University of

Shefﬁeld

Curriculum development in dental education
through the lens of environmental sustainability

Jonathan Dixon

Supervisors: Professor Nicolas Martin, Professor James Field,
Dr Harriet Baird

A thesis submitted in partial fulfilment of the requirements for the
degree of Doctor of Philosophy

Faculty of Health
School of Clinical Dentistry

December 2024



Table of Contents

ABSTRACT ....cuiiiiiiiieceerterresressestessessossessosssssesssssesssssesssssesssssesssssesssssasssssassassasssssassassasssssassassassasss 6
ACKNOWNLEDGEMENTS .....cciiuiiiieiieiieniesiestestessestossastossastessassessassesssssassassassassasssssasssssassassasssssassanss 7
PHD BY PUBLICATION — CANDIDATE STATEMENT ....c.cuiieiiuiieiieiieieieieiestetescessescessasssssssssssssssssssscs 8
PRINCIPAL INVESTIGATOR AND FIRST AUTHOR «evuutettunteruueesunsersnneessnnsessnseesnnsessnssessnsessssssnsssssnssensnssesnnsesnnnns 8
CO-AUTHORED COLLABORATIVE PUBLICATIONS «vuuutttuntetuunterunseesuseesnnsessnnsersnseessnsssssnsesssssessnssessssessnasssnnssees 9
SIGNED BY THE CANDIDATE, JONATHAN DIXON ..ceuuiiiiiiiiiiieiieeeiie ettt etieeeti et e eeeie s eenie e et s eenneeernnene 10
GLOSSARY OF TERMINOLOGY AND ABBREVIATIONS. ......ccciuiieiiaieieienieeiencetescacsoscacsoscassasssnsssssnss 1
LIST OF FIGURES AND TABLES.......ccciuiieiieiieiiaiieiietieiiasiestesiestassessassossassassassassassassassassssssssssssssssssns 13
TADUES. ...ttt et et e e e e ettt e e et et et e ettt et aaaeetaataaanns 13
FUGUIES ettt ettt et te et e et e et e et s aa e ta e ea et et aan s ana et aannstnneanneanneennaens 14
CHAPTER | = INTRODUGCTION ....ceuiiiiuiiaieiienienianieniastessassossassossassessassassassassassassassasssssassssssssssssssssss 16
PRIMARY RESEARCH QUESTION .vuttntniuntneteenenernesesnesesnesesnesesnssesnesssnssesnssesnssesssssssesssssessesnssssesnesnenssnsnns 18
SECONDARY RESEARCH QUESTIONS . et tuuinttetneuetneternesesneseresessseseesssessesssssessesesssssssesessssessesesnssesnesesnssnsns 18
CHAPTER 11 = LITERATURE REVIEW ......ccuiiuiiuiiniieinieiasieniaietastestassossassosssssassassasssssasssssasssssssssnss 19
INTRODUGCTION ... tttuttttnnettnteteueetuaettueettaetetnaesetneeeanesetanesereneseanesetenesetnnesennnseesnnsenenseesnnsseennseeenssennns 19
METHODOLOGY .. ettuietnieetntetuueetui ettt ettue s etaa s etaaeetaesetaneseteaesaaneseaenesetnnesetnnseesneserenssesnnssesnsseeennsennns 19
OUTLINE OF THE LITERATURE REVIEW ..cctutiiiiiietiie ettt et et et e ettt s ettie e etn e setne s e eeneetaneseanaeeeeneseennesennnnns 21

1. DENTAL EDUCATION ettt ettt ettt st ettt e et e et et e e e eea s e taa s etaa s e enaeeetaneeeanneseenaseeennsennns 22
1.1. The Origins of Dentistry and Dental EQUCATION ............c.couueiiuieieiiieeiieeiieeieeeie e et eeeeeeeeneens 22

1.2 Defining DENtal EQUCATION .........ceuueeuiteeiie et et e et e et e teete et s et e eaeeaseansaneensanneennaens 24

1.3 DefiNiNG the CUITICULUM ..c..ceuniiniii ettt ettt et te e te et s et e ea e et s ansaneensenneennaens 26

1.4 How is the Dental Curriculum DelVEred?..........ccuuveuiiuiiieeiieeiie et e eieeeiee e et e e eee e e eens 29

1.5 The Nature of Learning, Teaching and Assessment in Clinical Dentistry............ccccceeveueeeneennnnen. 34

1.6 The Capabilities of the Graduating DENTIST..........ccuveuiiuiiieiiieeiie ettt et eeeeeeevaeens 36

1.7 Stakeholders of Dental EQUCATION ..........ceueiuiiiiieeee ettt et ete et e et e e e eaeeae et eeaeeeneanneens 41

1.8 Convergence and Harmonisation of Dental Education in EUrOpe ...........cccceeveeiviniiineiineninnennnnnn. 42

2. CURRICULUM DEVELOPMENT IN RESPONSE TO EMERGING PRESSURES AND CHALLENGES ......cevvuuieinnniennnennnnne 45
2.1 The Evolving Dental CUITICULUIM ...........coeuuiiuiiie ettt et e et e e et et e e e teetseeeeseennaannns 45

2.2 Drivers for CUrriCULUM CRANGE ......c..euueiiiiieie ettt et e e et et e e et eteeaeeseennaannns 47

2.3 The Challenges Facing Higher Education INStEUTIONS ........ccuuveueiiriiiiieiiieiieeiie et eteeeeeneenans 50

2.4 Curriculum DevelopmeENt MOGEIS ..........eu et e e e e e e e e s e e e e eaeenaenns 51

3. ENVIRONMENTAL SUSTAINABILITY IN DENTISTRY: AN EMERGING CHALLENGE ......cttuuiiiniieinnieenieetnneenneeennnens 52
3.1 What is Environmental SUSTAINaADIlItY? ............oeneeneeeeeiie ettt e e e e e e e e e e eas 52

3.2 Is Dentistry CUurrently SUSLAINADIE? ...........ceneenieniieeee et ee e e e e e e e e e e e eaees 55

3.3 Strategic Environmental Concepts to Achieve Change in the Profession ..........c.ccccceeveeueeenneen. 62

3.4 Areas of Focus to Deliver the Strategic Environmental CONCEPLS .....c..veueveueeniiineiineeiineeieeennenns 67

3.5 Cross-cutting Strategies for Environmentally Sustainable DentiStry ..........ccceeeeeeeieeenneeneennnnnn. 72

3.6 Focused Strategies for Environmentally Sustainable DentiStry..........ccoeueeeueeeeiiineiineeeneeneeennnn. 74

3.7 Drivers and Barriers to Environmentally Sustainable Change in Dentistry .........c.ccceeeuveeneenneen. 79

4. ENVIRONMENTAL SUSTAINABILITY IN UNDERGRADUATE DENTAL EDUCATION ....uiiiiiiiiiiiiiiieiieceie e 81
4.1 Support for Environmental Sustainability in Dental EQUCAtION ..........ccc.veuiiuiiuiinieniieeieiieeeenenns 81

4.2 Is Environmental Sustainability Currently Taught in Undergraduate Dental Education? ............ 81

4.3 Barriers to Teaching Environmental Sustainability in Undergraduate Dental Education............. 82

2



4.4 Key Principles to Embed Environmental Sustainability in Undergraduate Dental Education...... 83

B SUMMARY ..ttt et ettt et et et et e et e et e et e et e et et et eaunetanttueaattaaneaaatan et et ettt eanaanneenneens 89
CHAPTER Il - AIMS AND OBJECTIVES OF THE RESEARCH .......ccuciiuiiteiieniieniiencrnncrnncennceessecssacssnsnns 91
AAIM ettt ettt ettt eta e ea e ta et aa et et et et et ettt ettt eanneaneaneanarannes 91
OBJECTIVES .ttt ettt et ettt etueetuestueeasesesnsesaeeensesasasaseenssensstnssesssenssesssesssssssesnsesnseensssnssennsenssenssennsens 91
PROPOSED RESEARCH PLAN ....ceuuitiitiitieiittie et et e tiee et e et e ete et e et et etueennetnseennsenestnnsennsennsensennsannnes 91
The current state of dental edUCAtION iN EUIOPE ........ueueeueeieeeeeeieeieeieeieeieeeeieeeeteeaesnesneeneenesnnanns 92
How can ES be embedded into the undergraduate dental curriculum?............ccccevveeiiineiineienneennnnn. 92
Evaluation of the impact of ES in the undergraduate dental curriculum...............cccccceeeueeeneeennennnnnn. 92
CHAPTER IV - THE CURRENT STATE OF DENTAL EDUCATION ACROSS EUROPE........cccccceteeereenrnnnnns 94
OVERVIEW «euttuetuetu et etnetuetueeeuestneeesnsesasssnseensssnsesnseenssenssenssesssenssssssssssssnsesssessssensssnssenssenssenssenneens 94
CANDIDATE CONTRIBUTION 1. ttuetunetunttueeeeneenneeseeeeneesnsesnseenssenssenssenssensssssssssssnssssnssssssensssnsssnseenssensssnsens 95
A SCOPING REVIEW ON THE REPORTING OF ORAL HEALTH PROFESSIONAL EDUCATION IN EUROPE......c.cctuereennennnee 96
14 oo (8 o] 1 (o] o BN 96
DY o 96
7 [=14 g ToTo (0] o= VAPPSR PPR PR 96
RESUILS ..ottt ettt ettt e e et e et e et et et et st et st ea st st stnatnsanasnasnstastastnsnnsnasnasrassessnsnnees 97
|tC (=) ] Lo N 97
AVISION FOR ORAL HEALTH PROFESSIONAL EDUCATION IN EUROPE ...cuuivuniineiineineiieeneenreneenneenneenneennaennns 120
14 oo (3 o] 1 o] o HO 120
7 (=14 gToTo (o] o= VOO O RO PP UPTPPTPPPRt 120
TS0 | R 120
= (=177 ] o Lo 121
ARTICULATE: A EUROPEAN GLOSSARY OF TERMS USED IN ORAL HEALTH PROFESSIONAL EDUCATION. ............... 128
14 oo (3 o] 1 o] o HO 128
.o T 128
7 (=14 gTeTo (o] o= VOO TP P TR PP TP UPTPRPPPPRt 128
RESUILS ..ottt ettt e et et et et et et e e et et et e e aaasn et tnataaanaanaanaanernarnaenaenans 128
= (=177 ] Lo T 129
A VIEWPOINT INTO THE CURRENT STATE OF ORAL HEALTH PROFESSIONAL EDUCATION IN EUROPE: PART 1:
PROGRAMME-=LEVEL DATA ... tiitieti ettt ettt et e et e ete et e et e et et eeaseannsennsannsanssannsennsannsesnsennsennneennennns 144
14 oo (3 o] 1 o] o HO 144
WY o SR T Lo O o) (= Ted 1 A= T 144
7 (=14 gToTo (o] o= VOO O PR PP TP UPTPPPPPPRt 144
YU | 145
= (=177 ] Lo T 145
A VIEWPOINT INTO THE CURRENT STATE OF ORAL HEALTH PROFESSIONAL EDUCATION IN EUROPE: PART 2:
CURRICULUM STRUCTURE, FACILITIES, STAFFING AND QUALITY ASSURANCE. ..vututunenienrnereneeerneseenceneneseencensnes 163
WY o ISRz Tl O o) (= Ted 1 A= TP 163
7 (=14 gToTo (0] o= VA O O PR PP TP UPTPPTPPPNt 163
TS0 | 163
= (=177 ] o Lo 164
CHAPTER V - CURRENT TEACHING PRACTICE FOR ENVIRONMENTAL SUSTAINABILITY IN DENTAL
EDUGCATION ......cuiieiiieiiieectnectnncreceessenssasssasssasssnsesnssssssssssssssssssssssasssnsssnsssnsssnssssssssssssssnsssasssnsssns 179
OVERVIEW etttttttieetueetueetneetneetueetuetueensstnseenssenssanssesnsesnsssssesssssssssssesnsssssssnssensesnseensssnsssnnsenssenssenneens 179
CANDIDATE CONTRIBUTION 1. ttuetunetunetunetunetnneenseenesenesennsennsesssesssesnsssssesnsssssssnssensssnssensssnsssnssenssensssnsens 180



ENVIRONMENTAL SUSTAINABILITY IN ORAL HEALTH PROFESSIONAL EDUCATION: APPROACHES, CHALLENGES, AND

DRIVERS—ADEE SPECIAL-INTEREST GROUP REPORT. .. .tvutiietneiuetneeenetnnetueenertnneensennsenneesnsennsenseensennns 181
14 oo [0 o] 1 o] o HO 181
.0 TSP 181
7 (=14 gToTo (0] o= VOO P P O RO R PR UPTPPPPPPNt 181
TS0 | 181
= (=177 ] Lo 182

CURRENT PRACTICE, BARRIERS AND DRIVERS TO EMBEDDING ENVIRONMENTAL SUSTAINABILITY IN UNDERGRADUATE

DENTAL SCHOOLS IN THE UNITED KINGDOM AND IRELAND ...evuuetunetnnetueeneenneenneenerenerensennsennsesnsennssnnnennsennns 192
14 oo (3 o] 1 o] o B 192
.0 TP 192
7 (=14 gToTo (o] o= VOO P P OO PP UPTPRTPPPRE 192
YU | R 7193
= (=177 ] Lo 7193

CHAPTER VI - DEFINING LEARNING OUTCOMES AND EXPLORING STRATEGIES TO EMBED
ENVIRONMENTAL SUSTAINABILITY IN DENTAL EDUCATION.......ccccieiieiiecrncrnncenceescecssacssasssnnses 200

OVERVIEW etttntttieetnetneetneetneetneetuetueetassenseenssensstnssesssenssssssesssssnsssnsssnsssnsssnseensesnseensssnsssnnssenssenssenneens 200

CANDIDATE CONTRIBUTION 1. ttuetunttunetuetuneenneenseenertneseunsenssesssesssssssssssesnsssssesnssensesnssensssnsssnssenssenssenssens 201

EMBEDDING ENVIRONMENTAL SUSTAINABILITY WITHIN ORAL HEALTH PROFESSIONAL CURRICULA—

RECOMMENDATIONS FOR TEACHING AND ASSESSMENT OF LEARNING OUTCOMES.......ccuuviunreunrinnrernrennrennaennnennns 203
14 oo (3 o] 1 o] o HS 203
7 (=14 aToTo (0] o= VA T TR OP PP UPTPRTPPPRt 203
R0 | 204
= (=177 ] Lo 204

EXPLORING STAFF AND STUDENTS VIEWS ON THE RELEVANCE AND OPPORTUNITIES FOR ENVIRONMENTAL

SUSTAINABILITY IN THE UNDERGRADUATE DENTAL CURRICULUM ..ceuuiiniinteieeenrenieetneeeneerneeeneeeneensenssenssenneens 217
14 oo (3 e] 1 o] o B 217
WY o SRz Tl O o) (= Ted 1 | = TR 217
7 (=14 gToTo (o] o= VOO O T TP PP UPTPPPPPPRt 218
RESUILS ..ottt ettt et et et et et e e et e e et et et e e eaaaaaatnetnataaaneanaanaanernarnaenaannans 219
= (=177 ] o Lo 220

ENVIRONMENTAL SUSTAINABILITY: THE ATTITUDES AND EXPERIENCES OF UK STUDENTS IN THE ORAL HEALTH

PROFESSION. 1. etuttuttie ettt et et etuertueeueeeueeesaeeensannaeenseenesaseenssenssenssenssenssenssessssnnsesnsesnsennssnnsesnsennns 221
14 oo [0 o] 1 o] o B 221
Yo o BT 221
7 (=14 gToTo (o] o= VOO O T TP PP UPTPPPPPPRt 221
YU | 221
= (=177 ] o Lo 222

CHAPTER VII - DEVELOPING SUBJECT-SPECIFIC EDUCATIONAL CONTENT FOR ENVIRONMENTAL
SUSTAINABILITY IN DENTAL EDUCATION .....cuuiiuiieiencenieenceecsraccrnccrnsssnssssssssssasssssssssssnsssnsssnsssnns 230

CANDIDATE CONTRIBUTION 1. ttuetunetunetuneeuneeneenseenereneseunsenssesssesssssssssssesnssnssssnssensesnssensssnsssnssenssenssennsens 230

CURRICULUM CONTENT FOR ENVIRONMENTAL SUSTAINABILITY IN DENTISTRY ..ceutttueineeeneerneetneeeneerneeneeenneenneens 232
14 oo (3 o] 1 o] o HO 232
WY o SRz T Lo O o) (= Ted 1 | = TP 232
7 (=14 gToTo (o] o= VO PP PP TP UPPPPPPPPRt 232
YU | 233
= (=177 ] o Lo 234



CHAPTER VIII - IMPLEMENTING AND EVALUATING THE IMPACT OF A RANGE OF LEARNING AND
TEACHING INTERVENTIONS FOR ENVIRONMENTAL SUSTAINABILITY IN THE UNDERGRADUATE

DENTAL CURRICULUM....c.cuiitiiuiieiiniienieiiesiestasiessastossastessastessassessassossassassassassassassassasssssasssssasssnss 250
INTRODUGTION ... tttuetetuneetneeeteneetentetnaeetne s etaaeaetaneseteaesatneseeenesetenesetnnssesneseeensseeenssetnnssennnsersnsenensees 250
AIMS AND OBJECTIVES . ccuuettuetetuueetuuettneettntetuaeeetuneetaaeteneaetenesetanesetnnetsnserenssetenssetnnseennsersnsenenssees 252

2o B O P SO TP PPRPRPPPPN 252
(0] 5] [=To3 1 1Y = 1 I 252
METHODOLOGY ..ettutetuneetueetene ettt etnaeetne s eeaueeeteneseteaesatnesseenesetnaesetenssennessteneseesnssetnnssennnserenssesennsees 253
SEUAY SEELING «.eeeeeeeeeeete ettt ettt et te et e et e et e et s aaetaesane et eenseansasnsannsannsanneennranneen 253
EUGIDIlIEY CIIEEIIA «.eeveeeeeneeie ettt ettt et e et et et et ete et e eaaeaaaeataeaaasannsannsenneenneensannsenneasnsennns 253
INTEIVEINTIONS eueeeeieeee ettt ettt et et et et et et et et e et e et aataeaaasannsanneanneenneensennsasneesnnannns 253
Identification and Definition Of CONSTIUCTS........vuuiiiue it eiie ettt et et et et et eeeeaeeneasaennns 254
I =Y g Vo) i [ 1 =T A= T 017 (o] o K R 255
INSTrUMENT DEVEIOPIMENT ...c.eneeeeeieii ettt e et e et e e e e e e e e e e e e e aaesaaeaa s snesnesnaennans 256
Pre-teSting @nd PilOTiNG........ccuuneue ettt ettt et te et e et e et e et sanetneen et eanaeansennaasaannns 257
Final SUIVEY DEVEIOPIMENT ...ttt e e e tee e et e e e e e e e aesaaaaaane s e sneenaennans 260
RECTUIEIMENT. ettt et et et et et et e et s ea e et eaaasaaneannsanneennaeneaansanneasnsannns 261
I Lz Y o T 13V 262
RESULTS ..ttt ettt ettt ettt e et e et e etae s et e e eeae s etaa s etaa s eana e tane s eeenesetnnssennasereneeerennees 262
Pre-INtervention Data ..........cee.eueeie ettt ettt ettt e tee et e et e et e et eaa et een et et eaneaneanaannns 262
POSE-INTEIVENTION DATA......ccueeeeeteiie ettt ettt te et e et e et e et e et saaestueenetneenseansenneasnaannns 272
DISCUSSION ..ttt ettt et ettt et e ettt s e et e e taa e e tae s eta e eane s etaaeseteneseanasetaneseeenesetnnssernnserennsenennsees 282
CONCLUSION ..ttiiiituiettneeteieetne e et etea s etaaeetua e teaeaetaneseesaeeetnesetenesetnnssernasstenesenenssetnnsseennsersnsernnnns 287

CHAPTER IX- A TOOLKIT FOR CURRICULUM DEVELOPMENT IN DENTAL EDUCATION .........ccc...... 288
INTRODUGTION ... tttuetetuueetueeetene ettt etuaeetuesetraeeetnneseteaesatneseeeneetenesetnnsserneserensseeenssetnnssernnsersnsenennsens 288
A NEW MODEL FOR CURRICULUM DEVELOPMENT IN DENTAL EDUCATION ....iiuiiiiiiiiiiiiieiie et et eee e 289

CUITICULUM MABPPING ettt ettt et et ettt e te et ete et e et saaasaneeannsannsannsanneanneenneens 290
Situational Analysis and NEEdS ASSESSIMENT.........cuueueeeeieiiee et ee et ee e eee e e e eeee s e seseanaanns 291
Definition Of Learning OUTCOMIES ...c...euueueiiieeietiette et eteete et eeteeteetetaetn et eenaeeneeanseneasasennns 292
Selection of Teaching and ASSESSMENt METNOAS ......cuueuuiiiiiiiiieiie et eeeeae e 293
Content Development and OrganiSatiON...........cvuueeueeeueeuueiieetie e etieeteete et eeneeene et eeneeeneeeneeens 293
laaT el =Yg 1T gL €14 (o] o IS 294
Evaluation @nd FEEADACK .........cuueeui ettt ettt e et et et et et et eanseanseaneanaannns 294
CASE STUDY: EMBEDDING ENVIRONMENTAL SUSTAINABILITY INTO THE DENTAL CURRICULUM ....vvvnnieinineiinieennees 295
CONCLUSIONS AND RECOMMENDATIONS «vvuutetuueeerunsersuserenssessnseesnssessnssensnsssssssssssessssnssasssssnnssessnsssnnnnes 299

CHAPTER X — SUMMARY AND CONCLUSIONS .....ccieiitiiuiieieientatecastestassescassassssssssssssssssssssssssssss 301
LIMITATIONS OF THE RESEARCH «.euuutiuuitittiittutettueeteieeteaetetneeeanesetaaeetnaseeneetaneseeenesetnnssernnerennserennsees 303
CONCLUSION ..etuiiiituiettneetei ettt ettt etea e etaaeetaa e teaeaetaneseesaeeetnesetenesetnnssernassteneseeenssetnnsseennsersnsernnnns 304

REFERENGCES .......cuiiuiitiieiieiienieiiesieiiesiestestestastessastossassessassossassossassassassasssssassassasssssasssssssssssasssnss 306

APPENDICES .....cuiiuiiiiiiiieiieirentesiesiessestessestessessossassesssssesssssesssssesssssassassassassassassasssssasssssasssssass 348

APPENDIX A— FOCUS GROUP SCRIPT FOR ‘EXPLORING STAFF AND STUDENTS VIEWS ON THE RELEVANCE AND

OPPORTUNITIES FOR ENVIRONMENTAL SUSTAINABILITY IN THE UNDERGRADUATE DENTAL CURRICULUM'. ............... 348
APPENDIX B — CHAPTER VII| — COMPLETE ANALYSIS OF THE PILOT QUESTIONNAIRE DATA AND JUSTIFICATION FOR

AMENDMENTS TO FINAL SURVEY ... etunttuittuttietueeneeeneetneeensenneesaeeeneesasstaseenssensstnssenssenssenssesnsennssnnsesnsennns 350
APPENDIX C — CHAPTER VIII - FINAL SURVEY ITEMS DEVELOPED FROM PREVIOUS LITERATURE AND DE NOVO ......... 358



Abstract

Dental education must evolve to remain fit for purpose in a changing society. A curriculum
development cycle must be in place to enable dental schools to respond to key drivers of
change. The dental curriculum must fit the vision of multiple stakeholders, including
educators, students, universities, regulators and the local population. Previous models of
curriculum development principally refer to extensive changes and fundamental shifts in
curriculum philosophy. A model to demonstrate how the existing curriculum can be
refined and updated is necessary. This study sought to systematically develop a new
model of curriculum development through an educational research approach by using
environmental sustainability (ES) as an example of an emerging topic that must be
included in dental education. Multiple methodological approaches, including scoping
reviews and surveys, were utilised to establish a comprehensive situational analysis of
dental education across Europe and the current teaching practice of ES. Specific learning
outcomes of ES and aligned teaching and assessment methods were developed through a
consensus-based approach with stakeholders from across Europe. In a local context, focus
groups with educators and students identified key opportunities to embed ES in the local
curriculum and established the need to teach ES across all disciplines with practical
reinforcement. Evidence-based subject-specific content was developed to facilitate the
delivery of scientifically grounded ES teaching by educators of all disciplines. This research
informed a plan to embed ES within the local dental curriculum and a survey was
developed to assess the impact of ES teaching interventions. This demonstrated
significant positive changes in students’ awareness, attitudes and knowledge of ES in
dentistry. Conclusions derived from this research demonstrate that it is feasible to
incorporate new topics into the dental curriculum with minimal disruption. A new model
of curriculum development has been validated through a research approach grounded in

stakeholder collaboration.
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NHS - National Health Service
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UK - United Kingdom
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Chapter | - Introduction

This research project investigates how the undergraduate dental curriculum develops in

response to an external disruptor, such as environmental sustainability (ES).

Medical and dental curricula have changed significantly over the years, moving from a
traditional, teacher-centred Flexnerian approach to more contemporary student-centred
and learning outcomes-based approaches ™. In addition to these fundamental changes in
the overarching philosophy of curricula, they have also had to develop and adapt to
changes on a ‘smaller’ scale. New developments in dentistry, educational innovation and
changes in society and stakeholder priorities all drive curriculum development >*.
Examples of changes to the dental curriculum over the past 20 years include the increasing
popularity of adhesive materials and minimal intervention dentistry, the recognition of
the importance of psychology in dentistry and the necessary inclusion of topics such as
ethics and professionalism. A curriculum development process with regular internal and
external quality assurance is necessary to ensure emerging issues are embedded

effectively with minimal disruption.

