centre
of excellence: new treatments and services pioneered in Sheffield have changed the face
of medicine across the country and the world. In 2008 a major new Picture Archiving
and Communication System (PACS) was opened which facilitates the storage of, and
access to, diagnostic images by clinical staff. PACS enables all images to be stored in
such a way that doctors, nurses and other health care professionals can instantly access

a patient’s X-rays, MRI scans or other images from computer terminals across the
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hospitals. As Strauss and Corbin (1998) suggest it is important to obtain permission
from appropriate authorities to use the site of study and recruit, participants. Thus,
permission was sought from the Research Department of Sheffield Teaching Hospitals
NHS Foundation Trust to access the site and approach participants (see Appendix 1).

Table 4-1: Average number of persons employed in Sheffield Teaching Hospitals NHS
Foundation Trust in 2007
(from Sheffield Teaching Hospitals NHS Foundation Trust, (2007)).

Total Permanently  Other
Employed

Medical and dental 1,380 1,340 40
Administration and estates 2,418 2,306 112
Health care assistants and other
support staff 1,269 1,269 0
Nursing, midwifery and health visiting
staff 4,738 4,556 182
Scientific, therapeutic and technical
staff 1,883 1,869 14
Total 11,689 11,340 349

Table 4-1 shows five main categories of people who worked in Sheffield Teaching
Hospitals NHS Foundation Trust in 2007. The table details the number of Medical and
dental, Administration and estates, Health care assistants and other support staff,
Nursing, midwifery and health visiting staff and Scientific, therapeutic and technical
staff in post in 2007. Table 4-1 also shows that the Trust employs nearly 12,000 staff in
a wide range of occupations and professions. Amongst the employees of the Trust, 1,380
people were medical and dental staff. Medical and dental staff and scientific, therapeutic
and technical staff were included in this investigation. The reason that we have excluded

the other staff from the study relates to the aims and objectives of the study mentioned in

section 3.8.2.
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4.2. Participants’ profile

Using a qualitative study, grounded theory was used to identify and describe relevance
criteria applied by health care professionals and their perceptions for medical image
retrieval systems. To recruit suitable participants, letters of invitation were distributed
via email to subscribers of a Sheffield-based health and biomedical mailing list and by
traditional postal services. Interested respondents were then selected based on their
suitability for this study. A local research contact from Sheffield Teaching Hospitals

NHS Foundation Trust facilitated our access to interviewees.

Unlike previous studies (i.e. Markkula and Sormunen, 2000; Choi and Rasmussen,
2002; Hung et al., 2005), we did not focus on a particular image collection or image
retrieval system. By contrast, participants were asked to specify (and conduct) medical
image searches as typically carried out in their day-to-day activities. Example topics
chosen by the participants included: a pathologic image of a biopsy of bone marrow,
MRI scans of the meniscus tear in the knee and microscopic images of cartilage injuries
in children. Two participants did not have access to the internet at the time of the

interview, and so were simply asked to describe their searches and the relevance criteria

they had applied.

In grounded theory, sampling and recruitment of the research participants is based on the
theoretical sampling: i.e. the selection of participants is based on the initial analysis of
the findings. The recruitment process continues until the researcher reaches data
saturation. In total, twenty-nine health care professionals participated in our study.
Bearing in mind the difficulties in accessing and interviewing health care professionals
and the lack of time mentioned by those who were contacted by the researchers, this is a
reasonably good rate of participation by health care professionals and suitable sample
size. (Data saturation in this study was achieved after fourteen people were interviewed,
though we continued the data collection until we were sure that no new data would
emerge. It was based on the personal recommendations of two senior researchers in the
Department of Information Studies at the University of Sheffield). With the participants’

permission, we recorded the whole interview during the medical image search sessions.
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Table 4-2: Profiles of participants.

(AD: academic degree; M: male; F: female; IL: interview length; WE: work experience years;
FRCOG: Fellow of the Royal College of Obstetricians and Gynaecologists).

ID
Pl
P2

P3
P4
PS5
P6

P7
P8
P9
P10

P11
P12
P13
Pi4
P15

P16
P17
P18
P19

P20

P21
P22
P23

P24

P25
P26

P27
P28
P29

Relevance criteria for medical images applied by health care professionéié

Speciality of participants
Dental materials
(genetics  and

Molecular  genetics

immunology)

Orthopaedic surgeon

Immunologist, Molecular immunology
General surgeon

Sport medicine/Consultant  orthopaedic

surgeon
Stem cell

Molecular medicine and Female infertility
Bone metabolism researcher

Superintendent radiographer

Virologist

Epidemiologist, Non-clinical lecturer
Neurologist

Medical physicist

Radiologist

Nuclear medicine
Medical physicist
Nuclear medicine

Medical physicist
Consultant haematologist

Obstetrician gynaecologist
Gynaecologist

Haematologist
Obstetrician gynaecologist

Neurologist

Human reproduction and development
biology

Molecular medicine and Female infertility
Medical physicist
Nephrologists

AD
PhD
PhD

PhD
MSc
MD

PhD

PhD
PhD
PhD
PhD

PhD
MD
PhD
PhD
PhD

PhD
PhD
PhD
PhD

PhD

FRCOG
MSc
PhD

PhD

PhD
PhD

MD
PhD
MD

Gender
M
M

gg="x ™" ==z x T 2 X 2

T 7 2 X

IL WE
50 4
57 6
92 12
58 4
47 5
45 21
37 2
5t 7
53 17
38 16
43 3
33 22
38 5
33 15
42 16
28 17
42 7
38 11
35 35
31 25
34 10
39 7
28 18
36 30
30 2
29 19
55 15
32 20
53 15

Participants’ roles
Research and Educational

Clinical and Research

Clinical, Educational and Research
Research
Clinical and Research

Clinical,  Educational, Research

Administrative

Clinical, Educational and Research
Clinical and Research

Research and Educational

Clinical, Educational Research

Administrative

Research

Research and Educational
Clinical, Educational and Research
Clinical and Research

Clinical, Educational, Research

Administrative

Clinical, Educational and Research
Research and Educational
Clinical, Educational and Research

Clinical, Educational, Research

Administrative

Clinical, Educational,  Research

Administrative
Clinical and Research
Clinical and Research

Clinical, Educational, Research

Administrative

Clinical,  Educational,  Research

Administrative

Clinical and Educational

Research, Educational and Administrative

Clinical and Research
Clinical, Research and Administrative

Clinical and Research

and

and

and

and

and

and

and
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As Table 4-2 shows, all participants, with the exception of two of them (P4 and P11),
mentioned that they had several roles at the time we interviewed them. The duration of
the interviews varied between 28 and 92 minutes (the mean average of interview
duration was 42 minutes). The work experience of participants ranged between 2 and 35
years (with the mean average of 13 years and 3 months of work experience). Table 4-2
also indicates that only eight of the participants were female staff which reflects the
make-up of health and biomedical departments in Sheffield Teaching Hospitals NHS

Foundation Trust: they are mainly male-dominated.

100%

90%
80%

70%

60%
50%

40%

Percentage

30%

20%

10%

0%
Research Clinical Educational Administrative

Role of participants

Figure 4-1: Distribution of roles among health care professionals interviewed

(Total=29): (the total is more than 100 per cent as some participant mentioned having more than
one role).

Figure 4-1 shows the distribution of specific roles of health care professionals. Twenty-
eight (96.55%) of the participants were health care professionals with research roles, and

31% of participants (nine out of twenty-nine) had administrative roles.

Chapter 5 now presents the detailed findings of the study.
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CHAPTER 5-RESULTS

Introduction

Twenty-nine participants from various medical departments were studied using semi-
structured face-to-face interviews, and with them conducting medical image searches
using the think-aloud approach. We believe that the most logical way for presenting and
structuring our results is to base this chapter on the study’s research questions, its aims
and objectives, and the issues that have been examined. Our findings are therefore
presented in the eight sections below, as follows. Section 5.1 describes how health care
professionals apply relevance criteria and select the medical images they need. Sections
5.2, 5.3 and 5.4 are devoted to the criteria that participants used to make relevance
judgments. In section 5.5, we discuss our experiment on the potential coverage of
relevance criteria to search statements from the medical track of ImageCLEF
(ImageCLEFMed). Sections 5.6 and 5.7 illustrate how images are used by health care
professionals and report the motivation of health care professionals for image searching.
Section 5.8 details the medical image resources used by participants. Finally, the major
findings of the study are summarized. We also compare our findings, including medical
image resources, medical image information needs, and the relevance criteria elicited

from our study, to those from the literature.

5.1. How health care professionals apply relevance criteria
As stated earlier, this is a study based on grounded theory which aims to explain how
health care professionals search for and select images they need. However, before we

describe relevance criteria in detail, we discuss how health care professionals search and

apply medical image relevance criteria.

The ﬁndings of our study showed that medical image searches consisted of multiple
sessions. Although participants conducted multiple interactions, in particular when they
used Google image search, we found that each interaction was related to the same image
information needs. We also noted that query reformulation and image browsing was an
essential strategy used by health care professionals when they looked for images.

According to our observations, health care professionals reformulated their queries after
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they browsed through the retrieved images. The reformulation of the query, and
interaction with the system, related to various factors. These were, for example, the
number of retrieved images, the proportion of relevant and irrelevant images, and the

purpose for the participants’ image searches.

Table 5-1: Examples of queries used by the health care professionals.

Denture base materials
Bone marrow and immunity deficiency

Bone marrow biopsy immune deficiency
Closure bone epiphysis

MRI cartilage ligaments of the knee
Interleukin-4 electrophoresis

Allergy phenomena and mast cells
Anterior Cruciate Ligament of the Knee

TLR3 (Toll-like receptor 3) receptors
A diagram of how osteoclasts are formed
MRI aneurysm

Diabetes and Retinopathy
Lung, head and neck PET scans
Selenium detector mammography

T-2 weighted MR images of brain

Mentalis muscle interior view
Epidemiology images and ultrasound
scans of polycystic ovarian
Immunostaining on endometrial tissue
CD-56

Symptoms of bleeding or clotting
disorders

Photograph of American meadow vole

Multiple sclerosis

Amalgam restoration

Bone marrow severe congenital
neutropenia

Cartilage injuries in children
Foreman skull closure
Monteggia fracture MRI
Interleukin proteins derived by
mast cell

Mast cells and an allergic
reaction

A photo of Anencephalic
embryo

Bone metastasis

Meningioma MRI scans T3
Structure of the enveloped
proteins

'Hot cross bun' MRI

Cardiac 3D CT images

PET scans for myocardial
perfusion hibernating

MIBG scan image for tumour in
adrenal glands

Red blood cells

PCO ultrasound images

Recurrent miscarriage

Queen Victoria family tree
hemophilia

A picture of a crocodile newly
hatched

Microscopic image of a sperm
approaching an egg

In each search session, the participants tried to find relevant images using particular

query terms or a particular search strategy. We noted that health care professionals paid
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much attention to selecting search terms, and they always changed or formulated the

queries based on the search results.

As Table 5-1 shows, the participants used medical terms and used single word or single
phrase topics. The following examples (Figure 5-1, Figure 5-2 and Figure 5-3) illustrate
a search. A senior clinician and lecturer in the medical physics department explained
that he had searched for 2D and 3D nuclear images for the topic ‘myocardial perfusion
hibernating’. He initiated the search process with a single phrase topic which was

‘myocardial perfusion hibernating’.
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Figure 5-1: Google image search retrieved 786 images for the initial query ‘myocardial
perfusion hibernating’ submitted by P16.
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He started browsing the images obtained for the initial query ‘myocardial perfusion
hibernating’ (Figure 5-1). He stated that few images seemed to be relevant to the topic.
Therefore he decided to refine the search results by adding an additional query term. He

added ‘PET’ (Positron Emission Tomography) and changed the query to ‘myocardial

perfusion hibernating PET".

After he looked at the results (see Figure 5-2), he was not satisfied with the high number
of images and the relevancy of the images obtained. Thus, he added another term which

was ‘F18’ (Fluorine-18). He mentioned that F18 is a tracer used to produce nuclear

medicine images such as PET scans.
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Figure 5-2: Google image search retrieved 547 images for the second query, ‘myocardial
perfusion hibernating PET’, submitted by P16.
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perfusion hibernating PET F18’, submitted by P16.
After he browsed the retrieved images (see Figure 5-3), he mentioned that he achieved

satisfactory results in terms of relevancy and number of images to be browsed with the

query ‘myocardial perfusion hibernating PET F18’. He explained why he reformulated

his queries as follows:

Relevance criteria for medical images applied by health care professionals



CHAPTER 5 - RESULTS - 102

P16: Last time, I was looking for some nuclear medicine images, standard
2D plain and 3D nuclear images. These were PET scans far myocardial
perfusion hibernating. But my initial query for “myocardial perfusion
scans hibernating” found few relevant images. What I then tend to do is to
refine my search criteria to try to find images that are more relevant. This
is something I usually do. So I will add another word, let’s say “PET”.
Now [ find images that are more relevant. These are some of the more
relevant images, but 1 still have some irrelevant images. Some images are
also more relevant than other images. Though I have searched for the type
of scan, the images are still not specific enough. So I need to add another

search term. Thus I will add “'F1” [ a tracer used in nuclear medicine].

As it can be seen in the above quotation, sometimes participants used terms such as
‘MRY’, ‘chromatography’, ‘immunostaining’, ‘PET"’ if they searched for certain types of
medical images. Use of words such as ‘PET’, ‘MRI’ and ‘Ultrasound’ also reflects the
fact that the participants preferred to filter out the results according the modality of
images. We found that most recorded queries were based on the name of particular

medical conditions, anatomic regions and modality of images.

Additionally, the participants interviewed explained that it was difficult to translate

visual information into a textual query when they searched for medical images:

P27 Text [text-based image search] is the only available method to search
for images. When you are looking for an image, you know what it is or

what it looks like. However, text cannot convey your visual imagination
properly.
Our findings show that the results of text-based image searches may be affected by the
use of abbreviations. For example, one of the participants who was looking for images

of the tool-like receptor 3, known as TLR-3 in the medical literature, demonstrated the

problems of medical image searching using medical abbreviations and acronyms.
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Firstly, he searched for images using ‘TLR-3’ and ‘TLR3’. Then he used ‘tool-like
receptor 3’ as his query term. As Figure 5-4,

Figure 5-5 and Figure 5-6 indicate, searches for each query yielded different sets of

results.
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Figure 5-4: Google image search results with the query ‘Tool-like receptor 3’ .

The same problems arose when there were different terms used for referencing the same
clinical problem or concept, or a term had different spellings. For example, searches for
images using ‘Hemophilia’ and ‘Haemophilia’ produced different sets of results; Google

image search returned 7,890 hits for Haemophilia and 32,100 for Hemophilia.

TLR3
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Figure 5-6: An image search with the query ‘TLR-3’, Google returned 6,450 images.
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Further investigation of the interviews showed that the visual appearance of images, and
participants’ visual memory, seemed to be important factors for the relevance judgment
of images in addition to the related textual information. This corresponds with the
findings of Greisdorf and O'Connor (2002: pp. 20-21) whereby image users judge the
relevancy of retrieved images using what they described as ‘temporal prototypes’. The
authors added that ‘temporal prototypes’ defines a set of visual features. ‘Temporal

prototypes’ also allow image viewers to describe images, or to separate one image from

another.

We found that during medical image search sessions, each participant selected one or
more candidate images (topically relevant images) and either saved them in a folder or
bookmarked them. The participants then compared candidate images to select the best
and most relevant image(s) amongst the candidate images. For example, one of the
participanfs, P11, explained that she usually selected three to four images and saved

them in a folder. She then compared the saved images, and selected one that fitted her

information needs. She said:

P11: Iusually select three or four images and save them in a folder. Then I

will compare them to see which one will fit.

These results resemble the findings of Markkula and Sormunen (2000: p. 22) who
studied the search behaviour of journalists. Markkula and Sormunen (2000) reported
that candidate photographs were compared after search. In contrast, the findings of our
study point to the fact that final selection often occurred immediately after the
participants achieved a satisfactory set of candidate images, and the participants
evaluated candidate images themselves. For example, a clinician from the Medical
Physics Department explained how she selected and compared the candidate images for
the topic ‘MIBG' scan pheochromocytoma’. While browsing the images obtained for
the query ‘MIBG scan pheochromocytoma’ (Figure 5-7), she mentioned that she would

! Meta-lodobenzylguanidine
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select candidate images if the images visually resembled the topic. She described her

visual memory of the topic ‘MIBG scan pheochromocytoma’ as follows:

P18: It is in my mind and I need a picture like that. When I am searching

an image I know what I am looking for.
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- Google Image Search

A mibg scan pheochromocytoma

File Edit View Favorites Tools Help
b l]hnp://Images.google.oomﬁmages?q=mibg+srm+pmcx:homowbma&wv=2&r®=18&mm=lm&hl=en&safe=olf&sm=0&sa=N ¥ BGo 0_ -
Google (G ~mibg scan pheochromocytoma ¥ Go HOMY 9B~ @~ ¥ Bookmaksy B 510 blocked ‘% Check ~ » ) Settings~
Opack - X B G JOseach cFavorites @) (v Ll -
Sgnin &

Weh Images Maps News Products Mal more 'V

Google: s moomsyons [ Seach s~ Candidate image -1
ey New Google Image Labelsr

Images Showing: | Allimage sizes ¥ | / , an phoochromocyloma, (102 seconds)
17—
“ nn t'i g.J .'
Nl ! } LA S

MIBG scan shows left adrenal  Figure 1 %’n MIBG ... Figure 2 Posterior planar 1231 2 Tnlnlbody 123u||a<; scan ... whole body 123 MIBG images. MIBG is also useful in
pheo 498 x k - jpg MIBG .. 962 x 703 - 481k - gif metastatic ...
149 x 112 - 4k - e www 15pub. com 527 x 269 - 80k - o wu )1415 "3k gamma.wustl edu 631 x 391 - B0k - jpg
n www indmedica com

waew andocrinewsb www isput www thisme-connect com

— & ¢
i i F]
ad 3 v
—
§ ° :
= S N 4 e = —
< 10 perform123-MIBG scanning, VHL-associated For localization of Normal biodistribution of 1131 MIBG ... During a MIBG scintiscan, ...
MIBG ... 180 x 135 - 7k - jpg 400 X 320 - 13k - jpg
300 x 202 - 23k - jpg 402 x 550 - 128k - jpg 519 x 476 - 62k - jpg 72x72- 2 - gif healthhaven com apps uwhealth org
www.mayoclinicproceedings com www endotext org www.nnmedtas com au www. medscape.com
o
¢ » ! X" )
H23 IIDG Scintigraphy Adrenal Metastases, CT Scan <. 131 MIBG scan MIBG scan MIBG scan .. meta-iodobenzyl-guanidine
130 x 71 -5k - jpg 306 x 226 - 10k - jpg demonstrated ... 400 x 510 - 37k - jpg 220 x 280 - 12k - jpg G) ...
rad.usuhs edu health.allrefer, com 72%72-2%- gh wwweme. cuk ac kr wwwemc. cuk ac ki 453 x 311 - 2k - jpg
www scielo br

www carcinoid. org

|
@ Internet

Figure 5-7: Images obtained for the query ‘MIBG scan pheochromocytoma’.

While interacting with and reformulating the query, she selected three candidate images
and stated the reasons for choosing each candidate image. As it can be seen in Figure 5-
8, this interviewee mentioned that she selected candidate image-1 due to its topical
relevancy and its modality. By saying “that’s the kind of image I would usually be

looking for” she implied that the candidate image-1 visually resembled the query
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‘MIBG scan pheochromocytoma’. This indicates that she had a visual representation for

the images she needed. She said:

P18: I clicked on this image because it is a nuclear medicine image and I
am usually looking for this type of image. Then I would check other

attributes of the image.

Anterior Posterior

Rt Lt Lt Rt

Figure 5-8: Candidate image-1 selected by P18.

After she browsed some images retrieved for the query ‘MIBG scan
pheochromocytoma’, she reformulated the query as ‘MIBG organ zuckerkandl’ and

continued the search session. She initially selected candidate image-2 (Figure 5-9), but

then said:

P18: Nuclear medicine images are not always of high resolution and this

kind of image is quite hazy.
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Figure 5-9: Candidate image-2 selected by P18
She continued browsing the search results and spotted the third candidate image. She

stated that she would select the third candidate image (Figure 5-10) because the image
was labelled MBIG scan and illustrated the tumour clearly:

P18: I would select this image, because it is a clear image and it shows the

abnormality very well.

After selecting the three images, she compared them in order to select one of them. She
mentioned that she needed an image for a presentation to a class. Since the second
candidate image was of low quality compared to the first and third candidate images, she
decided to discard the second candidate image. She stated that she could not use the

second candidate image because of its poor quality:

PI18: Amongst the three images I have chosen, this one is deeply

disappointing. It is just awful! It is so pixely, so I would not use this one.

Relevance criteria for medical imagés applied by health care proféssiohals
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MDY,

Figure 5-10: Candidate image-3 selected by P18
She compared the first and third candidate images and decided to use the third one as it

was labelled MBIG scan and she felt that it was better in terms of size, appropriateness

and quality.

As mentioned in chapter 2, topicality has always been the most important and most
frequently cited relevance criterion for the users of information retrieval systems, mostly
for textual documents (Barry (1994); Borlund (2003a); Ingwersen and Jarvelin (2005);
Maglaughlin and Sonnenwald (2002); Mizzaro (1997); Schamber (1994)). Similarly, our
study found that topical relevancy was the most frequent and most important criterion
for medical images sought by health care professionals. In order to investigate how
health care professionals judge the topicality of medical images, we asked participants to
explain how they assessed the images. The following example explains how one of the

participants, P12, searched for images using the query ‘diabetes and retinopathy’ in
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Google image search, and how he assessed and selected images he needed. With his
permission, we captured the relevance judgment for retrieved images (see Figure 5-11).
He stated that all images might be related to the topic. However, he mentioned that he
became interested in nine images that seem to visually illustrate the topic (we marked
them as 1-9 in Figure 5-11. As we stated earlier, participants assessed the topical
relevancy of images as the first step, thus this person became interested in images that he
thought were topically relevant to the topic. The initial assessment of images was based
on textual description and the visual appearance of images. Then he started to evaluate
each image using other criteria. He stated image 7 was more diagrammatic while he was
looking for actual photographs. He classified the remaining seven images into two
groups: the first group included images 4, 5 and 6; the second group included images 1,
2, 3, 8 and 9. Images in the first group showed how a person with diabetic retinopathy
appears in real life. The participant stated that he is looking for photographs of
haemorrhage in the retina of a diabetic person. He explained that he was looking for
photographs taken through a device called an ophthalmoscope; therefore, he decided to

check images in the second group. He said:

P12: The one that is interesting for me at the moment is this one [image
number 1 in Figure 5-11] This is because I was looking for some
photographs taken through a device called an ophthalmoscope. Those
photos will show you what the retina of a diabetes patient, who is
developing retinopathy diseases, will look like. Those three images at the
top [1, 2 and 3 in Figure 5-11 ] and those [8 and 9] in the bottom line are
promising. I know roughly what image I need. I have seen pictures like
this one [he showed an image on the screen] in textbooks, and I have
looked at the eyes of retinopathy patients with an ophthalmoscope in the

past. I know what sort of image I need and I want to find something like

that.

Relevance criteria for medical 1mages applledby health care profeésibnélé -
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Figure 5-11: Results obtained for diabetes and retinopathy in Google image search.

We noted that this participant paid regard to the visual appearance of images by saying
“I've seen pictures like this one in textbooks” to select nine images topically or
potentially relevant to his image information needs. It was evident that he knew what
type of image he needed. In other words, he had a visual memory of images for
retinopathy in diabetic patients. Then he applied another criterion, ‘modality’ (the type
of image), and selected five images which were taken through an ophthalmoscope' and
seemed to fit his information needs. Using ‘colour’ as a criterion he discarded image 3
since it was black and white. By clicking on images 1, 2, 8 and 9 he was focusing on
images that seemed to be most relevant to the topic. He mentioned that he would select
image 1 (Figure 5-12) as it shows the haemorrhage and blood vessels in the retina better

than images 2, 8 and 9, and that due to its quality, it shows the details of the lesion.

' An ophthalmoscope is a medical instrument with a special mirror that allows doctors to examine the interior of

the eye.
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Figure 5-12: Image selected by P12 for the topic ‘diabetes and retinopathy’.

The following sections now discuss the relevance criteria identified by our experiment.
By identifying the criteria applied by health care professionals, we may be able to
incorporate those criteria into the medical image indexing and retrieval process. The
research literature identifies two distinct approaches to image indexing: text-based
(concept-based) and content-based approaches (Miiller et al., 2004a; Lehmann et al.,

2000; Rui et al., 1997; Brandt, 1999).

Text-based: This approach can be traced back to the 1970s (Bach et al., 1996; Rui et al.,
1997). A traditional approach for text-based systems of that time was to manually
construct representations of the images by assigning descriptive terms to each image and
then use database management systems (DBMS) for retrieval. Manual annotation of
images is time consuming, costly, and tiresome (Glatard et al., 2004; Deselaers, 2003).

Sometimes creating annotations by hand can become difficult because image databases
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can be very large. For example, it is practically impossible to annotate manually all the

images stored in the web.

Content-based: The emergence of large scale image databases in the 1990s has
emphasized the difficulties of manual annotation. Therefore content-based image
retrieval (CBIR) was proposed to overcome the outstanding need for efficient indexing
of images. In this approach, features of images, such as colour, shape or texture are
automatically identified and extracted by computer software. The extracted visual
features are stored in the database as Figure 5-13 illustrates. In the retrieval stage, and
when the user presents one or more example images that represent the information need,
the system should return similar images. CBIR thus addresses the situation where the
image retrieval system searches images by using visual features of the images such as
colour, shape, and texture, instead of using text labels and attributes (more information
about the ’CBIR and visual features is available from Ahmad Fauzi (2004); Glatard et al.
(2004); Deselaers (2003); Miiller et al. (2004a); Rui et al. (1997); Miiller et al. (2004b);
Brandt (1999).

images o store _/ feature
fill database

uery image {cature
e & extraction
retrieve databasc

e {ALE i
----- +» feature vector COMPATE = -wrrmemememmim e md query result
--------- » index list _

Figure 5-13: General architecture of CBIR systems
(from Lehmann et al., 2000: p.133).

CBIR allows users to find images that are visually similar to the presented query image;

however, this approach presents a number of challenges, primary among which is the
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problem of ‘similarity’. Brandt (1999); Deselaers (2003); Miiller et al. (2004a) report
that ‘similarity’ may mean different things for different people in different situations and
that measures of similarity must be defined. For example, a radiologist may have

different criteria of similq;ity for_x-ray radiographs from those of a journalist.

5.2. Relevance criteria

The objective of this study is to elicit the relevance criteria health care professionals
apply when searching for medical images. In this section, we list criteria regardless of
the role of the participant, and the activities carried out in their associated medical
departments. All participants were aware of the legal issues involved and the need for
protection of patient privacy. Officers from The University of Sheffield and Sheffield
Teaching Hospitals NHS Foundation Trust monitored the study to ensure that neither
researchers nor participants breached the rules. We noticed that participants could access
anonymous images through the health information systems they used, and in addition
used images in different ways for a variety of reasons (e.g. viewing images from
medical websites or electronic journals for clinical purposes). Some participants may use

patient images only if they have prior written consent from the patient.

In total, fifteen relevance criteria were elicited from the participants (see Appendix 9), as
shown in Table 5-2, together with the number of participants who specified each
criterion. Participants employed diverse criteria in their image evaluation processes.
Among them, topicality, image quality and dimensional size of the image were the three
most frequently used relevance criteria. These fifteen criteria emerged during the first
stage of data analysis using the Straussian version of grounded theory: open coding.
During the axial coding stage we grouped the emerged concepts (relevance criteria in
this study) to form the categories. We merged the fifteen criteria into three groups:
visual (or non-textual), textual, and other criteria. Visual criteria are associated with the
visual/photographic attributes of an image, such as orientation, image quality,
magnification and size (dimensional). Textual criteria relate to text attached to an image.
We also established the ‘Other’ category to group four criteria that were not easily

attributable to the previous two categories. Some criteria could be classified under more
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than one category. For example, modality was considered as a visual criterion; however,
participants sometimes identified the modality of medical images based on textual
information attached to images. Therefore, based on the overlap, we established an

intersecting group of criteria: textual-visual, which is detailed in

Figure 5-14.

Table 5-2: Relevance criteria employed by participants
The number indicates the number of participants who applied each criterion (No=15).

Criteria Frequency
Topicality 29
Image Quality 027
Size (dimensions) S 21
Age and Gender 20
Modality 18
Orientation 15
Credibility 13
Targeted Audiences 12
Technical Information 11
Magnification 7
Colour -7
Copyright )
Availability 4
Recency 3
Originality 2

After forming the categories, the main category was identified to generate a theory
which describes the relevance judgment of medical images and the image seeking
behaviour of health care professionals. We selected the main category at the selective
coding stage, and the theory was generated after we reached saturation in data collection
and data analysis. The main category we selected was visual (non-textual) criteria, as we

noted that health care professionals paid more attention to visual attributes when
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selecting medical images. We discuss further the reasons for choosing the main category

in this chapter.

Textual criteria
Ageand Gender

Visual criteria Textual-visual criteria

Magnification

l(:::\ogu:qna fity Nodaity l(;::);\:(i?_hl
Orientation Toplenilty Technical information

Size (dimensional)

Other criteria
Availability
Credibility
Originality
Targeted audiences

7~

Relevance criferia for medical images

Figure 5-14: Groups and subgroups of relevance criteria we identified.

We describe the criteria in sections 5.2.1, 5.2.2 and 5.2.3. As we stated, we arranged the

criteria in three main groups, and ordered them by the number of participants who used

them.

5.2.1 Visual criteria

As stated earlier, visual (non-textual) criteria arose when the participants considered the
visual/photographic attributes of an image in making relevance judgments. They are

topical relevancy (or topicality), image quality, size (dimensional), modality, orientation,

magnification and colour.
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Topicality1

This study found that the most frequent and most important criter'ion used by all of the
participants was topical relevancy. Although this finding is consistent with previous
research outlined in chapter 2, we noted that participants used both textual description
and the visual appearance of the image when judging topical relevancy. All participants
of the study stated that they required textual information such as medical history and
diagnoses in the text associated with an image in order to judge the topical relevancy of
the image. The findings of the current study highlighted the fact that textual information
was very important for the health care professionals, especially a comprehensive
description, since usually they would want to use images for research, educational or
clinical purposes, and thus they wanted detailed descriptions. Topicality reflected to the
‘aboutness’ or subject matter of the entire image. The health care professionals
consistently read the text surrounding the images that seemed relevant as they wanted to

know what was actually illustrated in the image, and what its original context had been.

One of the participants of the study, P17, highlighted the importance of textual

information for the relevance judgment of medical images as follows:

P17: It is important to have detailed information about the images.
Sometimes you find very similar images with very different text. For
instance, when you need T-2 weighted MRI scans you might find T-2
weighted scans with different spin echo types. When you have different
echo types, MRI scans change in a graded fashion. You need to know the

pathology, the echo time, and other sequence details as explained in the

text.

Although text seemed to be an important source of information for judging the topical

relevancy of images, we noted that the participants could not access relevant textual

! Although we established topicality as a criterion under the visual criteria category, we noted that this criterion
can also be classified as a textual criterion as the participants used textual information attached to the image to

judge its topical relevancy.
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information when images were obtained from web-based resources or when they used

departmental image collections.

We also note that health care professionals judged the topical relevancy of images based
on the visual appearance of medical images. Our findings demonstrated that participants
had a visual representation of the objects they sought in their mind, and that participants
used this visual representation when assessing retrieved images. The participants used
expressions such as ‘visual knowledge’, ‘something in my mind while I am looking for
an image’, ‘a mental image of what I want’, ‘it is already in my mind and I need a
picture like that’, I probably already know in my head what I want’, ‘what I want is
something that I have seen before or I know what it is’, ‘visual memory’, ‘I have got
draft sorts of image in my head’, The following quotation shows one participant’s
opinions about visual memory and its importance for the assessing the topicality and

making relevance judgments of retrieved images.

P12: I know what I am looking for. I have seen pictures like this one [he
showed an image on the screen] in textbooks, and I have looked at the eyes
of retinopathy patients with the ophthalmoscope in the past. Therefore, I
know roughly what sort of image I need and I want to find something like

that.

Our findings show that to make relevance judgments, the user must visually inspect the
image in order to know if the retrieved image is topically relevant, and whether the
image contains the requested visual information. To find out more about the visual
appearance of images, the participants were asked: “What do you mean by the visual
appearance of images?” Participants replied used phrases such as “it visually illustrates
what [ want”, “what I want is something I have seen before”, “a visual representation
of things you are trying to show”, “image must present what I want”, “the image must
illustrate what I want properly”, “it visually presents what I need”, *I want an image
like those I have seen before”. We noted that, based on their knowledge and experience,

participants had a ‘mental image’ of what they were looking for (i.e. a part of human

anatomy, certain type of image or a medical instrument), and they were trying to find
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something similar. The following quotation from a participant describes how he

evaluated relevancy of images to his image information needs:

P8: The image must be relevant and it must illustrate the point that you are
trying to make. I have knowledge of the subject. I will compare and select
images using my knowledge. If you ask me about the knowledge, I would
describe it as ‘visual knowledge’, because I have an image in mind of the
topic. Let me explain it for you. Blind people are unable to describe or
understand the image, because they do not have visual memory of, or
visual information on, the objects or people around them. We compare
images at the visual level based on our visual knowledge or memories of

the topics.

Further investigation of the data showed that the visual appearance of images, and the
participants’ visual memory, seemed to be the most important sources of information in

judging the topical relevancy of images. Two participants explained this:

P3.: I would select the image if it illustrates what I want. I know from my
experiences and my education how the image would look for this particular
medical condition. That is in my mind, so I will look at the images to select

images that are similar to what is in my mind.

P16: It visually illustrates what I want, and that is the most important
thing. There is something in my mind, and I want something similar to it. I

know what I am looking for and I know what I want to see.

The interviews in this study also showed that after topical relevancy of an image was
established, participants applied other criteria. For example, twenty-five participants said
that if the image was topically relevant and illustrated what they wanted, they would

then check the quality of the image to see whether they could use it or not.
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P7: First, does the image illustrate what I am after? Then the quality of
image is important. It must also give me the best view, and it should be

from a valid source.

Similarly thirteen participants stated that they would also consider the credibility of

images if the images were topically relevant.

Topical relevancy was applied by all participants in the current study. We noted that
topical relevancy referred to whether an image was relevant or not based on its visual
content and appearance as participants such as P12 stated. However, as we stated earlier
in this section, this criterion was in part dependent upon the textual description of the
images, the ability to recognise images visually similar to those which were previously
relevant, and also to recognise the meaning of visual content, e.g. the visual appearance
of human anatomy, cells and organs. Tagare et al. (1997) suggest that similarity from a
medical perspective is predominantly context dependent. Lehmann et al. (2000) support
Tagare et al. (1997) and report that the interpretation of similarity in medical images is
inherently knowledge-based and dependent on both image and query context. Lehmann
et al. (2000) also add that the medical knowledge arises from anatomic region and
physiological information, which is quite often obtained by the clinician simultaneously
with the diagnostic process. The findings of this study on the judgment of topicality of
medical images indicate that visual features are required to support medico-diagnostic
queries. Moreover, the context of queﬁes is unknown when images are indexed and
entered into the database. Tagare et al. (1997) suggest that the database scheme must be
generic and flexible. The authors also note that medical image interpretation is a
complex and poorly understood process. Diagnostic deductions derived from medical
images such as X-ray radiographs rest on an incomplete, continuously evolving model
of normality. Therefore, indexing of medical images is required to support medico-

diagnostic requests on a higher level of image interpretation.

Seven out of the fifteen criteria we identified were in the visual category. It also appears
from the results of this investigation that when users select images, they first look to see

if the image is topically relevant and whether it visually illustrates the problem, before
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any other attribute of the image is considered. This was made evident by finding that
medical image users were more focused on the visual attributes when they saw images,
and less on other attributes. They usually select three to five candidate images which
seem to be topically relevant to their information needs. The other criteria were
important when they compared candidate images. This supported the findings of
Greisdorf (2000); and Markkula and Sormunen (2000) that the relevance judgment of
retrieved images was composed of multiple sessions and one image will be chosen over
another if it is better on at least one attribute. Our investigation demonstrated that health
care professionals appeared to judge the relevance of retrieved images as a stepped
process leading from the topical relevancy of retrieved images (results set) to

comparison of other attributes of the candidate images.

Image quality

The photographic quality of an image, including image resolution, contrast, and
brightness, was the second criterion applied by the participants. We asked participants to
define the quality of images. One participant defined quality as:

P8: The quality of image is also important. If you ask me to define the
quality, I would tell you that the quality of image means that the image
should be clear and legible. For example, if you want to see microscopic
images you will gain more information if they are high quality images.

Additionally, you could see visual details in a high quality image.

One of the participants emphasized the importance of image quality and said:

P22: Images, especially ultrasound images, should be high quality images.
High quality images represent the point that I want to make properly. It

should show the visual details because details are important too.

As Table 5-1 indicates, the quality of an image criterion (e.g. image resolution, quality

of printed image, contrast, and brightness) was applied by twenty-seven participants.
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The participants seemed to check the quality of images after topical relevance was

established.

PI: The image should be topically related to my aim. If it was similar to
what I wanted I would check the quality and visual details of the image.

Sometimes the participants who looked for images in web-based resources using Google
image search complained about the low quality of images. Therefore they preferred to
find images in resources other than web-based resources. For instance, P8 mentioned

that he was unable to use most images from the web found by Google:

P8: I wish the Google image search engine would return me all high
quality images. Sometimes you can find images but you cannot use them,

because most of them are low quality images.

Similarly, another participant criticised the quality of images obtained from web-based

resources and said that he never expected to find high quality images using Google

image search:

P15: If I am using Google image search and if I am looking for images on
the internet I am not expecting to find images greater than 1280 x 1020
pixels. Because anything greater than that, even if it is JPEG, starts to get

quite big.

Some participants used images to illustrate their presentations, therefore they
emphasized that they were interested in copyright-free and high quality images to show

the desired visual details in their presentations. One of them said:

P10: Since I need the image to use in a presentation, image quality and the

actual resolution of the image are important.

Sometimes participants printed images before using them to verify the quality of the

images. For example, one of the participants, P11 who needed some images to illustrate
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her scientific paper, mentioned that she wanted to see how the images would appear

when printed. Thus she would check the quality of printed images:'

P11: Definitely I will not choose this one because I am currently writing a

review article. I would print the image and see how it appears on paper.

According to Chaffey (1996) quality of a digital image is directly related to a number of
factors including resolution, compression method and colour depth. Researchers such as
Ivkovic and Sankar (2004) developed algorithms for automated image quality
assessment. However, quality assessment of the images is required to compute those
factors, and limited success has been achieved in automated quality assessment of
images as Wang et al. (2002) state. However, as Wang et al. (2002) suggest it might be
possible to use a “universal image quality index, which is easy to calculate and
applicable to various image processing applications”. Such an index can also be used to

assess the quality of digital medical images and integrate it in the medical image

retrieval process.

Size (dimensions)

The selection criteria for medical images were closely connected to the participants’
individual tasks. Often participants looked for medical images to illustrate their
publications and presentations; therefore, they wanted to make sure images were an
appropriate size. For example, one of the participants, P9, enlarged images using a

projector. She stated that she must see images in their full size to decide whether she can

use them or not.

P9: I have to take a closer look at images to select them. I have to see the

full size images. Sometimes they are quite small. When you enlarge them,

you cannot use them.

Sometimes the participants stated that they might change the size of images using
graphics editing software, such as Adobe Photoshop. However, they preferred to find

images already in the desired dimensions or size:
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P11: ITusually select three or four images and copy them in a folder. Then I
compare them to see which one will fit. When I compare them, I will
consider the size and quality of image, if I want to use it for a presentation
or in printed material. Some images are too big, so I will reduce the size of

them. When you reduce the size, the quality will be degraded.

P20: If you find a small image and change its size, you cannot use it. But if

it is a large image you can manipulate and reframe it. However, it is time

consuming and I hate doing that.

Some of the participants mentioned that they might find a small size image which

seemed to be the most relevant. In those cases, they tended to reproduce larger versions

of those images.

The participants considered the dimensional size of image as a criterion. This is a
criterion independent from the context and totally dependent on the image as an object.
According to Stern and Richardson (2003) the dimensional size of digital images is
usually expressed as the number of pixels per inch (PPI), or as the number of dots per
inch (DPI). Dimensional size of image is a criterion that could be implemented in the
design of image retrieval systems including medical image retrieval systems. For
example, the ‘Measurements’ element in the Visual Resources Association core
categories (see Table 5-3 and Table 5-4) can be used to define dimensions in the
metadata set recorded for an image. Additionally, the dimensional size of images
embedded in web pages is stored in the HTML' code. For example, <img width=624
height=563 > means that an image with the dimensional size of 624*563 has been used
in the web page (Raggett, 1997). This information can be extracted by image retrieval
systems (e.g. image search engines) automatically from the HTML code and would
allow users to find images in the desired dimensional size. For example, Google image
search allows end users to classify images according to their size (extra large, large,

medium and small) as Wang et al. (2006) state. The participant of the current study often

: hypertext mark-up language
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used this feature in Google image search to filter the images in the results set according

to their dimensional size.

Modality’

There are different types of medical images such as radiographs, MRI scans,
microscopic images, diagrams or general photographs. Many of the participants wanted
to search for specific types of medical image, and regarded the type of medical image as

a criterion. We used ‘modality’ to describe this criterion.
P10: I'will try to limit the search to MRI scans, I mean I need MRI scans.

P12: The one that is interesting for me is this one [image number 1 in
Figure 5-11], because I am looking for some photographs taken through a

device called an ophthalmoscope.

Eighteen participants used this criterion when searching for medical images, and eight of

them considered modality as the first criterion used.

P13: A relevant image for me is generally an MRI scan covering the entire

region I am interested in.

P17: I am looking for MRI scans, but it depends what I am looking for. In

this particular case, I am looking for a T-2 weighted image of the brain.

P24: Iwould consider the type of image first. Then I will see which one is a

high quality image.

Sometimes the participants were interested in including the modality of images in the
image retrieval process, and wanted to retrieve certain types of images as they specified.
However they had some difficulties when they wanted to narrow down the image search

to a particular type of image. For instance, when participants used Google image search

: Modality was among thosc criteria that could be classified in both visual and textual criteria. However, we

discuss this criterion in the visual criteria section.
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to search for images, they used the modality of images as a search term. They added

terms such as ‘PET’, ‘MRI’ and ‘CT’ to the query (Table 5-1).

P10: I do not know what will happen if I put MRI aneurysm. That gives me

quite a good selection, because I have got mainly MRI scans.

PI16: Few images seem to be relevant. What I tend to do is to refine my
search criteria trying to find more relevant images. I will add another
word, let’s say PET. Now there are more relevant images. There are some

relevant, but still some irrelevant images.

Image modality is a fundamental characteristic of medical images that can be used to aid
in the medical image retrieval process. However, the descriptions or captions associated
with medical images often do not capture information about the modality of images.
Therefore, in a number of studies researchers tried to automatically extract the modality
of a given image using its visual information, and to index a given medical image based
on its modality. As a result, the system allows for image retrieval by modality in both
text-based and content-based image retrieval approaches. This allows the end user of
medical image retrieval systems to restrict the query results set to one containing just
images with the same modality as the query image, or as requested by the user, and
allows identification of more relevant images. For example, users can retrieve images by
modality keyword (i.e. ‘CT images of lung’) and by content (i.e. ‘find all similar images

to the query image’).
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Figure 5-15: IRMA search results
Top: Image query is an X-Ray of left hand. Below: Images retrieved by IRMA
adapted from http://phobos.imib.rwth-aachen.de/irma3_production/irmaquery/index.php

According to Miiller et al. (2004a) the efﬁciency of medical image retrieval based on the
modality of images has already been demonstrated. One of the few projects with at least
a partial implementation is the image retrieval in medical applications (IRMA'") project
that allows for a relatively robust classification of medical images according to the
anatomic region, image modality and body orientation. Such a framework enables users
to retrieve a certain type (modality) of image (see Figure 5-15). In the sample search, the
image query is an X-ray of the left hand. The IRMA system retrieved radiographs taken
of the left hands of patients. Lehmann et al. (2000) report that IRMA codes allow each

image to be linked to several categories. Moreover, different types of medical images

! Detailed information about the IRMA project is available at http:// Www.irma-project.org
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will share the same category (e.g. anatomic region or orientation). Hence, data sets and
categories are related internally. This situation enables users to find, for example, all
types of images for a particular medical condition. Lehmann et al. (2000) report that
different imaging modalities require different image processing methods. Therefore, to
enable content-based queries for medical images, the image retrieval system must be
familiar with the modality of current images prior to query processing. For example,

ultrasound images must be processed differently from MRI scans.