ES presents a current and challenging subject for inclusion in the undergraduate dental
curriculum. Increasingly, there is a realisation that all sectors must make fundamental
changes to their practices to mitigate environmental impacts. Dentistry and oral
healthcare provision have a significant environmental ‘footprint’ with respect to carbon
dioxide equivalent (CO,-eq) emissions, pollution and a loss of biodiversity !, Travel
associated with dentistry, principally patient travel to the dental practice and staff
commute to their place of work, contributes to approximately 60% of carbon emissions *.
Other substantial contributors include procurement of materials, equipment and clinical
items, energy, gas and water consumption, dental material use, and waste management.
Healthcare services, national regulators and other professional bodies are now prioritising
and promoting more environmentally sustainable practices >**. A critical approach to

achieving these aims is raising awareness through education at all levels *°.
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The need to embed ES in the undergraduate dental curriculum has been established and is
driven by a need to promote behaviour change in the emerging profession and to comply
with educational and professional conduct legislation. Sustainability has been defined as
“meeting the needs of the present without compromising the ability of future generations to
meet their own needs”". The core concept behind this definition applies to environmental
sustainability in dentistry (ESD), where it is proposed that immediate and long-term
strategies should be employed to mitigate environmental impacts associated with oral

healthcare.

Multiple curriculum development models have been published, although most primarily
focus on fundamental changes in educational philosophy that require a comprehensive
curriculum review %1% The reality is that most schools cannot complete a full-scale
curriculum review frequently; it is unnecessary in most contexts and is not sustainable
from a workload perspective. Therefore, a model that describes a process of pragmatic
development of the existing curriculum is necessary. Kern’s model of curriculum
development is a commonly cited tool; however, the terminology might now be
considered outdated °. A contemporary model of curriculum development that supports
dental schools in augmenting and refining their programmes is necessary. The new model
should consider the unique nature of dental education and be grounded in contemporary
educational practices such as a learning outcomes-based approach, stakeholder

inclusivity and regular quality assurance.

There is a need to better understand how undergraduate dental education is delivered,
how curriculum development occurs in response to emerging curriculum disruptors and
how ES relates to dental education. This will be explored through a comprehensive
literature review that aims to answer the following primary and secondary research

questions.
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Primary Research Question

How does the undergraduate dental curriculum evolve to incorporate new concepts, such

as environmental sustainability?

Secondary Research Questions

e How are dental curricula currently structured and delivered?

e How does dental education vary across Europe?

e How do dental curricula develop in response to emerging challenges?

e What s the environmental impact of dentistry and how can this be mitigated?

e Isenvironmental sustainability currently taught in dental programmes?

e What strategies should be employed when teaching environmental sustainability in

dental programmes?
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Chapter Il - Literature Review

Introduction

This literature review will address the research question ‘how does the undergraduate
dental curriculum evolve to incorporate new concepts, such as environmental
sustainability?’ by thoroughly and systematically searching, selecting, and critically
appraising the relevant literature. The outcome of the literature review will be the
development of appropriate research hypotheses, aims and objectives as a foundation for
future investigations. Therefore, this literature review will describe a current
understanding of dental education and the definition and components of the curriculum.
A European directive currently dictates dental education across the continent, so an
overview of dental education and curriculum practices across Europe will be considered.
Pressures and challenges to the dental curriculum and how the curriculum develops in
response to these will be examined. Environmental sustainability in dentistry (ESD) will
subsequently be investigated, and finally, a review of this topic in dental education will be
conducted. Currently, different terms are used in the literature to describe the wider
dental team, with oral health professional (OHP) being favoured. The terms ‘OHP’ and
‘dental’ will be used interchangeably throughout this thesis, depending on the context
discussed. ‘Dental’ education will refer to dentistry programmes exclusively, whilst ‘OHP’
education will refer to the training of dentists and other OHPs, including hygienists,

therapists, assistants and clinical dental technicians.

Methodology

A comprehensive search strategy was developed to ensure relevant, high-quality literature
was identified. The strategy included the use of medical (PubMed, MEDLINE, Web of
Science) and educational databases (ERIC) and hand-searching the reference lists of
retrieved sources. No limitations were placed on the search period and only sources in the

English language were included. A primary list of search terms was developed from the
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research question, although additional searches were performed as the review progressed

to ensure that all relevant literature was identified. The primary search terms were:

=

Dent* [title] AND education [title]

Oral [title] AND education

Dent* [title] AND curricul* [title]

Oral [title] AND curricul* [title]
Curricul* [title] AND change [title]
Curricul™ [title] and development [title]
Dent* [title] AND sustainab™ [title]

Oral [title] AND sustainab* [title]

o ® N o 0~ W N

Dent* [title] AND environ™ [title]

=
o

. Oral [title] AND environ™ [title]

=
=

. Dent* [title] AND eco™* [title]

=
N

. Oral [title] AND eco* [title]

=
w

. Education [title] AND sustainab™ [title]

=
N

. Education [title] AND environ* [title]

=
(&)

. Education [title] AND eco” [title]

=
(o)}

. Curricul* [title] AND sustainab™ [title]

=
~

. Curricul* [title] AND environ™ [title]
18. Curricul* [title] AND eco* [title]

The literature search aimed to be systematic and flexible, considering all literature
regardless of the research methodologies employed. It ran from October 2019 to July
2024, with regular reviews to ensure all up-to-date sources were included. Sources were
screened after reading the abstract and included if they were relevant to the research
question. There were no date limitations, although only publications in English were

accepted.
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o Key Principles to Embed Environmental Sustainability in Undergraduate
Dental Education

o Examples of Environmental Sustainability Educational Interventions
1. Dental Education
1.1. The Origins of Dentistry and Dental Education

In the simplest terms, dentists are healthcare workers who diagnose, prevent and manage
oral diseases and conditions. The term dentist is synonymous with dental practitioner and
dental surgeon. A glossary for oral health professional education provides a more
comprehensive definition of a dentist: “a dental professional who has successfully
completed basic dental training and is licensed to perform all activities involving the
prevention, diagnosis and treatment of anomalies and diseases of the teeth, mouth, jaws
and associated tissues”*. This begins to reflect the complex definition of a dentist and
considers “basic dental training” or undergraduate dental education, as well as licensing

and registration within individual countries or geographic regions.

A dentist forms a part of the OHP workforce, which can include dental hygienists,
therapists, nurses or assistants and clinical dental technicians % . The range of activities a
dentist can perform, termed the “Scope of Practice”, is often outlined by dental regulators
within each country. In the United Kingdom, the General Dental Council (GDC) is the
regulator and has outlined the scope of practice for all OHPs in the Scope of Practice
document 2. The GDC places heavy emphasis on continuing professional development
(CPD) so that OHPs can acquire additional skills which may add to their scope of practice,
but they also ask professionals to “maintain, develop and work within your professional
knowledge and skills” %. It is anticipated that the scope of practice of dentists across
Europe is similar, although there is limited evidence to support this notion. Although the
presence of published European-wide curriculum documents, including the profile and

competencies of the Graduating European Dentist (GED), suggests this is the case **%,
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The earliest reports of dental treatment date back to around 13,000 years ago %. At this
time, dental interventions were carried out to manage pain, and knowledge of these
procedures was passed on through word of mouth. Dental education progressed to an
apprenticeship model in the 18" century when Pierre Fauchard published ‘Le Chirurgien
Dentiste’ ¥'. Fauchard is recognised as the father of modern dentistry, and several dental
procedures are described in this book. At this point, dentistry was first recognised as a
profession 2. While the profession of dentistry was first developing, there was little global
alignment or consensus on its definition and education. From this, two principal theories

of dental education were born: the Odontology and Stomatology models .

In the Stomatology model, dentistry is effectively seen as a speciality within General
Medicine *°3!, Countries administering this model require students to obtain a primary
medical degree and subsequently undertake further dental training 32. This model was
mostly employed in Eastern Europe, although Stomatology was a recognised discipline in
Italy and Spain in the 1980s and Austria in the 1990s *°32, Nowadays, the discipline of

Stomatology is largely redundant worldwide.

The Odontology model is the principal model of dental education today. This model views
dentistry as an independent discipline, and programmes are delivered in dedicated
schools or departments within a higher education institution (HEI)?*3%32, This began in the
United States in 1840, when Horace Hayden and Chapin Harris opened the Baltimore
College of Dental Surgery, the first dental school in the world. This model of dental
education was quickly adopted by countries in Northern and Western Europe (United
Kingdom, France, Germany), with the first dental school in Europe openingin 1859 in
London 3%, These were the first steps towards a contemporary dental education in
Europe. However, these were still very early days, and the dental profession and education

were largely unregulated 2°.

23



1.2 Defining Dental Education

Throughout the years, there have been many definitions of education, including those
provided by Aristotle, Socrates, and John Dewey. Dewey viewed education as “a process of
living” and attributed education to the growth of a person *. Malcolm Knowles also stated
that the “heart of education is learning”**. Whilst by no means comprehensive definitions
of education, the core tenet of education is student learning. If we consider learning to be
the heartbeat of education, all the activities that facilitate, support, and measure this
learning form a part of education. These processes include teaching and learning content,
resources and methods, assessment, administrative and organisational matters,

evaluation and quality assurance, student admission and student support services.

Dental education employs all the previously described processes with a focus on dentistry.
However, the definition, scope and content of undergraduate dental education have not
been fully explored *. Today, dental education in the European Union (EU) must follow the
legislature set out in the EU directive 2005/36/EC on the recognition of professional
qualifications, which was most recently updated in 2013 3¢*’. According to this legislature,
dental education in Europe “shall comprise a total of at least five years of study, which may
in addition be expressed with the equivalent ECTS credits, and shall consist of at least 5000
hours of full-time theoretical and practical training” and the programme must be “provided
in a university, in a higher institute providing training as being of an equivalent level or

under the supervision of a university”3'.

The output of undergraduate dental education is a graduating dentist who can, in most
cases, register and practice dentistry within the country of graduation. The definition of
graduating dentist capabilities is complex and will be discussed in more detail later in this

literature review.

Numerous authors have described the overarching aim of dental education; the simplest
of these was by Banoczy, who stated, “The goal of dental education may be defined as the

formation of dentists, who are able to provide the possible best oral health care under

24



given circumstances” *°. According to Scott, dental education aims “to produce a dental
practitioner who is ethical, competent to practice general dentistry at a level
commensurate with the reasonable expectations of the society he or she is destined to
serve and committed to career-long educational and professional improvement” *2, This
more detailed aim begins to describe some of the capabilities that future dentists must
acquire during their undergraduate dental education programme, including the concept of

lifelong learning.

Chuenjitwongsa et al. ** categorised the components of undergraduate dental education
into: input, process, institutional issues, external factors and output. These groups have
been further explored in Table 1. Organising the components of dental education in this
manner allows for a global view of all individual components that contribute to reaching
the output of a qualified dentist.

Table 1 - The input, process, institutional issues, external factors and output components of undergraduate

dental education, a modified version of the work described by Chuenjitwongsa et al..

Input Process Institutional | External Factors Output
Issues

Student Teachingand | Organisational | Local Healthcare Safe

Admission Learning Structure Needs and Beginner/

and Selection Healthcare System Safe

Practitioner/
Assessment Administration | Relationships with

Stakeholders
(Healthcare Provider,
Regulator,

Professional Bodies,

Educational Bodies)

25



Widening Student Finances Changing
Participation | Supportand Profession/Workforce
Activities Progress
Committees
Quality Faculty/Staff Changesin the
Assurance Recruitment, Discipline
Retention and
Development
Other Higher | Resources Relationship Research
Education _ and
Promotional Fnvironment Collaboration
Activities with Wider
University

Prepared for
Lifelong

Learning

Achieved
Defined
Learning

Outcomes

1.3 Defining the Curriculum

The dental education literature frequently refers to ‘the curriculum’, often without a clear

definition. The etymology of the term dates back to the Latin word “currere”, meaning ‘to

run the course’, and thereby relates to progressing through a course of study . The

definition of curriculum is contentious, with disagreement amongst educators *-*. Burton

& McDonald “° even stated that the term does not “readily lend itself to a dictionary-style

definition”. There is an assumption in the literature that educators have an implicit

understanding of the curriculum, as the term is rarely defined in these manuscripts. To

further complicate the issue, the term “curriculum” is homonymous; it can mean different

meanings in varying contexts.

The simplest definition of ‘curriculum’ is a syllabus or a course of study **%*, The idea

that a curriculum is simply a list of the subjects or content to be covered in a programme is

quite limited -however, this is a common interpretation of the term amongst educators
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4042 Other definitions include the syllabus alongside learning, teaching, and assessment
methods as a collective for the curriculum ##-%°_ With these definitions, there is a clear
theme of a formal and explicit plan for a course of study that educators deliver and assess.
Arguably, this is quite a teacher-centred approach to the curriculum with a focus on the

actions, knowledge, and responsibilities of the educator.

In line with more contemporary educational thinking, many authors and educators
perceive the curriculum as planned learning within a programme of study >2%4%423_|n this
sense, the curriculum may be a framework to facilitate learning *. The focus on learning is
preferable, as that is the output of any educational programme, moving from a traditional
teacher-centred approach to a student-centred approach 8. Nevertheless, purely focusing

on what is learnt limits the remit of the term to planned and formal events.

Hafferty > states that the curriculum is comprised of three parts: the formal curriculum,
the informal curriculum, and the hidden curriculum. This highlights the fact that, aside
from the formally delivered curriculum, informal but deliberate interventions by educators
form part of the curriculum, as well as the unintended messages transmitted to students
from educators and the surrounding environment and ethos of an institution. Harden >
distinguishes the taught curriculum (the teaching that is delivered) from the declared
curriculum (assumed learning) and the learned curriculum (the actual learning). Similarly,
Prideaux *® states that the curriculum occurs at three levels: what is planned, what is
delivered, and what is experienced by the students. These models highlight the challenges
of defining the curriculum and the complex and unpredictable relationship between
teaching and learning. It is clear from these definitions and constructs that the curriculum
is centred around student learning and is composed of formally planned pedagogic

interventions but also includes informal and sometimes unintended learning.

A curriculum may also be described from a product or “end-goal” point of view by focusing
on the goals or objectives that should be achieved at the end of a programme #0:42:46:48,52,33,
These goals are termed “learning outcomes” and outline the knowledge and/or skills a

learner should acquire upon completion of a learning event. Learning outcomes form the
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foundation of the now commonly accepted outcome-based education, as described by

Harden 2.

Many of the components of the curriculum have been described above when considering
the various definitions of the term. The literature in this area of research is not well-
aligned, with different authors providing different interpretations. The following list is an
amalgamation of the various components of the curriculum stated by different
educationalists and presents a comprehensive view of all identified curricular

components:

e Aims of the programme of study #0:#246:48:50

e Learning outcomes %

e The content to be learnt 3840:46:50.52.54

e Teaching and learning methods 3840:42:46:48,50,52,54

e Assessment methods 3840:46:48:50,52,54

e Monitoring and evaluation processes **~°

e Student recruitment and selection processes >

e Learning resources ***

e Learning environments and experiences >°>2

e Student support and guidance processes *°

e Staffing matters, including recruitment, selection, timetabling and responsibilities
40,52

e Programme organisation, communication, and timetabling *¢2

e Hidden meanings and values derived from the learning experience, the hidden

curriculum 40>

The lack of concordance between educators makes creating a comprehensive definition of
curriculum challenging. The curriculum includes all contact, experiences and exchanges
within an institution that promote learning on a student’s journey through an institution
4235 Burton and McDonald %, after observing a wide range of views from educators in

medical education, understand the curriculum to include: “what is taught (syllabus) and
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why; where; when and in what form teaching and learning take place; how learning is
assessed; who is teaching; the preconceptions of those being taught; the selection of
teachers and learners; and, in addition, all the hidden meanings and values derived from the
learning experience”. This serves to reinforce the broad remit of a comprehensive

definition of the curriculum where the “whole is greater than a sum of the parts”*'.

In summary, the term curriculum is complex to define, and educators perceive the term
differently, which may vary depending on the situation. Annala ** found that in curriculum
theory research, “syllabus, product, process and praxis” are frequent themes and these
align with the various definitions described previously in this section. For the remainder of
this document, the term ‘curriculum’ describes the cumulation of learning that students
experience and acquire by the end of a programme of study. This learning may be
planned, unplanned, formal, informal, or hidden from educators. It relates to an
educational institution's structure, attitude, ethos, and environment and contains all of

the planned content, learning outcomes, pedagogic techniques and assessment methods.

1.4 How is the Dental Curriculum Delivered?

According to the EU directive for professional qualifications (2013/55/EU), undergraduate
dental programmes must comprise at least 5 years of study and consist of at least 5000
hours of theoretical and practical training *’. Annex V3/5.3.1 of Directive 2005/36/EC
describes the “study programme for dental practitioners” and separates dental
programmes according to basic, medico-biological and dentistry-specific subjects .
However, the Council of European Dentists (CED) has proposed changes by updating the
terminology across all subjects and adding new subjects to better mirror contemporary
dental practice *%. The CED also recommended changing the three principal groups to: (i)
basic sciences (ii) medico-biological sciences and preclinical dentistry and (iii)
comprehensive clinical experience with patients. The changes to Annex V.3/5.3.1 were also

supported by the Association for Dental Education in Europe (ADEE).
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Dental schools across Europe use these core requirements to establish their curricula at an
individual school level . Numerous sources help dental schools build their own curricula,
some mandatory and others serving as guidance ***>>7-¢2_ These will be discussed later in

this literature review.

Historically, the structure of undergraduate dental programmes has been rigid and
hierarchical. Dental students typically first studied the basic sciences; this early theoretical
teaching provided students with the opportunity to learn the fundamentals of health and
disease and served as a foundation for future patient care 3%, Students then progressed
to pre-clinical dentistry practical courses to link the theory and application of these basic
sciences to dentistry. Pre-clinical practical training aims to teach students the core clinical
and dental operative skills to ensure students are safe to treat actual patients under
supervision 67 Once students completed this stage of their studies, they began
supervised clinical practice and received theoretical teaching on other oral healthcare
topics . Clinical training should provide students with real-life experience in a suitable
healthcare setting to acquire practical and professional capabilities to deliver safe and
effective patient care ¢, This model follows the philosophy of John Dewey and Lave &
Wenger, who described the need to balance theoretical and practical learning through
participation in authentic “work-based” situations **™. Undergraduate dental programmes
were delivered by organising the curriculum into different disciplines or sub-courses, each
delivered through lectures and practical sessions and independently assessed ®. This
‘scholar academic’ approach to segmenting individual subjects and disciplines leads to
the ‘problem of classification’ whereby teachers often over-emphasise the importance of
their discipline, and there are challenges in rationalising and integrating different

disciplines >,

The core principles of this hierarchy remain today, and the aims of basic science, as well as
pre-clinical and clinical training, are primarily the same. However, there have been
fundamental changes to the delivery and structure of healthcare curricula. In medical

education, Ronald Harden has been at the forefront of this change since the early 1980s,
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when curricula started to move away from the Flexnerian model *°. The Flexner report,
published in 1910, provided ground-breaking information about the state of medical
education in the United States and helped shape medical education for many decades
worldwide 3. The Flexner curriculum model is teacher-centred, discipline-led and hospital-
oriented *°. Gies published a similar report with respect to dental education in the United
States and Canada ™. Harden’s SPICES model for curriculum development presents two
extremes: the traditional Flexnerian model of medical education and a more
contemporary student-centred approach 8, Within this model, Harden described a
student-centred, problem-based, integrated, community-based and systematic curriculum

and many of these philosophies are now employed in dental education across the world

8,18,25,75-77

Today, it is thought many undergraduate dental programmes follow at least a partially
integrated curriculum, although there is no published data regarding educational
structures across Europe. An integrated curriculum combines different disciplinesinto a
domain or theme that is delivered and assessed as one component "¢, Both horizontal and
vertical integration have been described in the literature, with vertical integration referring
to the integration of concepts throughout a programme of study, with the learning
typically increasing in complexity each semester or year & Horizontal integration refers to
the process of teaching a topic across multiple themes, which, in many cases, may be
delivered by different departments & A combination of horizontal and vertical integration
is termed a “spiral curriculum, " as numerous authors describe "8, European guidelines
published by an ADEE task force recommend horizontal and vertical integration of
sciences and clinical practice . An example of this integration is the increasing popularity
of early clinical exposure for dental students in the first years of undergraduate
programmes; this allows students to apply theoretical principles to clinical care in real-life,

authentic situations ™%,

In line with a student-centred approach to curriculum delivery, problem-based learning

(PBL) and the concept of the self-directed learner have increased in popularity over the
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past twenty to thirty years ™. PBL is an approach to education that was developed by
Barrows and Tamblyn in the 1970s ®. Traditional didactic teaching in medical and dental
education focused heavily on knowledge transfer by an expert teacher ®. It became clear
that teaching, learning, and assessment methods that focus on knowledge recall and
memory limit a student’s ability to think critically and independently and may result in
students being unable to apply knowledge to different, unfamiliar situations ®. Student-
centred approaches to teaching and learning, including PBL, are endorsed and adopted by
academics around the world due to the importance of forming a dental professional who
is a self-directed and lifelong learner %" Common methods of didactic teachingin
dentistry include lectures, small group teaching and periods of self-directed study .
Moore described the importance of self-directed learning in 1984, where it was stated, “the
first and most important role of a university education is to teach the students to teach
themselves” ®. The ability of a student to undertake reflective learning cycles and self-
directed learning for continuous lifelong development is essential for healthcare
professionals. These skills are recognised across numerous UK and European curriculum

documents 1481525,

Increasing importance has been placed on dental and medical education to move away
from a purely hospital-based setting to include teaching in a primary care or community-
based setting 187588 |n the UK, ‘outreach practices’ or primary care placements are
becoming more common and combining these with different hospital rotations allows
students to experience the profession in a variety of real-life work-based situations, where
they can begin to understand the variety of career options, and experience treating

different population groups 878,

To increase transparency and facilitate measurement of the desired graduate abilities, a
competency or learning outcomes approach to curriculum design and educational
delivery is now popular *>. Competency-based education and a learning outcomes
approach are similar to outcome-based education, as described by Harden 2. Competency-

and outcome-based education are related concepts, but some authors have noted a
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variation in terminology and interpretation of these terms *. All three educational
approaches (outcome-based education, competency-based education and a learning
outcomes approach) fundamentally relate to a structured education focusing on the
graduate's profile at the end of a programme, with dental programmes aiming to produce
a “safe beginner”. The principal difference between the approaches relates to writing of
learning outcomes that comprise the desired abilities of the dental graduate (outcome-
based education, learning outcomes-based approach), whilst competency-based
education collates competencies that a student should acquire at the end of a programme

of study #.

Learning outcome approaches to education utilise clear and explicit learning outcomes to
inform curriculum content, organisation and teaching, learning and assessment methods
2, Learning outcomes are “a series of individual and objective outcomes, with shared
ownership between students and staff, designed to facilitate the learning and assessment
process.”*?°, Dental education providers are in a challenging and unique position whereby
they need to demonstrate that their graduates are fit to practice in the oral healthcare
sector. Learning outcomes are favourable in regulated professions due to the focus on the
product of education rather than its processes and the ability to map learning outcomes to

teaching and assessment 26,

A learning outcomes approach is becoming more common across Europe as many
stakeholders within the European Higher Education Area support this approach to
education #1391 Specifically for dental education, the most recent update to ADEE
curriculum framework (GED) supports a learning outcomes approach 3859662, These
documents demonstrate a European consensus on the profile of the Graduating European
Dentist, which is presented via learning outcomes. In the United Kingdom, the GDC
regulates the profession and outlines the learning outcomes schools must teach and

assess >% The current GDC framework, the ‘Safe Practitioner’, was published in 2023 **,

In summary, the delivery of dental education and the structure of the curriculum today

has evolved significantly from the late 20" century models. Whilst most dental
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programmes still separate basic sciences, pre-clinical dental studies and comprehensive
clinical care, the boundaries between these are much more fluid, moving away from a
discipline-based approach to dental education . Current dental curricula are
recommended to follow the CELTIC model described by Oliver et al. (2008). This model
states that a dental curriculum should be competency or learning outcome-based,
student-centred, integrated and use explicit and tactical teaching and assessment
methods with tailored feedback to support the formation of a lifelong reflective learner

with an international outlook.