Orientation

Fifteen of the participants were concerned about the orientation of medical images.
Participants described orientation as the view or overall representation of objects in an
image. It depends on the location and the direction of imaging devices when producing
an image. Participants stated that if an image was topically relevant to their information
needs, they would be interested in the orientation and would consider that image as a
candidate image for their information needs. In other words, participants applied this
criterion to discard irrelevant images and select images with the desired orientation. For
example, P13 was looking for MRI scans of the ‘hot cross bun sign’ in the brain
acquired in an axial plain. She used the orientation of the image to distinguish between

relevant and irrelevant images.

P13: This image is not useful for me as I am looking for an axial plain.

Moreover, participants reported that there are some standard and predefined orientations,
such as Sagittal and Coronal sections, for taking medical images. Therefore, they know

which orientation is the best for their needs:

P17: In MRI scans there are only Trans, Sagittal or Coronal views and it
depends on what you are looking for and what you want. I mean we never
look at MRI scans of the lung from a coronal or sagittal view because it
will be too small. [This participant showed an example and explained that

sagittal MRI scans of the lung do not present an appropriate view for the

user].
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Orientation is one of the most widely used attributes for medical images in the retrieval
process. For example, Pietka and Huang (1992) present a computerized procedure to
determine the orientation of 976 computed radiography images of the chest
automatically. They report that their system could determine the orientation for 95.4% of
radiographs correctly. In another study, Lehmann et al. (2003) propose an advanced
computerized method based on a Nearest-Neighbour (NN) classifier to identify the
orientation of chest radiographs and classify radiographs based on their orientation.

They report that correctness of classification of radiographs was 99.6%.

According to Miiller et al. (2004a) one of the successful examples of content-based
medical image retrieval is the IRMA' project. The IRMA system not only categorizes
images automatically, but also annotates each image automatically (see Figure 5-15).
This allows the end user to retrieve images using text queries or image queries. In
IRMA, a multidimensional code is created automatically to annotate each image in
medical image databases with axes for modality, body orientation, body region
examined, and the biological system under examination. Miiller and Geissbuhler (2005)
report that IRMA codes are in the form of TTTT-DDD-AAA-BBB. The number of
letter in each part of the code shows the level of detail (e.g. modality has four levels of
detail). T, D, A and B stand for modality, orientation, anatomic region and biological
system axis, respectively. For example, the sample code 1123-211-520-3a0 presents an
image as radiography, projection radiography, analogue, high energy (T) - sagittal, left
lateral decubitus, inspiration (D) — chest, lung (A) — respiratory system, and lung (B).

Regarding the importance of orientation as a relevance criterion for relevance judgment
of medical images, the classification of images based on orientation is a basic
requirement for the indexing and retrieval of medical images. This is a criterion that
cannot be addressed by text-based (concept-based) image search tools. Additionally, this

is a visual attribute of medical images and such a criterion cannot be incorporated in

! Image retrieval in medical applications (IRMA) is a content-based medical image retrieval system. See

http:/ /irma-project.otg for detailed information.
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medical image retrieval process unless a content-based image retrieval system such as

IRMA is applied.

Colour

The colour of images, including colouring techniques and composition, was also a
criterion identified by the participants. They thought that colour could help differentiate
different parts of an image. For example, one of the participants, P3, stated that he could
show certain type of proteins using green staining (a colouring technique in medicine).
He added that he could differentiate between two types of proteins using the colouring

technique utilized in the images.

P8: Sometimes colour is important and it can affect the selection of an
image. Sometimes the colour of an image can help you to see the

differences.

The interviews in this study also showed that participants tended to select colour images.
They believed that colour images could be understood easier than the single colour or

black and white images. The participants such as P23 and 27 seemed to prefer colour

1mages.

P23: It is a representative image for what I am looking for. It is a clear

image and it is a colour image, so I can easily understand and distinguish

between the different parts.

P27: I prefer to have a colour image rather than black and white images,

because you can understand colour images more easily.

Although there are some colour imaging techniques in the medical domain (i.e.
pathology images), not many medical images are colour. Using techniques such as
colour histograms, images can be classified into colour and black and white images as
Tomasi and Manduchi (1998) state. Currently, general image search engines such as
Google image search, use colour information of images such as colour histograms and

allow categorization of images according to their colour (Wang et al. (2006)). Using
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such approaches might allow end users of medical image retrieval systems to filter
medical images according to their colour. However, as Muller et al. (2005b) report,
medical images such as radiographs or ultrasound images are mainly greyscale images

and categorization of medical images based on their colour is impractical.

Colour is also a powerful visual feature, which simplifies object identification. Thus,
this is one of the most frequently used features for content-based image retrieval. To
extract the colour features from the content of an image, a proper colour space and an
effective colour descriptor have to be determined. For example, a colour histogram,
which represents the distribution of the number of pixels for each quantized colour, is an
effective representation of the colour content of an image (Miiller et al. (2004a)).
According to Flickner et al. (1995) IBM's QBIC' (Query by Image Content), was the
first content-based image retrieval system that allows the user to generate queries based
on example images, sketches, colour and texture patterns. After the colours of interest
have been chosen and added to the right side bar, the area of each colour band can be

adjusted in the ‘colour specification area’ to indicate their respective weights.

ns - Query by Image Content Sample

# of signs to retrieve with the best match: |
= Average color ' Histogram color ' Positional color » Texture |

— - - |
color specification: {«255,0.0>

fite 1o compare to:

Sample Text Sample Text
Sample Text Sample Text -

| Help

g Bo
0
; l|'

|
1
kil

Figure 5-16: QBIC query based on colour
From http://www.ibm.com/developerworks/data/library/techarticle/0202cox/0202c0x.htmI

I OBIC: Query Image by Content — see: http:/ /wwwgbic.almaden.ibm.com/
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Using colour as a visual feature for medical image retrieval is restricted due to the nature
of medical images. As Zhou et al. (2008) state, medical images are mainly greyscale
images and no colour features are thus available. In the field of medicine, pathology
images have been proposed for content-based access as the colour and texture properties
can be detected. For example, Comaniciu et al. (1998) used colour as an attribute for the
retrieval of pathology images. Although they emphasized the importance of colour in
content-based pathology image retrieval, they state that pathologic images will need to
be normalized in some way as different staining (colouring technique used to produce
pathology images) methods can produce different colours. MedGIFT is another content-
based medical image retrieval based on GNU Image Finding Tool (GIFT'), an open
source system developed in the University of Geneva. Muller et al. (2005a) report that
MedGIFT retrieves images using four groups of attributes related to the colour features
of images: 1- global colour and grey level histogram; 2- local colour blocks at different
scales and various fixed regions; 3- global Gabor filter response histogram using several

scales and directions; 4- local Gabor blocks in fixed areas of the image in several scales

and directions.

Muller et al. (2005a) report that the currently developed prototypes such as MedGIFT
are not usable in a clinical setting, since they believe that contact with medical
practitioners is extremely important, and much remains to be learned about the need of
health care professionals. If colour-based medical image retrieval systems are useful and

applicable in a real situation, medical practitioners will use them.

Magnification

For those participants (P4, P7, P8, P15, P20, P21 and P22) who looked for detailed or
microscopic images of human tissues, cells or molecular structure of objects such as
proteins, magnification played an important role during their image selection process.
When the participants wanted to show the visual details of things such as cells they

would pay attention to the magnification of the images they retrieved.

! http://www.gnu.org/sofrwarc/gift/
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P8: Size and magnification are very important especially for images at a

microscopic level. In fact, it is a major requirement. You cannot show a

microscopic image without giving information on the magnification.

Participants such as P22 were able to zoom on the whole, or any specific part, of high
quality images using graphics editing software, such as Adobe Photoshop; thus they
seemed able to find images in the proper magnification or size. Sometimes they

mentioned that changing the magnification of an image was not appropriate as it might

affect the quality of the image and its visual appearance.

P22: You can change the magnification of an image if it is a high quality
image. I mean using image-editing software you can zoom on a specific
part of the picture, but most of the time I prefer to find a picture which is

focused on the anatomic region I am interested in and is already suitably

magnified.

5.2.2 Textual criteria
Participants considered a range of textual criteria when judging the relevancy of medical
images. Textual relevance criteria referred to those related to textual information such as

technical information. We ordered textual criteria based on how many participants

applied each criterion when assessing images.

Age and gender

The age and gender of the case (i.e. the patient) was a common criterion and participants
mainly obtained such information from the textual information attached to images in
case notes. For instance, one of the participants stated: “diseases of children are
different from those of an adult.”(P5). Age is an important criterion for some medical

conditions and sometimes is included implicitly in the query text itself, such as

‘epiphyseal closure’, as participant 3 explained:
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P3:.The age range is also important. If I want an image of epiphyseal
closure I will put age 18 [in the query] because it [ epiphyseal closure] is

common at age 18.

The same person commented further on this issue, and reported that age is important for

some medical conditions that change with age:

P3: If I am looking for images of the foramen of the skull when it is open or

closed, age is important. The foramen of the skull is open in newborn

babies but changes with age.

Another interviewee also expressed similar concerns:

P29: All criteria such as age, gender and anatomic region are important in

medicine. There are several diseases common in children and there are

diseases common in adults.

The gender of the patient was also important for some interviewees when selecting a

relevant image.

P21: This [ultrasound images of Endometrium] is something that relates to

females. In some cases, all images are female related images, because I am

looking for ultrasound images of ovaries.

In reply to the question: ‘Which one is the most important criterion: Age or Gender?’

one participant said:
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P6: Some injuries affect adolescents and some children ... if you have a
specific injury it does not matter if you say male or female, but you have
different injuries in a 12 years old compared to someone older. Thus,
gender is not so important in that sense ... also Anterior Cruciate
Ligament of the knee was common in men [Football and Rugby players] in

the 1960s, but now it is also common in women, because they started

playing football and rugby.

According to Duque et al. (2003), images in DICOM (Digital Imaging and
Communications in Medicine) allow health staff to specify age, gender, background and
medical history in patient-related metadata. Such metadata can be used to filter the
image search result according the age and gender of patients. The findings of this study
show that not all images stored on the internet contain information about the age and
gender of patients in associated text. Additionally Lehmann et al. (2000) report that not
all health staff add patient-related metadata to the medical images stored in medical
image archiving systems such as DICOM. The visual content of medical images can be
considered as an alternative for metadata and textual information on the patients’ age
and gender. Currently it is possible to detect the age of patients automatically using
images of certain anatomic areas. Automated age detection systems in medicine are
mainly based on the bone age detection approach. In this approach, researchers develop
computerized systems to analyse X-Ray images of certain anatomic regions (e.g. hands)
to detect the age of patients (see for example Sinchai et al., 2008; Tanner and Gibbons,
1994; Pietka et al., 2001; Zhang et al., 2007). Stein et al. (1999) report that at the human
femoral diaphysis, the femur differs little across age and sex. They proposed a technique
for analysis of intracortical porosity in human femoral bone to determine the age and
gender of patients automatically. Neeb et al. (2006) also developed an algorithm to study
cerebral water content changes in the MRI scans of twenty-two patients and use age-
and gender-related H,O patterns for automated age and gender detection. The authors

report their system could detect the gender of 68.2% of patients correctly; the success

rate for age detection was 87.5%.
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As participants of the study mentioned, age and gender were critical factors for making
clinical decisions. Medical databases such as PubMed allow health care professionals to
limit their search by gender or age. Such search facilities are required to limit the image
search to a certain age and gender. However, the diversity of medical images is the main
problem for automatic detection of age and gender. Another problem is the anatomic
region illustrated in the image. For example, Sharif et al. (1994) report that epiphyses

and hand are the most appropriate anatomic regions for automatic age detection in

radiographic images.

Technical information

This is a criterion used by eleven participants. This criterion typically relates to
information included in the text associated with the images, such as annotations.
Participants applied this criterion in situations where they needed detailed information
on materials, methods, the laboratory situation in which an image was taken, phases and
stages of a test or a mechanism, and stages prior or subsequent to the stage presented in
the image. One of the participants made a clear statement showing how the availability

of technical information was important to them.

P8: You have to know how, and using which technique, that image has
been produced. For example, you should know whether images were

produced using fluorescence or an optical microscope.

Sometimes participants stated that technical information was important and required
supplementary information for a better comparison of their work (and research findings)
with prior cases. Therefore, in order to access technical information relevant to the
images for better comparison of their findings, participants preferred to find images in

the published literature; in particular in academic papers.
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P4: I use electronic and online journals, because in addition to the image
you have the text of the article, which explains and clarifies all aspects of
the work presented in the image. The text provides information about
materials, methods, the laboratory situation in which that image was taken,
technical information, phases and stages of a mechanism or test prior to
the presented stage in the image. All information is important and we need

supplementary information for a better comparison of images.

Copyright

There were many legal issues concerning the use of copyrighted medical images. For
example, patients are the owner of their images in the medical context (Tranberg et al.,
2003; Moskop et al., 2005). Copyright was an issue raised by some participants,

especially if they wanted to use images in their publications and presentations.

P20: All lectures have to be published electronically and accessible online,

and none of the graphics would go with them. I cannot breach copyright

rules.

In particular, participants were concerned about copyright issues related to using images
from web-based resources. As the following quotation indicates, sometimes participants

could not access any copyright information for images obtained using Google image

search:

P28: I would not use licensed images. Though it is not always clear in the

images obtained from the Internet and you have to be careful.

Sometimes participants preferred to find images in papers and books rather than
searching for images in web-based resources. For example, one of the participants in the

quotation below expressed his personal preference for using images from books and

papers for educational purposes. He said:
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P20: For images obtained from published literature, it is easy to get
permission and use images, because there is a publisher or an agency that
you can ask and get the permission. The only time that I have to go and get
copyright permission myself is for images I use for exams. Once we used
colour photographs of oncology conditions and they had come out in
books. We realized that some photographs in our exams would be probably
copyright protected. Thus, I wrote some letters to a number of publishers

saying that for the purposes of our exam, our exam only, can we use this

image for one day only.

Medical images contain valuable information that can be used by physicians and other
health care professionals for clinical and other purposes. Digitized medical imaging
provides many advantages, such as ease of use and ease of transmission via the internet
as stated by Oh et al. (2005) and Borgman et al. (2004). Our findings indicate that
copyright is an overarching disincentive to using images obtained from web-based
resources. As the participants of this study mentioned, explicit permission may be
required to use an image for academic or research purpose. However, it might be
possible to restrict the image search to copyright free images. A solution to the copyright
issue in web-based resources is offered by Creative Commons'. According to Pass and
Zabih (1996), unlike traditional copyright law, which severely limits the potential uses
of an image, the Creative Commons licence allows the owners of websites to license the
content of their website including images with varying degrees of rights such as

Attribution, Non-commercial, No Derivative Works or Share Alike (see

http://www .creativecommons.org/ for detailed information about Creative Commons
licences). According to Loy and Eklundh (2005) Creative Commons is used by many
online image collections and websites including Flickr’. This allows users to restrict

their image search to copyright free images, and so they can download and distribute

images freely.

L http:/ /www.gnu.org/ software/ gift/
2 http:/ /www.flicks.com
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Another solution is to state the image rights through metadata. However, expressing the
rights in the metadata requires certain tools as Gadd et al. (2004) state. Digital Rights
Expression Language (DREL) has been proposed to obtain machine-readable rights
specifications from metadata. Gadd et al. (2004) report that currently two DRELs are
used to express rights specifications: eXtensible Rights Mark-up Language (XrML') and
Open Digital Rights Language (ODRL?). XrML provides a universal method to assign
usage rights and conditions associated with all kinds of documents including images
automatically. XrML, in fact, is a type of DREL based on XML® (eXtensible Markup
Language). ODRL is mainly used by the open source software and educational
communities since it is free. Like XrML, ODRL is based on XML; however it is not as
well developed as XrML. ODRL is a standard vocabulary for assigning terms and
conditions over both digital and physical content as Gadd et al. (2004) state.

Recency

Sometimes participants stated that they would select images based on recency, wanting

the latest images for a particular topic:

P5: I want to find the latest images, since everything changes in medicine

rapidly.

P5: If you want to do research on a topic, you prefer to find the latest and
the best images from the most reliable resources and well-known authors.

Then you can compare your image, which represents your findings, with

those images.

Recency is another criterion which exactly matches the findings of the studies discussed
in chapter 2. For example, recency in Wang and White,1999; Maglaughlin and
Sonnenwald, 2002 and currency in Schamber,1991 refers to the extent to which users

judged documents to be current or recent. Due to the importance of the date in

1
www.xmsl.org

2 www.odrl.net
3 More information about XML is available at http://www.w3schools.com/XML./xml_whatis.asp
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information retrieval, in a number of studies researchers proposed techniques to extract
the date automatically and thus allow end users to retrieve documents published in a
certain time period. Using the date as a search feature allows end users of IR systems to
sort the results sets chronologically (Glover et al., 1999). Lewandowski (2004) report

that search engines such as Google and Yahoo obtain the date from different resources:

date automatically added by the server which hosts the document;

o date that document was indexed by a search engine for the first time;

e date obtained from the metadata of the document added by the document

creator; and
e date given in the contents of the web-based documents.

Lewandowski (2004) states that the date obtained from the metadata and content of web-
based documents including images is more accurate than the date provided by the server
or document’s date of being indexed to determine the recency of documents. The date
can be extracted from metadata attached to images; however, extraction of the date from
the content of images requires CBIR techniques. For example, Xi and Xinggang (2003)
developed a CBIR technique to extract the shooting date from the date imprinted by
cameras on digital photographs. Garcia-Mateos et al.) also developed an OCR (Optical

Character Recognition) method for automatic recognition of time and date in CCTV'

videos.

5.2.3 Other criteria

Participants also considered other criteria that we could not group under visual and

textual criteria. Therefore, we established a third group: other criteria.

1 . e ..
Closced Circuit Television
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Credibility

This criterion was considered important because participants often wanted to make sure
that images were from reliable and valid sources. Sometimes participants used image
search engines to locate medical images from online repositories; however, general-
purpose search engines (e.g. Google) do not distinguish between medically credible and
less-credible websites. The findings of this study show that participants always debated

the credibility and trustworthiness of images retrieved from web-based resources.

P7: When I look for images using the Internet and Google image search,
the source of image is important for me. For example, I never use images
from Wikipedia because everybody can put information or images in

Wikipedia, and I cannot trust it.

Therefore, sometimes participants (such as P27) preferred using medical databases, such
as PubMed', to locate relevant articles and then look for images in the articles. He

mentioned that he preferred to find images in high-ranked medical journals.

P27 The credibility of the source of images I need, is also important. Since
I prefer to use images from papers, I want to find them in top ranked

Journals of our field and widely cited publications.

We noted that the credibility of the image source was important for the participants; in
particular, for participants such as P4 who looked for images to compare their research

findings with the findings of other researchers.

P4: The source of the image is important, because we use images to
compare the results and findings with previous work. Without images, we

cannot evaluate our work, and show the differences berween our results

and the previous work.

1 http:/ /www.ncbi.alm.nih.gov /pubmed/ (sitc accessed: 18/06/2008).
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Participants could be sure of the credibility of images when they used images from their
personal collections or when they searched for images in books and papers. In other
words, credibility was used as a criterion to decide about the potential image resources
to use for image retrieval. This findings of the current study imply that developers of
image retrieval systems should focus on the criteria or aspects of images which seem to
be important for the users. The health care professionals studied in this study relied
heavily on the criterion ‘credibility” when they searched for images in web-based image
resources. It is assumed that health care professionals would not value images that they
deem ‘incredible’. Thus, an image retrieval system intended to support health care
professionals should take this into account. Search engines such as Google use
algorithms such as PageRank' to compute the credibility of each page as Benincasa et al.
(2006) report. This algorithm is based on the idea that the importance of an academic
paper can- be assessed by the number of citations the paper has from other academic
papers. Based on this approach, a web page can be judged by the number of links the
web page has from other web pages. Google calculates the importance of each page
based on the number of links to that page and uses the number as a credibility measure
for the content of that particular web page. Using this approach it might be possible to
arrange the results set including images according to their PageRank number. However
as the results of this study show, users might use images obtained from web-based
resources in their presentations. Calculation of PageRank in such conditions would be

rather difficult, unless the images were used in other web-based resources, or image

users publish their presentations on the web.

The existing literature also shows that users consider a number of factors to assess the
credibility of web-based resources. For example Kim et al. (1999) reviewed twenty-nine
published articles and rating tools to identify the criteria proposed or employed
specifically to evaluate the credibility of health related web sites. The authors identified

165 explicit criteria for assessing the credibility of health related web sites and grouped

| pageRank is exclusively registered for Google (BENINCASA, C, CALDEN, A, HANLON, E,
KINDZIRSKE, M., LAW, K., LAM, K., RHOADES, ], ROY, I, SATZ, M. & VALENTINE, E. (2006).
Page Rank Algorithm. Available at hetp:/ /www.math.umass.cdu/~law/Research/PageRank/Google. pdf.

Accessed date 12 March 2009.).
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the criteria under twelve categories including: content, design and aesthetics, disclosure
of authors, sponsors, developers, currency of information, authority of source, ease of
use and accessibility, and availability. Kim et al. (1999) also suggest that many “authors

agree on key criteria for evaluating health related websites, and that efforts to develop a

set of key criteria may be helpful .

Kim et al. (1999) report that there are several factors which users consider to judge the
credibility of health information obtained from web-based resources. We identified
credibility as a relevance criterion for the relevance judgment of medical images;
however, further research is required to know which factors affect health care
professionals’ decisions concerning the credibility of image resources. Toms and Taves
(2004) recruited eighty participants to investigate the user perceptions of web site
reputation. They asked each participant to search on the internet for twelve topics and
evaluate the credibility of the first twenty websites for each topic. Based on the findings
of their study, Toms and Taves (2004) identified eleven factors affecting the assessment
of credibility of websites: trustworthiness, authoritativeness, aboutness, willingness to
return, will recommend, previous visit, interest level in topic, highly rated in relation to

other sites assessed on the same topic, age of participants, education, and web browsing

experience of the participant.

Rieh and Belkin (1998) interviewed six faculty members and eight doctoral students to
find out how users judge the quality and authority of information obtained from the
internet. From the analysis of the interview data, Rieh and Belkin (1998) identified
seven factors used for the judgment of information quality: source, content, format,
presentation, currency, accuracy, and speed of loading. They report that source was the
most important factor mentioned by twelve out of fourteen participants. Rieh and Belkin
(1998) add that the participants evaluated the source of information at institutional and
individual levels. The institutional level involved the institutional characteristics of the
source such as domain, type of institute and name of institute. The individual level

involved the identification of the name of the author, and the author’s affiliation.
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The factors identified by Rieh and Belkin (1998); Kim et al. (1999); Toms and Taves
(2004) can be used by website developers as guidelines in" developing credible
resources. One possible solution is using metadata as Eysenbach et al. (2000) suggest.
Eysenbach et al. (2000) propose MedCERTAIN' (MedPICS Certification and Rating of
Trustworthy Health Information on the Net), a collaborative system for assessing the
quality of health information on the internet. Bearing in mind the fact that the quality of
health information on the internet cannot and should not be controlled by a central body
or authority, Eysenbach et al. (2000) recommend that health information can evaluated
and labeled by metadata in a decentralized manner. They proposed a set of descriptive
medical core metadata (known as medPICS (Platform for Internet Content Selection))
including authorship, qualification of authors, sources of funding and content keywords.
Eysenbach et al. (2000) explain that the idea behind medPICS was to allow individuals
and organizations to add metadata including credibility ratings to the information. The
assigned metadata can be used by health information consumers to filter retrieved
information according the credibility rating levels. Eysenbach et al. (2000) propose four
levels of credibility that can be added as metadata to the health information. The

describe these levels as follows:
e Level 1 labels mean that the site is in ‘good standing’.
e Level 2 labels mean that the website is monitored by a third party.

o Level 3 labels mean that the content of a website has been evaluated by medical

experts or organizations.

e Level 4 labels mean that the content of a document (a web page) has been peer-

reviewed by an independent third party.

Such frameworks can be used to add metadata indicating the levels of credibility of

web-based image resources. Search engines can access and use such metadata to filter

! http:// www.medcertain.org/
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image search results according the levels of credibility desired by health care

professionals.

Target audiences

Twelve participants were concerned about their target audience when selecting images.
For example, if they wanted to show the images to their students, they would want to

make sure that the images used were suitable for that particular group of individuals:

P20: It depends on your target audience. For example, if you want to teach
first year medical students you want something typical. If you are teaching

Junior doctors you will need something settled. It depends on your

audience.

Participants emphasized that an image can be more influential than text for educational
purposes, and believed that some images convey the message more effectively to the
target audience. It seemed that participants considered other criteria such as quality of
image before they decided whether an image is suitable for the target audiences or not.
One of the participants explained that after she ensured the topical relevancy,
orientation, image quality and dimensional size of the image, she would decided

whether the selected image was appropriate for the target audience:

P22: This is a classic picture of what I am looking for. I mean PCO
[polycystic ovarian] ultrasound images. The picture is occupying the
whole area and it is clearly illustrative. If I use it in the presentation the

students will never forget it.

Availability

It was important for health care professionals to access images they found on the
internet. Sometimes participants who used search engines, electronic journals and
medical databases to find images, could not access full-sized versions of the images
retrieved from a search, or the full text of papers. Google image search presents

thumbnails of images stored in its cache, but participants wanted to see full size images
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in order to assess and select them. Sometimes web pages containing images they
requested had been removed or had been replaced by different images. Therefore health
care professionals could not access those images. Although participants preferred to
access images that were free of charge, sometimes they said they would pay to access

images they needed:

P15: Unfortunately, the cost of journals is now very high for individual
subscribers and the NHS no longer has an organizational subscription.

There are many online journals. The ones I am more interested in are
already accessible.
Originality
This is a criterion mostly used by two participants, P14 and P15, who worked in a
Medical Physics Department. Since they wanted to analyze the content of actual medical

images using techniques they had developed, they wanted original versions of the

medical images, i.e. without any form of manipulation:

P14: If I am doing an analysis, I have to select PET' scans. I have to use all

of the data, and I cannot pick the best one. I have to say I have ten patients

and I analysed ten patients’ original images.
The findings of the current study, and the research reviewed in chapter 2, support the
assumption that topicality does not automatically result in relevant images and that
users evaluate images with qualities that go beyond topicality. However, this does not
mean that image retrieval based upon topicality is an inappropriate mechanism. As we
discussed earlier, topicality plays an important role in the relevance judgment of
retrieved documents including images. However, we believe that information retrieval

systems can be designed to incorporate criteria other than the topicality. The results of

1 . L
Positron emission tomography
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this study, and the studies we discussed, indicate that users can determine whether those
criteria are applicable for a retrieved document, or they can deci;ie whether or not the
document will provide the information they need. By identifying the criteria applied by
the users, we may be able to incorporate the relevance criteria into the image indexing
and retrieval process and consequently take image retrieval beyond the topical
approach. Hollink et al. (2004) report that practical improvements in document
indexing and retrieval have been achieved through the introduction of the Dublin Core
Metadata standard' and Visual Resources Association” (VRA) Core Categories.
Metadata, i.e. data about data, have been widely discussed within the information
retrieval community for many years (Geueke and Stausberg, 2003). A collection of
metadata is comparable to catalogues in libraries. Geueke and Stausberg (2003) report
that metadata include objective and subjective data. For example, one could describe
the format of a document and another one describes its theme. The Dublin Core
Metadata standard is used to add metadata to a wide variety of web-based resources
such as video, sound, image, text, and composite media like web pages; however,

Visual Resources Association (VRA) Core Categories is only a standard for adding

metadata to images.

! http://dublincore.org
2 http://www.VRAweb.org
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Table 5-3: Dublin Core metadata element set and definitions
From The Dublin Core Metadata Initiative (2008).

Elements Definition
Title A name given to the resource.
Creator An entity primarily responsible for making the resource.
Subject The topic of the resource.
Description An account of the resource.
Publisher An entity responsible for making the resource available.
Contributor An entity responsible for making contributions to the resource.
Date
A point or period of time associated with an event in the lifecycle of the resource.
Type The nature or genre of the resource.
Format The file format, physical medium, or dimensions of the resource.
Identifier An unambiguous reference to the resource within a given context.
Source A related resource from which the described resource is derived.
Language A language of the resource.
Relation A related resource.
Coverage The spatial or temporal topic of the resource, the spatial applicability of the

resource, or the jurisdiction under which the resource is relevant.

Rights Information about rights held in and over the resource.

The fifteen metadata elements' of the ‘Dublin Core’ described in Table 5-3 are part of a
larger set of metadata vocabularies and technical specifications maintained by the

Dublin Core Metadata Initiative’ (The Dublin Core Metadata Initiative, 2008).

According to the Visual Resources Association (2009), the VRA Core Categories
consist of a single elements set that can be applied as many times as necessary to create
records to images. The elements set in VRA Core Categories contains seventeen
elements and describes various aspects of the context of images (see Table 5-4). For
instance, all information about the production or manufacturing processes, techniques,

and methods incorporated in the fabrication of the image must be recorded under the

element ‘technique’.

! Note that cach clement in the Dublin and VRA metadata is optional and can be repeated several times for a
document.

2 DCMLI: see http:// dublincore.org/ documents/dcmi-terms/
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Table 5-4: Visual Resources Association elements set and definitions

Elements

Record Type

Type
Title

Measurements

Material
Technique

Creator
Date
Location

ID Number
Style/Period

Culture
Subject

Relation

Description

Source

Rigﬁts

Definition

Identifies the record as being either a work record, for the physical or created object, or an
image record, for the visual surrogates of such objects.

Identifies the specific type of work or image being described in the record.

The title or identifying phrase given to a work or an image. For complex works or series the
title may refer to a discrete unit within the larger entity (a print from a series, a panel from a
fresco cycle, a building within a temple complex) or may identify only the larger entity itself. A
record for a part of a larger unit should include both the title for the part and the title for the
larger entity. For an image record this category describes the specific view of the depicted
work.

The size, shape, scale, dimensions, format, or storage configuration of the work or image.
Dimensions may include such measurements as volume, weight, area or running time. The unit
used in the measurement must be specified.

The substance of which a work or an image is composed.

The production or manufacturing processes, techniques, and methods incorporated in the
fabrication or alteration of the work or image.

The names, appellations, or other identifiers assigned to an individual, group, corporate body,
or other entity that has contributed to the design, creation, production, manufacture, or
alteration of the work or image.

Date or range of dates associated with the creation, design, production, presentation,
performance, construction, or alteration, etc. of the work or image. Dates may be expressed as
free text or numerical.

The geographic location and/or name of the repository, building, or site-specific work or other
entity whose boundaries include the work or image.

The unique identifiers assigned to a work or an image.

A defined style, historical period, group, school, dynasty, movement, etc. whose characteristics
are represented in the work or image.

The name of the culture, people (ethnonym), or adjectival form of a country name from which a
work or image originates or with which the work or image has been associated.

Terms or phrases that describe, identify, or interpret the work or image and what it depicts or
expresses. These may include proper names (e.g. people or events), geographic designations
(places), generic terms describing the material world, or topics (e.g. iconography, concepts,
themes, or issues).

Terms or phrases describing the identity of the related work and the relationship between the
work being catalogued and the related work. Note: If the relationship is essential (i.e. when the
described work includes the referenced works, either physically or logically within a larger or
smaller context), use the title. Larger entity element.

A free-text note about the work or image, including comments, description, or interpretation,
that gives additional information not recorded in other categories.

A reference to the source of the information recorded about the work or the image. For a work
record, this may be a citation to the authority for the information provided. For an image, it can
be used to provide information about the supplying agency, vendor or individual; or, in the case
of copy photography, a bibliographic citation or other description of the image source. In both
cases, names, locations, and source identification numbers can be included.

Information about rights management; may include copyright and other intellectual property
statements required for use.

Dublin core metadata and VRA core categories are used to add metadata to documents

including images. We investigated whether the Dublin Core Metadata Element Set and

Visual Resources Association (VRA) Core Categories could address the criteria we

identified. The investigation was based on the definitions of each element and the

definition of relevance criteria as presented in Table 5-3, Table 54 and Appendix 9. We
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note that some criteria can be addressed by more than one element, or a combination of
elements is required to address a single criterion. For example, the criterion ‘recency’
can be addressed simply by the element ‘date’, whereas credibility of the image source
is dependent on the creator, publisher, source and publisher elements. Table 5-5 shows
the possible incorporation of the relevance criteria in the image retrieval process. We
found that some of the relevance criteria can be addressed by metadata. This enables
users to incorporate some characteristics of images in the retrieval process. We also
note that some elements can address more than one criterion. For instance, the format
element can address technical information, size, magnification, originality, image

quality, colour and modality of medical images (see Table 5-5).

Table 5-5: Addressing medical image relevance criteria by Dublin and Visual Resources
Association (VRA) Core Categories.

Dublin Core Metadata Equivalent element in VRA Medical image relevance criteria

Element Set, Version 1.1 Core Categories addressed

Title Title Topicality

Creator Creator Credibility

Subject Subject, Style/Period Topicality, technical information,
modality, age and gender

Description Description Topicality, modality, magnification,
age and gender, technical information

Contributor Creator, Location Credibility

Date Date Recency

Type Record Type, Type Modality, colour

Format Measurements, Material, Technical information, size,

Technique magnification, originality, image

quality, modality, colour

Identifier ID Number

Source Source Credibility, technical information

Relation Relation

Coverage Date, Location, Style/Period, Topicality

Culture

Rights Rights Copyright

Publigher Credibility

Language

The relevance criteria we identified highlighted the importance of descriptive metadata
that health care professionals felt would be particularly useful for image search engines
or medical image collections: image quality, size, technical information, colour,

copyright status, and modality of images. The participants tried to overcome the
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problem of missing metadata, though most of the time their attempts were not successful

(e.g. including modality of images in the search terms).

Moreover, Dublin core metadata and the Visual Resources Association elements sets are
introduced for general purposes. In medical care, metadata define demographics,
diagnoses and care of patients for the purposes of documentation, communication,
transaction and monitoring. Therefore, such metadata can be created and used by
standards such as Digital Imaging and Communication in Medicine (DICOM').
Although DICOM is a standard for archiving and transferring medical images, it allows
medical staff to add metadata (known as DICOM tags) to medical images. According to
Duque et al. (2003) each record in DICOM is made up of a header containing metadata

followed by single or several image slice(s). DICOM metadata can be classified into

two groups:

1- Patient-related metadata such as the patient name, gender, age, the radiologist’s
name, the name of hospital or health centre. All clinical metadata that are not
originally part of the image acquisition such as notes by medical experts can be

added as patient-related metadata.
2- Image-related metadata such as the image acquisition device, constructor and
parameters, the acquisition date, the number of images stored, the size of

images and the orientation.
Lehmann et al. (2000) report that systems such as DICOM and PACS? allow adding
metadata and textual information about the examination carried out; however, most of
the time medical staff do not enter sufficient data into the systems. Thus, text-based
retrieval will neither result in complete nor in sufficient information. For example, a
physician wants to compare all images of the patient’s abdominal region regardless of
modality or orientation of images. Lehmann et al. (2000) described this type of query as
a ‘primitive query’ in medical diagnostics, and state that primitive query can be
processed successfully by CBIR systems such as IRMA, which categorizes images
according to anatomic region, image modality, body orientation and biological system

(e.g. respiratory system). Lehmann et al. (2000) also suggest that CBIR can be used for

! Sec http:// medical.nema.org/ dicom/ for more information about DICOM.

2.5 .. - fntl S
Picture Archiving and Communication Systems
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searching for representative images of known diseases and medical conditions,
described as a ‘semantic query’. Lehmann et al. (2000) menti.on that content-based
retrieval by examples of the search patterns is one of the main activities during
diagnostic procedures, especially under unknown circumstances. For instance, a
radiologist wants to retrieve all X-ray images showing Monteggia fracture. Lehmann et
al. (2000) add that CBIR techniques can be used to categorize images in the results set
based on criteria such as modality since reviewing a large number of retrieved images is
time-consuming for health care professionals. Lehmann et al. (2000) described this type

of application as browsing.

The results of the current study are also favourable for applying content-based image
indexing and retrieval methods to medical images. However, the difficulty of developing
content-based indexing and retrieval tools is due to several factors. Firstly, in most
cases, medical images are intensity-only images containing less information than non-
medical images. Additionally, different types of images (e.g. MRI and ultrasound
images) may be acquired of the same anatomic area in particular medical conditions.
Each type of medical image needs an additional registration procedure (Glatard et al.,
2004). Secondly, medical images are usually low resolution and high noise images.
Thus, it is difficult to automatically analyze and extract their visual features. Medical
images obtained with different devices, even using the same modality, may have
significantly different properties (Lehmann et al., 2000). Thirdly, medical images could
be indexed on medical criteria that are extremely variable depending on the kind of
image acquisition considered (e.g. imaged anatomic area and clinical context). However,
medical images interpretation is often difficult even for trained medical doctors. A
holiday picture might bear enough information without text; however, for medical
images the text is essential. For deeper analysis of medical images, detailed textual
information is required because medical images themselves are dependent on the context
(Muller et al., 2005). Low-level visual attributes of images such as colour or size of
image were expressed as the main criteria by the participants. As Figure 5-17 indicates
nearly half of the criteria were visual (e.g. modality), though sometimes the main focus

of the medical image search was on the context information (e.g. technical information)
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requiring high-level human reasoning. Indexing on a high level of abstraction is

currently possible only by using textual descriptions, as Markkula and Sormunen (2000)

reported.

The health care professionals in our study used Google image search and medical
databases supporting traditional textual query operations. Thus, it is difficult to explain
how they would change their medical image searching behaviour if they could execute
queries based on the visual similarity of photographs. It is also difficult to prejudge
common uses for purely visual queries without textual search keywords. Perhaps the
first challenge would be how to formulate a visual query for medical image retrieval.
Moreover, the number of medical images on the internet and the heterogeneity of
medical images might make content-based medical image retrieval problematic.
Nevertheless, a content-based approach can be used in the classification of the set of
images retrieved by search keywords or index terms. Within the retrieved set of images,
visually similar images could be grouped together and the output of image retrieval
could be organised by these groups. Thus, the end user can see different image
categories contained in the retrieved set of images. The selection criteria applied by the
health care professionals also suggest some ideas for organising the image set. For
instance, if the user was looking for T-2 weighted MRI scans of the brain, they could be

grouped according to their dimensional size or modality.

5.3. Quantitative analysis of relevance criteria

Figure 5-17 gives a summary of all the criteria mentioned by participants during the
study. Fifteen relevance criteria were summarized from the interviews and we calculated
the percentage for each criterion we identified. The percentage give for each criterion in
Figure 5-17 means the number of participants who mentioned each criterion. We

believed that this figure show the weight of each relevance criterion mentioned.

Among the criteria used by all twenty-nine participants, the largest proportion went to
visual (non-textual) criteria which related to visual attributes of medical images. The
next was textual criteria, which related to the participants’ domain knowledge,

descriptions of images and textual attributes of an image including age and gender,
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copyright, recency and technical information. Finally participants relied on other criteria.
Thus, it could be concluded that participants relied mostly on the visual attributes of
medical images to make relevance judgments. Topical relevancy (100%) and image

quality (93.1%) were the two most frequently mentioned visual criteria. However, age

and gender (68.97%), grouped in textual criteria, was also an important criterion.

Image relevance criteria

Visual Criteria

Topical relevancy (29*) 100%*
Image quality (27) 93.1%

Size (dimensional) (21) 82.76%
Modality (18) 62.07%

Textual Criteria

Age and gender (20) 68.97%
Technical information (11) 37.9%
Copyright (6) 20.69%

Recency (3) 10.34%

Other

Credibility (13) 44.83%
Targeted audiences (12) 41.38%
Availability (4) 13.79%
Originality (2) 6.9%

Orientation (15) 51.72%

Magnification (7) 24.14%
Colour (7) 24.14%

* The ber in parenth shows the freq y of use of each criterion

** The percentage of each criterion

Figure 5-17: A summary of the criteria mentioned by all of the participants.
It can be seen from Figure 5-18 that topical relevancy, image quality, size (dimensional),

age and gender, and modality are the top five most frequently applied criteria by all the

participants. These five criteria were mentioned by more than two-thirds of the

participants.

What can be concluded from the study of relevance criteria for medical images applied
by health care professionals is that our findings show the diversity of the selection
criteria which health care professionals apply when judging the relevancy of images.
The common criterion health care professionals used was a suite of criteria grouped

under the term, ‘visual criteria’. Our interviews show that the participants generally use
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topicality as the first criterion to judge the relevancy of images, before applying other

criteria such as image quality and dimensional size of the image for their final selection.

In the research literature on relevance, topicality is mainly defined as the relationship

between the topic (query terms) and content (theme) of documents. Our findings show

that the participants judged the topicality of medical images using textual descriptions

and the visual appearance of images. We believe that topicality is an independent

criterion and can be used to judge the relevancy of all types of documents in general and

medical images in particular.
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Figure 5-18: Top 5 most frequently mentioned criteria by participants.
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5.4. An experiment with ImageCLEFMed topics _

ImageCLEFMed is an international evaluation campaign for medical image retrieval. It
is the medical track of ImageCLEF which was established as a part of the Cross
Language Evaluation Forum (CLEF') in 2003. CLEF itself is an offspring of the Text
Retrieval Conference (TREC?). The topics of the track were created after conducting
surveys and examining the search logs of a number of medical search systems. The type
of relevance judgments applied in ImageCLEF is generally referred to as topical

relevance (Miiller et al., 2006).
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Figure 5-19: Coverage of relevance criteria by the topics of ImageCLEFMed.

Our findings showed users apply an apparently wider range of criteria to evaluate the

relevancy of medical images to their situational medical image needs. We decided to

: http:/ /wwiw.clef-campaign.org (site accessed: 16/08/2008).

2 http://trec.nist.gov/
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contrast 85 topics used in ImageCLEFMed 2005, 2006 and 2007 with the relevance

criteria we identified.

The assessment of the coverage of criteria was based on the text of each
ImageCLEFMed topic. For example, if in the text the modality of an image was
mentioned, we recorded that the criterion ‘modality’ was covered. There were also
topics where particular criteria were implied. For example, a query about cancer of the
ovary implied a particular gender and for this topic, gender was recorded. We focused
on the nine most common of the fifteen criteria that health care professionals applied
(specified by >25% of the participants). The results of our analysis are shown in Figure
5-19.

ImageCLEFMed topics were found to explicitly cover four of our identified criteria.
They were topical relevancy (covered by 100% of topics), modality (79%), orientation
(7%), and age and gender (6%).The organizers of ImageCLEFMed reported in 2007 and
2006 that they had selected topics with the aim of covering at least two of the following
criteria (which they referred to as axes): modality, anatomic region, pathology, and
visual observation (Miiller et al., 2008; Miiller et al., 2007) . Accordingly, the criteria
such as topicality and modality were given significant coverage by the topics. However,
the following criteria were by design not covered by ImageCLEFMed topics: image

quality, size (dimensional), credibility and technical information.

According to Miiller et al. (2007) the majority of images in the ImageCLEFMed
collection contain annotations. As we can see in Figure 5-20, age and gender of the
patient has been mentioned in the annotation of the image. In addition, in the abstract,
we fouﬁd some technical information. Moreover, the type of image has been stated,
which is a conventional radiograph. Therefore, it might be possible to create annotation
tasks that address at least some of these criteria. We also noticed in our study that users
regarded the credibility of images as important due to the diverse range of sources being
searched. However, ImageCLEFMed ensures that its image collection is drawn from
teaching files which are considered as credible sources. Therefore, this is not a criterion

that could currently be tested in ImageCLEFMed. However, it is clear that searchers
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often retrieve images using collections where this is an important issue: for example, the
searchers in our study often searched on Google Image, where credibility is critically
important. In such situations, building a medical image search engine that ensures only
highly credible images are retrieved could be an important research challenge. If
ImageCLEFMed was looking to expand its campaign to new fields of research, a study
of the credibility of an image source might add a challenging new line of exploration.
This could be achieved by building a collection of medical images sampled from a wide
range of web sites where the task for system developers is to locate both credible and

relevant images.

There was some questionable history of calf pain in both of her
calves while running last week; however, she denies any recent
travel or trauma

She does have an old meniscal tear on her right knee. Also of note,
she was started on the oral contraceptive pill approximately five
days ago which was started for dysmenorrhoea and menorrhagia
symptoms. Due to her continued chest pain and shortness of
breath, she was seen in the ER. At that time, chest x-ray was
normal and chest CT showed a right pulmonary artery density
thought to be a clot in a right lower lobe, questionable infarct. On
admit, white count of 6.4, hemoglobin 12.4, hematocrit 36,
platelets 192. PT of 15.8, PTT is 30. Sodium 141, potassium 2.3,
chloride 101, CO2 26, BUN 10, creatinine 0.7, glucose 117,
calcium 9.3, unconjugated 0.3, conjugated 0.0. Alkaline
phosphatase 71, albumin 4.4, protein 7.3, AST 22, ALT 18. UA
clean catch was normal. During hospitalization, she has been on
Rocephin and Azithromycin but still has been spiking
temperatures. Her CRP was 8.9 on 10/31 and was 13.9 on 11/2.