1.5 The Nature of Learning, Teaching and Assessment in Clinical Dentistry

Itis clear from the content discussed so far in this literature review that dental education is
both complex and unique. This is not only from a curriculum standpoint; clinical dentistry
is challenging for students to learn and for educators to teach. Undergraduate dental
students are expected to learn and provide irreversible and invasive treatment for their
patients whilst they are still in their clinical infancy *. This is compounded by the fact that
the practical skills dental students must acquire are unfamiliar and complex to learn ¢. As

a result, thisis a stressful and demanding environment for students and educators ¢>%3-%,

Students typically undertake pre-clinical practical courses to minimise the risk of causing
harm to patients, as learning and practice occur in a controlled and protected
environment *, Phantom heads are commonly used in these courses and serve as
simulated patients by mimicking a human's upper body and skull. They are equipped with
either extracted human or artificial teeth ?’. Pre-clinical practical courses aim to prepare
students for supervised clinical practice with real patients. However, challenges in the
transition between pre-clinical and clinical education have been reported in the literature
66.68,70.76 The transition to clinical education is a stressful time for students, where they
need to apply their newly acquired skills in an unfamiliar environment and learn
additional patient management skills . The unique culture of dentistry and

undergraduate dental education has been discussed by Chuenjitwongsa *.
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Clinical teaching staff in dental schools often have varied career experiences, and this
should be viewed as beneficial in demonstrating the diversity of clinical practice to
students. Clinical teaching staff typically include general dental practitioners,
educationally trained junior academics, academic/tenure track fellows, senior academics,
departmental heads and heads of schools *. Dental clinical teachers must assume
multiple roles in the clinical learning environment, from simple observation to
demonstration, modelling, mentoring, coaching, and supporting/facilitating learning
through reflective practice %%, Dentistry is a practical subject, and practical training in
clinical environments can be similar to typical apprenticeship models %. Clinical educators
must attempt to transmit ‘tacit’ knowledge - knowledge that is difficult to articulate or
transfer through words - which adds complexity to clinical teaching °. An additional
complexity for clinical educators is student feedback and assessment. In dentistry,
comprehensive methods of assessment must be in place to control student progression
throughout the undergraduate dental programme, this is particularly important when

patient care is to be delivered by students %,

Due to the challenges in teaching clinical dentistry, multiple organisations have described
the minimum standards that dental educators should adhere to. Many of these
publications consider the quality, content and quality assurance processes related to
teaching dentistry. These include the GDC’s Standards for Education, COPDEND’s
Standards for Educators and the Standards for Dental Trainers by the Faculty of Dental
Trainers of the Royal College of Surgeons of Edinburgh #21°:1%2, However, more recent work
has taken professional standards further by supporting educators in planning their
personal teaching development 3, The importance of quality assurance in dental
programmes is recognised in all of these documents, and detailed standards across all
European higher education programmes have been published by the European
Association for Quality Assurance in Higher Education (ENQA) . ADEE also published
recommendations for quality assurance and benchmarking in European dental schools as

part of the DentEd project *'. Universities are now placing more emphasis on the
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importance of educational training of clinical staff, with a focus on postgraduate

certificates, diplomas, and master's or doctorate-level degrees in education %,

1.6 The Capabilities of the Graduating Dentist

Upon graduation, a dentist in the United Kingdom and mainland Europe is often referred
to as a ‘safe beginner’ 1492195 The terminology is evolving, with ‘safe practitioner’ used in
the most recent GDC curriculum framework update *. The term ‘entry-level general
dentist’ has been used in the United States and is a similar concept . The GDC, in the
Preparing for Practice document, define a safe beginner as “a rounded professional who, in
addition to being a competent clinician and/ or technician, will have the range of
professional skills required to begin working as part of a dental team and be well prepared
for independent practice. They will be able to assess their own capabilities and limitations,
act within these boundaries and will know when to request support and advice.”*. The
concept of independent practice does not refer to working in isolation but emphasises
that graduating dentists must work within their own competence and scope of practice
within an OHP team. The terms “safe beginner” and “safe practitioner” should serve as a
minimum standard for graduating dentists, and dental programmes should not leave

students unprepared for practice nor stifle excellence beyond this level *.

With traditional teacher-centred dental education models, skills were the principal unit of
measurement for the graduating dentist. Arguably, this reduced dentistry down to
procedural tasks **""#>, Focusing on procedures in isolation restricts problem-solving, and
most importantly, it neglects to assess the personal qualities that dental programmes
should help to shape - a health professional. Most curriculum documents for dental
education now describe the knowledge and skills that a dental graduate should possess.
These documents also describe the qualities of a health professional, although different
terms are used, including behaviours, attitudes, values, or professional attributes *#1>2477,
These three groups relate to Bloom’s learning domains: cognitive (knowledge), affective

(attitudes) and psycho-motor (skills) 1.
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The GDC describe a competent individual within their definition of a safe beginner. HEIs
must ensure that their graduates are competent to begin a post-graduate career in the
discipline in question. Competence has been defined across numerous health professional
disciplines with slight variation 1"-*1°, All definitions relate competence to the combination
of knowledge, skills and attitudes or values within a context. In dentistry, this context is
within a general dental practice and should also consider the ability to work

independently *.

The Dreyfus model of skill acquisition describes five stages of a learner’s journey to
mastery of a skill; novice, competence, proficiency, expertise and mastery '**. This model
has been adapted to novice, beginner, competent, proficient, expert and has been widely
employed in medical and dental education *!*#114 A dental student and future dental
professional should move through this novice-expert continuum throughout their studies
and postgraduate career, with a graduating student fitting in the middle of this continuum
at competence. Although, some authors have noted that health professional education
should aim to go beyond competence and consider the capability of the graduate 517,
The construct of capability is not a higher level on the novice-expert continuum, but
competence is one essential part of capability 1*¢*". Capability considers the application of
competence in changing or unfamiliar environments and values continuous improvement

in performance over time 7117,

The profile of a graduating dentist therefore could be considered as a capable professional
who can apply their competence (knowledge, skills and attitudes) in both familiar and
unfamiliar situations to care for patients in general dental practice whilst continually

reflecting on their capabilities and demonstrating a commitment to lifelong learning %2,

There are several frameworks at both national and European levels that describe the
profile of a graduating dentist. The EU directive 2005/36/EC describes the knowledge and
skills that basic dental training (undergraduate dental education) should provide, as seen

in Table 2 **. This is mandatory for all European dental schools, although it can be
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perceived to be outdated due to a failure to describe the desired attitudes and behaviours

of graduates.

Table 2 - The knowledge and skills that basic dental training must provide in Europe. Taken from EU Directive

2005/36/EC on the recognition of professional qualifications **.

Basic dental training shall provide an assurance that the person in question has

acquired the following knowledge and skills:

(a) adequate knowledge of the sciences on which dentistry is based and a good
understanding of scientific methods, including the principles of measuring biological

functions, the evaluation of scientifically established facts and the analysis of data

(b) adequate knowledge of the constitution, physiology and behaviour of healthy and
sick persons as well as the influence of the natural and social environment on the state

of health of the human being, in so far as these factors affect dentistry

(c) adequate knowledge of the structure and function of the teeth, mouth, jaws and
associated tissues, both healthy and diseased, and their relationship to the general

state of health and to the physical and social well-being of the patient

(d) adequate knowledge of clinical disciplines and methods, providing the dentist with a
coherent picture of anomalies, lesions and diseases of the teeth, mouth, jaws and

associated tissues and of preventive, diagnostic and therapeutic dentistry

(e) suitable clinical experience under appropriate supervision. This training shall
provide him with the skills necessary for carrying out all activities involving the
prevention, diagnosis and treatment of anomalies and diseases of the teeth, mouth,

jaws and associated tissues
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Task forces within ADEE developed the Profile and Competences for the European Dentist,
which was first published in 2005 and subsequently updated in 2009 %8, A significant
evolution of these documents occurred in 2017 with the publication of the GED framework
43862 These documents group the profile of a graduating dentist into four overarching
domains: Professionalism, Safe and Effective Clinical Practice, Patient-Centred Care and
Dentistry in Society. Within each domain, areas of competence and specific learning
outcomes are described. The GED aims to support dental schools in developing their
curricula in an outcome-based educational approach - focusing on graduate profiles.
However, these guidelines are not mandatory, and it is unclear how widely they are used

across Europe.

In the United Kingdom, dental schools must demonstrate adherence to the standards set
out by the GDC to satisfy their registration requirements. The GDC provides a curriculum
framework in the form of learning outcomes and outlines the standards expected of
registered institutions*>*2, The current curriculum framework is titled ‘Preparing for
Practice’ and presents the learning outcomes that each programme should teach and
assess. However, a recent update to this framework, titled ‘The Safe Practitioner’, will be
used from 2025 >*. Like the GED framework, Preparing for Practice also groups learning
outcomes into domains, these are: clinical, communication, professionalism,
management and leadership. The guidance outlined by ADEE and the GDC demonstrates a
clear commitment to defining a comprehensive profile of the graduating European dentist

and ensuring education providers meet these standards.

The assessment methods throughout a dental programme should be constructively
aligned to the learning outcomes and the learning and teaching methods discussed
previously *°. Biggs’ concept of ‘constructive alignment’ encourages transparency and
harmony of all curriculum components, particularly between learning outcomes, teaching
and learning methods and assessment '*°. To ensure graduates are ‘safe practitioner’ and
have achieved the desired profile, assessments must be accurate, robust, and fair. Many

assessments in dentistry are termed ‘gatekeeper assessments’ — as completing an

39



assessment permits students to work with increasing levels of responsibility and
independence. End-of-programme assessments enable graduates to register with the
national regulator ®. Assessing the whole breadth of the profile of a graduating dentist is
not achievable, although assessments should be strategically and longitudinally planned

to ensure the learning outcomes have been achieved.

In a similar manner to learning and teaching methods, assessment methods have moved
from mass memory recall to the assessment of cognitive processes, moving towards the
apex of Miller’s pyramid 8-12°, Miller’s pyramid is a valuable construct to develop
assessment methods, with those at the base of the pyramid typically suitable in the first
years of dental programmes. However, assessment methods must move to the “shows”
and “does” levels in the clinical years of the programme '2°. Examples of these
assessments include objective structured clinical examinations (OSCE), work-based
assessments and clinical examinations. This construct also follows Bloom’s taxonomy and
related learning outcomes, where simpler, lower-order meaningful verbs are used early in

courses before higher-level verbs are used later 1%,

Whilst dental programmes aspire to assess competence, clinical assessments generally
assess performance as a sample of a candidate’s overall competency *?*. Assessing clinical
dentistry is challenging as the demonstration of learning is complex, certainly for
conveying tacit knowledge and clinical attitudes or values 8. Longitudinal forms of
assessment are necessary to assess reflective practice and professional attitudes, and
portfolio-based systems can be helpful in this regard **2. Most dental schools track the
number of procedures a student carries out in clinical practice. This target-driven
approach is favoured by academics and regulators, with the perception that more is better
", Dental students need to gain experience across the whole breadth of the dental
profession, and increased practice helps achieve that. However, strategically planned,
high-quality educational experiences that incorporate reflection may be preferred to a
purely numbers-driven or procedural approach to assessment. This method could allow

for longitudinal assessment of student capability rather than performance snapshots.
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1.7 Stakeholders of Dental Education

The International Organization for Standardization (ISO), in the ISO 26000 for Social
Responsibility, defines a stakeholder as “an individual or group that has an interest in any
decision or activity of an organization” 2. Many stakeholders shape the planning and
delivery of dental education, and these groups may also be directly affected by changes
made to curricula. This highlights the importance of stakeholder consultation when

considering changes to dental curricula.

Numerous publications in the dental and medical education literature report on
stakeholder opinions of different educational interventions >3, However, none of these
studies have provided a clear and comprehensive list of the stakeholders in dental or
medical education. Most studies use the term ‘key stakeholders’, which typically includes
students, academics, and clinicians 126129131134 Dental education must maintain high
standards and be aligned with the goals of the HEI and local healthcare system to meet the
oral health needs of the society in which it serves ***. Bligh, Prideaux and Parsell * describe
this alignment as “symbiosis” between the curriculum, students, health services and local

communities. However, additional stakeholders must be considered, and these include:

e Patients as care receivers 23>124128,130,132,134

e Senior academics, educational decision-makers, deans, postgraduate deaneries
124,126,127,131

e Policymakers and regulators 24125:128.131

e Other healthcare professionals 3*!28:130

e Professional bodies, including dental associations and continental federations %

e The health service in the region/country **

e Student support services **

e Administrators, professional service staff :**

When exploring the views of medical education stakeholders on teaching cultural

diversity, Dogra grouped stakeholders according to their role: policymakers, policy
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implementers, education deliverers, researchers, students, and users/patients 14,
Following this methodology, an extensive list of stakeholders in dental education has been
defined (Figure 1). All stakeholders in dental education may act as significant drivers or

barriers to curriculum development, which will be discussed later in this literature review.
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Figure 1 - The stakeholders of dental education

1.8 Convergence and Harmonisation of Dental Education in Europe

The Council of the European Communities acknowledged the need to promote high
education standards and mutual recognition of qualifications/diplomas in 1974 *. This led
to the formation of sectoral directives by the European Economic Community in 1978,
which outlined the requirements for different professional qualifications (Medicine,
Dentistry, Veterinary Medicine, Architecture) in Europe, with the directive 78/687/EEC
being established for dentistry 1*¢. This presented some basic requirements for a primary

dental degree programme and provided a list of subjects to be taught. Whilst these
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requirements were lenient and open to interpretation, these were some of the first
attempts to promote convergence in dental education across Europe **'. As discussed
earlier, dental education in Europe today is dictated by the EU directive 2013/55/EU,

although regrettably, not much has changed *'.

Whilst the directive set out by the European Commission dictates, to a minor extent,
dental education for EU member states, the signing of the Bologna declaration in 1999 and
the formation of the European Higher Education Area has brought together many more
European countries. The signing of the Bologna declaration, by 29 countries at first,
established an agreed vision of a future European Higher Education Area. The primary

elements of this vision at the time were 138139,

e To promote comparability of higher education qualifications from different
European countries

e Tointroduce a clearer, three-cycle system for bachelor, master, and
doctorate degrees

e Toimplement European Credit Transfer System (ECTS) credits

e To facilitate staff, graduate, and student mobility within European countries

e To promote a system of European quality assurance

e To promote a broader European context in higher education

It has long been recognised that substantial variation exists in the organisation and
delivery of dental education in Europe. This variation has also been noted at a world level
31 Shanley et al. *" demonstrated significant differences in the interpretation of the 1978
sectoral directive for dental education. This study utilised a survey in which 30 dental
schools responded, and the results demonstrated significant divergence in the methods of
assessment and quality assurance by different dental schools across Europe **'.
Differences were also reported in the availability of resources, staff numbers, clinical
training places, research and the delivery of patient care. This variation has also been

noted in individual courses or modules within programmes of study 414!, Field et al. %
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also highlighted the significant disparity in regulation and practice across different

European countries with regard to pre-clinical dental education.

Concern regarding the findings by Shanley et al. **" led to, in part, the formation of the
DentEd Thematic Network Project, which commenced in 1998. The DentEd project aimed
to improve the convergence of dental educational practices by promoting high standards
and supporting dental schools across Europe through school visitations ***2, The project
eventually ran for 9 years in three separate phases (termed DentEd, DentEd Evolves,
DentEd Il1) 3. An output of the DentEd project was the “Development of Professional
Competences” *4. This, along with the signing of the Bologna Agreement, led the ADEE to
commission task forces to engage in pan-European consultation to formulate four final

outputs:

e Profile and Competences for the European Dentist 8

e Curriculum structure and the European Credit Transfer System for European dental
schools: part | 1*°

e Curriculum content, structure and ECTS for European dental schools. Part Il
methods of learning and teaching, assessment procedures and performance
criteria 1

e Quality assurance and benchmarking: an approach for European dental schools *’

As discussed previously, the profile and competences for the European Dentist document
was updated in 2010 and curriculum content, structure, learning and assessment in
European dental schools in 2011 **%, In 2017, the Profile and Competences for the
European Dentist were further updated to mirror contemporaneous educational thinking,

created the GED framework #°%-62,

Although significant efforts have been made to harmonise dental education in Europe,
there is a lack of high-quality and robust evidence to determine the current state of dental
education in Europe and how widely these documents are adopted. It is of concern that

dental education in Europe today is still governed by a limited directive that is open to
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wide interpretation. The current directive is not sufficient to guarantee high-quality dental
education 3>**", As European dentists can live and work across Europe, there is a
significant possibility that the variation in dental education and clinical training across
Europe can lead to inequalities in the dental and oral health workforce and may also
impact the safety and quality of European oral healthcare delivery. These concerns were

noted by Scott ¥, although unfortunately, this may still be the case today.

The extensive geographical nature of the European continent and the significant cultural
differences mean that complete convergence or harmonisation of dental education should
not be the aim. Dental education should be shaped by the local population’s oral health
status and needs whilst also considering the local healthcare system 2°2°, Given these
significant national and regional differences, as Scott stated, “it is not surprising that both
the process and outcome of dental education vary enormously across the continent” *,
European dental schools need a clear minimum standard of education and profile of
graduating dentists that is supported by more controlled European legislature that still
allows freedom for curriculum developers to shape their programme around local oral

health needs and healthcare systems.

As society's and the profession's needs change, the dental curriculum must be responsive,
and institutions must ensure that the education they deliver is relevant to future practice.
The following section will consider how the dental curriculum develops in response to

emerging pressures and challenges.

2. Curriculum Development in Response to Emerging Pressures

and Challenges
2.1 The Evolving Dental Curriculum

Previously in this literature review, the curriculum was defined as the cumulation of
learning that students must acquire by the end of a programme of study. The learning may

be planned, unplanned, formal, informal, or hidden from educators. It relates to an
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educational institution's structure, attitude, ethos, and environment and contains all the
planned content, learning outcomes, pedagogic techniques, and assessment methods. As
educators plan for curricula to evolve, the curriculum in this context usually refers to the
formal intended curriculum *. Changes to the informal or hidden curriculum are complex,
although changes to the intended curriculum will inevitably result in positive or negative
impacts on the climate within institutions. The intended curriculum is adaptable and open
to development, and therefore, this aspect of the curriculum will be the focus of the

remaining part of this section.

The dental curriculum must be responsive to emerging pressures and challenges without
diluting its overarching aims and objectives. An undergraduate dental curriculum aims to
provide structure, transparency, and ownership of the learning required to reach the
minimum level of a safe beginner. There is an absence of published literature to
specifically define dental curriculum objectives. However, the following have been

deducted from educational literature and scholarship experiences: *81%18.19.25:40.42,50,57,92

e Specific to the content of the discipline

e Accessible and communicable

e Sensitive to the needs of students and wider society and resource availability

e Practical and pragmatic

e Deliverable in a specific time frame and with the required resources

e Attainable

e Progressive - continuously building on knowledge

e Measurable

e Sustainable (address the needs of current generations/cohorts to meet emerging
changes)

e Flexible (open to further development)

In response to emerging challenges, a curriculum development process must be in place
to allow the curriculum to meet these objectives continuously. The intended curriculum

should not be fixed; instead, it should evolve to meet the expectations of all stakeholders
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and remain fit for purpose 2. To this point, DePaola (2008) stated, “perhaps the greatest
challenge dentistry faces is keeping the curriculum as relevant as possible so that future
applications of risk assessment, disease prevention, diagnosis and treatment are allocated

sufficient curriculum time to meet changes in patient needs, demands and expectations”.

2.2 Drivers for Curriculum Change

Numerous internal and external factors may drive changes to dental curricula. The drivers

for curriculum change can be broadly categorised into three groups:

e New developments in dentistry
e Educational rationale and innovation

e Changesin society and stakeholder priorities

New developments in dentistry, including technological advancements and changes to
evidence-based guidelines or healthcare systems, are critical drivers of curriculum change
9147 A recent example is the increasing popularity of adhesive dentistry with resin-based
composite materials. This has occurred due to significant developments in material
science, with resin-based composite presenting several operative and aesthetic benefits.
Another reason for this shift is the phase-down of dental amalgam use in clinical dentistry,
which was established at the Minamata Convention on Mercury in 2013 **8 This legally
binding treaty aimed to protect human and environmental health from mercury and
associated compounds released through dental amalgam placement, removal and
disposal. These changes were endorsed by the World Health Organization (WHO) and the
World Dental Federation (FDI), which also supported changes to dental curricula by
focusing on preventive and minimal intervention models of care compared to historical
operative approaches *****°, The Minamata Convention was ratified by EU member states in
2017. This led to the development and enforcement of regulation (EU) 217/852, which
provided legislation on amalgam disposal and limited the use of dental amalgam in
children under 15 years and in pregnant or breastfeeding women **!, The phase-down of

dental amalgam continues to present a significant challenge to the dental profession, with
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concerns over finances, clinical time, and inadequate replacement materials *>**3, In
dental education, it seems dental amalgam is used less frequently in dental schools than
in primary care. However, dental amalgam teaching still forms a significant part of pre-
clinical skills courses around Europe %>*, The phase-down of dental amalgam is an
example of a significant challenge to the profession. The increased reliance on resin-based
materials is a new development within the discipline. These changes to the profession are

driving curriculum change in undergraduate dental programmes.

Curriculum development may also be instigated for educational purposes. Unsatisfactory
student performance, ineffective educational methods or changes in resource availability
are common drivers in this group >°**'. Additionally, feedback from quality assurance
processes, either internal or external, should result in curriculum development to optimise
educational processes and student learning . A key example of curriculum development
that resulted from educational innovation is the shift to student-centred approaches to

learning and teaching, including PBL .

Changes in society may have a profound impact on the stakeholders of dental education,
and these pressures are commonly transmitted to HEIs and dental schools. Governments
or regulators may adopt new policies, the needs of society (including our students) may
change, and global threats to society may all drive curriculum development in dental
education %1% The COVID-19 pandemic is an example of a strong external challenge that
has affected the delivery of dental education worldwide. The immediate emergence of the
virus forced education providers to establish new ways to deliver their programmes
rapidly. In most dental schools, student clinical education was suspended, and non-
clinical teaching was moved online in synchronous or asynchronous formats **.
Additionally, many assessments were delivered online whilst clinical assessments were
either delayed or modified due to the impact of the pandemic on clinical experience **'.
The suspension of clinical training during the pandemic forced educators to reconsider the
assessment of clinical competence and the definition of the “safe beginner”. Interestingly,

the reduction in clinical experience may have forced educators to incorporate a portfolio
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of capability rather than purely focusing on the number of treatments provided. The
COVID-19 pandemic is another example of a significant challenge that dental education
has faced. It also demonstrates the resilience of dental education providers and the ability

to develop curricula rapidly in response to new challenges.

Further examples of drivers that have resulted in changes to dental curricula over the past

30 years include:
New developments dentistry

e Operative changes in cavity preparation due to changes in material science and
minimal intervention operative dentistry ***

e Significant changes to care models including periodontal treatment, endodontics,
prosthodontics, paediatric dentistry and oral surgery

e Digital dentistry 1*
Educational rationale and innovation

e Flipped learning

e Remote learning and online methods of assessment
e \Virtual reality simulators ¢7.70.159-16

e Incorporation of feedback and reflective practice

e Changesin learning trends (social media, different sources of learning)
Pressures from stakeholders

e Psychology and behavioural sciences ¢
e Professionalism 62105105163

e Ethics'®

e Inter-professional education ¢

e Environmental sustainability
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2.3 The Challenges Facing Higher Education Institutions

HEIs and dental schools globally face numerous challenges. According to the literature,

these include:

e Financial/economic challenges 31-166-169

e Reducing number of academic and clinical teaching staff 1417

e Challenges in providing suitable clinical experience for students 7017217

e Slow adoption of new technology with limited collaboration and sharing of
resources 31168169

e Increasing academic and clinical teaching staff workloads 172-17>17¢

e Wider university and fiscal pressures 166172175

e New academic and clinical teaching staff recruitment and training 68173176

e \Variation in healthcare systems and workforce models 3%

e Changing society and oral health needs of local populations 31:8

e Limited availability of educational resources, including natural teeth to simulate
clinical problem-solving skills %72

e Overloaded curricula %17

e Inequities in student recruitment and selection, particularly those from
underrepresented groups %

e Different educational models across the globe 3!

e Variation in accreditation and licensing of dental professionals !

e The changing profile of society °

e Divergence between healthcare systems and dental schools ®

Institutions from across the globe have described these challenges, and they principally
serve as barriers to curriculum development. Identifying and confronting barriers is
considered a key approach to deliver meaningful change in dental education '”. Lewin’s
force-field analysis model outlines the importance of identifying ‘driving’ and ‘restraining’
factors to change 8. Within this model, there is an emphasis on developing a focused

action plan to create an imbalance between drivers and barriers to deliver change.
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2.4 Curriculum Development Models

Whilst curricula should continue to evolve, structures must be in place to support this
process. Some examples of curriculum development models are reported in the literature,
which may be helpful to inform educators about this process. Most models focus on
extensive curriculum change, or even reform, where there are significant changes to the
structure of the curriculum or educational philosophies. Examples include the CELTIC
model for dental education and the SPICES and PRISMS models for medical education
81819 No readily identifiable models explicitly relate to the development of existing

curricula without changing the overall programme structure.

Current models in health professional education have stemmed from historical models of
curriculum development in general education, principally the objectives and the
situational models 1"**¥°, Tyler’s objectives model for curriculum development focuses on
establishing educational goals or objectives first and developing education processes
around these. In many respects, outcome-based education is a progression of this model %
The situational model as described by Skilbeck ¥ primarily considers the situation in
which the curriculum works, the needs of learners and the impact of internal and external

factors.

The core philosophies of these historical models are shared in more recent models of
curriculum development in health professional education. Kern’s six-step approach to
curriculum development is an extensively cited model that was created in the context of

medical education °. The six steps are:

1. Problem Identification and Needs Assessment
Needs Assessment of Targeted Learners

Goals and Objectives

Educational Strategies

Implementation

o . A w N

Evaluation and Feedback

51



Other published models use similar steps to Kern’s model or are adaptations applied in
different contexts %¥%181, While Kern’s model is still regularly cited in the educational
literature, much of the terminology and approaches are outdated, and it also fails to
provide guidance on the practical application of each stage. A new model for curriculum
development in dental education is needed with particular focus on a learning outcomes-
based curriculum and the importance of stakeholder collaboration and regular quality

assurance.

Environmental sustainability (ES) is a significant challenge to society, and embedding this
topicinto the curriculum is urgent. Planetary health and global warming are not new
issues, however, awareness of the climate crisis by all sectors has accelerated in recent
years. HEIs are now creating ES objectives that their programmes must deliver. Aside from
institutional drivers, governmental goals and student demands also support the urgent
need to teach ESD *. The climate crisis is a key driver for curriculum development in

dentistry, and this will be considered in the remainder of this literature review.