Title: PNEUMONIA RLL —- DOES THE CT

HELP GIVE US SOMETHING OTHER CAUSE
THAN ROUTINE BACTERIAL PNEUMONIA

Abstract: 15-year-old white female who presented
to the ER October 30, 2004 with chest pain and
shortness of breath. She was feeling well until
Thursday, October 28, 2004, when she developed a
sore throat at a football game. On October 29,
2004, she had decreased appetite and began
developing some shortness of breath as well as low
back pain and cough. The cough was noted to be
productive with green yellowish sputum. It was
thought at that time that she had some viral illness.
She has a known past history of asthma. She also
noted increasing fatigue.

Findings: Even though there are less air bronchograms than usual,
the appearance is more suggestive of bronchogenic than
hematogenous origin.

Discussion: No specific signs are seen pointing to the organism.
Unfortunately, many atypical organisms that confound the
clinicians have nonspecific appearances. The patient has no
adenopathy, effusion, cavitation that delay the response.
Unfortunately, gray images don't make up for gram stains.

Pathology: Infection
Anatomy: Chest
Modality: CT, Conventional Radiograph

Figure 5-20: A sample image from ImageCLEFMed image collection
(The original size of image was 10.16 x 13.55 cm, and we extracted annotation from the XML file
for this image. Image and annotations adapted from the ImageCLEFMed 2007 test collection (used
with permission)).
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5.5. Image information needs ‘

In a number of studies, researchers investigated the users’ image queries. Yang (2005)
cites Panofsky (1972) and reports that Panofsky distinguished between three levels of
comprehension for images: pre-iconographical, iconographical and iconological. Pre-
iconographical understanding is related to the general subject matter of the image (e.g., a
dog). It requires only an everyday familiarity with objects and events (Panofsky, 1972).
The second level, iconographical understanding, relates to the specific subject matter of
the image (e.g., John F. Kennedy), and requires additional domain knowledge or
linguistic cues. Hence, iconographic meaning is culturally determined. Iconological
meaning relates to emotional, abstract meanings and symbolic aboutness and denotes the
intrinsic, personal meaning of an image (e.g., he is my idol). Thus, iconology is both

personal and cultural.

Enser et al. (1993) analyzed users’ image requests at the Hulton Deutsch Collection
Limited in Europe. They found that users’ requests can be grouped in two main
categories: unique, and non-unique. Unique requests were defined as those concerned
with named persons, one-off events, objects or locations. An example of a unique query
is ‘George III'. An example of a non-unique query is ‘5-6 year-old boy in silhouette’.
They report that both classes of query require refinement in terms of time, location,
action, event or technical specification. Enser et al. (1993) add that almost 70% of the

image requests were for a unique person, object or event, and 34% of the requests were

refined (mostly by time).

Fidel (1997)’s study also provides valuable classifications of users image queries. She
categorizes images retrieved for 100 actual requests, submitted in an agency, which had
a large collection of stock photos, into two groups: the ‘data pole’ and the ‘objects pole’
(see Table 5-7). She explains that images are considered as sources of information at the
‘data pole’. For example, a physician may need to use a slide of a normal foot to help
decide if a patient's foot is flat. On the other hand, images are used as objects at the
‘objects pole’. For example, a slide librarian may be asked to find slides that represent a

specific idea or object. There are also some in-between cases such as medical instructors
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and art historians who want to retrieve images both as infonpation sources and as
objects. Fidel (1997) believes that a medical instructor may look for a good slide of a
normal foot for a class she teaches. She wants the slide to have the information required
about a normal foot, but at the same time, she is looking for the best slide as an object:

the one taken from a useful angle or with an image big enough to be projected in a

classroom.
Table 5-6: Summary of Data Pole and Objects Pole (Fidel, 1997).
Data pole Objects pole
Images provide information Images are objects

Relevance criteria can be determined ahead of Users will recognize relevance criteria when they see them
time

Relevance criteria are specifications of which the Relevance criteria are latent, and are invoked when viewing
user is aware images

It is possible for users to explain why an image is It might be difficult for users to explain why an image is
relevant relevant

Images can be retrieved with textual and other It might be difficult to find verbal clues for retrieval, clues
verbal clues are often visual

Colour, shape, and texture can convey information No evidence exists that colour, shape, and texture are
and, therefore, are important for retrieval important for retrieval

Images must include similar information to satisfy Two very different images may satisfy the same need
the same need

Ofness often equals aboutness Ofness is likely to be different from aboutness

Biographical attributes are not likely to play arole  Biographical attributes are important for relevance
assessment

To satisfy requests may require sets of more than Requests are usually satisfied with one image
one image

May not require browsing through the whole Requires browsing the whole answer set
answer set

Browsing is time consuming Browsing can be done rapidly
Markkula and Sormunen (2000) analyse journalists’ routine illustration tasks and also
their queries in an image archive in Aamulehti, a daily newspaper in Finland. They
classified journalists’ queries in four categories: concrete objects (i.e. named persons or

places), themes or abstractions interpretable from the images, background information

Relevance criteria for fnediéai ifﬁéges applied by health careiprof"essmnals



CHAPTER 5 - RESULTS 161

on the photograph (such as documentary information), and known images. They point
out that requests for concrete objects dominated the use of the photograph archives
(81% in their requests, and 56% in their illustration tasks). Choi and Rasmussen (2002)
analyze requests submitted by faculty and students of American history searching for
images in the American Memory image collection. Their investigation demonstrates
that most users looked for general/nameable images. They also report that date, title,

and subject descriptors are key factors representing images.

The findings of the current study, however, indicate that the image information needs of
health care professionals could be categorised into two broad categories, general and

specific medical images, based on the type of images sought:

General medical images: this is when participants looked for general medical
images on a particular topic, for example looking for images of anatomic
organs (such as images of female reproduction organs). Thus we believe that
this type of image request is equal to pre-iconographic as Panofsky (1972)
mentioned. This type of image query also could be classified as non-unique as
suggested by Enser et al. (1993). Participants mentioned that they mostly
looked for this type of image for educational purposes, and they used general
medical images to illustrate their presentations. They described this type of
image by expressions such as ‘generic images’, ‘common medical images’,
“classic picture’, ‘general images’, ‘images of common issues’, ‘educational
images’, ‘a typical picture’, ‘common medical conditions’ and ‘something
popular and well-known’. The findings of our study show that participants
could find general medical images more easily than finding specific medical

images.

P18: If I want to show common medical conditions I could find images

easily.
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P21: It depends on what you are looking for. If it is something popular and

well known it is easy to find what you need.

Specific medical images: this is when participants looked for images to illustrate
their research findings and publications. They also used specific medical
images for clinical purposes. Participants used expressions such as
‘specialized medical images’, ‘something rare or not common’, ‘odd things’,
‘rare cases’, ‘detailed images’, ‘specific images’, ‘clinical images’ and ‘images
for rare conditions ° when they wanted to distinguish between general and
specific medical images. Since the health care professionals were concerned
with the specific subject matter of the image, this type of image resembles the
iconographical or unique type of image query suggested by Panofsky, (1972)
and Enser et al., (1993).

Participants usually looked for specific medical images to compare their research
findings to, or to make clinical decisions. Thus the participants wanted to obtain the best
and most recent images available to them. For example, a participant who looked for
images of TLR-3' in fallopian tubes mentioned that he needed these images to compare
his research findings with the findings of other researchers. He mentioned that due to the
novelty of the topic he could not find images in web-based resources, but he found them

in medical journals. He said:

P8: I was looking for images [of TLR-3 in fallopian tube] in published
papers because it is something new. I know there are few published papers
about this topic. I could not find these images in books or the Internet. We
are one of the first research groups who worked on this topic. I use images

to compare our findings with the findings of other research groups.

Participants seemed to have difficulties when they looked for specific medical images.
The difficulties can arise for various reasons including the time that participants might

spend to find images, the availability of the relevant published papers in the field,

" Tolldike receptors
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novelty, and rareness of the topic. As one of the interviewees explained, while he could
find general medical images for common topics such as tooth filling easily, for specific
medical images on topics such as amalgam restoration he would spend a lot of time

searching for images in medical journals.

PI: It is easy to find general images [common issues] like tooth, tooth
filling. However, if I need specialized images I would go to find them in
papers. To find special images for amalgam restoration I have to spend a
lot of time because it takes time to review the articles to find the images

that I need.

Other interviewees also made similar remarks. Three participants mentioned that they
could not find the images they needed due to novelty and the lack of relevant literature

discussing the topic:

P3: It is not always easy to find what I want. For example, if it is something
rare or not common it will only be available in a few Web sites or articles.
However, if you are looking for images of common medical conditions they

will be easy to find.

P4: Yes, it was difficult to find images, because few people worked in this
area and they published few articles. The number of images was limited, so

it was difficult to find relevant images from those articles.

Our findings support the idea that participants might make decisions about the image
resources they use with regard to the type of image they required. Further investigation
of the interviews revealed the fact that the health care professionals tended to use images

published in papers and personal collections when they looked for specific medical

images.

P1: If I want to look for common medical images, I would search on the

Internet, but for specialised medical images I would use my personal

collection.
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Other findings indicated that participants cared about visual crgteria more than other
criteria when they looked for general medical images. For example, participants such as
P3 and P8 who looked for general medical images for educational purposes, tend to have
a better ability for interpreting the images. Therefore, they considered visual criteria for

the relevance judgment of general medical images:

P3: Sometimes I want to show an image to my students and explain a
medical condition to them. In this situation, the image itself is sufficient,

because I can explain what the image illustrates.

However, when they looked for specific medical images they seemed to consider criteria
such as textual and other criteria in addition to visual criteria. Sometimes the participants
mentioned that they considered criteria such as credibility of the image source to
compare and decide about the appropriateness of images for their information needs. We
noted that participants wanted to ensure that they had found the most relevant images
when they looked for specific medical images to illustrate their scientific publications or
when they needed similar specific medical images to compare their research findings
with other researchers’ findings. For example, a researcher (P8) from the Department of
Reproductive and Developmental Medicine stated that he would consider criteria such
as the credibility of image sources when he used images for comparing the findings of

his study, as presented in the images he had produced, with those of other research

groups:

P8: The criteria that I use to evaluate images will depend on my purpose.
For example, if I do research on a topic, I prefer to find the latest and the
best images from the papers published in the most reliable journals. Then I
will compare my images, which represents my research findings, with the
findings of other researchers. However, if I want to find an image for
educational purposes, I just want to show the image and I do not need to

find a detailed image.
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We conclude this section by saying that the type of images requested, the queries used,
and the relevance criteria applied, indicate that health care prof"essionals use medical
images as sources of information and as objects. This finding corresponds with the
results of Fidel (1997)’s study that image users evaluate images as a source of
information or as an object. For example, the participants considered medical images as
a source of information when they applied topicality as the minimum requirement for
the relevance judgment of images. Medical images were also regarded as objects when

the participants applied criteria such as ‘image quality’ or dimensional size of images.

5.6. Motivation for image searching

Although we classified the type of images health care professionals needed into two
types (general and specific images), we also examined how images were used (Table
5-7). The results of our study show that health care professionals required images for the
following purposes: to meet clinical aims, education, research, publication and
documentation. Table 5-7 presents the motivation of health care professionals for
searching for images. Twenty participants (68.96%) mentioned education and research
as the two most frequent motivators. This indicates the importance of medical images

for educational and research purposes in health care and biomedicine.

Table 5-7: What motivates health care professionals to look for medical images.

Motivation Frequency (percentage)

Total=29

Education (self-instruction, patient education, public education, teaching students and 20 (68.96%)
colleagues) ‘

. Research (compare research findings with prior works, obtain technical information abouta = 20 (68.96%)
test or an operation)

Patient care (diagnostics, treatment and follow up) ) © 13 (44.83%)
Publication (books, articles, posters, reports and presentations) 12 (41.38%)

Documentation of operations and medical examinations and tests (for legal reasons, quality - 8 (27.59%)
assurance, recording the results)

*Note that the respondents mentioned more than one motivator and the cumulative percentage is more than 100 percent.
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Some participants stated that images help students to learn more effectively compared to
text. One of the participants, an orthopaedic surgeon, expressed the importance of

images in medicine and said that:

P3: Images are important in medical education. Using images is the best
way of showing a medical condition to students. If I want to teach students
who have not seen this fracture [Monteggia fracture]. I cannot explain it

unless I show them an image of Monteggia fracture.

Most of the time participants expressed the importance of images for educational

purposes.

P20: Images are increasingly important. An image is worth a thousand

words, isn’t it? You cannot teach without them [images].

P19: I use images because a picture is worth a thousand words. It is much
easier to communicate with images than with words. If you show pictures

to students, they absorb the information much more quickly.

Further investigation of the interviews indicated that health care professionals mostly
looked for general medical images when they used images for educational purposes. The
findings also showed that health care professionals applied fewer criteria when judging
the relevancy of images for educational purposes. Additionally, we noticed that they
tended to use images stored in web-based resources when they searched for images for

educational purposes. However, further research is needed to substantiate this claim.

As Table 5-7 illustrates, health care professionals used images for a variety of research
purposes (twenty out of twenty-nine). The findings of the study showed that health care
professionals used images to present their research findings and compare their research

findings with the findings of other researchers (e.g. P4).
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P4: We also use images to present our findings. In molecular science and
biotechnology you use images to record your data and for documentation.
Without images, we cannot evaluate our work and show the differences

between our results and findings of other researchers.

We noted that health care professionals looked for specific medical images when they
needed images for research purposes. We also found that there was a preference for
using images from personal collections and from journal articles when the health care
professionals required images for research purposes. However, additional research is
required to confirm these results.The education and research motivators were followed
by clinical aims (44.83%) and publication (41.38%). Studies exploring the information
seeking behaviour of health care professionals have found that patient care is the most
frequent reason for seeking information (Covell et al. (1985); Gorman (1995); Shelstad
and Clevenger (1996); Ely et al. (1999)).This study found that the image seeking
behaviour of health care professionals differs from the previous studies of information
seeking behaviours of health care professionals, as patient care had been the main reason

for searching for information.

We compared the roles of participants and their image seeking motivation to investigate
the overlap between image information needs and roles of participants. As can be seen
in Figure 5-21, there were significant overlaps between the role of participants and their
motivation for image search; in particular for education as their motivation and the
educational role of participants. We did not investigate the main role of participants who
participated in this study. We also did not ask participants to rank their motivations for
image seeking. Therefore we were unable to make any relationship between the role of
participants and their motivation. Further investigation is required, however, to
determine how health care professionals prioritized their motivation. We found that the
image information needs of health care professionals influence the relevance judgment
and medical image selection process conducted by health care professionals; however,
further research is needed to investigate whether there is a relationship between the main

roles of health care professionals and their pictorial information needs.
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Figure 5-21: A comparison between the roles and image seeking motivators of the
participants.

5.7. Medical image resources

Participants used a variety of resources to find the medical images they wanted. One of

the major findings of our study is that online medical image collections were not a

common resource for images used by health care professionals. As stated earlier, in this

study we did not focus on any specific image collection. Based on the findings of the

present study, it appears that despite the recent progress in medical image collections,

health care professionals preferred to look for medical images in web-based resources

using Google image search, or use images published in medical journals. Table 5-8

gives the list of resources used for medical images. The total is not based on a hundred
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percent because more than one resource might have been used. As we can see in Table

5-8, the web-based resources have been used the most, followed by using images from

papers and personal collections.

Table 5-8: Resources used by health care professionals for medical image retrieval.

Image resources* " Number of Participants
(total=29)

Web-based resources 26

Papers from journals and databases 24

Personal collection 18

Books 12

Friends and colleagues 8

Departmental collection 7

CDs and DVDs 2

* Participants used more than one resource to find images they required.

In addition to web-based resources, health care professionals also used papers published
in medical journals to find the medical images they required. They typically looked for
relevant papers in medical databases such as PubMed, and then looked inside the articles
to find images that they needed. Personal collections were always the third resource
participants chose to find images. The majority of participants mentioned that they
would use images from their personal collections to present their research findings.
Books seemed to be another important resource for health care professionals to obtain

medical images. Although images obtained from the books were not new, they could be

used for educational purposes.

5.7.1 Web-based resources
In response to the question: ‘Why do you look for images in web-based resources?’, two

participants stated:
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P3: Looking at the images on the screen is better than looking at images in
books. Because it is closer to reality.. When they take the x-ray, scan it or
put its photo in the book and print it, the contrast is not like real x-ray
sheets, but on the screen the image is natural. I personally prefer to find
images in websites and see them on the screen because you see the real

picture.

P5: The first source for the images I need is the Internet. The online image
searching is interactive and you have the chance to interact with the

system, try more keywords, and modify the query easily.

We noticed that participants obtained images from web-based resources in two different
ways: direct and indirect. In the direct method, images were obtained from web-based
medical image collections or professional websites. Our findings show that only 31.03%
(nine out of twenty-nine) of participants were aware of web-based medical image
collections. Medical image collections seemed to be unpopular among participants due
to the lack of diversity of images in web-based image collections, and the low number of
images available. One of the participants stated that for her the number of images in
web-based medical image collections is important. She maintained that due to the
limited number of images relevant to her field in such collections she preferred to look

for images in other resources.

P9: There are a few collections, one I think is the website of a drug
company, but I usually begin with Google. I know that there are some
collections but I do not know how extensive they are. As you can see on
their website [she went to one of the websites she uses] there is a picture
gallery here for bone research. So here are some images and here are
some teaching slides. There is not one I use because as you can see it is
Sairly limited. I am just trying to show you. They are limited, so I have not

used it for a long time..
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The indirect method was by far the most popular method for medical image retrieval
from web-based resources and was applied by 89.65% of participants. In this method,
participants used image search engines such as Google. Image search engines always
seemed to be the nearest place for participants to search for images especially for
general or common medical images. This was because of the easy accessibility of image
search engines and the fact that participants could visually browse the results and select
images quickly. For instance, one of the participants emphasized the use of web-based

resources:

P25: [Google image search] is just quick and fast. It is easy to use Google
image search. You just type a keyword like ‘blood supply for brain’ and

you get the images you needed,

There aré many search engines and many ways to gain access to the images stored in
online resources. At the moment, however, what is evident from our findings is the high
reliance of participants on Google image search. It was also the most frequently used
tool for identifying the images that participants needed. This high reliance on Google
image search, and the role it plays in medical image seeking, merits further
investigation. Past studies have also raised questions on the use of Google by health care
professionals. The results of the survey of doctors by Tang and Ng (2006) showed the
importance of Google. Tang and Ng suggested that in difficult diagnostic cases, doctors
used Google to find diagnoses and/or treatment. The authors also reported that search
engines such as Google are becoming the latest tools in clinical medicine and doctors in
training need to become proficient in their use. When participants were asked whether

they used Google image search for finding images, one of them answered as follows:

P9: My first line, and probably usually my only line, is to go to Google
images. It is probably sitting there and it is easy to use. I think Google is

quite good because you can run down images quickly.

From the interviews, we found several reasons for the popularity and use of Google

image search. The main reasons were:
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Google image search is very straightforward to use. Participants mentioned that
this image search engine has a simple interface which allows them put in
keywords and retrieve images. It also controls and corrects spellings of the

search terms to rectify your search.

It is easy to check the relevancy of images on the screen. Thus participants
preferred to find images in web-based resources rather finding and browsing

papers or books to find images.

P28: 1 go to Google image search and type in the keywords. It is easy, isn’t
it! You can also check a page full of images quickly to see if any of them is

useful or not.

Google image search is useful for finding medical images for educational
purposes. Several participants stressed that Google is a helpful tool if one

wants to see an image for self-education or wants images for presentations:

P10: I would use Google image search for educational purpose and if 1

want to show something in general.

P25: I use Google image search for all sorts of illustrations I need to show
to medical students. For instance, yesterday I was teaching medical
students and I found some images for blood circulation in the brain using

Google image search.

P26: I use Google image search to find images I use in my lectures that I

give to my students and colleagues.

Health care professionals demonstrated a high reliance on the Google web search
engine in their daily life. Participants believed that Google has made
everything searchable even online medical image collections; therefore they
believed that using Google image search they could find the images they

needed.
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P2: I prefer to use image search engines instead of using [web-based]
image collections. You may obtain images from those collections through

Google image search.

Participants, however, were also strongly critical in their use of Google image search in
that they were aware of the issues concerning the credibility and quality of medical
images. They mentioned that Google image search presents too many hits, most of
which are irrelevant images for a search, and health care professionals need to be able to
filter through the results to find images that suit their information needs. They also
emphasized that using Google image search they were unable to find images of rare
medical conditions, specialized images, or up-to-date images. There were five main
criticisms of Google image search when used for medical image retrieval which

emerged from our interviews:

Lack of specialty. Participants believed that Google image search is a general
image search engine. Thus it is not a suitable tool for finding specialized

medical images.

Pl: It is easy to find general images [common issues] like tooth, tooth
filling. But if I need specialized images I will go to find them in papers. To
find special images for amalgam restoration I will have to spend a lot of
time because it takes time to review the articles to find the images that I

need.

Lack of detailed textual information for medical images. Although participants
- stressed the importance of textual information for medical images, using
Google image search they were not sure whether they could access detailed

information related to the images.
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P26: Discussion and background information are important and I am not
sure whether I can find images with detailed information when I use

Google image search. If I need detailed discussion on images I would look

for them in papers.

Poor quality of images stored in web-based sources. Although the merits of
Google make it an ideal search tool, participants experienced a significant
problem. Most often, medical images such as MRI' and CT scans are high
quality images and participants had difficulty finding high quality images

using Google.

PI15: If I am using Google image search and if I am looking for images on
the internet I am not expecting to find images greater than 1280 x 1020
pixels. Because anything greater than that, even if it is JPEG, starts to get

quite big.

Low precision rate in image retrieval and the large number of irrelevant hits.
Google image search tends to produce a large number of irrelevant hits
because image retrieval in this search engine is text-based. Although
participants could use advanced search features to improve results, the image
retrieval process is based only on word or phrase matches, without any
filtering process. Participants were frustrated at not being able to find the right
images quickly and easily. Sifting through a large number of irrelevant images
to find the images was not only frustrating, but was time-consuming for busy

health care professionals.

Credibility of images obtained from web-based sources. Participants always

debated the credibility and trustworthiness of images retrieved from web-

! Magnetic Resonance Imaging
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based sources. Sometimes they declared that they would not use images

obtained from websites such as Wikipedia'.

The fact that Google image search was the first means by which images were found
might be because of the high availability of medical images on the web. We see that
web-based sources contain a great quantity of images that may be useful for health care
professionals. However, locating the required image remains a challenging task,
especially when a general search engine cannot distinguish between an image of a
flower and a chest X-ray. This makes it particularly vital to develop medical image
retrieval tools to assist health care professionals in specifying image information needs

and retrieving images from web-based resources.

5.7.2 Articles

Twenty-four participants obtained medical images from published papers in medical
journals. The participants searched for relevant papers through scientific databases such

as Medline, Elsevier, Ovid and Springer.

P27: I prefer to use PubMed to find images I need. I mean for specific
images. I may use Google image search, but Google searches for images
on a general theme. In PubMed, first I search for relevant papers. After I
have found. papers, I read the abstracts to ensure that the papers are
relevant. Then I look for the full text of papers and check whether they

contain images I need.

A number of reasons were mentioned by health care professionals for obtaining images
from academic papers. The main reason was that participants believed that using web-
based resources they would be unable to find the specialized medical images they

needed.

: www.wikipedia.org
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P2: Health and biomedical databases like PubMed are the other source of
images, especially specialized medical images or images of rare medical
conditions. I use keywords to find articles. Then I look for images in
relevant articles to find images that I need. I always find images I need in

articles.

P3: The reason for searching images in the articles is that sometimes I
cannot find images in image collections, or images I find on the Internet,
are not relevant [he searched for images of Monteggia fracture in a web-

based image collection, and there was not any image for this topic].
The other reason was the participants’ preference for locating background information:

P4: I use electronic journals, because, in addition to the image, you have
the text of the article which explains and clarifies all aspects of the work

presented in the image.

For some, especially those involved in research projects, academic papers were an
important source for current images and the latest information in their field. Participants
used images from papers for comparing the findings of their studies to those of other

research groups.

P22: I use images from the published literature to compare the results of
my study with other studies. The other reason for using papers is that you
cannot find this type of staining [pathology images] in the Internet, I mean
Google. Most of the time I know the papers, so I can take the pictures from

them.

Although papers were the second resource for participants to obtain medical images, our

interviews revealed that participants did not use Google scholar to look for journal

papers. The interviewees were specifically asked if they used Google scholar for finding

papers and the majority answered no. When they knew that they were looking for
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papers, they used medical databases, and particularly PubMed1 to find relevant
literature. It should be born in mind that the participants chose databases such as
PubMed intentionally as a search tool for identifying papers, but finding images was a
by-product of paper searching. The following quotation explains this. When one of the

interviewees was asked why he used PubMed to find images he replied:

P29: Using the search facilities of PubMed you can limit the search in
different ways. As you can see, I can limit the search to a specific
language, journal or author. In Google image search, you cannot do it. I
found 5,353 articles in PubMed. Now I can limit the language of articles
to English or human anatomy. I also select review article in the type of
publication section. Now there are nine articles. I will find the full-text of

those nine papers and 1 will see the images used by the authors.

The fact that PubMed was used by participants to find papers might be because of the
high credibility of medical databases such as PubMed for health care professionals, and
its popularity for finding published literature in the field of medicine.

5.7.3 Personal collections

Eighteen out of twenty-nine participants mentioned that they would first use images
from their own image collections if they had one. Participants used their own personal

collections for several reasons:
Firstly, for presenting the results of their research projects.

Sécondly, as a source for original medical images that could not be found in a

web-based resource.

Thirdly, their own images were more relevant than images obtained from other

resources.

! http://www.ncbi.nlrn.nih.gov/pubmed/
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Fourthly, due to legal issues such as copyright, participants were not sure whether

they could use images obtained from other sources such as web-based sources.

Fifthly, when a high level of credibility was required, participants preferred to use

images from their own collection.

Sixthly, participants’ personal preferences for using images from their own image

collection.

PI14: My own images are more relevant. Occasionally from journals if it is

relevant background work.

P16: When I want to use an image for publications, I cannot use other

researchers’ images. It has to be our own images. We require them to be

Jrom our own studies.

5.7.4 Books

Sometimes participants used books to find medical images, mainly for educational

purposes.

P7: I use images from books for self-education, because of the accuracy
and validity of the information and images. Images from books are not

helpful for my research project. I prefer to use my personal collection for

my research or presentations.

However, as one participant stated it took time to find images in the books.

P2: Books can be a source of images but it takes time to find images in
books. I mean to find an image in a book, you have to go to the library and
then find images in the book. Most of the time, I am not sure whether I can

find the image in the book. Sometimes the authors discussed the topic, but

they did not put the image in the book.
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The majority of participants mentioned that images from books are out-of-date images;

therefore, they looked for images in papers.

P23: I do not use images from books, because they go out-of-date rapidly.

We do not rely so much on books.

5.7.5 Other resources

There were also some other resources that health care professionals used. For example,
eight participants (P2, P5, P6, P9, P14, P20, P28, and 29) asked their colleagues and
friends for images. Seven participants (P1, P2, P9, P10, P14, P20, and P28) used
departmental collections. Two (P2 and P5) mentioned that they might use images from
CDs and DVDs accompanying medical textbooks.

P5: Sometimes a CD accompanies the book, so if I could find the image in

the CD I would use it.

P28: Last time I needed a diagram and I used my colleague’s images. It

was a diagram about the radiation interaction with cells.

This study found that the image seeking behaviours of health care professionals does not
resemble the information seeking behaviours of physicians, surgeons, specialist doctors
and nurses as shown in previous studies. Studies by Gorman (1995); Shelstad and
Clevenger (1996); Ely et al. (1999); Covell et al. (1985) found that health care
professionals depended on textbooks and medical journals for information; our findings
indicate that books were not a common medical image resource used by health care

professionals.

Summary

The findings of this study showed that the participants mainly considered the visual
attributes of medical images when judging the relevancy of retrieved images. This raises
an important issue: how can image search tools match users’ pictorial information needs

and their relevance criteria for the judgment of images.
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By examining the relationship between the structure of indexing tools, end-users’
queries and their criteria for the judgment of images, the designers will be able to
improve image retrieval effectiveness through maintenance and development of the
image indexing tools. End users of image retrieval systems such as health care
professionals would be able to construct queries with features (relevance criteria)
identified in this study. Such design may help end users clarify their visual information

needs, and submit their queries more accurately and efficiently.

Moreover, the results of our study revealed that different groups of users used different
relevance criteria related to their speciality and their information needs. Our
investigation on the potential range of relevance criteria covered by the information
needs (topics) specified within the ImageCLEFMed benchmark revealed that it might be
possible to include some of our identified criteria in this kind of evaluation setting,
thereby testing more realistic criteria which affect searching in a real-life setting. In
particular, there may be potential for ImageCLEFMed to address some of these criteria
in the future. Firstly, creating topics that cover a wider set of criteria (the existing topic,
‘Fetal MRI’, could be adapted to ‘24 weeks male fetal MRI T2 weighted coronal scan’).
Secondly, one could adapt the existing ImageCLEFMed image annotation task to
become a task that tests automated annotation of criteria such as age, gender and
modality from the semi-structured or unstructured text of ImageCLEFMed test
collection annotations. In its three years of running, the modality of image, the body
region shown in the image, and the orientation of the body, are key parts of the task
(Muller et al., 2007). (These classes correspond closely with the criteria that our study
identified, confirming the importance of them in the annotation task. It might be possible

to extend future annotation tasks to include medical annotation from text).

Earlier studies by Covell et al. (1985); Ely et al. (1999); Gorman (1995); Shelstad and
Clevenger (1996) indicated that health care professionals looked for information to
respond to the clinical questions raised by patient care; however, our study found that
health care professionals looked for medical images for a variety of reasons. Although

we classified their medical image information needs in two groups of general and
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specific medical images, the health care professionals mentigned education, research,
patient care, publication and documentation as the main reasons for searching for
medical images. The health care professionals emphasized the importance of medical
images as an educational tool in health and biomedical education. The participants stated
that using images for educational purposes facilitated the learning process and helped
the audiences to understand the concepts effectively. Additionally, images were used
widely for research purposes. Health care professionals in this study mainly used images
they had produced to present their findings. They also used images produced and
published by other researchers to compare their research findings to. Clinical purpose
was the second reason (mentioned by thirteen out of twenty-nine persons) why the

health care professionals looked for medical images.

Our investigation also showed that health care professionals also looked for medical
images in diverse resources. The studies exploring the information seeking behaviours
of health care professionals found that medical textbooks and journals were the most
frequently used resources for the information sought by health care professionals.
However, our findings revealed that web-based resources (i.e. Google image search),
journals and personal collections were the most frequently used medical image resources

by health care professionals.

The attributes of medical images can be classified into three groups: textual, visual, and
other criteria. Textual attributes such as the age and gender of patients provide semantic
information about the image content. Visual attributes represent the visual content of
images. The examples are modality, size (dimensional), image quality and the
orientation. How to integrate these three groups to create better medical image
searching and browsing interfaces, is crucial to the success of a medical image retrieval
system. To accomplish this goal, it is helpful to learn how people apply, and how they
perceive and conceive, these criteria from both theoretical and empirical points of views

as Enser et al. (2006) suggested.
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CHAPTER 6-DISCUSSION AND CONCLUSIONS

Introduction

In the course of meeting its aims and objectives, this grounded theory study has
examined the relevance criteria for medical images and the image seeking behaviour of
health care professionals. The overall purpose has been to gain an understanding of
where health care professionals seek images, and how they judge the relevance of
images with respect to their image information needs. The scope of the research was
limited to health care professionals from the Sheffield Teaching Hospitals NHS
Foundation Trust. This chapter summarizes the major findings of the study, and

discusses those findings with respect to the study’s main and other research questions.

6.1. Main research question: What criteria do health care professionals
use to make relevance judgments when searching medical images?

The aim of grounded theory research (including this study) is not intended to verify the
findings of a study, but to locate the study within the existing literature. Our research
fills a gap within the existing literature by exploring relevance criteria for medical
images as applied by health care professionals, and explains how health care
professionals search for and select medical images they need. Using the Straussian
version of grounded theory, fifteen relevance criteria (classified in three groups as
illustrated in Table 5-1) were elicited from health care professionals who participated in
this study. These are: age and gender; availability; colour; copyright; credibility; image
quality; magnification; modality; orientation; originality; recency; size (dimensional);
targeted audiences; technical information; and topical relevancy. In particular, topical
relevancy was a criterion applied by all of the participants, while criteria such as
originélity were mentioned by only two participants. It was found that each participant
in the current study used on average 7.51 criteria to judge the relevancy of an image.
The analysis of the interviews found the following factors affected the relevance

judgment of medical images and image seeking behaviour of health care professionals:

The image resources used by health care professionals. The findings of this

study revealed that the application of relevance criteria was significantly
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affected by the choice of medical image resources used by health care
professionals. For example, health care professionals seemed to apply more
criteria for images obtained from web-based resources compared to images
obtained from journal articles or their personal collections. Health care
professionals also used certain criteria when they obtained images from a
particular resource. For instance, credibility and ‘image quality’ were
considered as important criteria when the images were obtained from web-

based resources.

The type of image information that health care professionals needed. It
seemed that the health care professionals applied more criteria when they
needed specific medical images. In contrast, fewer criteria were used when

- they looked for general medical images. Other findings of the study showed
that the type of medical image information needs also affected the choice of
image resource and, consequently, the relevance criteria used by health care
professionals. Participants seemed to look for general medical images in web-
based resources and books, whereas they looked for specific medical images

in journal articles or they used images from their personal collections.

The size of results set. The larger the set of results retrieved, the more criteria
were applied. We noticed that when the participants looked for images in web-
based resources using Google image search, the size of the results set was an
important factor affecting the relevance judgment process. Further studies are
required, however, to elucidate the relationship between the size of results set

and the number of relevance criteria applied.

The purpose for using the images. We found that health care professionals
applied less relevance criteria when they needed images for educational
purposes. In contrast they applied more criteria when they needed images for
research purposes. As stated earlier, health care professionals looked for
general medical images when they wanted images for educational purposes.

Specific medical images were required when heath care professionals needed
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images for research purposes. These findings support the idea that the type of
relevance judgment conducted by the health care professionals was situational
and depended on their image information needs. We also believe that when
health care professionals needed images for research or publication purposes,
they applied many relevance criteria to ensure that the selected images fitted
their situational pictorial information needs. Nevertheless, additional studies
are required to determine whether there is a difference between the relevance
judgment of images and motivation (listed in Table 5-7) of health care

professionals for searching images.

Work experience of image users. The findings indicate that more experienced
health care professionals applied fewer criteria or used a different set of
relevance criteria for the judgment of images. For example, experienced
health care professionals did not need technical information or detailed textual

information.

Stage of image selection process. The findings of this study revealed that health
care professionals seemed to consider the topical relevancy of images together
with a few other criteria to select candidate images at the beginning of their
image search. After they selected candidate images, they evaluated the
selected images more precisely. It indicated that image relevance judgment
consisted of multiple sessions and that in each session image users applied

different sets of criteria.

Findings showed that health care professionals considered topical relevancy
as the minimum requirement for beginning the judgment process. These
findings highlighted the importance of topical relevancy for the judgment of
images; however, other criteria such as quality of images were also applied.
The critical criterion was applied when the health care professionals wanted to

select the best and most relevant images from among the candidate images.
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We conclude this section by reporting that the health care professionals applied
relevance criteria in different ways. Although they applied criteria such as topical
relevancy or dimensional size of images based on the visual appearance of images or the
textual information attached to images, they also applied criteria such as ‘recency’ that
were not evident, or were even absent, in the images. Additionally the participants
appeared to apply certain criteria to compare images which were topically relevant to
their information needs, e.g. the quality of an image is regarded as important if derived
from a printed publication. Similarly, participants applied certain criteria regarding the
sources used, e.g. credibility was considered as an important attribute when looking for

images in web-based resources.

6.2.  Other research questions

6.2.1 Research question 1: Are the relevance criteria we identified different
from those criteria suggested in the literature?

We believe that it is not easy to compare the medical image relevance criteria identified
in the current study to those found in previous literature: Park (1992); Cool et al. (1993);
Barry (1994); Wang (1994); Schamber and Bateman (1996); Tang and Solomon (1998);
Bateman (1998a); Spink et al. (1998); Maglaughlin and Sonnenwald (2002) investigated
the relevance criteria used for the judgment of textual documents (mostly bibliographic
information). Moreover, textual documents contain generally-agreed textual features
such as title, keywords and abstract. Using these textual features, users can make a
decision on the relevancy of textual documents to their information needs; these textual
features also facilitate the retrieval process. However, tangible and shared features such
as these do not exist for all images. Thus comparison could not be meaningful unless we
compare the criteria we found to those found for images; unfortunately, few studies

investigated the relevance criteria for images.

The second reason is the setting of the current study. We investigated the relevance
criteria applied for real image information needs of our participants in their real-life
context; however, studies such as Barry (1994); Park (1993); Maglaughlin and
Sonnenwald (2002); Hung et al. (2005) investigated the relevance criteria applied by
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users for predefined tasks, or studied the relevance criteria in artificial test situations.
The criteria we identified were not obtained in the same manner as those found in the

literature, and so cannot be compared.

The third reason is the different names used for criteria found in the literature. We
noticed that researchers used different names for the relevance criteria and categories of
criteria they identified (see Maglaughlin and Sonnenwald (2002: p.330)). For example,

recency and recentness are two different names for the same criterion.

The fourth reason is that health care professionals looked for medical images in different
resources including Google image search, journal articles, personal collections, books
and departmental collections. However in studies by Choi (2000); Barry and Schamber
(1998); Park (1994); Markkula and Sormunen (2000) the users made use of only certain

databases to retrieve the documents they required.

In order to see whether the criteria we identified were different from those criteria
suggested in the literature, we contrasted' our criteria against those found in the
literature (see Table 6-1). In order to access a comprehensive list of criteria, we used the
lists of criteria collected by Schamber (1994) % Mizzaro (1997) *; Maglaughlin and
Sonnenwald (2002) *. We also used the relevance criteria for images identified by Hung
et al. (2005); Markkula and Sormunen (2000); Choi and Rasmussen (2002) ’- and video

relevance criteria documented by Yang (2005).

1 Unfortunately not all authors defined the relevance criteria. Therefore the contrast between the criteria we identified and
those suggested in the literature was based on the meaning overlap of the criteria.

2 Schamber, (1994) reviewed the literature on relevance published between 1983 and 1994.
3 Mizzaro, (1997) reviewed the relevance studies published between 1959 and 1996.

4 Maglaughlin and Sonnenwald, (2002) compared the relevance criteria identified in their studies with the criteria
suggested in ten major relevance studies conducted between 1991 and 1999.

5 As stated in chapter 2, Choi and Rasmussen, (2002) did not study the relevance criteria applied by image users. They
asked images users to use 2 list of ten widely used criteria in the literature (mostly those criteria were applied for
relevance judgment of textual information) and judge the relevancy of images to their information needs.
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Table 6-1: The appearance of criteria in the literature

Relevance criteria for medical images; The appearance of criteria in
ordered according to frequency the literature

- Originality (2)
Recency (3)
Availability (4)
Copyright (6)
Magnification (7)
Colour (7) v

Technical information (11)

’ Targeted Audiences1 (12) Y
Credibility (13) v
Orientation (15)

- Modality (18)

Age and Gender (20)

Size (dimensional) (21) v
Image Quality (27) v
Topical Relevancy (29) v

*The number in parenthesis shows the Total number of criteria
frequency of each criterion appearing in the literature: 9

As Table 6-1 shows nine out of fifteen criteria we identified are suggested in past
literature. Table 6-1 also indicates that six out of fifteen criteria were applied by more

than half of the participants (total=29 participants).

Overall we identified six criteria which were not suggested in the literature, of which
four criteria were applied by more than half of the participants. The most frequent and
most important criterion we documented was topical relevancy. In the research literature
on relevance, topicality is mainly defined as the relationship between the topic (query
terms) and content of a documents. Our findings show that participants judged the
topical relevancy of images based on the description and visual appearance of images
related to their image information needs. In response to the first research question of the

study, and based on the findings of our experiment, we believe that the set of relevance

1 Sometimes researchers used terms such as “difficulty level’ to name this criterion.

Reievénce criteria for medical images applied by health cafe professiona'ls“



CHAPTER 6 — DISCUSSIONS AND CONCLUSIONS 188

criteria that health care professionals applied for the judgment of medical images,

differed from the sets suggested in the literature.

6.2.2 Research question 2: What are the core relevance criteria used for
judging the relevance of medical images?

We noted that health care professionals relied more on visual criteria than on other
groups of criteria. This category includes seven out of the fifteen criteria we identified.

(Three out of seven criteria in the visual criteria group were common between this group

and the textual group of criteria).

Quantitative analysis of the relevance criteria (see Figure 5-17) supported our decision
concerning the selection of visual criteria as the main category. Among the criteria used
by all the twenty-nine participants, the largest portions of those were visual criteria (7
out of 15 criteria) which related to the visual attributes of medical images. The most
frequent criteria were ‘topical relevancy’ and ‘quality of images’, which belonged to the
main category. ‘Topical relevancy’ was mentioned by all twenty-nine participants of the
study, and was a common criterion between visual and textual groups of criteria.
Twenty-seven participants considered the quality of images when they selected medical
images, whereas size was another frequently used criterion applied by twenty-one
participants. ‘Age and gender’ was another frequently used criterion and belonged to the
textual group of criteria. Modality was the fifth most frequent criterion mentioned by

eighteen interviewees.

The findings of the study showed that ‘topical relevancy’ and ‘modality’ have been
clearly identified as the most important factors for the evaluation and selection of
medi;:al images. The ‘topical relevancy’ of medical images was not only the most
frequent criterion applied by all participants of this study, but was also selected as the
most important criterion by fifteen participants. Figure 5-18 ishows that health care
professionals considered mainly considered the visual attributes of images for the
relevance judgment of medical images. This is another affirmation for the selection of

visual criteria as the main category in our grounded theory study.
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While prior research provides considerable evidence for topicality as the most important
and most frequently used relevance criterion for the judgment of retrieved documents
(including images), it provides little insight how image users select the images they
need. As we discussed in chapter 5, an image may be perceived as topically relevant, but
may not be selected for a particular situation the user is dealing with at that time. (This
study filled this void in the literature by highlighting the importance of the visual
appearance of images, and the visual memory of users for the relevance judgment of
images). Analysis of the data collected for this investigation confirm that topical
relevancy is a major attribute of images retrieved for the purpose of resolving the
pictorial information needs of health care professionals. As a single attribute of such
images, however, topical relevancy seems to be more important to health care
professionals for deselecting items than for choosing them. That is, unless some other
attributes of the retrieved images are considered, topical relevancy by itself will not
determine if an image is relevant; it is only an indication of potential relevance. Thus the
participants of this study used this criterion to select candidate images that appeared to
be topically relevant to their image information needs, and visually resembled the
participants’ visual memories of an object or a condition. By considering topical
relevancy, health care professionals not only select or deselect candidate images, but
also evaluate the pertinence or comprehension of retrieved images. Their visual memory

helped them to make a cognitive connection between the retrieved images and their

image information needs. Our research demonstrates that without this cognitive

connection, no further evaluation can take place.

The results of our investigation suggest that until the issue of topical relevancy has been
determined by the image viewers, it is difficult to predict which criterion among the
fifteen criteria will be applied by participants. Indeed, other criteria may be said to be
posterior criteria for selection and comparison of candidate images. It is important,
though, to expand the discussion so that the application and importance of posterior
criteria was dependent upon the image resources used by health care professionals and

the illustration task of health care professionals. For example, credibility was regarded
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as a critically important posterior criterion when the health care professionals looked for

images in web-based resources using Google image search.

6.2.3 Research question 3: Where do health care professionals look for medical
images?

This study found that the image seeking behaviours of health care professionals does not
resemble the information seeking behaviour of physicians, surgeons, specialists and
nurses as shown in previous studies. Studies by Gorman (1995); Shelstad and Clevenger
(1996); Ely et al. (1999); Covell et al. (1985) found that health care professionals
depended on textbooks and medical journals for information, whereas our findings
indicate that health care professionals look for images in web-based resources (by using
Google image search), journals and personal collections. Overall, journals were
considered as an important source of images for medical image users; in particular,
when they looked for specific medical images (although the participants mentioned that
they prefer to use images from their personal image collections). Books seemed to be

less important resources when the health care professionals looked for images.