3. Environmental Sustainability in Dentistry: An Emerging

Challenge
3.1 What is Environmental Sustainability?

Sustainability has been defined by multiple authors and organisations (Table 3). Common
themes that permeate across all definitions include harmony between humans and nature
and achieving the needs of the present without impacting future generations. ES can be
defined as sustainability focusing on the relationship between human activities and the
environment. The Articulate glossary defines ES in dental education as “strategic, holistic
and long-term approaches committed to minimising the environmental impact of activities

relating to oral healthcare and Oral Health Professional education” %,
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Table 3 - Definitions of Sustainability

Author Definition

United States “To create and maintain conditions under which humans
Environmental Protection | and nature can exist in productive harmony and that
Agency permit fulfilling social, economic, and other requirements

of present and future generations” *%2,

United Nations, Brundtland | “Meeting the needs of the present without compromising

Commission the ability of future generations to meet their own needs”*'.

Intergovernmental Panel “A dynamic process that guarantees the persistence of

on Climate Change (IPCC) natural and human systems in an equitable manner” %,

Throughout the Earth’s existence, the climate has undergone numerous cycles of change.
However, scientists have witnessed unprecedented increases in global climate indicators
since the 1950s and believe this can only be explained by human activities *. The
anthropogenic nature of climate change is now firmly established in the scientific
literature 18>8, The standard global climate indicators are global mean surface
temperature, atmospheric greenhouse gas concentrations, ocean heat and acid content,
global sea levels and sea-ice extent *¥’. The Intergovernmental Panel on Climate Change
(IPCC) concluded that “human-induced warming” had reached approximately one degree
Celsius above pre-industrial levels in 2017 8, This increase in temperature has been
consistent, with each decade becoming increasingly warmer since the 1980s. The levels of
greenhouse gases (principally carbon dioxide, methane, and nitrous oxide) within the
atmosphere are significantly higher than pre-industrial levels, which is a major contributor
to climate change. The increase in atmospheric concentrations of these gases
demonstrates the current imbalance between sources (including anthropogenic
emissions) and natural uptake through sinks . The rise in greenhouse gases in the

atmosphere leads to an increased amount of solar energy entrapment within the Earth
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system. This raises global sea temperatures, resulting in higher sea levels and melting of

ice caps.

Numerous populations are already feeling the impact of climate change. Future impacts
will be more severe and wide-ranging, with significant hazards to nature, human health,
animal, plant, and microorganism biodiversity and an increased likelihood of extreme
weather events ¥1%°_ Climate change is a significant threat to global health and impacts
the world disproportionately, increasing poverty and inequality further through negative
effects on the social determinants of health in high-risk (less wealthy) countries *°. Climate
change will result in direct and indirect health effects, with an increase in infectious
diseases, loss of life from extreme weather events, exacerbations of respiratory and
cardiovascular diseases due to pollution, water and food shortages and a likely increase in
mental illnesses 719192, These systemic health effects will inevitably result in poorer oral

health across the globe .

Numerous policies have been adopted to limit climate change and its future impact. The
UK government presented one of the first national frameworks to tackle climate change
through the Climate Change Act 2008 2. At a global level, United Nations members
adopted the Paris Agreement in 2015, which aimed to limit the global mean surface
temperature increase to 1.5degrees Celsius above pre-industrial levels ***. The likelihood
of catastrophic outcomes if global temperatures reach 2°C of warming was further clarified
in the IPCC’s special report in 2018 %, By adopting and signing the Paris Agreement,
individual nations aim to rapidly reduce greenhouse gas emissions and eventually achieve
equity between anthropogenic emissions and natural greenhouse gas uptake, thereby
reaching “net-zero” emissions. Alongside this agreement, member states of the United
Nations adopted the Sustainable Development Goals (SDGs) in 2015 '*. These goals
consider a range of global strategies to eliminate poverty, reduce inequalities and fight
climate change by 2030. SDGs 7 (affordable and clean energy), 12 (responsible
consumption and production), 13 (climate action), 14 (life below water) and 15 (life on

land) all explicitly relate to protecting planetary health. However, all the goals are closely

54



aligned, demonstrating the intrinsic link between human and planetary health. Global
commitments have taken a step further recently with the Glasgow Climate Pact 2021
established at the COP26 meeting '%. This agreement strengthened and accelerated the
commitments made in the Paris Agreement and focuses on four key strategies: mitigation
(reducing emissions), adaptation (supporting those affected by climate change), finance
(supporting nations in achieving their goals), and collaboration (cooperation to achieve
even greater action). Additionally, countries covering over 90% of the world’s GDP agreed
to net-zero carbon emissions goals. It is clear that the Earth is reaching a tipping point,
and there is a state of planetary emergency that must be managed by immediate and

meaningful human action **".

3.2 Is Dentistry Currently Sustainable?

3.2.1 The Wider Healthcare Sector

The IPCC report from 2018 emphasised that in order to achieve the goals set out by the
Paris Agreement, “rapid, far-reaching and unprecedented changes in all aspects of society”
will be required 8. Multiple reports by professional bodies and scientific articles have
demonstrated that the healthcare sector contributes significantly to both national and
global emissions 182!, Global healthcare contributes an equivalent of 4.4% to global net
emissions; this is similar to the 5% largest country in the world **°. In high-income
countries, the healthcare sector, on average, contributes 5% to the national carbon
footprint, similar to the contributions from most national food sectors %82, The
healthcare sector contributes to emissions directly through care provision and indirectly

from procurement through an unsustainable supply chain 1%°20%,

As global commitments to mitigate emissions grow, healthcare providers will be required
to demonstrate their sustainability strategies and outcomes. In the UK, the National Health
Service (NHS) has committed to net-zero emissions by 2040 2. In response to the UK
Climate Act 2008, the Sustainable Development Unit was established for the NHS to
support sustainable practices. Reductions in carbon emissions within NHS England have

already begun 1%82%! Significant further inroads are required to mitigate carbon-equivalent
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emissions and reduce energy and water usage, pollution, and healthcare waste

management %,

3.2.2 The Oral Healthcare Sector

Dentistry, in line with the general healthcare sector, has a significant environmental
impact. To date, two assessments of the carbon footprint of national primary dental care
systems have been completed 1%2%22%, The total annual greenhouse gas emissions of a
public dental health service in England was estimated at 675,706 tonnes of carbon dioxide
equivalent (CO,-eq) gases 2. To compare this value to something easier to comprehend,
this is equivalent to flying from England to Hong Kong 50,000 times for just one year of
primary dental care in one high-income country. Primary dental care contributes around
3-4% to the overall carbon footprint of the general healthcare sector in England and

Scotland 2%,

It must be noted that the environmental impact of the provision of oral healthcare goes
beyond carbon emissions. Oral healthcare also produces significant pollution and waste
generation -which is often contaminated and not recyclable and negatively impacts
biodiversity *. Pollution is an important global issue, with current estimations
demonstrating a three-year loss of life expectancy 2**. Most literature in this field reports
CO,-eq emissions exclusively, although research is increasingly being published

considering other environmental impacts of dentistry besides emissions.

3.2.3 How Dentistry Impacts the Environment

From the literature, dentistry negatively impacts the environment through 1011202203205,

e Travel (staff commuting, patient travel, staff work-related travel)

e Procurement (goods and services including instruments, materials, laboratory
items)

e Energy use (electricity and gas)

e Water consumption

e Waste generation and management
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Public Health England and the Sustainable Development Unit grouped healthcare CO,-eq
emissions into core emissions (occurring within the healthcare practice), community
emissions (occurring outside of the healthcare practice) and supply chain emissions (from
goods and services acquired) 2%, Table 4 presents the emissions produced by oral

healthcare delivery.

Table 4 - A table of core, community and supply chain emissions in oral healthcare, modified from Public

Health England %%,
Core Emissions Community Emissions Supply Chain Emissions
Energy use Patient travel Procurement
Waste generation and Staff-related travel Manufacturing and supply of
management materials, instruments
Staff commuting Community prevention Production of high

initiatives environmental impact
products such as Nitrous

Oxide and single-use plastics.

Water consumption

From previous carbon footprints, the highest proportion of CO,-eq emissions in dentistry
was attributed to travel (65.4%), procurement (19%) and energy (15.3%) 2%, Nitrous
oxide use, waste and water consumption provide smaller, albeit still significant,
contributions. Compared to carbon footprints for the whole healthcare sector (NHS
England), travel contributes a greater proportion in the dental sector, whilst the supply
chain/procurement presents greater contributions in the general healthcare setting 2%,
This is to be expected as dental appointments tend to be shorter and more frequent,

requiring repeated episodes of patient travel to and from dental practices.
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Travel's contribution to dental carbon emissions is a concern, and this is extenuated by the
fact that petrol and diesel-powered cars are also significant pollutants. This has direct
health impacts on the local population and impacts quality of life 2%, Waste incineration

and anaesthetic gases also contribute to air pollution **.

The environmental impact of the procurement of goods and services in dentistry is
significant, and the true impact is likely to be significantly higher than has been reported
in the carbon footprints published so far. The emissions relating to procurement are
almost certainly underestimated as limited data is available from companies regarding
manufacturing processes and related emissions 2. The substantial reliance on single-use
plastics (SUPs), further accelerated during the COVID-19 pandemic, is not sustainable as
the plastics used are currently unsuitable for recycling 2". This leads to a wasteful linear
economy from sourcing raw materials, manufacturing, packing and distribution, clinical

use, and waste collection and disposal **.

3.2.4 The Impact of Dental Procedures on the Environment

There is limited high-quality evidence to provide conclusive statements on the
environmental impact of different dental procedures. Different research methodologies
have been employed in the existing literature, thus presenting challenges in performing an
accurate analysis. From the research completed to date, dental examinations and
preventive items of care (professional tooth cleaning, fluoride varnish, fissure sealants)

present the lowest individual carbon footprints 10203208,

The placement of direct restorations, regardless of material choice, has been reported as
having a moderate contribution to the carbon footprint of primary dental care %23,
However, it is essential to note that the research methodologies to estimate the carbon
footprint of direct restorations primarily measured time and energy use, and there are no
studies that directly compare the CO,-eq emissions associated with these different
materials throughout their life cycle, nor do they consider the impact of the materials on
pollution and biodiversity. Smith et al. ?* completed a cradle-to-gate life cycle assessment

of dental amalgam, resin-based composite and glass-ionomer cement and demonstrated
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significant environmental impacts for all materials, with dental amalgam producing the

highest impact for material use and resin-based composite for energy use and packaging.

Two studies have considered the environmental impact of root canal treatment, but the
methodologies employed were vastly different %*°, These studies suggest that endodontic
treatment presents a moderate-to-high environmental impact due to the use of numerous
single-use instruments, various medicaments, and the often-prolonged nature of

treatment, with multiple visits required.

Fixed and removable prosthodontic procedures are estimated to have the highest carbon
footprint as they are resource-intensive in terms of time, number of appointments,
transport of laboratory work, and material use. The provision of nitrous oxide, a
greenhouse gas, for inhalation sedation amounts to the highest emissions per item of care
0 Itis important to reiterate that most of the published literature focuses on carbon
emissions, but dental procedures also have other significant environmental impacts,

including pollution and ecotoxicity .

The environmental impact of different dental procedures varies in total emissions released
(typically measured in mass of carbon dioxide equivalent CO»-eq) and in the profile of
contributions. It has been reported that travel contributes a lower proportion of emissions
for the more resource-intensive procedures, whilst procurement of all instruments and

materials and energy use become the major contributors 2.

Examinations and preventive treatment are the most sustainable items of care that OHPs
provide, and this may give insight into potential strategies to make oral healthcare more
environmentally sustainable at a population level. However, these are also the most
performed procedures in primary dental care, and the cumulative impact of dental
examinations is the single biggest contributor to emissions in oral healthcare 2%,
Therefore, strategies must also be employed to make these procedures more sustainable

and cost-effective.
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3.2.5 Research Methods to Assess Environmental Impact

Research is key to developing a comprehensive knowledge base of current practice 2. The
environmental impact of specific practices, procedures or products can be measured in
several ways, including carbon footprinting, life cycle assessment, resource consumption
(energy, water, petrol/diesel, materials), waste generation, air quality changes and impact
on biodiversity 2*2*, The carbon footprint is a term used to describe the greenhouse gas
emissions produced by individuals, products, organisations, or activities. Wiedmann and
Minx 2> defined the carbon footprint as “a measure of the exclusive total amount of carbon
dioxide emissions that is directly and indirectly caused by an activity or is accumulated over
the life stages of a product”. Whilst this is a recognisable term, measuring environmental

impact goes beyond measuring greenhouse gas emissions .

Life Cycle Assessment (LCA) is a research methodology used to assess environmental
impact. LCA can measure other environmental impact indicators aside from greenhouse
gas emissions, including pollution, waste generation and impact on biodiversity. Two

common approaches to LCA are:

e Process-based LCA

e Environmental Input-Output Analysis LCA

Process-based LCA measures emissions attributed to the stages of a process or product’s
life cycle 2”28, Complete LCAs consider the environmental impact of a product across its
whole life cycle, usually from sourcing raw materials to disposal or from “cradle to grave”
219 Partial LCAs assess the impact of a product from one part of its life cycle. Acommon
type of partial LCA is termed ‘cradle-to-gate’, which measures impacts from raw material
extraction and manufacturing before distribution. Process-based LCAs can give accurate
estimates of well-defined processes or products but may make comparisons between
different products challenging if similar methodologies are not employed 2. Additionally,

this methodology relies on accurate data from manufacturers, which is not always

available.
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Environmental input-output LCA equates economic data and expenditures from various
systems to carbon emissions %, This methodology makes generic assumptions and is
thereby less precise at a small scale but is much more efficient for making comparisons
across large datasets. Studies in dentistry commonly combine both types in a hybrid
approach to achieve complementary benefits °2°2, Various standards for planning,

completing and reporting LCAs have been published 2%,

3.2.6 Conflict with Regulations, Policy, and the Healthcare System

Regulations and policies are imperative to set standards of high-quality oral healthcare
and protect patients from harm. Unfortunately, many regulatory bodies produce policies
without concern for the environmental impact of the behaviours they are mandating. The
most pertinent issues currently relate to infection prevention control measures and SUPs,
whereby legislation to protect patients is employed without considering the evidence base
or the environmental impact. Duane et al. *** critically reviewed the environmental impact
of the decontamination regulations set out in the HTM 01-05 in the UK and demonstrated
significant issues regarding existing practices that are not evidence-based nor
environmentally conscious. Single-use infection prevention control measures have been
proven to produce higher environmental impact than other reusable solutions #*. In some
countries, reusable options may be permitted, but often, the language used in policy
documents is confusing, which may make dentists select the option that is deemed safest
and easiest - the single-use option #%, This conflict with policy is recognised across several
publications 12072277229 |t js also recognised that ES is often not a key priority in the
structure of NHS dentistry in the UK, where the focus, aside from patient safety, is on

financial wellbeing and units of dental activity #*°.

3.2.7 Rationale for Environmentally Sustainable Dentistry

The fact that dentistry, which aims to promote health and prevent oral disease, is a
significant contributor to climate change is concerning '*. A shift to an environmentally
sustainable healthcare model is essential as it is driven by public demand, increasing

environmental commitments by healthcare providers and the ethical code of OHPs.
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Providing oral healthcare in a sustainable manner is not only good for the environment.
Sustainable care is high quality care that is good for the local population and financially
viable. Sustainable healthcare, aside from protecting the planet, presents a win-win

situation with the following benefits:

e Economic sustainability !
e Improvements in health and disease prevention #1232

e Increased patient responsibility to maintain health 2*

All stakeholders in dentistry must identify the ethical responsibility to deliver a more
environmentally sustainable healthcare system. The need to conceptualise and deliver

strategies to make oral healthcare more sustainable is clear.

3.3 Strategic Environmental Concepts to Achieve Change in the Profession

Some changes to practice are immediately achievable, whilst others require time to
embed and develop into common practice. This section will focus on strategic
environmental concepts to achieve long-lasting environmentally sustainable changes to
the profession. Immediately achievable strategies will be discussed in the subsequent

section.

3.3.1 Raise Awareness

Raising awareness of the urgent requirement to deliver ESD is the cornerstone of the
overarching strategy. Whilst public awareness of the need to become more sustainable in
everyday life is increasing, there is an apparent lower awareness of how OHPs should alter
their daily practice 2%, All strategies should aim to increase public and professional
awareness of the impact of oral healthcare on the environment to support

environmentally sustainable change.

3.3.2 Integrate and Normalise the Subject of Environmental Sustainability

To raise awareness and meet the goals set at global, national, societal, and professional

levels, the subject of ES should be normalised and completely integrated into daily life
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190207 "This will ultimately require a change of mindsets, and ways to achieve this vary from
informal conversations to more sophisticated strategies, including embedding the topic of
ESin educational curricula, media, marketing, and research outputs. An interesting
example is noted by Duane et al. *° who suggested that clinical software should include
sustainability reporting alongside financial data. This could promote a shift in “value for
money” whereby practitioners also consider the “value of carbon” 1%, This simple
example of normalising the subject of ES in oral healthcare is one strategy that may begin

to recalibrate the attitudes of many OHPs and associated stakeholders.

3.3.3 Environmental Citizenship

Environmental policies and regulations should not be the only method to drive
sustainable change. To fully embed the concept and practice of environmentally
sustainable dentistry a change of mindset is required. This includes changing deeply
embedded attitudes and increasing the value of environmental resources. Currently, there
is a disparity between people's environmental behaviours at work and home 11207:211.235,
One must consider why this is the case? A lack of policy, overwhelming barriers to
sustainable practices and individual attitudes will likely restrict environmentally
sustainable behaviour in the workplace. In addition to this, research has demonstrated
that whilst people tend to rate environmental issues as important, people tend to rate
their health as more important and therefore healthcare professionals may forget or
demote environmental issues in their working life 2527, Whilst all of the above points may

be true, this section will consider attitudinal and behaviour change.

Fiscal incentives are commonly used in environmental policy to change the behaviour of
society to deliver environmental benefits. These measures can be very effective; a popular
example is the plastic bag charge, which has successfully reduced plastic bag use in stores.
However, as argued by Dobson 28, fiscal incentives are less likely to deliver changes in
attitudes. This is because they use extrinsic motivation to change behaviour, which can
undermine intrinsic motivation to act. Intrinsic motivation is more effective at changing

behaviour and sustaining long-term changes than extrinsic motivation #*. This is a concern
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because, without fiscal measures in place, many in society may not perform
environmentally favourable behaviours because these concepts are not embedded in the
attitudes and values of society. A different view is to focus on a stronger, more deeply
rooted, attitudinal approach to ES with the idea that environmentally sustainable
behaviour will naturally result from these attitudes. This is the concept of environmental
citizenship - whereby a citizen’s behaviour is influenced by an underlying attitude that is
informed by a value of the common good #*%. The environmental citizen will inevitably use
environmental resources and produce emissions and waste; however, it is the
responsibility of the citizen to minimise their environmental footprint. There should be a
sense of duty and justice. Braito et al. **° provide evidence to support this theory by
demonstrating the strong link between human and environmental relationships and

subsequent behaviour.

Two approaches to behaviour change have been considered: fiscal incentives and
environmental citizenship. Both approaches are viable, and a key focus should be on
raising awareness across society and providing education on environmental citizenship.
This is important because win-win scenarios through fiscal incentives are not always
possible, achievable, or effective. At some point society will need to make decisions about

the actions they take %%,

One should also consider the diversity of humans. Although unproven, it is likely that parts
of our society already demonstrate environmentally sustainable attitudes and behaviours,
others have intentions but feel helpless, and some people are not concerned about

environmental issues. Thus, various strategies to achieve attitudinal (and ideally resultant
behaviour) change are required, including widespread education, information campaigns,

role models, and fiscal incentives %41,

How can the concept of environmental citizenship be incorporated into oral healthcare to
promote change? Achieving sustainable change will require significant social, regulatory,
and attitudinal changes to the profession. According to Klockner 22, interventions to

change environmentally sustainable behaviour require attitude campaigns, normalising
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the topic and environmental behaviour, and providing clarity through policy on how to
behave in a sustainable way. The author would argue that environmental citizenship is the
single most important principle; a change in attitudes will mean citizens and professionals

will routinely seek environmentally sustainable solutions in all aspects of life.

3.3.4 Reduce, Reuse, Recycle and Rethink

The term reduce, reuse and recycle (3 R’s) has been around for a number of years and has
been a key slogan in awareness campaigning for ES. The 3 R’s are frequently cited in the
environmental literature, although recently, an additional “R” - rethink - has been
included in some reports ¢, Existing policies and regulations in oral healthcare make
implementing the 4 R’s challenging 2%, This is particularly evident with the regular use
of SUPs in oral healthcare, which leads to a wasteful linear economy, as discussed
previously in this literature review. Additionally, these SUPs are most commonly
segregated as clinical waste and disposed of via deep landfill or incineration, which has
further significant environmental consequences #1. The underlying principle of the 4 R’s is
to shift to a circular economy where materials can be reused, recycled and renewed **.
Currently, a complete switch to a circular economy is impossible in oral healthcare 2%.
However, the 4 R’s still present fundamental values and opportunities across the full

breadth of oral healthcare to make significant environmentally sustainable changes.

Due to the challenges associated with oral healthcare, employing a reductionist approach
will have the greatest impact in reducing the environmental footprint of the sector
16211243244 Reducing all aspects of oral healthcare from treatment demand, travel, energy
and water consumption, procurement and waste would present the single greatest
contribution to an environmentally sustainable oral healthcare service. This will stem from
improved prevention of oral diseases and the provision of high-quality oral healthcare 1.
Additional opportunities include reducing waste through appropriate segregation,
procuring items with reduced packaging and utilising digital technology to decrease

material use 1624,
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For oral healthcare, reuse is likely the most challenging element of the 4R’s. However, It is
possible to reuse appropriately disinfected equipment and instruments, with studies
demonstrating that reusable items are associated with lower emissions than single-use
items 25246247 Other strategies for “reuse” include removing single use rinsing cups,
surgical gowns, face shields and sterilisation pouches and replacing them with reusable

alternatives .

Recycling the contaminated SUPs used in oral healthcare is challenging with current
equipment and policies. However, emerging technology in mechanical and chemical
recycling is encouraging *°. Non-contaminated waste presents potential avenues for
recycling, and this should be promoted to reduce the consumption of natural resources
and waste. Segregation and recycling of sterilisation pouches and other packaging and

domestic waste should be achievable with staff engagement and well-developed policies.

A rethink across the whole profession and widespread stakeholder engagement is

essential to establish a circular economy within oral healthcare.

3.3.5 The Importance of Oral Disease Prevention and High-Quality Oral Healthcare

Reducing treatment need through effective oral disease prevention and high-quality
interventions is the foundation of environmentally sustainable oral healthcare 16-207:212.226.232,
Prevention is of fundamental importance in all aspects of oral healthcare and helps to
reduce oral health inequalities. Patients who are at low risk for developing oral diseases
utilise significantly fewer oral health services and thereby have lower environmental
impacts **. Considering the largely preventable nature of these diseases, strategies to
reduce oral disease risk are essential . Additionally, when operative interventions are
required, they should be evidence-based, high-quality, and durable **. Prevention of oral
diseases will reduce carbon emissions and other environmental impact indicators through
fewer patient visits and interventions, resulting in less travel, material procurement and

clinical waste 212,
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Whilst preventive items of care present lower carbon emissions than other operative
interventions, it is essential to gain further insight into the specific impacts of different
preventive products 11%2% The cumulative effect of preventive items of care on the
environment will still be significant, although they must be balanced with the positive oral
health outcomes and the likelihood of reducing emissions through reduced interventions
across a patient’s life *. Research in this area has commenced, with LCAs on community
caries prevention providing interesting results that can be compared to clinical
effectiveness data #**2°, Future research should contribute to the evidence-base for both
clinical effectiveness and environmental impact of procedures or materials. This would
provide policymakers and OHPs with helpful information to support evidence-based and

environmentally sustainable care delivery.

The FDI Sustainability Framework Infographic demonstrates the importance of preventive
and high-quality patient-centred care for environmentally sustainable oral healthcare 2.
This is presented across four domains: preventive care, operative care, integrated care and
ownership of care. In addition to the value of preventive and high-quality operative care,
the authors reaffirm the importance of patient ownership of care due to the largely

preventable nature of oral diseases .

Future oral healthcare must prioritise prevention, and this should be achieved by
engaging all stakeholders to deliver environmentally sustainable and high-quality care to
reduce the need for future interventions. To support this, healthcare systems and

providers must value and incentivise preventive care 2522,

3.4 Areas of Focus to Deliver the Strategic Environmental Concepts

Action and innovation are required to embed the strategic environmental concepts (raising
awareness, normalising ES, environmental citizenship, the 4Rs, and the value of high-
quality preventive and operative oral health care) into the profession. From the literature,

these include education, policy and regulations, stakeholder engagement, and research.
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3.4.1 Education

A key focus should be educating all stakeholders to increase awareness and to promote
changes in attitudes towards ES %224, While some awareness within the profession may be
increasing, this is not widespread. There is also no clear strategy to support meaningful,

practical action concerning ES education %,

The lack of education relating to ES across the profession is widely recognised '*. There
have been many calls to embed ES in undergraduate dental curricula 20#12:226,229,233,234,252-254,
Dental schools are in a key strategic position to embed ES attitudes and behaviours within
the professional persona of their graduates. This will increase the likelihood of future
OHPs valuing ES and practising environmentally sustainable oral healthcare. ADEE has
established ES as a key priority by forming a special interest group with regular meetings.
This has led to the publication of a consensus paper that establishes the need to embed ES
dental curricula and provides overarching principles to achieve this 2. Looking into the
future, graduating OHPs must hold values of environmental citizenship to question

existing unsustainable practices, campaign for change and be the voices of the future .

There have been fewer considerations regarding educating the existing profession - whom
must not be forgotten %22, Strategies to change the long-standing values and practices of
the current workforce will inevitably present significant challenges; however, establishing
high-quality CPD programmes on ES in oral healthcare and including the topic at
conferences or annual meetings present valuable opportunities % Support from
professional bodies, including guidance, educational networks and incentives, can also
help in normalising the topic of ES %*’. The topic of sustainability could even be part of

mandatory CPD requirements.

Patients can also be educated on sustainable healthcare practices. Advice regarding
environmentally sustainable oral health regimes can be incorporated into routine oral
hygiene advice and should form part of informed consent when planning care 16212,

Patients can also be made aware of the benefits of reduced travelling and waste by
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grouping appointments and attending the practice with other family members. Providing
small reminders, such as recycling opportunities for used oral health products and

recommending turning off the tap during toothbrushing are also appropriate.

3.4.2 Policy and Regulations

The challenges and conflicts with existing policies and regulations have been discussed in
this literature review. Policy must be reviewed to facilitate the provision of
environmentally sustainable dentistry and prohibit certain unsustainable practices. Policy
drives behaviour change, which is required across the whole sector to achieve
sustainability goals #. Policies and regulations also provide accountability, which is

essential across all stakeholders 1°°,

Although there is a need to raise professional awareness, there is also an evident lack of
policy and guidance to support and facilitate environmentally sustainable practices 242>,
This is a significant issue as many OHPs who want to practice more sustainably don’t
always have the tools to do so. The perceived disengagement between the ability to
provide safe and effective oral healthcare whilst behaving in an environmentally
sustainable manner must be dispelled, and regulators and professional bodies must work
together to provide OHPs with pragmatic and clearly worded policies to support ES
practices 127226, The environmental impact of clinical materials and procedures should be

included alongside the evidence for clinical efficacy within policy documents ¢,

A hybrid ‘top-down and bottom-up’ approach to policy development is needed within
dentistry 2, Top-down policy approaches rely on expert input from people who are often
distant from the place in which the regulations will be applied #*. External experts need to
be included to ensure environmental concepts and actions are appropriately applied.
However, exclusively utilising this approach can disengage local users of policy. In many
cases, the policy may not be applicable locally due to oversight of the realities of these
contexts ', Including all local stakeholders (OHPs, all other members of the dental team
and the public) in a bottom-up approach to policy is essential to ensure policies are clear

and applicable in local contexts 2525257 This is also necessary to empower people and
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drive sustainable change. A bottom-up approach to policy is closely related to the concept
of environmental citizenship - empowering OHPs to take ownership of environmental

issues and supporting a strong attitudinal approach to the subject.

There have been specific calls in the literature to provide new policy documents for
infection prevention control and to mandate transparent reporting of the environmental
impact of manufacturers within the supply chain 2%, Additionally, decision-makers at all
levels (including those commissioning dental services) should be aware of the
environmental impact of the profession and how their decisions can support (and inhibit)

change %4,

3.4.3 Stakeholder Engagement

The complexity of ES in oral healthcare requires all stakeholders to work collaboratively.
An approach that does not consider the situation and input of other stakeholders will be
fundamentally flawed. The vast array of stakeholders in dentistry has been considered
earlier in this literature review. With a particular focus on ES, engaging with staff, patients

and supply chain organisations are common stakeholders discussed in the literature

207,213,234

Staff and patients should be involved in the change process to better understand the
cause and ensure buy-in for the planned changes #*. Baird et al. **®* demonstrated that
patients have positive attitudes toward sustainable oral healthcare and are willing to
compromise on the time, convenience, and durability of the treatment offered. Staff
members should be empowered to take on new responsibilities and provide valuable

suggestions to improve sustainability within their workplace 2*2.

Stakeholders within the supply chain, including manufacturers, distributors, and
procurement departments within large institutions, must also be incorporated into the
planning of environmentally sustainable dentistry 2°>2%7, This will make the supply chain

more sustainable throughout the product's life cycle. A recent joint stakeholder consensus
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statement presents promising progress on this front, with many important industrial

stakeholders committing to urgent action *°.

3.4.4 Research

Research is fundamental to increase the knowledge base and to drive sustainable change
in dentistry. The complex psychosocial impact of climate change means that accurate and
carefully worded reporting of research findings is critical **°. It is not enough to suggest
that one procedure or material should be avoided when the environmental impact of
alternative options has not been measured %%, Carefully worded guidance, supported by
high-quality evidence on clinical efficacy and environmental impact, is an absolute
necessity to facilitate sustainable practice. Achieving this will require expertise, research

excellence, education and appropriate funding 2.

High-quality research is required to further understand the environmental impact of
existing dental practice and any alternative procedures or materials 6:199:203.205.228.255 Thjg
baseline knowledge must be established before planning change or new goals within the
profession 22, High-quality LCA with standardised and transparent methodologies are
required to facilitate comparison between different studies and settings #¢. It is crucial to
appropriately design LCA’s to account for the complexities of the supply chain, the delivery
and packaging of materials, the complexity of the procedure, and any additional items
used 22, There is an urgent need to identify hot spots in current practice and to compare

different materials and interventions .

Innovation, research, and development are needed to develop new “green” dental
products and to establish innovative ways to enable OHPs to apply the principles of the
4Rs 2924 This may include the development of new chemicals that produce zero or more
environmentally sustainable waste and novel ways of recycling contaminated plastic

waste.

Additional attention must be paid to social science, including quantitative and qualitative

research methodologies, to understand the mindsets of dental stakeholders 1¢2%, This
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could provide insight into stakeholders' perceived drivers and barriers and may allow for
greater collaboration to establish unified and aligned regulatory frameworks. Stakeholder
engagement (including manufacturers, distributors, regulators, professional bodies,
students, OHPs and patients) in research may also enable more accurate and complete
LCA analysis of dental materials and procedures %2, Engaging with stakeholders and

supporting them in contributing to this core knowledge is of significant value.

3.5 Cross-cutting Strategies for Environmentally Sustainable Dentistry

Immediately achievable strategies to make oral healthcare more environmentally

sustainable can be divided into two groups:

e Cross-cutting strategies to reduce environmental impact.
e Focused strategies that target defined emission contributors (e.g. travel,

procurement).

Cross-cutting strategies reduce environmental impact across multiple domains. Strategic
themes within this group include increasing efficiency, utilising technology, reduce, reuse,
recycling and waste, staff initiatives, and increasing biodiversity. Table 5 provides
examples of environmentally sustainable practices within these themes.

Table 5 - Cross-cutting strategies to deliver more environmentally sustainable oral healthcare according to

identified themes.

Strategic Theme | Examples of Environmentally Sustainable Actions

Increasing Use motion sensors and meters to limit energy and water use
eﬂ-’iciency 213,227,252

Invest in energy saving and energy efficient equipment 213224227

Ensure appliances (dishwasher, autoclaves) are full prior to use 2052

tilising Switch to digital radiography (reducing radiation and chemical use)
technology 227,252,259,260
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Adopt digital dentistry practices including intra-oral scanning and

CAD-CAM (reducing impression and gypsum waste and travel)
16,227,254,260

Utilise remote clinical consultations ! 26/02/2025 22:20:00

Reduce

Reduce paper use (electronic notes, history taking, double sided
printing) 22726

Reduce sterile packaging, tissue and glove use where possible #2
Reduce SUPs where possible 22

Reduce nitrous oxide conscious sedation and use capture
technology 162132

Only prescribe medications when absolutely required 3

Reduce travel emissions- recommend active travel or public
transport 206213

Reduce packaging by buying in bulk and combining orders 2!3-234252.260

Reduce ecotoxic chemical use by using environmentally more
sustainable, disinfectants, and steam sterilisation 208.224:234:252,260

Reuse

Switch to reusable clothing, personal protective equipment items
and sterilisation pouches 208252260

Switch to reusable dental instruments (impression trays, suction
t|p$) 208,260

Use washable patient drinking cups and staff room kitchenware
252,260

Recycling and
waste

Appropriate disposal of amalgam waste 16227252259
Select biodegradable alternatives where possible %

Segregate waste correctly (clinical, domestic, recyclable) 202
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Staff initiatives Establish a sustainability action group in the healthcare setting,
fostering a strong attitudinal approach to ES #2

Designate sustainability and waste management leads within
practices

Informal/formal discussion regarding existing setting’s processes 2%

Staff training ¢

Increasing Establish outdoor green spaces %

biodiversity
Reduce lawn mowing of grassed areas 2%

Avoid tarmac or concrete and place more porous ground material
11,263

Place insect friendly and native plants and trees %

Introduce green roofs or walls %6

3.6 Focused Strategies for Environmentally Sustainable Dentistry

3.6.1 Reducing the Environmental Impact of Travel in Dentistry

As discussed previously, travel is the greatest contributor to emissions in primary dental
care in England and Scotland ***2, The high emissions are predominantly related to
patient travel and staff commuting. In addition to carbon emissions, travel can increase air
pollution, which negatively impacts health and reduces the quality of life of local

populations 2%,

Specific recommendations in the literature to reduce the environmental impact of travel

within dentistry include:

e Promote and incentivise active travel (walking, running, cycling) wherever possible

16,206,234,245,254

e Use vehicles that reduce fossil fuel use (e.g. electric vehicles charged with

renewable ene rgy) 16,206,234,245,254
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e Use public transport or car sharing 16-206:234

e Select local manufacturers, distributors and waste services to reduce travel

e Utilise technology to reduce appointments and associated travel (tele dentistry,
digital dentistry) 16:206:212,234,254

e Combine appointments with family members to reduce travel 26245254

e Advise longer appointments to reduce number of appointments and associated
travel 2%

e Community prevention initiatives to reduce individual travel 206-248-2%0

e Recall appointments determined by clinical need/disease risk 2%

3.6.2 Reducing the Environmental Impact of Dental Procurement

The need for environmental policy and high-quality research is particularly evident when
considering strategies to reduce the environmental impact of procurement in dentistry.
Based on previous carbon modelling, dental procurement is the second largest
contributor to emissions %2, However, it can be hypothesised that this is a significant
underestimation due to a lack of detailed data across the entire supply chain. Conducting
and publishing high-quality research across all elements of dental practice, including the
supply chain, is the only way practitioners can make evidence-based choices on
environmentally sustainable practices. Procurement is not just limited to a single dental
practice; the supply chain commences with raw material sourcing and then progresses to
manufacturing, distribution and transport ?*2. There are many stakeholders in dental
procurement, all of whom have their individual agendas, pressures and policies.
Collaboration amongst stakeholder is necessary to establish policies and protocols to

mitigate the environment impact of the supply chain 2*%

The most important role of OHPs in reducing the impact of procurement is to engage with
stakeholders across the whole supply chain to support environmentally sustainable
practices 1619921224 QHPs can influence and challenge manufacturers, distributors and
waste collectors, resulting in more environmentally sustainable practices 2!#?*, It is likely

that when OHPs begin to question the environmental practices of stakeholders within the
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supply chain and purchase more environmentally sustainable products, the whole sector

will change their practice **2.

In addition to engaging with stakeholders across the supply chain, other

recommendations for reducing the environmental impact of dental procurement include:

e Effective stock management, including regular auditing to limit waste 1624324

e Choose more environmentally sustainable materials, instruments, chemical and
sundries where high-quality evidence exists 2324

e Increase efficiency and coordination with suppliers to reduce travel and consider
locally produced items 16228

e Consolidate orders, reducing frequency of transport and packaging ***

e Reuse packaging associated with procurement 2

3.6.3 Conserving Energy and Water Consumption in Dentistry

It has been demonstrated that dentistry utilises significant amounts of energy (natural gas
and electricity) and water 1°2%2, This leads to a depletion of natural resources, and as most
electricity is generated from fossil fuel combustion, it produces high CO2-eq emissions and
air pollution 2**. Renewable sources of energy, including wind and solar power, can be
used to generate electricity and have minimal environmental impacts. The switch to
renewable energy is supported in the literature %224 A key barrier is pricing, with
renewable energy costing much more than other means of electricity generation.
However, as demand and production increases, it can be assumed that renewable energy
will become more accessible ?**. Healthcare organisations may also consider generating
their own renewable energy using solar panels, heat pumps or biomass heating 16-205:245.264,
Whilst governmental price incentives have been rolled out in the UK, cost and energy

storage remain a concern.

Considering the barriers to renewable energy use today, attention must be paid to efficient
energy consumption whilst using fossil fuels and natural gas #***. New is not always

better - evidence suggests that older-style clinics appear to be more energy efficient than
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many new, large, and open-planned clinics 2%, Focused strategies to preserve energy and

water consumption have been recommended in the literature:

e Ensure existing appliances and equipment are functioning efficiently and consider
energy ratings when purchasing new items 2%

e Utilise technology to increase energy and water efficiency (smart meters,
automated thermostats, motion detectors, timers, low-flow water devices) 245252264

e Install energy-efficient lighting (LED bulbs, dimming, daylight harvesting) 20524264

e Limit the use of air conditioning and consider natural ventilation and shading %%

e Efficient use of space to limit energy waste through heating or air conditioning use
245,264

e Ensure effective insulation is in place to reduce energy use **

e Efficient use of energy-intensive appliances (washer disinfectors, autoclaves) by
using them only when full 2%

e Carry out energy and water audits to monitor overall consumption and efficiency

16,234

3.6.4 Reducing the Environmental Impact of Waste Disposal in Dentistry

Dental waste is complex and typically composed of infectious, hazardous, domestic,
recyclable, and food waste 2°%2%2, Ways to manage waste include placing it in landfills,
incineration, recycling, or reusing it for other means (such as composting or anaerobic
digestion) %°. Infectious waste is usually disposed of via incineration, whilst domestic
waste goes to landfill **2%2, Incineration is more suitable than landfill for infectious waste to
mitigate issues with ecotoxicity. However, it requires large amounts of energy, releases
significant carbon emissions and produces pollution '%%°, Waste production from dental
practice has been increasing, including a major acceleration during the COVID-19
pandemic, with large amounts of SUPs used in every clinical encounter %%, An average of
21 SUPs are reportedly used for routine operative dental procedures ?*°. An average of 25
different types of items have been found in waste bags, with tissues most common,

followed by gloves and sterile bags **°. A recent LCA by Almutairi et al. ¢ demonstrated the
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significant environmental impact of the personal protective equipment items used during
the COVID-19 pandemic compared to standard cross-infection control measures and
reusable items. This again reiterates the point that healthcare interventions must be
evaluated with the “triple bottom line” - where clinical effectiveness, cost-effectiveness

and ES are considered .

The previously discussed strategic concept of reduce, reuse, recycle and rethink are
essential to reduce the environmental impact of dental waste %°. Reduction is the most
important strategy '¢%3%2%2, |t is clear that due to the complex materials used in dentistry
and the contaminated nature of clinical waste, complete implementation of the 4Rs is
impossible in the current climate ™. This further illustrates the need for innovation,

research and education across all sectors %2

Another key strategy to reduce harmful waste is through correct segregation 2%, There have
been conflicting reports in the literature regarding OHP adherence to correct waste
segregation, however these studies were all limited in size ?2"2%%", Segregation is a legal
requirement for infectious waste and for hazardous waste such as amalgam. However,
correct segregation of recyclable and domestic waste provides additional health,
environmental and financial benefits *6%%%2 |ncineration of infectious waste is expensive;
therefore, correct segregation will reduce costs for the practice and the harmful

environmental effects of incineration 1%2*,

Whilst regulations are in place for clinical waste disposal in the UK, most focus on the
disposal of infectious and hazardous waste %*°. Legislation heavily focuses on the safe
disposal of dental amalgam, which has been demonstrated to have significant
environmental impacts through mercury leakage into wastewater from dental practices
212259 Whilst amalgam use is decreasing, the mercury will still be released from the
cremation of cadavers for decades to come ?'*. However, attention must be paid to other
commonly used materials in dental practice, including resin-based composites, ceramics,
and impression materials 2°5*22%°, The harmful environmental potential of microparticles

of resin-based composites and associated eluted monomers has been demonstrated .

78



Further research and legal guidance is required regarding the disposal of these materials

230

Additional strategies to reduce waste in dentistry include:

e Reduce materials/equipment purchases or select alternatives (distributors/items
with reduced packaging, more environmentally sustainable products) 4526226

e Select reusable instruments and materials where possible %2

e Recycling waste that is not contaminated and is recyclable (for example, separating
sterile bags and recycling in paper and plastic waste) 2

e Employ good practice (e.g. high-quality clinical care to reduce material waste and
avoid repeat procedures, seal materials to minimise evaporation) 2342

e Perform regular audits for waste management 16262

e Facilitate access to recycling by providing segregated waste bins for staff and
patients 2

e Utilise technology in dentistry to reduce waste generation 2*°

e Identify transparent waste disposal services that may be employing novel
technology to recycle waste #2243

e Segregate and dispose of food and pharmaceutical waste appropriately 624262

e Recycle unused or unwanted items %*°

3.7 Drivers and Barriers to Environmentally Sustainable Change in Dentistry

Many drivers and barriers to sustainable change in dentistry have been discussed
throughout this literature review. Drivers include the increasing importance of ES for
stakeholders and an apparent professional and public interest in ES in healthcare. Key
barriers that have been identified include a lack of awareness, knowledge, and education,

as well as limited policies to support or facilitate sustainable change in a clinical setting.

A further list of the drivers and barriers to environmentally sustainable change in dentistry,

can be seen Table 6 and 7 below.
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Table 6 - Drivers to environmentally sustainable change in oral healthcare.

Drivers to environmentally sustainable change in oral healthcare

Increasing importance of ES on the agendas of stakeholders 3!%1¢

Professional interest in environmentally sustainable practices %127

Increasing public interest and commitment to ES 2™

A need and desire to maintain and enhance professional reputations with

environmentally sustainable practices *****

ES is marketable and is likely to increase interest and opportunities for practices #4*4

Environmentally sustainable dentistry is likely to lead to a reduction in practice

expenses ¥

Some governmental incentives to support environmentally sustainable change ¢

Table 7 - Barriers to environmentally sustainable change in oral healthcare.

Barriers to environmentally sustainable change in oral healthcare

Evidence of limited professional awareness and knowledge of existing unsustainable

practices 11233262

Little evidence of widespread education of students and OHPs on environmentally

sustainable dentistry 1251262

No policies to support and facilitate environmentally sustainable dentistry 242>
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Limited existing infrastructure to support widespread environmentally sustainable
practice (e.g. local procurement, environmentally sustainable waste disposal, cycle

paths etc ) 11,206,243,262

High costs of more environmentally sustainable options (renewable energy, electric

vehicles, recycled paper) **®

4. Environmental Sustainability in Undergraduate Dental

Education

4.1 Support for Environmental Sustainability in Dental Education

There is clear support to embed ES in undergraduate dental and OHP education. This was
highlighted in a previous section of this literature review, which considered education as a
key area of focus for delivering environmentally sustainable change in dentistry
205,212,226,229,233,234,252.253 |t js increasingly clear that ES is high on the agenda of HEIs *272, This
support will empower dental schools to embed ES within their curricula. Support from
professional bodies further strengthens the drive to teach this subject **. Numerous
surveys have demonstrated significant support from dental students for ES, although
response rates were limited in most studies *%:?'%232™ Three surveys also uncovered
positive attitudes from staff/faculty toward ES, although limited knowledge and strategies

to embed ES in the curriculum were also raised as a concern 2273274,

4.2 Is Environmental Sustainability Currently Taught in Undergraduate Dental

Education?

Itis still to be determined if the support to embed ES in undergraduate dental and OHP
education has resulted in demonstrable action. Medical education appears to be further
ahead on its agenda, with multiple publications of learning outcomes included in

curriculum documents worldwide ?*2"", However, a recent global survey demonstrated
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limited uptake of ES teaching in medical education ?’®. There is little evidence to give
insight into existing practices in dental and OHP education, and therefore, the teaching of
ES is anticipated to be limited. Most existing practices will likely be bottom-up approaches
- initiatives from individual educators within institutions ***°, Top-down approaches,
including new standards and policies from regulators and institutions, are required to
initiate widespread incorporation of ES in dental curricula #”°. Considering the limited
evidence base in dental and OHP education, the following sections will combine literature
from all health professional disciplines. Whilst there are intricate differences across the
various healthcare professions, a discussion of existing ES educational initiatives is
necessary due to the novelty of the subject and the scarcity of evidence. Programme
structures, regulations, and professional profiles are similar across all healthcare
professionals, and therefore, it is reasonable to assume existing practices can be shared

amongst disciplines.

4.3 Barriers to Teaching Environmental Sustainability in Undergraduate

Dental Education

While the need to integrate ES into dental education is clear, multiple barriers must be
addressed to implement this change. ES is a new and unfamiliar concept to most
educators and students, which may cause anxiety 2. Staff and student engagement and

leadership are essential to comprehensively integrate this concept into curricula 32527,
Barriers to teaching ES in healthcare include:

e Aperceived lack of knowledge and expertise to teach ES in healthcare 21,272-274281-285

e Time constraints due to the already overloaded curriculum 272-274279,284,285

e Alack of practical guidance to integrate this teaching across the length of
programmes /2279282

e Lack of learning resources for educators and students 2>/

e Perceived challenges in assessing ES concepts >/>?%
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e Resistance from some stakeholders regarding the relevance of ES in dental
education 28%2%
e Conflicting priorities as healthcare providers 2"

e Perceived limited evidence base for ESD 2%

4.4 Key Principles to Embed Environmental Sustainability in Undergraduate

Dental Education

All approaches to embed ES in the undergraduate dental curriculum must overcome the
reported barriers. The European Commission has used the term ‘Whole Institution
Approach’ as a key strategy in their Education for Environmental Sustainability policy
document %%, This demonstrates the importance of ES being incorporated into all aspects
of an institution. The following principles to support embedding ES in health professional

curricula have been developed from the literature and will be discussed further below:

e ESasathreshold concept

e Longitudinal integration of ES concepts in the existing curriculum

e Constructive alignment of learning outcomes, teaching activities and assessment
e Staff development, co-creation, and collaboration

e Evaluation, flexibility, and development of ES curricula

4.4.1 Environmental Sustainability as a Threshold Concept

To manage challenges in student learning and the overloaded curriculum, it has been
recommended to identify threshold concepts to better direct finite resources to essential
learning or topics that students find challenging 2*’. Meyer and Land first described
threshold concepts as: “A portal, opening up a new and previously inaccessible way of
thinking about something. It represents a transformed way of understanding or interpreting,
or viewing something without which the learner cannot progress” ?%¢. The Articulate
glossary of OHP education terms defines threshold concepts as: “A topic within a
curriculum that, when understood, results in fundamental changes in perception and

practise of other parts of the subject/discipline” %°. Multiple characteristics of threshold
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concepts have been identified; however, two appear to be imperative across numerous
publications; the concept must be transformative and irreversible 6"-**°. Threshold
concepts must be transformative in that, once understood, there is a clear shift in
perception, attitudes, or values. Threshold concepts should also be irreversible, meaning

they are unlikely to be changed or forgotten.

The education of clinical health professionals combines two types of knowledge:
experiential and conceptual ?*. Experiential knowledge is derived from experiences, in this
case, sequential clinical experiences throughout a dental programme. Conceptual
knowledge, often abstract and context-independent, is often acquired through didactic
means, such as lectures. A disparity between these two knowledge systems creates the
“theory-practice” gap, as described by Rolfe 2°2, Relating the two knowledge structures in a
complementary manner with the identification and focus on threshold concepts within

curricula has been recommended to reduce the impact of this gap 2823,

ES fits the definition of a threshold concept due to its transformative and irreversible
nature. The first step in incorporating ES into curricula is identifying its importance and

directing sufficient resources to achieve the aims of the curriculum development initiative.

4.4.2 Longitudinal Integration of Environmental Sustainability Concepts in the Existing

Curriculum

Complex constructs such as ES should be longitudinally integrated across the length of the
undergraduate dental curriculum *. This principle has also been emphasised in the
medical education literature 27276:285:2942% S concepts should be introduced early in the
dental curriculum and reinforced throughout the programme with increasing levels of
complexity. The importance and urgency of planetary health means ES must be a lens
through which all other components of dental education and oral healthcare are viewed
27 1t is likely that a standalone course for ES at one point in the curriculum will not
reinforce learning of this topic in the context of the whole discipline and may be more
difficult to arrange within the constraints of the dental curriculum. Longitudinal

integration allows the existing curriculum structure to remain intact, and new concepts
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can be weaved or infused into existing learning, teaching, and assessment processes. This
approach can overcome the reported barrier of overloaded curricula, and distributing
content across the length of the programme can enable all staff to feel more engaged in

curriculum development.

Curricula need to be fit for purpose on a local level. A ‘think globally, act locally’ approach
reiterates that modifying or updating existing curricula with ES concepts is sensible 2.
Longitudinal embedding of ES concepts also ensures that the content is relevant to the
stage of the programme and should allow opportunities for practical learning in clinical
environments #’2, Linking ES and professional practice is essential to demonstrate the
relevance of ES in the future of dentistry %%, The importance of connecting the relevance
of ES to clinical practice has been demonstrated in a participatory action research project
of eight medical schools in the UK %°, Practical learning through clinical cases that

incorporate ES principles may be an appropriate way to establish this link.