Although we detailed the motivations and barriers of accessing the medical image
resources used by health care professionals in chapter 5, analysis of the interviews
showed that the choice of medical image resources used by health care professionals
was affected by the purpose for which the medical images were collected. As stated
earlier in chapter 5, we classified the medical image information needs of health care
professionals into two groups: general and specific medical images. The health care
professionals also mentioned that they needed medical images for the following

purposes: education, research, patient care, publication and documentation.

The health care professionals emphasized the importance of medical images as an
educational tool in health and biomedical education. Participants stated that using
images for educational purposes facilitated the learning process and helped the
audiences understand the medical conditions effectively. Additionally, images were used
widely for research purposes. Health care professionals mainly used the images they

produced to present their findings. They also used images produced and published by
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other researchers to compare their research findings to. The clinical purpose was the
second reason (mentioned by thirteen out of twenty-nine persons) why the health care
professionals looked for medical images. While earlier studies by Covell et al. (1985);
Ely et al. (1999); Gorman (1995); Shelstad and Clevenger (1996) indicated that health
care professionals looked for inforrﬁation to respond to the clinical questions raised by

patient care.

One of the major findings of our study is that only nine of the participants of the current
study used online medical image collections. Our investigations indicate that while there
is willingness and interest in using medical image collections, participants believed that
they could not find the images they needed. In addition, health care professionals
believed that the number of images in the medical image collections on the internet was
limited. Moreover, health care professionals emphasized that any web-based medical
image collection should be easy to use. Although the potential usefulness of medical
image collections is apparent, barriers or difficulties in using these collections put health
care professionals off. The same thing happened when they could not find images in
medical image collections suggested by the researcher, resulting in them wholly
neglecting other aspects of medical image collections. There are various reasons why
medical image collections might be useful for health care professionals to find medical
images, but this will only happen if we can provide medical image collections that offer
clear benefits for health care professionals. These image collections must also support
the way health care professionals currently work, rather than asking them to adopt new

and alien ways of image retrieval.

6.2.4 Research question 4: What difficulties do health care professionals face
when searching medical images?

Previous studies identified barriers to information by health care professionals (Ely et
al., 1999; Shelstad and Clevenger, 1996; Gorman, 1995). These were: lack of time, lack
of access to electronic journals and databases, and lack of information seeking skills.
This study, however, found different barriers to seeking medical images. These barriers

include: low precision in the image retrieval; lack of domain specific image searching
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tools; the large number of images in the results set; lack of credibility; low quality of
retrieved images; lack of image search facilities; lack of time; difficulties of image
search with medical abbreviations and acronyms; and legal issues (such as copyright of
images). These barriers affected the choice of medical image resources used by health
care professionals. For example, health care professionals tended to use journal articles
or their personal collections when they could not find specific medical images. We also
mentioned earlier that health care professionals applied medical image relevance criteria
according to the image resources they used. Thus we believe that the barriers to seeking
medical images can affect the relevance judgment and the criteria applied by health care
professionals. Although further studies are required to determine whether there is a
relationship between the barriers to seeking images and the relevance judgment of
images by users, our findings also showed improvements in the barriers identified by
previous studies. These improvements include: better access to electronic journals and
databases, and improved information literacy skills. Lack of time still remained an

important barrier to seeking medical images.

A large number of image retrieval systems, such as image search engines, have been
developed. End users, including health care professionals, use keyword search tools to
find the images they need. Using text to search images, including medical images, could
be successful if sufficient text such as annotations is available for searching, or if end
users use the same keywords associated with images in their queries as Keister (1994)
reported. She analyzed the queries received by the Prints and Photographs Collection of
the National Library of Medicine, and reported that sometimes it had been extremely
difficult to use verbal queries (text) to retrieve non-textual documents (images). She

explained the difficulty as follows:

The difficulty is not only that the communication elements in an image are
visual, another level of difference exists. Each of these documents acts as
its own unique information vehicle, loaded with data, both obvious and
subtle, all presented simultaneously in one neat visual rectangle. (Keister, |

1994)
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Keister (1994) highlighted a gap between what the end users of an image retrieval
system wanted and what the system retrieved. In fact this is a gap between how users
present their medical image information needs and how they evaluate the retrieved
images for their information needs. The findings of this study supported Keister’s ideas
concerning the difficulties that image users face when searching for images. The
participants of this study stated that currently search by text is the best way to search for
medical images. This is also evident from the outcome of the interviews, which revealed
that most participants were unable to describe their visual information needs using text.
This is a common problem in image retrieval and has been referred to as the ‘semantic
gap’ in the literature (e.g. see Smeulders et al. (2000)). The aim of this study was to
contribute to knowledge about one side of the gap, the relevance criteria applied. The
next step would be a link between these criteria and the technical possibilities. An
experiment by Sedghi et al. (2008) showed that the gap between users’ visual
information needs and their textual queries might be reduced through the inclusion of
relevance criteria a user may specify, in the image retrieval process. Further
investigation is required to see how relevance criteria such as ‘modality’ could be
included in the medical image search process. Using content-based image retrieval
techniques which retrieve images based on visual features such as colour and shape, is

another solution to bridging the semantic gap in medical image retrieval.

6.3. Conclusions

This study is the first of its kind to investigate the relevance criteria applied by health
care professionals when searching for medical images. Our research highlighted the
importance of relevance studies in a particular domain for better understanding of
relevance judgment and image seeking behaviour. To the best of our knowledge, there
has not been a comprehensive study of relevance criteria applied by health care
professionals. Thus the study helps to contribute to our understanding of relevance
criteria applied to medical images. The current study also considers the concept of

relevance and the information seeking behaviour of health care professionals.
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This thesis is also one of the few studies that have focused on different aspects of image
seeking behaviour and the relevance judgment process, including the similarities and
dissimilarities between the image seeking and image selection behaviour of image users
based on the image resources used, and the information needs mentioned by health care

professionals.

Twenty-nine health care professionals from different health and biomedical departments
(e.g. Medical Physics, Radiology, Haematology, Genetics and Immunology)
participated in this study. In general, fifteen criteria were applied by health care
professionals when they looked for medical images and, based on our findings, the
criteria we identified were grouped in three main categories: visual criteria, textual
criteria and other criteria. Figure 5-17 in chapter 5 show the criteria, the groups of
criteria, and how frequently they were mentioned by all interviewees. Obviously, most
of the criteria we identified were in the visual category such as topical relevancy, image
quality and dimensional size of image, and as Figure 5-18 shows these criteria were the
three most frequently mentioned criteria. Overall topical relevancy was the most
frequently applied criterion (used by all participants), which is consistent with the
findings from image relevance studies by Markkula and Sormunen (2000); Choi and
Rasmussen (2002); Hung et al. (2005); video relevance criteria by Yang (2005); and
relevance criteria for textual documents identified by Barry (1994); Park (1993); Tang
and Solomon (1998); Maglaughlin and Sonnenwald (2002); Schamber and Bateman
(1996).

Health care professionals main concern was the usefulness of the images found for their
situational pictorial information needs. Topicality, by definition, refers to the relevancy
of the query used by users to the theme of the retrieved documents. This implies the
utilization of tangible and textual features of the document. Since such features do not
exist for medical images, health care professionals judged the topical relevancy of these
based on the visual appearance of images and related textual information. Medical
images can be interpreted and used in different ways by different users. Though we may

not know exactly which attributes of medical images, or which specific combination of
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attributes, determine the relevance of an image at a given point in time, we know that
health care professionals judged the relevancy of images according the visual
appearance of images and using what they described as ‘visual memory’. This is
consistent with the findings of Greisdorf and O'Connor (2002: pp.20-21)’s study that
image users judge the relevancy of retrieved images using what they described as
‘temporal prototypes’. Although we explained how health care professionals compared
and selected images they needed, further investigation is required to determine how

image users use their visual memory to search for and select images they need.

The information needs and the medical image resources available seemed to be
important factors influencing relevance judgment of images in the current study. For
example, the health care professionals looked for medical images using Google image
search. for educational purposes, and mainly paid attention to the visual attributes of
images when they evaluated the images retrieved. Health care professionals also did not
consider criteria such as credibility when they used images from journal articles. There
were also other factors such as the size of results set (when participants used Google
image search), the work experience of health care professionals, and the quality of
search results which affected the relevance judgment of medical images, and made the
medical image relevance judgment a multidimensional and situational process. The
participants searched for both general and specific types of medical images, and used
medical images for education, research, patient care, publication and documentary
purposes. Health care professionals obtained medical images from web-based resources
(mostly using Google image search), journal articles, personal collections, books, image
collections of colleagues and departmental collections. Although all participants began
image relevance judgment by applying the criterion ‘topical relevancy’, they applied
different criteria such as ‘quality of images’ or ‘credibility’ when they wanted to make
their final decision concerning the relevancy of images to their information needs. The
findings highlighted the fact that the medical image selection process would only begin

after the topical relevancy of images was ensured by health care professionals.
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The results of the current study also contribute to the user-oriented and relevance
studies in the information retrieval field. The findings not only deepen our knowledge
on the concept of relevance and enrich the relevance criteria identified in previous
studies, but also prove that relevance is a multidimensional phenomenon involving
complex sets of factors such as personal and situational factors. We tried to identify
some dimensions of this phenomenon. We believe that we achieved what we set out to
do, which was to document the relevance criteria and relevance judgement process for

medical images applied by health care professionals.

6.4. Further research

We have suggested further areas of research in chapters 5 and 6, and have identified
additional topics for future research. This study implies the importance of an inductive
approach for relevance studies. It was important to study the relevance judgments and
relevance criteria as perceived by participants as had been mentioned by some other
researchers in the past (Barry, 1993; Schamber et al., 1990; Park, 1993; Saracevic,
2007). All the criteria we identified emerged directly from the data we collected, using
interviewing and think-aloud techniques. Therefore, adopting a grounded theory
approach for the study of image relevance judgment in other disciplines could be

appropriate for future work.

This has been the first study of its kind to investigate the relevance criteria for medical
images applied by health care professionals with a grounded theory approach. However,
due to the limited number of participants interviewed, we expect that more similar
image relevance studies will help to examine the credibility and trustfulness of the
criteria we identified. In particular, we suggest that researchers conduct more medical
image relevance studies, and investigate the relevance criteria applied by specific groups
of health care professionals. We also suggest that image retrieval system developers and
designers could use the findings of this experiment to improve image retrieval systems,

and thus respond better to the image information needs of users.

One potential area for further research is the way that health care professionals look for

images in the image resources they use, their search strategies, the way that they interact
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with image search tools such as Google image search, and the differences and driving
factors of their image seeking behaviour. The current research showed that health care
professionals looked for images in different resources, and that there were variations
between health care professionals not only in the relevance criteria they applied, but also
in terms of the way they searched for images in the image resources they used. Further
research is needed to clarify these variations. Future study should focus on the image
resources used by health care professionals, their interaction with image searching tools,

and the factors which drive their image information needs..

Another potential area for further research is to evaluate some of our identified criteria

in relation to the future design of image retrieval systems and medical image retrieval.
For example, dimensional size of images was a criterion mentioned by 72.41% of
participants. Inclusion of criteria such as dimensional size of images and modality will
improve the design of medical image retrieval systems and thus better satisfy health care

professionals’ pictorial information needs.

Although we identified topical relevancy as the most important and most frequent
relevance criterion for relevance judgment of medical images, we still need further
research about the nature of topical relevancy as a relevance criterion for the relevance

judgment of images.

6.5. Final words

Though the limitations of this study were discussed in section 3.12, we should bear in
mind here that one must be cautious in generalisation of the results of the current study.
Like ‘many other qualitative and user studies in the field of library and information
sciences, the current study was limited to a small group of participants from different
health and biomedical departments and, as the results themselves showed, the domain
related factors (such as modality of medical images or orientation) affect relevance
judgment of medical images. We also would like to mention that grounded theory has
been used by researchers in library and information science, but few of them mentioned

whether they reached saturation. Researchers who did mention they had reached
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saturation, did not state clearly when saturation was reached. We have reported that in

our study , we reached saturation after we had interviewed fourteen participants.

Summary

This chapter has drawn conclusions from our study, and discussed them in the light of
past research. It has also presented suggestions for further investigation. The chapter has
explained the main characteristics of relevance judgment, the relevance criteria applied
by health care professionals, and their image seeking behaviour. It has shown that
differences exist within the relevance criteria and medical image resources used by
health care professionals. The chapter has also illustrated that health care professionals
applied criteria beyond topicality (e.g. modality of image) for the relevance judgment of
images. Finally, this chapter has explained that relevance judgment of medical images
can be influenced by factors such as the image resources available, and the work

experience of participants.
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Appendix 1: Ethics approval from the NHS

NHS

National Research Ethics Service
South Shetfleld Research Ethics Committee
Upstairs 1wt Floor Vickars Corridor
Northern Genorat Hospttal
Hernies Road

Shetfoid
857AU

Teephone 0114 271 4207
22 August 2007

M Shahram Sedghi ikhaniar
Rosaarch Student

The University of Sheffieks
Deparntment of information Studies
Regent Court, 211 Portobelio St,
Shaffield, 51 4DP

Dear Mr Sadghi iikhantar
Full title of study: Relevance Criteria for Medical Images Used by Health

Care Professionals
REC reference number; OTAA13007 78

Thmkyouforyourb«svol%AumﬂM? rasponding to the Committee’s request for
further information on the ab bmitting revised documentation.

The further information haes been considered on behal of the Commities by the Chair

Confirmation of ethical opinton
On behaif of the Commities, | am plsased to confinm a favourable ethical opinion for the

above research on the basis described in the application form, protocol and supporting
documentation as revised,

Ethical review of research sites
The Commitise has designated this sty as exempt from site-specific assessment (SSA)

There is no requirement for other Local Research Ethics Commeitees to be informed or for
site-speciic assessment 10 be carriad out at each site

Conditions of approval

The favourable opinian is given provided that you comply with the conditions set out in the
attached document  You are advised 10 sty the conditions carefulty.

Approved documents
The finat list of documents reviewed and approved by the Commitlee is as follows

{Document Version Dats

{Application - B oiy 2007
lnvesigaior GV Shahram Sedghi A !
‘Brotocol - e !
cwm.g - SR RPN
Lwec from Sponsor ' “niversity of Shaffeid 126 Api 2007 !

Thos Resesrcts Iy Comemitton i an advisory committes 15 Yorkshire snd The Hombrer Strategic Health Authanity
Thie N t:onal Reseaivh Ethics Service INRES] regresenty e NRES Directowate within
Ure Navonal Patient Satety Agrncy and Research £lhics Committees i England
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Page 2
Letter from Sponsor University of Sheffield |02 July 2007
Pear Review Nige! Ford 14 June 2007
Campensation Arrangements University of Sheffieid |20 April 2007
Questionnaire: Interview Questions 19 July 2007
Letter of invitation to participant 20 02 August 2007
Barticipant information Sheet 20 02 August 2007
Participant Consent Form 19 July 2007
Response to Request for Further information 03 August 2007
A20 Application Formn 02 August 2007
Supervisor's CV Paul Clough
Supervisor's CV Mark Sanderson
R&D approval

All researchers and research collaborators who will be participating in the research at NHS
sites should apply for R&D approval from the relevant care organisation, if they have not yet
done so. R&D approval is required, whather or not the study is exempt from SSA. You
should advise researchers and local coilaborators accordingly.

Guidance on applying for R&D approval is available from
hitp:/Awvww. rdforum, nhs.uldrdform.htm.

Statement of compliance

The Committee is constituted in accordance with the Govemance Arrangements for
Research Ethics Committees (July 2001} and complies fully with the Standard Operating
Procedures for Research Ethics Committess in the UK,

Feedback on the appliication process

Now that you have completed the application process you are invited to give your view of
the service you received from the National Research Ethics Servica. if you wish to make
your views known please use the feedback form availabie on the NRES website at.

https ./iwww.nresform.org.uk/AppForm/Modules/Feedback/EthicalReview.aspx

We value your views and comments and will use them to inform the operational
process and further improve our service.

[ o7M13008/78 Please quote this number on all correspondence ]

With the Committee’s best wishes for the success of this project
Yours smcerety

Dr Matthew Hatton
Chair T

Email: Gordon.Riddefi@sth.nhs.uk
Enclosures: Standard approval conditions

Copy to: Mrs Greita Pearman, University of Sheffieid
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RESEARCH IN HUMAN SUBJECTS OTHER THAN CLINICAL TRIALS
OF INVESTIGATIONAL MEDICINAL PRODUCTS

Standard conditions of approval by Research Ethics Committees

1. Further communications with the Rese ics Committee

1.1 Further communications during the research with the Research Ethics Committee
that gave the favourable ethical opinion (hereafter referred to in this document as
“the Comrmittea”) are the personal responsibility of the Chief Investigator.

2. Commsncement of the research

2.1 Itis assumed that the research will commenice within 12 months of the date of the
favourable ethical opinion.

2.2 Inthe case of research requiring site-specific assessment (SSA) the research may
not commence at any site until the Committee has nofified the Chief investigator that
the favourable ethical opinion ig extended to the site.

2.3 The research may not commence at any NHS site until the local Principal investigator
(P1) or research collaborator has obtained research govemance approval from the
relevant NHS care organisation,

2.4  Should the research not commence within 12 months, the Chief Investigator should
give a written explanation for the delay. It is open to the Committee to allow a further
period of 12 months within which the research must commences.

2.5 Should the ressarch not commence within 24 morths, the favourable opinion will be
suspended and the application would need {0 be re-submitted for ethical review.

3. tion of ethical o

3.1 The favourable opinion for the research genarally applies for the duration of the
research. If it is proposed to extend the duration of the study as spacified in the
application form, the Committee should be notified.

4. Progress reports

4.1 Research Ethics Committees are required to keap a favourable opinion under review
in the light of progress reports and any developments in the study. The Chief
Investigator should submit a progress report to the Committee 12 months after the
date on which the favourable opinion was given. Annual progress reports shouid be
submitted thereafter.

4.2  Progress reports should be in the format prescribed by NRES and published on the
website (see

VD WA eSS OSA S uRap DI antE reyviay a B RIOGIRES nimEsu s s )

SOPs version 3.0 dated June 2005: v3.1 minor editing to NRES name change 1 Apri 07
SL-AC2  Approval conditions (research other than CTIMP)
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8.1

6.2

6.3

6.4

The Chief Investigator may be requested to attend a meeting of the Committee or
Sub-Committee to discuss the progress of the research.

Amendments

It itis proposed to make a substantial amendment to the research, the Chief
Investigator should submit a notice of amendment to the Committee.

A substantial amendment is any amendment to the terms of the application for ethical
review, or to the protocol or other supporting documentation approved by the
Committee, that is likely to affect to a significant degree:

(a) the safety or physical or mental integrity of the trial participants
(b) the scientific value of the trial
(c) the conduct or management of the trial.

Notices of amendment should be in the format prescribed by NRES and published on
the website, and should be personally signed by the Chief Investigator.

A substantial amendment should not be implemented until a favourable ethical
opinion has been given by the Committee, unless the changes to the research are
urgent safety measures (see section 7). The Committee is required to give an
opinion within 35 days of the date of receiving a valid notice of amendment.

Amendments that are not substantial amendments (“minor amendments”®) may be
made at any time and do not need to be notified to the Committee.

Changes to sites (studies requiring site-specific assessment only)

Where it is proposed to include a new site in the research, there is no requirement to
submit a notice of amendment form to the Committee. The Site-Specific Information
(SSI) form of the application form together with the local Principal investigator's CV
should be submitted to the relevant REC for site-specific assessment (SSA).

Similarly, where it is proposed to make important changes in the management of a
site (in particular, the appoirtment of a new Pl), a notice of amendment form is not
required. A revised SSi form for the site (together with the CV for the new Pl if
applicable) shotild be submitted to the relevant REC for SSA.

The relevant REC will notify the Committee whether there is any objection to the new
site or Principal Investigator. The Committee will notify the Chief Investigator of its
opinion within 35 days of receipt of the valid application for SSA.

For studies designated by the Committee as exempt from SSA, there is no
requirement to notify the Committee of the inclusion of new sites.
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7.2

8.1

8.2

83

84

85

9.2

2.3

Urgent safe QasuUres

The sponsor or the Chief Investigator, or the local Principal Investigator at a trial site,
may take appropriate urgent safety measures in order to protact research
participants against any immediate hazard to their heaith or safety.

The Committee must be notified within three days that such measures have been
taken, the reasons why and the pian for further action.

erious Adverse Events
A Serious Adverse Event (SAE) is an untoward occurrence that:

(a) resuits in death

(b) is life-threatening

[(»] requires hospitalisation or prolongation of existing hospitalisation
{d) resuits in persistent or significant disability or incapacity

(e) consists of a congenital anomaly or birth defect

" is otherwise considered medically significant by the investigator.

A SAE occurring to a research participant should be reported to the Commitiee
where in the opinion of the Chief Investigator the event was related to administration
of any of the research procedures, and was an unexpected occurrence.

Reports of SAEs should be provided to the Committee within 15 days of the Chief

Investigator becoming aware of the event, in the format prescribed by NRES and
published on the website.

The Chief Investigator may be requested to attend a meeting of the Committee or

Sub-Committee to discuss any concems ahout the health or safety of research
subjects.

Reports should not be sent to other RECs in the case of muliti-site studies.

Conclusion or early termination of the research

The Chief Investigator should notify the Committee in writing that the research has
ended within 90 days of its conclusion. The conclusion of the research is defined as
the final date or evert specified in the protocol, not the completion of data analysis or
publication of the resulits.

if the research is terminated early, the Chief investigator should notify the Commiittee
within 15 days of the date of termination. An explanation of the reasons for early
termination should be given.

Reports of conclusion or early termination should be submitted in the form prescribed
by NRES and published on the website.
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10.  Final report

10.1 A summary of the final report on the research should be provided to the Committee
within 12 months of the conclusion of the study. This should include information on
whether the study achieved its objectives, the main findings, and arrangements for
publication or dissemination of the research including any feedback to participants.

11. Review of ethical opinion

111 The Committee may review its opinion at any time in the light of any relevant
information it receives.

11.2 The Chief Investigator may at any time request that the Committee reviews its
opinion, or seek advice from the Committee on any ethical issue relating to the
research.

12. Breach of approval conditions

12.1 Failure to comply with these conditions may lead to suspension or termination of the
favourable ethical opinion by the Committee.
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Appendix 2: The invitation letter for participation in the study Services

ﬂw Unmnuy of smm.m

Rmm Court, 211 Pombcllo Street, Sheffield, S1 4DP, UK

Tal: (0)114-22 22630 Fax: {0)114-278 0300

Relevance Criteria for Medical lmlges Used by Health Care Professionals
Resssrchars: Dr. Mark Ssnderson, Dr. Faul Clough, snd Shahram Sedghi

Invitation Letter

Dear Madam or Sir

This letter is an invitation to consider participating in an investigation | am conducting as part of my
doctoral dissertation in the Department of Information Studies at the University of Sheffield under the
supervision of Dr Mark Sanderson and Dr Paul Clough.

The aim of this study is to find out how health care professionals search for and select medical
images that they need. Thus, 1 am looking for health care professionals who:

1- use any type of medical images.
2-- are skilled and knowledgeable internet and computer users.
3~ hold a degree in heaith and bio-medical sciences.
4-- have access to the internet.

The following health professionals are excluded from the study;
1--health care professionals who do not have an academic degree.

Your participation is of course voluntary and it would involve an interview of approximately thirty
minutes to take place in a mutually agreed location. Your work will not be affected in any way by your
participation or lack of participation in this study.

This study has received approval through NHS South Sheffield Research Ethics Committee.
Confidentiality of the survey participants will be maintained; all data obtained in the study will be
rendered anonymous at the earliest possible time. All data collected during this study will be in a locked
and secure place. With your permission, the interview would be tape-recorded and later transcribed for
analysis. Shortly after the interview has been completed, 1 would send you a copy of the transcript to give
you an opportunity to confirm the accuracy of our conversation and to add or clarify any points that you
wish.

Before you decide whether or not you would like to take part, please read the information sheet that |
enclosed with this letter. If you have any questions regarding this study, or would like additional
information to assist you in reaching & decision about participation, please contact my supervisors or me
at 0790 844 1425 or by email at s.sedghi@shef ac.uk.

I hope that the results of my study will be of benefit to all health care professionals and medical
image retrieval system designers. When the project is completed, I will send you a summary of the
findings. | very much look forward to speaking with you and thank you in advance for your assistance in

this project.
Yours Sincerely
Shahram Sedghi
Research Student

Reforence No: WIMSMO {South k Ethics C

Version 2.0, Date: 00"
Name of Appimm Shahram Sedghi lihaniar
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Appendix 3: The invitation email for participation in the study

Dear Madam or Sir,

As part of my PhD, I am conducting research looking at how health care and
biomedical professionals search and select images they need. I would like to interview
health care and biomedical professionals for about forty minutes in a mutually agreed
location.

Delicious chocolate rewards are provided after completing the interview!

If you are interested, please contact me, Shahram Sedghi, at 0790 844 1425 or by email
at s.sedghi@shef.ac.uk. You can also contact the study supervisors Dr Mark Sanderson
on m.sanderson@shef ac uk and Dr Paul Clough on p.d.clough@shef.ac.uk. We will be
more than happy to answer your questions.

All data collected will be anonymised and kept confidential as the study was approved
by both NHS Research Ethics Committee (NHS REC) and the University of Sheffield
Research Ethics Committee (‘U- REC’).

The results of my study will be of benefit to all medical image retrieval system

designers and users in general and health & biomedical community in particular.

Warmest Wishes,

Shahram Sedghi, MSc, PhD(C)
Department of Information Studies,
Information Retrieval Research Group
The University of Sheffield, UK

Fax: +44 (0)114 2780300

Relevance criteria for medlcallmages applied by health c‘iifé-‘i;rofessionals
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Appendix 4: The information sheet of the project

% The University of Shefficld

= Department of Information Studies
w Regent Court, 211 Portobello Street, ShefYield, S1 4DP, UK
~ ot

Tel: +44 (0)114-22 22630 Fax: +44 (0)114-278 0300

Relevance Criteria for Medical Images Used by Health Care Pr
W Researchers:

Dr. Mark Sanderson, Dr. Paul Clough, and Shahram Sedghi

information Sheet
1. Project Titie

Relevance Criteria for Medical Images Used by Health Care Professionals
2 invitation paragraph

Thank you for your cooperation. We are Sheffield University researchers based at the
department of Information Studies and are asking your help to find out what criteria of
relevance Health care professionals use when searching for medical images and how they
select medical images that they need. Shahram is doing this research as part of his PhD
degree. Before you decide it is important for you o understand, why the research is being
done and what it will involve. Talk to others about the study if you wish. Please read this
information sheet carefully and if there is anything that is not clear or you need more
information, please do not hesitate to ask us, Even if we cannot speak to you immediately,
one of our team will get back 10 you. Please, take time to decide whether you wish to take pari
or not. If you decided not to take part in the study, you do not have to return the reply slip.

Thank you for reading this.
3. What is the purpose of the project?

The aim of this research is 1o elicit and document the relevance and selection criterig that
users apply when seeking for medical images and provide recommendations and stralegies
that could assist medical image retrieval research groups to improve medical image retrieval

systems. This study is a part of a PhD research project.
4, Why have | been chosen?
Y ou have been chosen because we are looking for health care professionals who:
1- use any type of medical images.
2~ are skilled and knowledgeable internet and computer users.

3— hold a degree in health and bio-medical sciences.

Reference No: 07/h1300/76 (South Sheffield Research Ethics committee) 1
Version 2.0

Date: 2/08/2007
Name of Applicant. Shahram Sedghi likhanlar
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w The University of ShefMield
1 Department of Information Studics
'%0 Regent Court, 211 Portobello Street, Sheflicld, St 4DP. UK
Tek +44(0)114:22 22630  Fax: +44 (0)114-278 0300
Relevance Criterin for Medical Images Used by Health Carce Professionals
W Researchery:

Dr. Mark Sanderson, Dr. Paul Clough, and Shaham Sedghs

The following Health care professionals are excluded from the study

1-health care professionals who do not have an academic degree.
5. Do i have to take part?

No. Your participation in this study is of course voluntary. You mav decline to participate
I you decide to participate, you will be given this information sheet to keep, and you will be
asked to sign a written consent form. You can still withdraw at any time and your decision
about not participating will not affect vour job. You do not have to give a reason if you
withdraw from the study prior o ils completion. If you withdraw, your data wili be retumed
10 you or desiroved.

6. What will happen to me If | take pant?

You will be asked 10 participate in an interview and to perform a real medical image
search based on vour information needs. Before siarting. panticipants will be asked to
complete a consent form. The data collection (both interview and medical image search
sessions) will last about 30-40 minutes (although the interview can be longer if you wish).
Data collection can take place in vour department, in a convenient room and at a mutually

convenient time for vou.

During the interview, participants will be asked 1o describe one of their recent medical
image needs. Investigator also will ask participants to describe their specific medical image
needs, the sources that they obtained images, image searching queries. medical image
selection process, and their final medical images uses.

Each participant then will be asked to perform a real medical image search based on
information needs that is developed independently by the participant and s/he discussed it in
the interview session, The panicipants will first be asked to go 1o 8 website they usually use to
search medical images. If participants do not know online medical image collections
available, the researcher will suggest some online medical image collection to the
participants. based on the types of medical images they are looking for Researcher will ask
Referance No: 07/h1309/76 (South Sheffield Research Ethics commitiee) 2
Version 2.0

Date: 208/2007
Name of Applicant: Shahram Sedghi likhantar
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‘The University of Sheffield

Department of Information Studies

Regent Court, 211 Portobello Street, Sheffield, S$1 4DP, UK

Tel: +44(MHIT-22 22630 Fax: +44 ()1 14.278 0300

Relevance Criteria for Medical Images Used by Health Care Professionals
Researchers:

Dr. Mark Sanderson, Dr. Paul Clough, and Shahmm Sedghi

some questions about the criteria that participants apply when they choose a certain medical
imags as a relevant image 1o their information needs.

While the process of note taking and writing the memos is paramount, the researcher will
record inlerview on awudiotape with your permission. The data collection session does not
include any sensitive issues, and you are free not 1o respond any guestion that vou do not like
without baving to give a reason. All recorded data. including audiotapes will be hold in a
locked drawer in the depariment of Information studies at the University of Sheffield. After
Shahiram completes his PhD, all data will be destroyed.

7. What do | have to do?

if you are interested in participating, please complete the enclosed reply slip, indicate your
interest and provide your details, and contact information so that the researcher from the
University of Sheffield can contact with you, You will be asked o participate in an interview
soon after completing and returning the reply slip. You will be asked to describe one of their
last experiences about medical image search during the interview. Researcher also will ask
you to perform a medical image search,

8. What are the possible disadvantages and risks of taking part?

‘There are no known disadvantages or risks associated with this experiment, and we do not
anticipate any disadvantages or specific risks will be associated with this stady.
9. What are the possiblie benefits of taking parnt?

Researchers in information retrieval and computer science departments can benefit from
this research by gaining a better und wing of how Health care professionals judge the

refevance of medical images and which criteria of relevance are used by them. The results of
this study can help researchers in information retrieval and computer science departments o
design and improve medical image retrieval systems, therefore people in medical departments

also benefit from this experience.

10.  What happens if the research study stops eartier than expected?

Reterence No: 07/h1309/76 (South Sheffield R h Ethics ittee) 3
Version 2.0

Date: 2/08/2007

Name of Apg 8 Sedghi likhanlar
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The University of Shefficld

Department of Information Studies

Regent Count, 211 Portobedlo Street. ShefTicld. S1 4DP, UK

Tel: +44 ((H114-22 22630 Fax: +44 (M 14-27R 03X

Relevance Criterin for Medical Tmages Used by Health Care Professionsls
Rescarchers:

Dr. Mark Sanderson, Dr. Paul Clough. and Shahram Sedghi

1f this is the case, the reason(s) should be explained to the participant.
11, What will happen if something goss wrong?

Since there are no known disadvaniages or risks associated with this study. it is wlikely
that you will be harmed. If you wish ‘o raise 8 complaint about the way vou have been dealt
or anv possible harmn you mught suffer in the first insiance vou can comtact Dr Mark
Sanderson or Dr Paul Clough in the department of Information Studies. at the Umiversity of
Sheffield vis email (msandesondshelacuk , p.d.cloughieshefac uk ), phone (0114 2222

648, 0114 2222 664) or send a letter to:

Dr. Mark Sanderson/ Dr. Paul Clough,
Department of Information Studies,
The University of Sheflield,

Regent Court, 211 Portobello St.
S1.4DP, UK, Sheffield

If vou are not satisfied with a response, please contact Dr David Fletcher, the Registrar at
the Umversity of Sheffield:

Dr David Fletcher

Firth Court.

Western Bank,

Sheffield,

$10 2TN.

Tel: 0114 22 21100

Email.D E Fletchera:shef ac.uk

12. Wil my taking part in this project be kept confidential?

Apart from when we first write 10 vou and if we contact you to confirm the time to visit,
we will not be using your name, address or telephone number. The data obtained in the study
will be kept confidential. All information provided by vou or recorded by the researcher will
be kept under code number and will not be linked to your name. Data will be available only to

Raference No: 07/h1309/78 {South Sheffield Research Ethics committee) 4
Version 2.0

Date: 2/08/2007

Name of Applicant: Sh Sedghi likh
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The University of Sheffield
e Department of Information Studies
P2l Regen Court 211 Portobello Sircet, Sheffietd. $14DP. UK
Tel; +44(0)114-22 22630 Fax: +34 (()114-278 0300
air‘ g Relevance Criteria for Medicat Images Used by Health Care Professinnaly
Wg Researchers:
Dr. Murk Sanderson, Dr, Paul Clough, ard Shadwam Sedghi

the persons conducting the study unless you specifically give permission in writing to allow
us to do otherwise. All information will be in n locked drawer at the Department of
Information Studies in the University of Sheffield. All information will be destroyed

immediately alter Shahram completed his PhD.
13.  What wili happen to the results of the research project?

You will receive a summary of the results. The results will also form a part of a PhD
thesis, which will be available from the University of Sheffield library or the depariment of
Information Studies. Additionally, researchers may present the results of the study in research

conferences or publish in peer reviewed joumnals,
14.  Who is organising and funding the research?

Shahram is conducting the study as part of his PhD research. This study is sponsored by
the Ministry of Health and Medical Education of Iran.

15.  Who has reviewed the project?

This study has been reviewed by research committee of the departrment of Information
Studies and South ShefTield NHS Research Ethics Committee.

18. Contact for further information

1 you would like further information about the study. please contact Dr Mark Sanderson,
Dr Paul Clough, or Shahram Sedght by using following contact information:

Tale Dr First Namefinitiats: Mark Last Name: Sanderson
Post Reader Department: Information Studies

Address

Department of Information Studies

The University of Sheffield,

Regent Court, 211 Portobetio St,

§14DP, UK

Email msanderson@shef.ac.uk  Telephone: +44 114 2222 648

Title  Dr First Namefintials- Paul Last Name: Clough
Post.  Lecturer Department; Information Studies

Address.

Department of Information Studies

The University of Sheffield,

Regent Court, 211 Portobelio St,

Reference No: 07/h1309/76 (South Sheffisld Research Ethics committee) 5

Version 2.0
Date: 2/108/2007
Name of Applicant: Shah Sedghi llkh
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vy The University of Shefficld
- Department of Information Studies
wm Regent Court, 211 Ponobello Strect. Sheffield, St 4DP, UK
Tel: +44(0)114-22 22630 Fax: +44 (0)1 14-278 0300
@ Relevance Criteria for Medicsl Images Used by Health Cure Professionals
W ' Researchers:
= Dr. Mark Sanderson, Dr. Paul Clough, and Shabram Sedghi

$140P, UK

Email: pdciough@shefacuk  Telephone. +44 114 2222 664

Title:  Mr First Name/initials: Shahram Last Name: Sedghi llkhaniar
Post:  PhD Student Department; information Studies

Address:

Department of Information Studies

The University of Sheffiekd,

Regent Court, 211 Portobelic St,

S14DP, UK

Email. s sedghi@shefac.uk Telephone +44 (0)790 844 1425, +44 114 2222 666

Researcher and his research supervisors are thankful for considering taking part and
taking time 1o read this sheer.

Reference No: 07/h1309/76 (South Sheffield Ethics ) 6
Version 2.0
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Appendix 5: Reply slip

The University of Sheffietd

@ of information Studik
&

Regent Count, 211 Pontobello Street, Sheffield, St 4DP. UK
QR 1o 114222260 Fax: +a1 (01142780300
Relevance Criteria for Medical Images Used by Health Care Professionals

Rescarchers
ﬁﬁ Dr. Mark Sanderson, Dr. Puul Clough, and Shabram Scdghy

Reply Stip
Dear Madam or Sir

1 am a PhD student in the Depariment of Information Studies at the University
of Sheflield. I am conducting a research project on “Relevance Criteria for
Medical Images Used by Health Care Professionals™ and 1 would like to invite
you {o participate in this study,

I have enclosed an Information Sheet about the project with this pack: please

take time to0 read it. If vou agree to participate in this research, please sign
below. Your help is very much appreciated.

Signature; ..........ooooeeenen . DatELL L

NI o e e e e
Email address:. ... ...
Address:

PostCode: ... .. ... ... ...
Telephone: ... FAXLL

* There is also a postage paid reply envelope provided in which to return the
reply slip. If you are potentially interested in participating, please send back the
reply slip or fax it 10 0114 278 0300 or contact me at 0790 844 1423 or send an
e-mail 10 s.sedghi’gshefac.uk. You may also contact my research supervisors
directly, Dr Mark Sanderson at (0)114 2222 648 or by email
m sandersoniishef.ac.uk or Dr Paul Clough at (03114 2222 664 or by email
p.d.cloughidshef ac.uk As soon as you contact us, 1 will contact you fo arrange
for the interview.

Yours Sincerely

Shahram Sedghi

Research Student
Referance No: 07130978 {South Sheffield R Ethics Ci
Date: 19/07/2007
Name of A Sh ght likhantar
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Appendix 6: Consent form

The University of Sheffleld
Dapartmend of Information Studies
H L Regent Cowt. 211 Portobwiia Sheet. Shefbeld. 81 40P, UK
Tok (A2 760 Fax: 114278 0300
Ralevance Criterin for Medical Images Used by Health Care Protessionsie
Reusrchers Dr Mark Senderson. Dr Pat Clough. and Shaham Sedghi

bt

Consent Form

Title of Project: Reievance Criteria for Medical Images Used by Health Care Professionals
Name of Researcher: Shahram Sedghi likhaniar

Participant Identification Number for this proj

Please initial box

1. | confirm that | have read and understand the information sheet for the
above project and have had the opportunity {0 ask questions

2. lundi d that my participation is vok y and that | am free to withdraw D
at any time without giving any reason.

3. 1 understand that the interview will be audio taped and my responses will be
anonymised before analysis. | give permission for bers of the h
team to have access to my anonymised responses

4. | agree to take part in the above research project. [:I
Name of Participant Date Signature
tead Researcher Date Signature

Rutarance No: 07M1309/78 (South Sheffieid Research Ethics Committee)
Date: 19/07/2007
Name of Applicant: Shahram Sedghl iikhantar
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Appendix 7: Interview protocol

The University of Sheffield

Department of Information Studies

Regent Court. 241 Portobello Street, Shefficid. S1 4DP, UK

Tel: +44 (011 14-22 22630 Fax: +44 ()1 14-278 0300

Relevance Criteria for Medical Images Used by Heaith Care Professionals
Rescarchers:

D Mark Sunderson, Dr. Paul Clough, and Shahram Scdghi

Interview questions
1. Demographic information (profession, status, frequencies of image
search)
s Proflession
s Work experience

s Frequencies of medical image search

2. Information needs analysis:
o Please, think about one recent job-related situation in which vou needed 10 find
some medical images.
s Could you please describe in detail why vou needed medical images? What kind of
medical image did you want?

3. Information source analysis:

s Where did you search for the image information® Why Xonline . offline or physical)

¢ Wiy do vou use these resources 1o find medical images that vou need?

¢ Do you use any online medical image collection to find medical images that you
need?

-If ves, please name the image collections that you use.
-1 not, why you do not use medical image collection”

e Do you think that there should be image retrieval systems specially designed for
medical images? If so, what are vour requirements for an ideal medical image
collection? What kind of information and preview facilities /tools (such as Browse
through collection, thumbnails, hierarchical Classification) do you expect 10 have?
Would you like 1o have? Why?

4. Image search questions:

s How did vou begin your search? (e.g., the tools that you used, the actions you look)

Reference No: 07/h1308/76 {South Sheftield Research Ethics committee) 1
Date: 1920772007
Name of App : Shah dghi B
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The University of Shefficld

Department of Information Studies

Regent Court, 211 Portobelio Street. Sheffield, S1 4DP. UK

Tel: +44 (03114-22 22630 Fax: +44 (D114-278 0300

Retevance Criteria for Medical Images Used by Health Care Professionals

Researchers:
0 7Y Dr. Mark Sanderson, Dr. Paul Clough, and Shahram Sedghi

Can vou think of other search methods? (e.g., search by example image. sample

sketch, colour, navigational) Will they work or not? Why?

5. Browsing surrogates/relevance judgment questions:

When vou are looking for medical images, what kind of information (Diagnosis.
technical information. size of images, visual attributes, thumbnails, description and
discussion, clinical summary, demographic information such as age, sex) did you
look for first or seemed most important to you? Why?

If both textual (all annotations including Diagnosis, treatment, description and
discussion, clinical summary, demographic information, technical attributes of
images, size of images, date, place, etc) and pictorial {visual) information was
available when viewing an individual image, which information was more
important to you; Textual or Visual? Why?

Was it difficult for you find what you wanted? Why?

Do vou think that the svstem that you used provided enough information for you to
search medical images? why?

If not, what other kinds of information did you want to have? Why?

What relevance criteria, you applied in some specific cases” Can you please
describe them in detail?

In those cases, what kind of image attributes and surrounded information (e.g.,
demographics, annotations) seemed mos! important to you? Why?

6. After seeing and selecting images

After you saw and chose the images, were you satisfied with the results? why?
1 not, what disappointed you?
What information did you expect to have in the surrogates / metadata?

In general, how do you describe a relevant image to your information needs?

7. Image use

Reference No: 07/h1308/76 (South Sheffield Research Ethics committee) 2
Date: 19/07/2007
Name of Applicant: Shahram Sedghi ltkhanlar
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The University of Sheffield

Department of Information Studies

Regent Court, 211 Portobello Street, Sheffield, S1 4DP. UK

Tel: +44(03114-22 22630 Fax: +44 (0)114-278 0300

Relevance Criteria for Medical Images Used by Health Care Professionals
Researchers:

Dr. Mark Sanderson, Dr. Paul Clough, and Shahram Sedghi

* How did you use the image?(edit image, change the size, add captions, etc)

8. In general, when you search medical images, what criteria /metadata/
surrogate do you think are most important? (Please name the top five

criteria)

9. Is there anything else that you would like to say?

Thank you very much!

Reference No: 07/h1309/76 (South Shettield Research Ethics committee) 3
Date: 19/07/2007

Name of Applicant: Shahram Sedghl likhanlar
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Appendix 8: Publications
SEDGHI, S., SANDERSON, M. & CLOUGH, P. (2008) A study on the relevance

criteria for medical images. Pattern Recognition Letters, 29, 2046-2057.
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Age and Gender

Availability
Colour

Copyright

Credibility

Image quality

Magnification

Modality

Orientation

Originality

Recency

Size

Targeted audiences

Technical Inf;)rmation

Topicality

Relevance criteria for medical images épplied by health careprofesswna]s

Appendix 9: A summary of image relevance criteria
Whether the age and gender of patient was
explained or not.

Whether the image was available or not.

Whether the image was a colour image,
monochrome or blank and white image.

The copyright of an image. E.g., whether the image
could be presented in public or the content of the
image could be used for publication purposes.
Whether the image was obtained from a reliable
source or not. The participants wanted to choose
images from resources or people whom they
trusted.

The photographic quality of image content;
whether the image content was clear to see.

What was the magnification scale of an image, and
if it was a magnified image the magnification was
shown in the image or text.

The type of an image such as MRI, X-Ray, PET,
CT scan, Pathology image and Electron
microscope images.

How the objects were presented in the image and
from what angles or direction images were taken.
Sometimes the participants wanted to find medical
images in original format without any
manipulation. Original medical images are large
files and stored in electronic medical image
archiving systems such as DICOM.

The date of production of an image. Participants
wanted to find more recent images to use.

The dimensional size of an image the participant
was interested in. -

Whether the image was targeted at certain
audiences the participant wanted to focus on
Whether the methods and materials used to
produce an image was explained or not.

The aboutness of an image. Whether the image
visually illustrates what the participants were
interested in. The participants used visual
appearance of images and textual information to
assess the topicality of images.