4.4.3 Constructive Alignment of Learning Outcomes, Teaching Activities and Assessment

Learning ES concepts in undergraduate dental curricula should occur at three levels:
knowledge acquisition, skill development and attitudinal learning 2. ES learning
outcomes should be clear, explicit and measurable across these three levels and methods
of teaching and assessment must be constructively aligned '*°. Learning outcomes for ES
need to be developed as no published examples of such work exist. The writing of learning
outcomes should be explicit to describe the desired change in the learner. Additionally,

these should be introduced sensibly into the existing curriculum in a longitudinal manner

65

Knowledge-focused teaching and assessment methods are well established. They are
important for establishing a baseline understanding of climate change, planetary health,
the environmental impact of oral healthcare, and environmentally sustainable strategies
2716282 Fxisting learning activities can be infused with knowledge of the environmental
impact of procedures delivered across all disciplines of oral healthcare and more

environmentally sustainable alternatives.
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A change of thinking around existing skill development in dental curricula is necessary.
Viewing the discipline through the ‘sustainability lens’ will incorporate this concept into
everyday thinking #°". Clinical skills teaching should foster strong ES attitudes to take
ownership of the materials used and reduce waste, resulting in concurrent environmental,
educational, and financial benefits. Another example is learning communication skills to
deliver oral health advice to patients, which is part of the existing curriculum. This
teaching should be tweaked to incorporate the additional, complementary benefits of oral
disease prevention for the environment and the environmental impact of different

preventive regimes.

Attitudinal or value-based learning are not new concepts in dental education, as similar
constructs such as professionalism and ethics are embedded in dental curricula 2%,
Attitudinal learning for ES is essential as our students will be drivers of change for the
future #*, Students are increasingly aware of their duty to protect the environment. Still,
these attitudes need to be fostered at a greater scale to develop professionals who are
environmentally accountable and prepared to be advocates for future reform 23%270.273.274,
Education systems must equip students with an understanding of the problem and how
change occurs, as well as developing communication and advocacy skills %2 In
psychological research, the relationship between attitudes and behaviours is complex.
Positive attitudes do not always result in positive behaviours, as many factors can affect
and deter one’s actions. Behavioural scientists have sought to identify the critical factors
and formulate theories that explain why attitudes do not always predict behaviour. An
example is the Theory of Planned Behaviour *°. Blake *® described a similar construct as
the value-action gap, which focuses on environmental policy. Both concepts propose that
positive attitudes are the foundation of predicted behaviour. However, social norms,
perceived behavioural control or practicality of the behaviours play a significant role in the
outcome. Promoting specific attitudes (e.g. towards ESD) demonstrates the strongest
predictor of behaviour - which again supports the need for relating ES teaching to

professional practice 3. This is not to say that holding general positive attitudes to ES is

86



irrelevant or cannot form part of the curriculum - positive spillover and consistency in

attitudes have been recognised in the literature 2832,

Assessment promotes learning, and methods must be aligned to the level of knowledge,
as specified in the defined learning outcomes, and follow Bloom’s taxonomy and Miller’s
pyramid of competency %62, Assessment for learning (formative assessment) and of
learning (summative assessment) are appropriate at different stages of courses or
programmes. For the levels of knowledge acquisition and skill development, existing
assessment methods may be adapted without any significant changes, this may include
written papers, practical assessments, and case-based discussions 2, Assessment of
attitudes relating to ESD is more challenging and may require novel assessment methods
21229 | ongitudinal assessment grounded in reflective practice may be appropriate for
assessing ES attitudes 2"*?%2, This could include reflective portfolios incorporating elements

of ES alongside other clinical considerations.

4.4.4 Staff Development, Co-Creation and Collaboration

The perceived lack of local expertise to teach ES is a reported barrier in the literature. This
can be overcome by raising awareness through staff development activities and

collaborating and co-creating with staff, students and external departments.

Staff development will form an integral part of the rollout of ES in the curriculum. Staff
development sessions should not aim to make expert teachers, they should raise
awareness and foster a teamworking environment. It is anticipated that much of the
teaching relating to ES and planetary health can be delivered by non-experts who ‘learn
alongside the learners’ for this complex and emerging issue %%, Staff development
should focus on fundamental concepts such as climate change, the impact of climate
change on health, how healthcare contributes to climate change, environmentally
sustainable strategies for care delivery and educational strategies to embed ES in the

curriculum 303304,
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Co-creation of resources between staff and students is particularly relevant for this
emerging topic and could be incorporated into assessment. ES is a trans-disciplinary
issue, and sharing resources amongst similar programmes or institutions would
significantly reduce workload, avoid duplication, and potentially improve the quality of

teachi ng 272,282,296

4.4.5 Evaluation and Development of ES Curricula

Interventions to embed ES in the curriculum must be evaluated post-hoc in order to
identify areas of strengths and weaknesses. Curricula must be open to development, and
early ES educational interventions will look different as time progresses #’. Evaluation can
take multiple forms, including internal and external quality assurance processes *%. An
example of a student-led evaluation process is the Planetary Health Report Card that was
launched in medical education in 2019 %, This tool grades the university's performance
according to various planetary health metrics, including the incorporation of ES teaching

in the curriculum. A version for dental and OHP education is currently being developed.

4.5 Examples of Environmental Sustainability Educational Interventions

There are limited published examples of practice that incorporate ES in healthcare
curricula. From the small pool of research in this area, examples of ES teaching tend to be
small-scale interventions within specific disciplines. StralRer et al. **¢ delivered a seminar
that was combined with multiple climate-related tasks. Pre- and post-tests were
completed using a standardised questionnaire, which demonstrated significant increases
in ES-related knowledge but revealed that environmental attitudes and awareness had not
significantly changed. The findings of this small-scale study illustrate the importance of
longitudinal integration of ES concepts. Kligler et al. *°" developed the Climate Change
Curriculum Infusion Project (CCCIP), which integrates ES into existing medical curricula.
Students and staff co-created lecture slides to embed in existing lectures in pre-clinical
courses. Student evaluations demonstrated positive views towards the relevance of the
content and the knowledge gained relating to climate change and health. The tools used

to measure the impact of this intervention are limited, and the response rates were also
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low. However, the methodology of embedding content in the curriculum is of interest. A
multi-centre national review of UK medical courses by Bevan et al. ¢ revealed a wide
disparity in ES teaching. Although the evidence is very limited, this study highlighted that
an approach with dedicated lectures early in the programme with further material

interspersed throughout the curriculum currently appears the most effective.

5. Summary

This literature review addresses the research question, ‘How does the undergraduate
dental curriculum evolve to incorporate new concepts, such as environmental

sustainability?’

The regulation and delivery of dental education across Europe is complex, with a directive
that is minimally descriptive and open to interpretation. Limited published data exists to
compare curriculum practices across Europe, and an outdated report suggests substantial
variation ¥*". National regulators, such as the GDC in the UK, set additional standards for
education providers at a national level. Further research is required to understand the

current state of dental education across Europe and to uncover core curriculum practices.

Dental curricula must be flexible to equip their students with the necessary knowledge,
skills, and attitudes to meet the demands of the profession in the future. ES is an example
of a curriculum disruptor that requires immediate and profound changes to dental
programmes. Multiple professional bodies have established the need to embed ES in
dental and OHP education ****, A curriculum development process must be in place to
enable these changes to occur with minimal disruption and without impacting the overall

aims of the programme.

Oral healthcare delivery is unsustainable, with significant environmental impacts resulting
from staff and patient travel, procurement of materials, instruments, equipment, waste
generation, and energy and water use 2%, The profession must significantly change to
achieve environmental goals at national and international levels. The key areas of focus

are education, policy and regulations, stakeholder engagement, and research.
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There is limited evidence of existing teaching practices for ES in dental education.
Evidence from similar attitudinal constructs, such as professionalism, suggests that ES
should be longitudinally integrated into the curriculum, and opportunities for applied
practical learning should be provided. The co-creation of resources with students and
external departments should be considered to improve the quality of education and

reduce workload. Drivers and barriers to this change must be studied to provide solutions.

This literature review has identified numerous knowledge gaps concerning dental
education and ES. A novel educational research project that seeks to attain this knowledge

must consider the following as part of its methodology:

e Review and investigate the state of dental education in Europe with regard to
programme details and curriculum structure.

¢ Identify existing educational practices, barriers and drivers to embedding ES in
dental education.

e Engage in extensive stakeholder development to formulate strategies and learning
outcomes to embed ES within the constraints of an existing curriculum.

e Develop evidence-based content for educators to teach ES.

e Evaluate the effectiveness of various teaching interventions on student awareness,
knowledge and attitudes toward ESD.

e Develop a new model for curriculum development that incorporates contemporary

educational terminology and practices.
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Chapter Ill - Aims and Objectives of the Research
Aim

To develop, implement and evaluate a curriculum development model to embed

environmental sustainability in undergraduate dental education.

Objectives

e To explore the current state of dental education in Europe and articulate common
curriculum practices.

e Toidentify current teaching practice of environmental sustainability in
undergraduate dental education and identify key barriers to change.

e To engage with key stakeholders to create and develop strategies to embed
environmental sustainability in the undergraduate dental curriculum.

e Toimplement and evaluate the effectiveness of a range of learning and teaching
events used to embed environmental sustainability across the length of the
undergraduate dental curriculum.

e To develop a contemporaneous model for curriculum development that

demonstrates a strategy to embed new topics into an existing dental curriculum.

Proposed Research Plan

To achieve the aims and objectives of this project, multiple studies have been planned

across three proposed ‘research areas’:

1. The current state of dental education in Europe.

2. How can environmental sustainability be embedded into the undergraduate dental
curriculum?

3. Evaluation of the impact of environmental sustainability in the undergraduate

dental curriculum.
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The current state of dental education in Europe

Multiple methodologies have been planned to answer this research question. This will
commence with a scoping review to explore the current reporting of dental and oral health
professional (OHP) education in Europe. This will be followed by a stakeholder-agreed
vision for OHP education for the future and the development of a glossary of terms for
OHP education. A survey-based methodology will be used to collect data regarding the

current state of dental and OHP education in Europe.

How can ES be embedded into the undergraduate dental curriculum?

Current educational practices for environmental sustainability (ES) in dental schools will
be explored through multiple surveys across different geographic regions. Strategies to
embed ES in the existing dental curriculum will be developed through consensus-based
approaches to develop learning outcomes and teaching and assessment methods for ES.
Focus groups will be used to explore staff and student opinions regarding opportunities to
embed ES within an existing curriculum. Student opinions regarding the relevance of ES to
their undergraduate programmes will be explored through a survey. Evidence-based and
subject-specific content will be created through a literature review and stakeholder

consultation to support educators in teaching ES.

Evaluation of the impact of ES in the undergraduate dental curriculum

The research completed in the previous two research areas will inform a plan to embed ES
within an existing curriculum. The plan will be implemented and evaluated using a survey
to assess the impact of the teaching interventions on awareness, attitudes and knowledge

of environmental sustainability in dentistry.

Figure 2 provides an overview of the thesis structure.
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How does the undergraduate
dental curriculum evolve to
incorporate new concepts, such
as environmental sustainability?

What is the current
state of dental
education in Europe?

Chapter IV: Exploration of
the current state of dental

Chapter V: Current

How can ES be
embedded into the
dental curriculum?

Chapter VI: Defining

education through scoping
review, glossary
development, creation of a

Teaching Practice for

ES in dental education:

interactive workshop

Strategies to Embed ES

in the dental curriculum:

pan-European

Chapter VII: Developing
ES content: literature

review, stakeholder

vision and surveys.

Peer-reviewed
publication: scoping
review. DOI:

Peer-reviewed
10.1111/eje.12577

publication: vision of
OHP education. DOI:
10.1111/eje.12819
Peer-reviewed
publication: glossary
of OHP education

DOI: 10.1111/eje.12794 ZE[EE e

publications: Pan-
European surveys.
DOls: 10.1111/€je.12989
10.1111/eje.12987

Figure 2 - An overview of the thesis structure.

and surveys.

Peer-reviewed
publication:
European mixed-
methods
approach. DOI:
10.1111/eje.13033

Peer-reviewed
publication: UK
and Ireland
survey. DOL:
10.1038/s41415-
024-8011-6
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consultation.
groups.

Peer-reviewed
publication: learning
outcomes, teaching and
assessment methods
for ES DOI:
10.1111/eje.12852

Peer-reviewed
publication: strategies
to embed ES in the
existing dental
curriculum. DOI:
10.1016/j.jdent.2024.1050

Peer-reviewed
publication: student's
views on the relevance
of ESD. DOI:

415-024-

021

Evaluating the
impact of ES in the
dental curriculum

Chapter VIII:
Implementing and
evaluating a plan to
embed ES in the dental
curriculum: surveys.

Manuscript prepared
for publication:
Pre- and post-
intervention survey
assessing impact of
teaching interventions
on awareness, attitudes
and knowledge of ES.

Peer-reviewed
publication: evidence-
based subject specific
21 content statements

for ES in Dentistry.
DOI:
10.1016/j,jdent.2024.105




Chapter IV - The Current State of Dental Education

Across Europe
Overview

A mixed methods approach was employed to explore the current state of dental and oral
health professional (OHP) education across Europe and to develop a stakeholder-agreed
vision for the future. The individual methods that contributed to this chapter included a
scoping review, a qualitative consultation, glossary development and a survey. The

included peer-reviewed manuscripts contribute to this chapter 3%¢-3!2;

Dixon J, Manzanares-Cespedes C, Davies J, Vital S, Gerber G, Paganelli C, et al. O-
HEALTH-EDU: A scoping review on the reporting of oral health professional education

in Europe. European Journal of Dental Education. 2021;25(1):56-77.

Field J, Dixon J, Davies J, Quinn B, Murphy D, Vital S, et al. O-Health-Edu: A vision for
oral health professional education in Europe. European Journal of Dental Education.

2023 May;27(2):382-7.

Davies JR, Field J, Dixon J, Manzanares-Cespedes MC, Vital S, Paganelli C, et al.
ARTICULATE: A European glossary of terms used in oral health professional
education. European Journal of Dental Education. 2023;27(2):209-22.

Dixon J, Field J, Vital S, van Harten M, Roger-Leroi V, Davies J, et al. O-HEALTH-EDU: A
viewpoint into the current state of Oral Health Professional education in Europe: Part
1: Programme-level data. European Journal of Dental Education. 2024 May

1;28(2):591-606.

Dixon J, Tubert-Jeannin S, Davies J, van Harten M, Roger-Leroi V, Vital S, et al. O-

Health-Edu: A viewpoint into the current state of oral health professional education
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in Europe: Part 2: Curriculum structure, facilities, staffing and quality assurance.

European Journal of Dental Education. 2024 May 1;28(2):607-20.

Candidate Contribution

The PhD candidate was invited to represent the School of Clinical Dentistry, University of
Sheffield, in an Erasmus + funded research project titled ‘O-Health-Edu’. This arose due to
the candidate’s previous leadership and involvement in pan-European educational
research outputs and activities. The project was managed by the Association for Dental
Education in Europe (ADEE) and included nine university partners from across Europe. The
PhD candidate drove the project's conceptualisation and helped shape the aims: to
understand the current state of dental and OHP education in Europe and create a strategic
vision for the future. To gain insight into the current state of dental education, the PhD
candidate conceptualised two approaches, developing an evidence-base through a
scoping review and creating an online data hub to collect data regarding OHP educational
practices across Europe via a survey-based approach. These approaches were intrinsically
linked with two additional tasks: developing a vision for OHP education for 2040 and
creating a glossary of educational terms to provide clarity of language for all survey terms.
All five manuscripts result from extensive work by all authors and O-Health-Edu project
partners. For the three principal investigator first-author publications, the PhD candidate
led conceptualisation, methodology design, investigation, data curation and analysis and
research write-up. The PhD candidate provided significant contributions to the
conceptualisation, methodology design, investigation, stakeholder consultation, data
curation and analysis and research write-up for the two co-authored publications that
were led by Professor James Field (Cardiff University) and Professor Julia Davies (Malmo
University) respectively. Summaries and the full-text documents for each publication are

presented in the following text.
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A Scoping Review on the Reporting of Oral Health Professional

Education in Europe
Introduction

Differences in European dental education have the potential to profoundly affect the
population's oral health. The O-Health-Edu project aimed to collect data regarding the
current practices of European dental schools through a survey-based approach. Due to
limited previous research in the form of literature reviews and exploratory investigations, a
literature review was required to provide evidence-based recommendations for future
survey investigations and establish a baseline understanding of current practices. A

scoping review was selected due to its flexibility in a previously unexplored area 3%,
Aim

The scoping review aims to investigate how dental and OHP education is reported across

Europe.

Methodology

The PRISMA and Arksey & O’Malley frameworks guided the methodological approach. A
search strategy that included published literature searches (from scientific and
educational databases), internet searches and further hand-searching of documents on
stakeholder web pages was developed. A consultation was undertaken with key
stakeholders to ensure the search strategy was fit for purpose and reduce the potential for
missed information. Identified sources were screened by two authors (JD, JF), and
approved sources were charted using a standardised form. Repeat searches were
performed once the authors became more familiar with the literature, as proposed by
Arksey & O’Malley ***. Through descriptive statistics, quantitative analysis was used for the
year of publication, journal, study type, and location reported. Due to the largely
qualitative nature of the included sources for ‘subject matter reported’, this area was

analysed through thematic analysis 3.
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Results

The searches produced 508 sources in total, with 405 excluded due to not reporting the
topic within the research question. After additional handsearching and removal of
duplications, 85 sources were included in the final review. The average year of publication
was 2007, and most of the published literature emanated from dental education journals.
Surveys were the most common methodology used for reporting OHP education practices.
The thematic analysis of the subject matter generated four themes: dental education at a
programme level, dental education at a discipline level, other OHP education and

postgraduate education and continuous professional development.

Relevance

This scoping review demonstrated that the reporting of dental and OHP education in
Europe is limited. There are many examples of published guidelines and curricula in the
European context, but how these are applied in local contexts needs to be clarified. The
scoping review established a need for a data collection process on programme and
curriculum practices across Europe. This need is emphasised by an inability to state the
number of dental schools within the continent accurately. This scoping review presented a
valuable starting point to gain an understanding of the state of dental and OHP education
in Europe. This work will inform future surveys in order to establish a needs assessment

and situational analysis for future curriculum development initiatives.
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1 | INTRODUCTION

Historically, ‘dental education’ has focused on the education of den-
tists. More recently, however, the term is used to encompass a wider
range of professionals, also known as ‘dental care professionals’
or ‘oral health professionals’. It is difficult to obtain a unanimously
agreed definition of these terms due to the different regulation of
oral health professionals across the continent. However, the terms
tend to encompass the complete range of dental professionals in-
cluding dentists, hygienists, therapists, nurses and clinical dental
technicians.

Basic dental training (a primary degree in dentistry or dental
surgery) in the EU is regulated by the European directive 2005/36/
EC on the recognition of professional qualifications. This states that
“initial dental training must be for at least 5 years’ study, with the equiv-
alent ECTS credits, and must consist of at least 5,000 hours of full-time
theoretical and practical training provided in a university or in a higher
institute providing training recognised as being of an equivalent level or

under the supervision of a university”}

There is no similar recognised
directive for other oral health professionals such as dental hygienists
or dental therapistsz; instead, this is often managed nationally by
individual regulators.

The variability of oral health professional (OHP) education,
training and clinical experience may be explained by the superficial
guidance present in the directive—and therefore is open to broad
interpretation by dental educators across Europe. The European di-
rective informs educators regarding the length and type of training
that should be provided, but provides little guidance by way of cur-
riculum content and programme delivery.

1.1 | Harmonising dental education within the
European Higher Education Area

Whilst the World Health Organization (WHO) defines the European
Region as comprising “53 countries, covering a vast geographical region
from the Atlantic to the Pacific ocean”,® the European Union (EU) is de-
fined as “a unique economic and political union between 27 EU countries
that together cover much of the continent”.* The European Economic
Area (EEA) is a political link between the EU and three European
Free Trade Association (EFTA) countries (Iceland, Lichtenstein,
Norway). In contrast, the European Higher Education Area (EHEA)
is an international collaboration between 48 European countries. It
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education, there is limited knowledge on how education is implemented and deliv-
ered. There is a greater need for comprehensive educationally driven programme-

level data on oral health professional education across Europe.

dental education, dental hygienists, dentists, oral health professionals, professional education,

was formed to follow up the signing of the Bologna Process in 1999,
which placed the mutual recognition of higher education qualifica-
tions into European law and therefore facilitated the movement of
students and professionals across higher education institutions in
Europe.5

In 1998, the European Union's Directorate for Education and
Culture funded the DentEd Thematic Network Project (TNP) which
aimed to harmonise dental education through promoting higher stan-
dards in dental education in an ever-widening EU.® The Association for
Dental Education in Europe (ADEE) embodies dental schools across
Europe and has formed a large network of dental educators. ADEE
has supported or acted as a medium for much of the recent work
aiming to harmonise dental education through their annual meetings,
taskforces and special interest groups. The DentEd project led ADEE
to commission three task forces to focus on the delivery of European
dental education. This culminated in the development and publication
of the Graduating European Dentist in 2017, which provides recom-
mendations for best academic practice in dental education.”

This variability in oral health professional education is of con-
cern, because current EU legislation permits European graduates to
practice dentistry across Europe through mutual recognition of their
qualifications. These important migration flows of students and
dentists across Europe may bring together professionals with differ-
ing experiences and skill sets. This, in turn, may lead to inequities in
the density and competence of oral health professionals—with some
places underserved and others overcrowded. This is likely to impact
on the management of oral health needs across Europe.

Considering the extensive nature of oral health professional ed-
ucation and the lack of previous reviews in the area, a scoping re-
view has been selected as the appropriate methodological approach.
A scoping review is of particular benefit when the initial research
question is broad, allowing exploration of the literature that under-
pins the research question. In turn, this facilitates further more fo-
cused reviews (including systematic reviews)v”

This scoping review forms the initial part of a larger EU-funded
collaborative Erasmus + project, ‘O-Health-Edu’. The project aims
to better understand the existing state of oral health professional
education in Europe and to develop a common vision of this edu-
cation and support changes by 2030. These changes would allow
the profession to be in a greater position to meet the oral health
needs of the European population. The aim of this scoping review
is to investigate how oral health professional education in Europe
is reported.
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2 | METHODS
The PRISMA Extension for Scoping Reviews and the Arksey &
O’Malley methodological framework for scoping reviews were used
to guide the reviewers throughout the scoping review process.®?
These frameworks allow for the identification of both in-depth
and broad literature. In a systematic review, the data collected is
guided by a highly focussed research question and very specific
study designs. In contrast, the approach used here aimed to identify
all relevant literature, regardless of its construct or quality.

2.1 | Search strategy

The search strategy (Figure 1) was developed from the research
question “How is oral health professional education reported in
Europe?”. The search strategy encompassed published literature
searches, internet searches and further searching of relevant docu-
ments from educational organisations, regulators and professional
bodies. The specific search terms for each search undertaken can be
seen in Table 1. In order to identify relevant published studies, both
educational (Education Resources Information Center—ERIC) and
scientific databases (PubMed) were used. As well as searching for
published sources, a Google Scholar and two separate Google web
searches were carried out. For the latter, the first 100 sources were
considered. Finally, websites of known Educational Organisations,
Regulators, Data Reporting Agencies, Professional Bodies and
Health Agencies were hand-searched for further relevant sources.
After screening the results of the published literature search,

handsearching of the references of included sources was under-
taken to identify further sources.

The authors felt a systematic and wide-ranging search strategy
across the data sources would give a more comprehensive picture
of the reporting of oral health professional education in Europe.
Therefore, no limitations were placed on year of publication although
only articles in English were accepted. Once the search strategy was
developed, it was sent to key stakeholders for consultation; the list
of these can be seen in Table 2. After considering feedback from all
stakeholders, the search strategy was finalised. The searches were
undertaken in a period from the beginning of December 2019 to the
end of February 2020.

2.2 | Selection of sources of evidence (Screening)

The title and abstracts of all sources identified from the searches
were retrieved and screened by two authors (JD, JF). Sources were
included in the scoping review if they reported on oral health pro-
fessional education in Europe, regardless of the level of reporting,
study type or subject matter. The EHEA definition of Europe was
used to determine the inclusion of relevant articles. If the source
did not have an abstract or if the data reported were unclear from
the abstract, the full-text document was retrieved and screened by
both authors concurrently. Equally, if a unanimous agreement could
not be established from the abstract, the full-text document was re-
trieved to determine its inclusion in the scoping review. If there was
disagreement when screening, the issue was discussed further with
the other authors in order to reach a consensus.

ERIC ‘

PubMed ‘ Google Scholar

Google ‘

N

Published
Literature
Searches

Internet Searches

v

How is oral health
professional
education reported in
Europe?

Organisation
Search

FIGURE 1 Search Strategy

Educational
Organisations

Other Professional
Bodies and Health
Agencies

Regulators and
Data Reporting
Agencies
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Search Search terms

ERIC and PubMed [All] Dental OR Oral Health OR

TABLE 1 Individual search terms for
each search undertaken
Dental Student

OR Dental graduate OR Hygienist OR Hygiene

OR dental therapy OR dental t
Education
[Title/Abs] Europe AND Report
No date restrictions, English onl

Secondary PubMed

herapist AND

Yy

[All] Dental OR Oral Health Professional OR Dental

Student OR Dental graduate OR Hygienist OR
Hygiene OR dental therapy OR dental therapist

AND Education

[Title/Abs] Europe AND Survey

No date restrictions, English onl
Google Scholar

Delivery OR Europe
Google Search 1 "Europe Dental Education Deliv
Google Search 2 "Europe Oral Health Education

Educational Organisations
EDSA, EDHF, IADR, IFDEA, FE

y

Dental OR Oral Health AND Education AND

ery Report"
Delivery Report"

Handsearching websites of ADEE, ADEA, CECDO,

HDD, Dental

School Councils, identifiable through web

searches

Regulators and Data Reporting
Agencies

Handsearching websites of FED
Eurydice, ENQA, country-speci
identifiable through web searc

Other Professional Bodies and Health
Agencies

TABLE 2 Key stakeholders approached to help shape the search
strategy

British Dental Association

Council of European Chief Dental Officers

Council of European Dentists

European Dental Hygienists Federation

European Dental Students' Association

FDI—Fédération Dentaire Internationale

FEDCAR—Federation of European Dental Competent Authorities
and Regulators

Irish Dental Council

2.3 | Data charting process

All final sources included in the scoping review were read in full
text and subsequently recorded in the charting form—an example
of which can be seen in Figure 2. The data recorded included the
following: author(s), year of publication, title, journal or publisher
name, study type, location, and the subject matter reported. This
form allowed for the appropriate organisation of included sources
and for a standardised extraction of data relevant to the scoping
review. The decision on which variables were used to extract data
from each source was based on the research question. It was not
within the scope of the review to report the full research findings of
each study; instead, any data relating to how oral health professional
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CAR, EUROSTAT,
ific regulators,
hes

Handsearching websites of CED, FDI, country-
specific bodies, identifiable through web searches

education was provided or delivered in Europe was recorded in the
charting form.

Similar to the screening process, the two lead authors (JD,JF)
reviewed all of the included studies and charted them as per the
information previously. Due to the novel nature of the subject of the
scoping review, it was not possible to plan calibration of reviewers
prior to charting; however, as this process continued, both reviewers
were in communication to standardise the procedure.

2.4 | Data analysis

In line with the recommendations by Arksey and O’Malley,9 the
search terms were slightly refined as the lead authors became
more familiar with the reviewed literature. This allowed a sec-
ond and more sensitive search of the literature. As such, a sec-
ond PubMed search was undertaken to exclude the term “report”
and to include the term “survey.” This change in search terms was
undertaken due to the common use of survey methodologies in
included studies.

Once data from all included sources were charted, the data
were analysed by the lead authors (JD, JF). Year of publication,
journal/publisher, study type and location reported were anal-
ysed quantitatively with means, modes and percentages calcu-
lated to demonstrate the average and most common findings.
Due to the predominantly qualitative nature of the data, the
“subject matter reported” data were analysed using the six-phase
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Author Year  [Title Journal/Publisher | Study/ Source type [Lo03tion Subject Matter Reported
Reported
. 23 EU countries surveyed on offering DH education, duration of study, diploma type, dual
Dental hygienists in Europe: Survey and education DH & DT, isation in Europe? isites, insfitutional setings, pattens of
g‘g‘:;:’“"' 2000 | ronization of sduceion and prackos since 2003 :“’”’I::':' Bental [\ iorviow Europe change in programmes, ECTS, total hours, PG eduction for DH&T, regulation trends in EU,
Vol practice supervision/direct access per country.
" X ; Survey of European Federation of Periodontology (EFP) members. Reports on periodontal
Giirsoy et Periodontal education and assessment in the - European Joumal Europe (EFP o cation and assessment in Europe: mimimum competences, pedagogical delivery
al 2018 ddetel e of Dertel Survey (iietbee methods, time allocated, assessment methods, student access to complex periodontal
d based survey in European countries Education institutitions) J pelod, d plenpet
management techniques.
Council of ’ : ’
Eorgen comeilal Databas on popuaton, workloroe and scucato, Raports o rumber ofsaho, |
A uropean Chief publiciprivate, entries, % of females, graduates, total intake as a country, course duration,
g'f"';'e ?:"’5' 2017 |CECDO EU& EEA Database Dental Officers  Database Europe school closures, VT, Hygienist courses, duration and diploma type, possibility of further
pilieN (CECDO) therapist training.
FIGURE 2 Example of an entry into the data charting form

Sources identified

through Published

Literature Searches
n=217

Sources identfied through
Internet and Organisation

Searches
n=291

Sources screened
n=508

Sources screened after
hand searching
references of included
sources
n=41

Sources reporting on OHP
education in Europe
n=103

FIGURE 3 Results flow chart

guide to thematic analysis outlined by Braun and Clarke.'® This
process involved familiarisation with the data, coding and sub-
sequent naming and data separation into themes. Themes were

Sources excluded for not
reporting on OHP
education in Europe
n=405

Hand searched sources
excluded after screening
n=26

Sources included in
scoping review
n=85

results. 1

102

Duplicate sources
exluded
n=33

highlighted according to relevance or “keyness” to the research
question rather than a purely focussing on their prevalence in the
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3 | RESULTS

3.1 | Selection of sources of evidence

A flow chart demonstrating the results of the searches undertaken,
the number of sources screened and ultimately included in the scop-
ing review can be seen in Figure 3. A total of 217 published arti-
cles were retrieved from the primary and secondary PubMed and
ERIC searches. A total of 291 sources were identified through the
Internet and organisation searches, leaving a total of 508 sources to
be screened. A total of 405 sources were excluded as they did not
report on the topic of interest, leaving 103 sources that reported
on oral health professional education in Europe. Handsearching of
the references of the included and published sources leads to a fur-
ther 41 articles being screened, in which 15 sources reported on oral
health professional education in Europe. In total, 33 duplications
were removed and the final number of included sources was 85.

3.2 | Characteristics of sources of evidence

The individual characteristics of all the included sources, as well as a
summary of the data extracted (using the charting form Figure 2) from
each source, are presented in Table 3. The table also describes the
search in which the source was found, as well as the reporting theme.

A summary of the most common characteristics of the whole data-
set can be seen in Table 4. The mean year of publication for all included
sources was 2007. The majority of sources were published in a journal
dedicated to dental education (48%), with discipline-specific journals
also being relatively common (29%). Surveys represented the most
common source type (55%), with narrative reports, guidelines and lit-
erature reviews also being frequent (26% combined). 57% of sources
reported across Europe, a combined 25% for either individual coun-
tries or select regions within Europe and 18% globally.

Thematic analysis of the subject matter reported by all included
sources revealed four broad reporting themes:

Dental education at a programme level

Dental education at a discipline level

Other oral health professional education

Postgraduate education and continuous professional develop-
ment (CPD)

The four themes and the most common information reported by
all included sources can be seen in Table 5.

3.3 | Dental education at a programme level

The web search of dental organisations and professional bodies re-
vealed two important documents that present data on dental educa-
tion from countries in the EU and EEA.?®?! These documents contain

a large amount of data from dental schools across Europe—something

many of the other programme-level reports fail to provide. As these
documents are written by political organisations, there is a heavy
focus on the dental and oral health workforce—and therefore most of
the educational data presented focuses on length of study, number of
dental schools, graduate numbers, clinical experience and vocational
training. Whilst these are all essential factors in dental education and
ultimately managing the oral health needs of the public, there is an
evident lack of data on educational strategies and principles.

3.4 | Dental education at a discipline level

More than half of the relevant studies from the published

literature searches report on dental education at a disci-
| 11-15,19-21,23,24,26,29,30,32,34,36-38,42,44,45,47,48,51,58-61

pline level
Implantology“'12‘“'24'3‘5‘38""‘5'70 was the most commonly reported
discipline, with Paediatric Dentis,try,u'm'42 Endodontology47'7z‘89

and Operative Dentistrysg'éo

also being reported frequently.
Resources that reported on dental education at a discipline-level
tended to be much more focused on educational practice, rather
than political drivers. Discipline and sub-course curricula, teaching
methods, sub-course duration, educational settings, clinical experi-

ence and assessment were commonly reported, as seen in Table 5.

3.5 | Other oral health professional education

The majority of the data reported for oral health professional edu-
cation focused on dental hygienist education,?335:3962647186 \yith
some reporting on both dental hygiene and therapy (DH&T) educa-
tion.”372858790 None of the reports found in the searches reported on

TABLE 4 Most common characteristics of whole dataset

Data Variable Findings

Mean Year of Publication 2007

Year of Publication Range  1969-2019
Most Common Journal Dental Education Journals 48%
Type Dental Discipline-specific Journals 29%

Dental Scientific Journals 14%
Country-specific Journals 9%

Most Common (Modal)
Source Type

Survey

Most Common Location
Reported

Europe 57%

Global 18%

Individual Countries 15%
Select European Countries 10%

Subject Matter Themes 1. Dental education at a Programme
Level

2. Dental education at a Discipline Level

3. Other Oral Health Professional
Education

4. Postgraduate Education and
Continuous Professional Development
(CPD)
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dental nurse or dental technology education, and this may be due to
the fact that these programmes are still often delivered as vocational or
further education programmes, outside of the usual higher education
setting. Such a trend may also be expected considering that many coun-
tries are increasingly focusing on training dental hygienists and thera-
pists to meet the oral health needs of their population. Nonetheless, the
data available regarding dental hygiene education provide a significantly
more comprehensive programme review across multiple countries and
institutions in Europe, than the data for dentistry.

Considering the large variety of regulations for dental hygienists,?
there have been a number of reports that have attempted to provide
details on these variances.?®3526483 These reports cover most coun-
tries in Europe and include very useful data on length of study, scope of
practice, regulation, educational attainment and historical aspects of
dental hygiene, such as year of implementation. One study, by Luciak-
Donsberger and Eaton,®? which used surveys and interviews across
Europe, focuses more on the educational strategies of dental hygiene
programmes in Europe. The article reports on the number and duration
of study of dental hygiene programmes in European countries, as well
as the educational attainment but then details educational trends in

Europe, with a focus on settings and supervision.

3.6 | Postgraduate education and continuous
professional development (CPD)

Postgraduate education, similar to the discipline-level data, re-
ported more frequently on educational aspects such as curricula
and training settings. Of the included studies that reported on

postgraduate education, most described the current state at a dis-
cipline level.33%%43 This trend of reporting of speciality training at a
discipline level is to be expected, as many of the specialties work in-
dependently to develop their programmes. However, Sanz et al pub-
lished a report on the accepted specialties per country in Europe, as
well as training regulation and the numbers of specialty dentists in
Europe.és

The regulation of CPD, country-specific requirements and
modes of delivery were commonly reported in included studies. The
DentCPD project and the Graduating European Dentist highlight the
importance of lifelong learning through engagement with continuing
professional development (CPD).”?¢ Barnes et al carried out a liter-
ature review of CPD in Europe and reported on dentist engagement
in CPD, common modes of delivery and their effectiveness.®® Much
of the data in this literature review was from a select list of countries,
mainly those that have regulated CPD activity. An EU-funded study
that reviewed CPD and lifelong learning of health professionals in
the EU was found in the Internet search.®° This mapped the manda-
tory and voluntary CPD requirements according to each country in
the EU, as well as reporting on common topics specific to dentistry
and their mode of delivery.

4 | DISCUSSION

This scoping review has highlighted that the reporting of oral health
professional education in Europe is limited. The literature search re-
vealed some useful documents that report a wide breadth of data on
oral health professional education; however, these tended to either

TABLE 5 Subject matter themes and common information reported for each

Subject matter theme

Dental Education at a Programme Level Length of study

Historical structure and curricula

Clinical training/experience

Vocational training?%73777%90

Number of dental schools and graduates
11,12,14,19,20,24,26,29,30,32,37,38,44,51,60,63,66,67,69,72,89

Dental Education at a Discipline Level

Teaching methods

Educational setting and clinical experience

Sub-course curricula
23,42,45,47,48,70

Common information reported

25,40,51,77,90

18,25,31,40,50,52,74

25,49,51,95

73,79,85,90

36-38,47,51,70

Competencies and Assessment32%47:48:89

Sub-course duration
28,35,39,64,83,86,90

Other Oral Health Professional Education Length of study

Scope of practice’

Regulation by country

Entry and graduate numbers

23,36,48

35,64,73,83,86

35,62,64,86

35,62,86

Educational attainment®¢?°

Postgraduate Education and Continuous
Professional Development (CPD)

Postgraduate curricula

CPD regulation and requirements

33,43,55,57,82

22,65,80

Delivery of CPD>*56:¢7¢

Specialty recognition
Postgraduate training settings

55,68,82,94

41,73
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cover a small number of institutions or report at a national level,
rather than giving a broader picture in Europe. Considering that the
average year of publication of relevant articles was 2007, much of
this data would now be considered outdated.

4.1 | Programme-level and discipline-level data

There are a number of useful documents that provide advice and
guidelines at a programme level,”*%%7 as well as at an individual dis-
cipline level.33%%® However, these do not report on the current state
of oral health professional education in Europe and instead, list prin-
ciples of good academic practice. In turn, we are unable to conclude
to what extent this practice is adopted by institutions across Europe.
The lack of reporting of dental education at a programme level is a
concern. Comprehensive and geographically wide-ranging data on
curriculum content and design, student assessment, admissions and
clinical academic staff are more difficult to find. Articles that report on
educational practices tend to have relatively small cohorts and many
are outdated with current recommendations. Following the Bologna
Agreement and the DENTEd project, which both aimed to drive har-
monisation of dental education in Europe, many of the relevant ar-
ticles from the published literature search reported on differences
between historical dental education and aims for the future, with
numerous papers describing the stomatology model vs odontology
model. The focus on educational principles and practice by sources
reporting discipline-level data is positive and allows for the sharing of
best academic practice across institutions, as well as supporting deci-
sion-makers in planning changes to improve the quality of education
delivered by their institution. The increase in publication of discipline
and specialty-specific curricula is promising, and this is advocated
within the Graduating European Dentist curriculum documents.”

4.2 | Postgraduate education and CPD

The reporting of postgraduate dental education, including specialty
training, is similar to the reporting of dental education in general.
According to the EU Directive 2005/36/EC, specialty training must
be a minimum of three years full time, must have academic and
clinical elements, and be delivered at approved institutions within
the country concerned'—and whilst there are many useful guide-
lines on how postgraduate education and specialty training should
be delivered, it is not clear from the published literature what is
delivered. Although there are documents that report on the CPD
requirements of some countries, more information is needed on
the setting and method of delivery preferred by oral health profes-
sionals. Additionally, it is not known how well oral health profes-
sionals engage in CPD, which may subsequently lead to a change
in their professional practice. It is evident that there is very little
knowledge on the current state of postgraduate education and
CPD across Europe and more wide-ranging and comprehensive re-
porting is required.

4.3 | Faculty-level data

Whilst programme-level and discipline-level data were most preva-
lent, there was an evident lack of data at a faculty level. This includes
information about academic staff numbers, qualifications of aca-
demic staff, and the research and teaching experience of academic
staff. One study reported on staff involved in the delivery of dental
hygiene programmes, but this mostly covered the United States.”*
These data are of relevance to understand how education is deliv-
ered as well as how clinical academic staff balance their clinical, edu-
cational and research commitments—as such, there is a need for an
increased reporting of this data, and for publications that provide
advice and recommendations.

4.4 | Retrievability of sources

The authors were aware of other known sources that reported
on dental education in Europe but were not found as part of this
comprehensive search strategy (Table 6). The authors propose two
potential reasons for known articles not appearing in the search:
(a) variation in the use of keywords, and (b) the accessibility of the
publishing website. The use of Medical Subject Headings (MeSH)
keywords for publications is a useful tool to index and facilitate
searching and access to articles. Recommended MeSH keywords
related to dental education can be seen in Table 7. The fact that the
majority of included sources were published in journals dedicated
to dental education is positive—and allows for greater retrievabil-
ity of sources. Many of the relevant articles that reported on dental
education were linked to ADEE taskforces, workshops and Special
Interest Groups. Whilst this serves to highlight the vital role that
ADEE plays in mediating pan-European activities, it is important to
ensure that this activity is written up and published in a timely fash-
ion in order to ensure that the findings are recorded, accessible, and
able to be referenced appropriately. It was positive to note that a

TABLE 6 Known documents that report on dental education but
were not identified in searches

Articles known to the authors but not found in search:

ADEE. 2016. Survey of Dental Education in Europe Summary
Report.”?

General Dental Council. 2019. A Review of the Literature
on Continuing Professional Development (CPD). Available
fromhttps://www.gdc-uk.org/docs/default-source/research/18120
5-full-report-review-of-the-literature-on-cpd.pdf?sfvrsn=a4c63
719_21%;

Martin, N., Fairclough, A., Smith, M. & Ellis, L. 2011. Clinical
educators’ views on the quality of undergraduate clinical
restorative dentistry in the UK and ROI Eur J Dent Educ, 15,
216-222.1%

Sinclair, E., Eaton, K. & Widstrém, E. 2019. The healthcare systems
and provision of oral healthcare in European Union member states.
Part 10: comparison of systems and with the United Kingdom. Br
Dent J, 227, 305-310.12
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number of sources identified through the online search results and
hand searching, linked to a range of relevant dental educational or-
ganisations and professional bodies. However, finding these particu-
lar documents took a significant amount of time—and this finding
may support the idea of a dynamic, easy-to-update central online
toolkit that reports on dental education in Europe.

4.5 | Limitations of this scoping review

Potential limitations of the search strategy employed by the authors
may include the inclusion of articles in English only. Whilst includ-
ing articles in languages other than English may have led to more
relevant articles, it is the opinion of the authors that including these
would not significantly change the findings of the scoping review.
With any search strategy, there is the potential for missed articles;
however, the addition of the secondary PubMed search, once the
authors were more familiar with the data set, strengthened the
search strategy further.

4.6 | Recommendations for future reporting of
dental and oral health professional education

There is a greater need for comprehensive, educationally driven
programme-level data on oral health professional education
across Europe.

Continued publication of discipline-level curricula, in line with the
Graduating European Dentist recommendations.

Increased reporting of faculty-level data, including staff numbers,
clinical and research experience and educational qualifications.
Increased reporting of postgraduate/specialty training and CPD,
across all disciplines.

Consistent use of MeSH keywords for publications in dental edu-
cation (see Table 10 or use the MeSH browser https://meshb.nlm.

nih.gov/search).

Creation of a centralised online toolkit, in order to facilitate the
collection, organisation, display and analysis of pan-European
data relating to dental and oral health professional education.

TABLE 7 MeSH Keywords that can be used for publications in
dental education

MeSH keywords for dental education

Dental education (Education, Dental)

Dental hygienists

Dentists

Dental students

Dental technicians

Dental assistants

Curriculum

Survey

19
WILEY--2
5 | CONCLUSION

The reporting of dental and oral health professional education in
Europe is limited. Whilst there are many useful documents that
provide guidelines on dental education, there is limited knowledge
on how education is implemented and delivered. There is a greater
need for comprehensive educationally driven programme-level data
on oral health professional education across Europe.
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A Vision for Oral Health Professional Education in Europe
Introduction

A core aim of the O-Health-Edu project was to develop a vision of OHP education for the
future, which was collaboratively developed by multiple key stakeholders across the
European continent. The vision will project how OHP education should be structured and
delivered by 2040 and must align with the oral health needs of the population, as outlined

in recent World Health Organisation strategies 3",

Methodology

The project team, which had extensive experience in curriculum development, developed
a first draft of the vision elements. They reviewed and included the evidence base and
stakeholder guidance documents regarding recent curriculum trends. The team then
reviewed the vision elements iteratively. Once the group was satisfied with the
terminology and content, an extensive pan-European consultation was planned that
included all ADEE member institutions, international, national, and regional associations,

regulators, industrial partners, and student representatives.

Results

A total of 96 responses were received for the consultation process, which included 13
different stakeholder groups. All responses were reviewed, and multiple amendments
were made to the vision elements to improve the clarity of language and relevance of
content. Seven vision elements were finalised and incorporated into a visual diagram. The
elements centred around inclusive entry criteria for students, an integrated curriculum, an
evidence-based education ensuring clinical and professional capability, a quality-assured
curriculum, curricula that embed social responsibility, a collaborative curriculum that
draws on best practices from the academic community and a curriculum that is responsive

to local population needs.

120



Relevance

This project brought together an extensive group of stakeholders to establish a vision for
OHP education in the future. This document provides OHP schools with an evidence-
based, consensus-agreed vision for future curriculum development. The vision will also
support the data collection stage of the O-Health-Edu project by providing a gold standard
for comparing with existing practices. The vision serves as an additional driver for
curriculum development and specifically environmental sustainability through
demonstration of European-wide stakeholder agreement on the topic. The accepted
approaches will inform future guidelines and recommendations in dental education and

curriculum development.
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1 | BACKGROUND

This position paper represents an outcome from a larger EU-funded
collaborative Erasmus+ project, “O-Health-Edu.” The project aims to
better understand the existing state of Oral Health Professionals'
(OHP) education in Europe and to develop a common vision for this
education. The ultimate aim is to improve the ability of OHPs to

| Julia Davies®
| Corrado Paganelli’
| Maria Cristina Manzanares-Cespedes'* © |

| Barry Quinn* |
| lize Akota® |

This consensus paper reports on the process of developing a renewed vision for Oral
Health Professional (OHP) education across Europe, and forms part of a larger EU-
funded collaborative Erasmus+ project, “O-Health-Edu.” The vision aligns with the
World Health Organisation milestones (2016) and resolutions (2021), and EU4Health
programme (2020) objectives - and projects 20years into the future, to 2040. This
longitudinal vision takes a multi-stakeholder perspective to deliver OHP education
that acts in the best interests of both students and patients, and sits within the con-
text of a wider strategy for general health. Included, it is an infographic to help com-
municate the vision to various stakeholders of OHP education.

consensus, education, Europe, oral health, students, World Health Organisation

meet the oral health needs of the European population. It is under-
stood that promoting oral health will result in improved overall
health, and a reduction in health inequalities—and indeed this objec-
tive is supported by the recent introduction of the EU4Health pro-
gramme,* which, in part, aims to “strengthen health systems and the
healthcare workforce”. A major determining factor in this regard, is
access to relevant, comprehensive and equitable people-centred

*World Health Organisation definition: “53 countries, covering a vast geographical region from the Atlantic to the Pacific oceans”
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© 2022 The Authors. European Journal of Dental Education published by John Wiley & Sons Ltd.
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health services. The way in which relevant health professionals are
educated, trained, and deployed, will determine each country's (and
in turn, Europe's) capacity and capability to meet population health
needs.

The term Oral Health Professional includes Dentists, Dental
Therapists, Dental Hygienists, Dental Technicians and Dental
Nurses (assistants). Considering the extensive remit of OHP educa-
tion, and the lack of previous reviews of OHP education, the initial
part of the project involved a scoping review.? The review focussed
on the reporting of OHP education in Europe. The main finding was
that there is limited published knowledge on educational practise
and organisation across Europe.

The scoping review further identified four principal reporting
themes, which helped the authors to summarise the current state

of how OHP education was reported within Europe - these were:

e Dental (educating dentists) programme-level data
e Dental discipline-level data
e Other OHP data, and
e Postgraduate dental education and continuing professional de-
velopment (CPD).
The findings are considered in more detail below:

1.1 | Programme and discipline-level data (dental)
Dental educators have a number of useful published guidelines at
their disposal, that provide recommendations for how OHP edu-
cation should be delivered at both a programme level (e.g.3’5), and
discipline-level (e.g.6™%). As would be expected, the programme-level
data offers local insights into the developing OHP workforce - such
as student demographics, admissions and study length—however,
these data provided little insight at a European level. The discipline-
level data highlighted educational practices - such as sub-course
duration, timing of courses within programmes, teaching methods,
educational settings/resources, and assessment. Despite these snap-
shot examples of programme and discipline-level data, it is unclear
exactly how OHP education is currently being delivered across the
breadth of Europe. As such, the scoping review identified the need
to collect contemporaneous pan-European data about current OHP
education practice.

1.2 | Other OHP and postgraduate data

The scoping review found that most sources reporting on other OHP
education (other than dentists), focused on dental hygienist educa-
tion. There were no readily identifiable/searchable documents that
reported on dental nursing, therapy or technology education. Of the
data reported for dental hygienist education, common data themes
presented were: length of study, scope of practice, regulation, edu-
cational attainment and historical aspects of dental hygiene educa-
tion. Similarly, postgraduate education, specialty training and CPD,
had a similar lack of reporting on educational practices. Sources
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regarding delivery of CPD generally originated from nations with
regulated CPD ac'tivity.12 Again, it is, unclear how other OHPs en-
gage with CPD across Europe - and this has implications for work-
force training and development.

1.3 | Publication patterns
The scoping review identified some publication patterns that may be
restricting the accessibility of published information. Firstly, many of
the included sources were published in journals dedicated to dental
education only. Secondly, there were a number of publications known
to the author team that were not found in the searches undertaken.
The authors postulated that this may be due to a lack of appropri-
ate Medical Subject Headings (MeSH) keyword attribution, or the
sources were not all published in journals - instead, some being avail-
able through organisational websites. It is also apparent that publica-
tions do not represent activity across the full breadth of Europe and
there is, therefore, a need for a broader and more comparative view.
As a result, the scoping review concluded with a number of rec-
ommendations for the future reporting of OHP education in Europe,
in order to begin to better meet the health needs of the European
population:

Collection of comprehensive, educationally-driven programme-
level data on OHP education across Europe;

Continued publication of discipline-level curricula, in line with the
Graduating European Dentist® recommendations, in order to fa-
cilitate best practice;

Collection of impact data regarding the implementation of pub-
lished core and specialty curricula;

Increased reporting of faculty-level data, including staff numbers,
clinical and research experience and educational qualifications;

Increased reporting of postgraduate/specialty training and CPD,
across all disciplines;

Consistent use of MeSH keywords for publications in dental
education;

Creation of a centralised online toolkit, to facilitate the collection,
organisation, display and analysis of pan-European data relating
to OHP education.

2 | THE ORAL HEALTH NEEDS OF THE
EUROPEAN POPULATION

In 2016 the World Health Organisation (WHO) published its strat-
egy for human resources for health.*® The overall aim of the strategy
was to renew efforts for Universal Health Coverage in order to meet
UN sustainable development goals. The strategy makes particular
reference to “ensuring equitable access to health workers within
strengthened health systems” (p8). Clearly, an important part of this
“access” relates to the education/training and deployment of health-
care professionals across Europe. Objective 2 of the strategy refer-
ences this explicitly, stating that action must “take account of labour
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market dynamics and education policies; to address shortages and
improve distribution of health workers”.

The WHO strategy document outlines several milestones that
relate to the education and training of OHPs, and these are outlined
below (,*° p9):

2.1 | Milestones by 2020

e All countries have established quality assurance mechanisms for
health training institutions

o All countries are making progress on health workforce registries
to track health education

2.2 | Milestones by 2030

All countries are making progress towards improving the course
completion rates in medical, nursing and allied health profession-

als training institutions

All countries are making progress towards halving their depen-
dency on foreign-trained health professionals, implementing the
WHO Global Code of Practice

At present, the milestones in relation to OHP education and train-
ing across Europe are at risk of being missed, primarily due to a lack
of data reporting. As recommended by the O-Health-Edu scoping re-
view,? several measures require immediate implementation in order to:

e Collect the necessary data to analyse the current European
position

e Develop a suitable action plan to collect missing data

e Develop a suitable action plan to meet the WHO?® milestones
that form part of global objective 2.

In 2021 the WHO also published a resolution on Oral Health'-a
global strategy for tackling oral diseases for consideration by WHO
governing bodies. The resolution urges member states to “reorient
the traditional curative approach” and “move to a preventive pro-
motional approach” to oral health. It also calls on member states
to strengthen cross-sectoral collaboration across key settings to
promote healthy habits and lifestyles. Following a call for feedback
in May 2021, the draft was reviewed. ADEE, which represents the
vast majority of the European OHP education institutions, proposed
modifications to integrate the consideration of the essential role of
the educators, the students, and the educational institutions, in the
WHO Strategy for Oral Health.

3 | O-HEALTH-EDU AND A VISION FOR
OHP EDUCATION IN EUROPE

O-Health-Edu's vision for the education of OHPs in Europe aligns
with the WHO milestones*® and resolutions,** and EU4Health
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programme’ objectives - and projects 20years into the future, to
2040. This longitudinal vision takes a multi-stakeholder perspective
to deliver OHP education that acts in the best interests of both stu-
dents and patients, and sits within the context of a wider strategy
for general health.

The vision accounts for the fact that medical curricula today are
fundamentally different in content and approach to those written
50-100years ago.’>'® As such, there is a greater emphasis on:

Evidence-based medicine and evidence-based pedagogy

Integrated curricula, and an outcome-based education

Student-centred learning

Staff/Faculty whose primary role is that of an educator

Inter-professional education

Accounting for societal needs

There is also a shift away from more traditional, scholarly academic
curricula, to curricula which share components that are (amongst oth-
ers) socially efficient and socially reconstructive.’” Contemporaneous
OHP curricula are already being constructed to align to this vision>*®

and as such there is already greater emphasis on:

Meeting the health needs of the population

Serving the needs of society

Training for skills required specifically in the workplace

A focus on competence, capability and lifelong learning

Deliberate practice and reflection

Learning-outcome-programmed curricula

Sustainability

Empowering OHPs to have vision and to take action

3.1 | Process

Between September 2020 and February 2021, The O-Health-
Edu consortium, in conjunction with ADEE, invited an open pan-
European consultation on the different elements of the Vision. As
well as comprehensive responses from ADEE member institutions
and interested individuals, responses were also received from in-
ternational, national and regional associations, regulators, indus-
trial partners, and student representatives (Table 1). A total of 96
responses were received.

When reviewing each element of the Vision, the O-Health-Edu
team took each comment on individual merit. The involvement of mul-
tiple stakeholders (educators and clinicians, international and national
bodies, regulators and students) has enabled the creation of a shared
vision, built through consensus. The vision is represented diagram-
matically in Figure 1, Figure S1 and comprises the following elements:

An integrated curriculum which educates and empowers students
of oral health professions to work together collaboratively and
synergistically, and as part of a wider healthcare team, in the best
interests of their patients.

e A contemporaneous curriculum ensuring clinical and pro-
fessional capability, which is grounded in evidence-based
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TABLE 1 Listof international, national and regional associations, education and practise, and which promotes an ethos of lifelong
regulators, industrial partners, and student representatives who learning.
responded to the consultation

e A quality-assured curriculum that is responsive to local popula-

International associations tion demands and variance, whilst maintaining the minimum EU
Association for dental education in Europe standards that facilitate the mobility of qualified oral health pro-
European dental hygienists federation fessionals across Europe.

World Health Organisation e Inclusive entry criteria, and dynamic curricular approaches that

Regulatory bodies provide effective and accessible education for a diverse range of
French dental council - ordre francais des chirurgiens-dentistes learners, and their associated learning needs.

General dental council, UK e Curricula that embed social responsibility longitudinally through-
Malta medical council out programmes, ensuring that OHPs are responsive to the future
O-Health-Edu quality committee health needs of their patients, their society, and their environment.

National and regional associations e Clear and demonstrable independent quality assurance of edu-
Brazilian dental education association cational programmes that meets a regulatory standard, including
British dental association evaluation, accreditation and recognition of OHP educators. Each

Industrial partners school's students should be considered as a critical component of
GlaxoSmithKline consumer healthcare internal quality assurance processes.

Student representatives e Curricula that draw on best practice from across the academic
European dental students’ association community, and that consider the interests of wider stakeholders
International association of dental students (such as regulators, postgraduate training institutions, industrial

Note: Individual and school responses are not included. and digital innovations, and health care systems) for better-
preparing graduates for the workplace.
O-HEALTH-EDU: A VISION FOR ORAL HEALTH PROFESSIONAL (OHP) EDUCATION IN EUROPE Evtm ragramme

Collaborative
lear
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Inclusive entry

© Inclusive entry criteria and dynamic curricular
approaches that provide effective and accessible
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associated learning needs.

Clinical and professional
capability preparing students for
the workplace - evidence-based
education and practice.

learning and
clinical
environments.

© Anintegrated curriculum which educates and
t f oral health ions to
work together collaboratively and synergistically,
and as part of a wider healthcare team, in their
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professional capability
by progressing through
arange of learning
environments.

© A contemporaneous curriculum ensuring
clinical and professional capability, which is
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educators. Each school's students should be aco
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quality assurance processes.
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Continued professional
o further training at
‘education centres or academies.
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FIGURE 1 A Vision for OHP education in Europe [Correction added on 10 September 2022 after first online publication: the orientation
of figure 1 was changed and figure 1 was updated as a supporting information figure in this version]
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Other forms of support available

Staff to student ratio pre-clinical

1staff: 2-7 stude:

Staff to student ratio clinical

Istaff: 1

dents providing treatment
Patients treated fromyear: 3

4 | ACCESSIBILITY AND DISSEMINATION

The O-Health-Edu team worked alongside a design company to
create a visual which represented the Vision elements in an ac-
cessible way. After several iterations it was decided that the most
understandable method involved creating a visual that represented
a “community of academic practice” with a natural progression
through the expected stages of OHP Education. As such, the vis-
ual lists the Vision elements to the left, but also represents these
diagrammatically on the right. It also became apparent to the team
that there was a need to reword the Vision elements for certain user
groups using less technical and academic terminology, to make them
more accessible and understandable. The user groups that were
being discussed included potential students, their parents, school-
teachers, and the general public. The modified vision elements are
represented in Appendix 1. Whilst the team, alongside the design
company, strived to make the visual as understandable as possible,
we also make reference to the online glossary of OHP educational
terms, “Articulate” to assist in its interpretation.'? This can be found,
with free online access, at https://o-health-edu.org/articulate.

5 | NEXT STEPS

The next stage of the O-Health-Edu project is to collect compre-
hensive, educationally driven programme-level data on OHP across
Europe. At the time of writing, this process was already underway.

IIIGHTBLIN’I-G}

FIGURE 2 Anexample report card that
from the O-Health-Edu data hub (please
note that this is an example and may

be subject to change. For a live version
please visit the data hub directly)

Programmes offered

ry Specialist Dentistry

Hygiene
herapy

Level of programmes
Masters Phd

Primary Dental Degree
Duration: 5 vears
Annualintake: 75
Annual graduates: 75

Dental Hygiene Degree
Duration: 2 years
Annual intake: 20
Annual graduates: 20

Quality Assurance report ink:
www.gdc-uk.org

This will enable the project to address the milestones outlined in
the World Health Organisation strategy for human resources
for health,” the WHO resolution on Oral Health'* and other EU
Health Programmes. It also improves the visibility of Oral Health
Professional programmes across Europe, to all interested stakehold-
ers. This information is accessible at https://o-health-edu.org/ohe-
datahub-directory.

The O-Health-Edu data hub presents a “summary card” for
each institution that has created a profile (such as that shown
in Figure 2). ADEE will invite member schools to sign a charter
based on the Vision, and an indication will be made on each report
card, for schools that agree to align with the charter—and cham-
pion the Vision through the ways in which they deliver their OHP
programmes.
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e vision for the intended user groups of students, parents and

patients
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A curriculum that teaches students to treat the patient and their
needs as a whole, and as a team, rather than learning subjects
separately.

A curriculum which is up-to-date, that makes sure students are
safe and ready to work independently in practice, and prepares
students for directing their own future learning

A curriculum that considers the oral health needs of the local pop-
ulation, but also meets national or European standards, so that
qualified OHPs can confidently move across the EU to work
Entry requirements to programmes that consider students' di-
verse backgrounds, and teaching methods that account for all
learner needs

A curriculum which teaches students to care for their society,
the environment, and the health needs of their population within
which they work

A curriculum that is checked by a regulator, and which considers
the opinions of students.

The selection of teaching staff who have the right qualifications
and skills

A curriculum that makes it easier for students to enter the work-
place and practice without the need for extra support
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ARTICULATE: A European Glossary of Terms used in Oral Health

Professional Education.
Introduction

Before collecting data on European educational practices and curriculum structures, the
O-Health-Edu project established the need for a common understanding of language to

maximise the accuracy of future surveys.
Aim

The Articulate glossary aimed to create a shared understanding of terms and concepts

used within OHP education within a European context.

Methodology

The methodology was developed from published glossaries in other fields *#322, The
process was iterative, grounded in stakeholder consultation, and tested each definition's
‘fitness for purpose’. The terms for inclusion were selected from the first draft of the O-
Health-Edu survey and other ADEE curriculum documents 4576146 These included core
pedagogical terms related to programme structure, curricular approaches, infrastructure
and educational facilities, preclinical and clinical education, quality assurance, and

student selection.

Results

Atotal of 171 terms were included and used for discussion and definition. The stakeholder
consultation included 30 participants from 11 European countries, and the first round
resulted in 86 terms being defined as ‘clear’ and 80 ‘unclear’. The ‘unclear’ items were
revised, changes were made to improve clarity and ease of understanding, and an open

consultation was completed online.
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Relevance

Articulate provides a commonality of language for OHP educational terms. As the final
step of the O-Health-Edu project is to develop and disseminate a survey across Europe,
this glossary will reduce inaccuracies and bias in responses due to a lack of commonality
of language and understanding of dental education terminology. Cultural and language
variations across Europe could result in inaccuracies in survey responses, and linking the
stakeholder-agreed definitions to the survey will reduce bias and may improve completion
rates. Additionally, an evidence-based and collaborative glossary will support future work
at a European level, and the online version will facilitate regular updates and increase

transparency by allowing users to raise queries and receive responses by the task team.
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Abstract

Introduction: The Erasmus+O-Health-EDU project aims to gain a comprehensive
view of oral health professional (OHP) education in Europe, through the development
of web-based surveys and online toolkits. A glossary to facilitate a common language
through which academic teams could cooperate and communicate more accurately
was identified as a key need within the project. The aim of ARTICULATE was thus to
create a shared language, with a European focus, for terms and concepts used in the
field of OHP education.

Methods: The methodology was developed from those published for construction of
other glossaries with a circular and iterative process: the creation of content and defi-
nitions by a group of experts in OHP education, the testing of “fitness for purpose”
of the content, and stakeholder consultation. All creation steps were followed by re-
finements based on testing results and stakeholder comments. The final glossary was
then launched as an online resource including a built-in mechanism for user feedback.
Results: The scope and structure of the glossary were mapped out at a workshop with
12 dental education experts from 7 European countries. A total of 328 terms were
identified, of which 171 were finally included in ARTICULATE. After piloting with a
close group of other colleagues, the glossary was opened for external input. Thirty
European Deans or Heads of Education assessed the definition of each term as “clear”
or “not clear.” A total of 86 definitions were described as “clear” by all individuals.
Terms deemed unclear by at least one individual were revisited and changes made to
37 of the definitions. In conjunction with the launch of the glossary, a range of stake-
holder organisations were informed and asked to participate in an open global consul-
tation by providing feedback online. Since its launch in June 2021, the ARTICULATE
website (https://o-health-edu.org/articulate) has had an average of 500 visits/month.
To promote community ownership, forms embedded on the ARTICULATE webpage
allow users to give feedback and suggest new terms. A standing taskforce will meet
regularly to consider amendments and make changes to ensure that the glossary re-
mains a relevant and up-to-date resource over time.
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any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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1 | INTRODUCTION

Across Europe, the oral health of the population shows a high degree
of variation within and between countries, related not only to national
health care systems but also socio-environmental determinants of
health. In view of the complexity of the determinants of health, a
well-prepared and adaptable oral healthcare workforce is critical in
meeting the current and future needs of the population. Education
is a key factor in ensuring that professionals engaged in the provision
of oral healthcare have the skills and knowledge required to provide
optimal (safe and high quality) care. Across Europe and beyond, a
range of professionals including dentists, dental hygienists, dental
therapists, dental nurses and clinical dental technicians are involved
in different aspects of the provision of oral healthcare and may be
referred to as oral health professionals (OHPs). They can be con-
sidered more broadly as being “All professionals engaged in actions
whose primary intent is to enhance oral health”.! With the exception
of dentists, whose training is regulated in the European Union (EU)
directive on the regulation of professional qualifications (2005/36/
EC),2 there is little consensus surrounding the education and scope
of practice of other OHPs at a European level. In addition, although
the European directive provides overarching guidelines regarding
the length and type of training that should be given to dentists, de-
tails concerning the content and mode of delivery of primary dental
degree programmes are often managed at a national or local level.
A recent scoping review revealed a significant gap in knowledge of
how education of dentists and other OHPs is implemented and de-
livered in Europe, with the reporting at the curriculum, programme
and faculty levels being both limited and outdated.®

Over the past 25 years, there have been several initiatives aimed
at describing the delivery of dental education across Europe, in-
cluding the EU-funded DentEd projects.4 These initiatives revealed
widespread differences in educational philosophy and curriculum
content in institutions providing dental education across the conti-
nent.® This view was reinforced by arecent survey amongst members
of the Association for Dental Education in Europe (ADEE) exploring
issues such as funding sources, language, student and faculty profile,
study hours, and programme characteristics.® Whilst differences un-
doubtedly exist, some of the variation recorded may be attributable
to a lack of common understanding of the terms used to describe
educational activities in the different European contexts. The mul-
titude of languages spoken across Europe and the use of terms in
different ways in different countries may contribute to this. For in-
stance, the question “what is the length of your programme?” may

Conclusion: ARTICULATE is a unique, evolving, online glossary of terms relating to
OHP education, created as a resource for all interested OHP educators. The glossary
is a key output of the O-Health-Edu project, which relies on a comprehensive vision
of OHP education to address the future oral health needs of the European population.

dictionary, Europe, lexicon, oral health, professional education, terminology

be interpreted as including or excluding preparatory courses and/or
obligatory or voluntary postgraduate vocational training. This has
lead institutions, even within the same country, to give different an-
swers. It is clear that in order to collect robust data in the future, it is
essential that the terms used in data collection exercises are under-
stood in the correct context by both the respondents and the users.
As well as being important in supporting the creation of comparable
datasets from OHP educators throughout Europe, the use of com-
mon terms about OHP education by stakeholders and policymakers
also has potential regulatory and legal concerns, since the correct
use of guidelines and other decision support tools to enhance the
quality of oral healthcare depends on the use of common terms and
concepts. The pan-European O-Health-Edu project, funded through
the European Union Erasmus+ programme as part of the “Strategic
partnerships for higher education” initiatives, is based on a vision of
OHP education as a key determinant of the health of European pop-
ulations. One of the specific objectives is thus to collect data about
how OHP education is undertaken in institutions across Europe by
means of an online survey. The findings of this survey will be incor-
porated into a comprehensive data hub, which can be updated in
real-time to ensure long-term accuracy and relevance. In the light of
the difficulties outlined above with regard to terminology, a needs
analysis within the O-Health-Edu project recognised the importance
of including an updated and relevant resource, where terms specif-
ically related to OHPs education are clearly defined and explained
with a European focus, in the data hub.

Glossaries have now become a common element of web-based
“toolkits,” aimed at facilitating a common language through which
academic teams can cooperate on research or development projects.
Many of the documents dedicated to Higher Education at an inter-
national level include a comprehensive glossary of terms. Examples
include the European Association of Distance Teaching Universities
(EADTU) "Glossary of Education terms and EU education refer-
ences"” and the One Health European Joint Programme (OHEJP)
glossary to support communication and information exchange be-
tween the human health, animal health and food safety sectors.® At
least two glossaries defining terms used in medical education ex-
ist,”"*® but a literature review and online search revealed that existing
resources within the oral healthcare sphere were oriented towards
specific thematic areas.'**® As an example, the. American Dental
Education Association (ADEA) has recently published a “Diversity

and Inclusion Terminology appendix"t’

related to strategies to im-
prove recruitment and retention of underrepresented and margin-

alised faculty by dental schools and allied programmes. However,
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none of the published glossaries was deemed broad enough to meet
the needs of the O-Health-Edu project. In this paper, therefore, we
describe the creation of ARTICULATE, a unique freely available on-
line glossary, developed as part of a toolkit within the O-Health-Edu
project. The aim of ARTICULATE is to create a shared language, with
a European focus, for terms and concepts used in the field of OHP
education as a resource to meet the needs of the OHP education
community as well as our partners and collaborators.

2 | METHODS
2.1 | Effective project planning

In October 2019, a workshop involving the twelve members of the
pan-European O-Health-Edu working group (international experts in
OHP education, from seven different European countries and with
a range of European first languages) was held to map out the scope
and structure of the glossary and establish a workflow for its crea-
tion. During this workshop, it was agreed that the development work
should result in an updatable online resource that is freely available
to all interested parties. Initially, the glossary, developed in English,
should include terms required to provide clarity and better under-
standing for questions written to collect data regarding OHP educa-
tion in Europe as well as other core terms used in OHP education.
A literature search was performed in PubMed and Google Scholar
using the terms "glossary," "lexicon" or "dictionary" to identify rel-
evant articles describing methodology for creation of a glossary. The
current methodology was then developed from that published for
construction of other glossaries and terminology systems.zo'25 The
process was divided into a series of inter-related and iterative work
packages aimed at:

. creating initial content and definitions,
. analysis and refinement,
. testing of “fitness for purpose” of the content,

A WOWN -

. stakeholder consultation followed by refinement based on their
comments,

w

. creation of the final glossary,
6. launch as an online resource including a built-in mechanism for
user feedback.

2.2 | Creating initial content and definitions

Initial selection of terms to be included was carried out during the
construction of the O-Health-Edu survey regarding the practice of
OHP education in Europe. They included basic pedagogical terms re-
lated to degrees; programme and curricular approaches; infrastruc-
ture and educational facilities; preclinical and clinical education; and
quality assurance and student selection as applied to the educa-
tion of OHPs. To increase the breadth of the glossary and thereby
improve its performance as a stand-alone resource for all OHP

WI LEYJj

educators, articles linked to a range of curriculum documents?6-30

were also scanned for supplementary relevant terms. All terms were
then uploaded to a communal web platform and members of the
working group asked to prioritise the terms for inclusion. Terms
deemed as having highest priority by a majority of the group were
taken forward for inclusion. Once the preliminary content of the
glossary had been agreed upon, each member of the working group
was assigned a number of terms to focus on. Definitions were col-
lected from relevant published materials including educational lit-
erature (books and journal articles), documents issued by the EU and
associations related to OHP education as well as websites and other
authoritative terminology resources. All definitions were then col-
lated and uploaded to the web platform where members of the O-
Health-Edu working group could leave comments and suggestions.

2.3 | Analysis and refinement of the first
draft of the glossary

The collated document on the website was used as a basis for sub-
sequent discussion. The O-Health-Edu working group met regularly
online over a period of six months to discuss and refine each of the
definitions based on the assimilated suggestions. With the exception
of, for instance, protected titles for OHPs defined in EU directives,
the group sought to create new definitions either from scratch or
by paraphrasing the collected definitions in order to increase their
specificity to OHP education and avoid copyright issues. Where
there were differences of opinion, a consensus was reached through
free and open discussion. The process was iterative and if members
of the working group could not agree, further research was con-
ducted as a basis for a new round of discussions until consensus was
reached. Particular emphasis was placed on reaching definitions that
were both contextual for OHP education and widely applicable in
Europe and beyond. All the agreed definitions were then revisited
to ensure that they conformed to the agreed style rules for the glos-
sary, which were that they should, wherever possible:

be succinct,

give immediate information about what is meant by the term,

be in the singular form,
use English UK spelling,
where possible, not include the term itself,

where possible, be given in the noun or noun phrase form,

include common acronyms and synonyms.

2.4 | Determination of fitness for
purpose of the glossary

Since one of the purposes of the glossary was to increase under-
standing of the terms used to describe educational activities in the
planned O-Health-Edu European survey of OHP education, relevant
definitions were repeatedly tested by the working group and a small
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group of external colleagues in the context of the draft question-
naire. This process led to changes being made to both the glossary
and the questionnaire itself to ensure as high a degree of clarity as
possible. At this stage, in preparation for dissemination, the glossary
was named “ARTICULATE—a glossary of terms used in OHP educa-
tion.” A logo was created, and the terms were entered into an online
database as a prelude to creation of the digital resource and front-
facing web service.

2.5 | Consultation with a group of subject
matter experts

The group chosen to pilot the first draft of ARTICULATE was a
group of stakeholders who are also subject experts, namely Deans
and Heads of Dental Schools from across Europe (defined by the
World Health Organisation, i.e. 53 countries). For the first round of
consultation, individuals registering for the annual online Forum of
European Heads and Deans of Dental Schools (FEHDD) meeting in
October 2020 were asked to complete a survey concerning the clar-
ity of the glossary terms. The response options to the question “Is
the definition of this term clear to you?” were “Clear” or “Not clear.”
If the response was “not clear,” participants were asked to leave a
comment. The terms deemed “not clear” by one or more respond-
ents were taken to online consultation at the upcoming meeting.
Delegates were assigned, in advance, to 4 groups for discussion of
the unclear terms. The sessions were recorded to aid subsequent
analysis and members of the working group acted as chairpersons
and rapporteurs in each group. Participants were informed of the
plan to record the session in advance, and verbal consent was ob-
tained during the session before recording began. The respondents
were informed of the approval of the O-Health-Edu project by the
Bioethics Committee of the University of Barcelona (Institutional
Review Board IRBOOC, 03099). The second round of consultation
on terms identified from educational documents was undertaken
in a similar way but since the FEHDD were already aware of the
ARTICULATE project, the process was conducted online, without
the workshop element.

2.6 | Dissemination and continued
stakeholder feedback

Following final adjustment resulting from the first consultation ex-
ercises, all terms were entered into the database serving the online
resource. Graphics consistent with the previous O-Health-Edu out-
puts were created, and a random word generator was added to the
ARTICULATE home page in order to make the glossary more invit-
ing and engaging. Feedback forms were embedded to allow users to
provide comments and suggestions about specific individual terms
or to suggest new terms for inclusion. A variety of potential stake-
holders with an interest in OHP education were informed of the
launch of ARTICULATE and asked to review and provide feedback:

the Federation of European Dental Competent Authorities and
Regulators (FEDCAR), the Council of European Dentists (CED), the
European Dental Students’ Association (EDSA), the Association for
Medical Education in Europe (AMEE), the American Dental Education
Association (ADEA), the Brazilian Dental Association (ABENO) and
EU representation by way of, the European Association for Quality
Assurance in Higher Education (ENQA) and the European Dental
Hygienists’ Federation (EDHF). Moreover, the ARTICULATE website
(https://o-health-edu.org/articulate) encourages feedback that will
continue to result in changes or additions being made to the terms
if needed. This iterative methodology and continuous open consul-
tation processes increase community ownership and allow for con-
tinuous refinement of ARTICULATE.

3 | RESULTS

The search for terms for inclusion in ARTICULATE from the O-
Health-Edu survey as well as relevant literature yielded a total of
329 potential terms for inclusion (see Figure 1). During the initial
round of discussions, 158 of these were eliminated because they
were deemed to be outside the scope of the glossary at this stage,
they were considered not fit-for-purpose or they had been re-
moved during refinement of the questionnaire. The remaining terms
(171), with the exception of “Dentist,” “Dental Hygienist,” “Dental
Therapist,” “Dental Nurse/Assistant” and Dental Technologist,”
which are protected titles under the EU directive 2005/36/EU, were
then taken forward for discussion and definition. All members of the
group participated in the discussions to ensure the pan-European
perspective. After piloting with a close group of colleagues, the glos-
sary was opened for consultation. Thirty participants registered
for the FEHDD meetings in October 2020 and May 2021, from
France, Georgia, Germany, Ireland, Italy, Macedonia, Portugal, Spain,
Sweden, Turkey and UK gave feedback on whether they regarded
the definition of each term as “clear” or “not clear.” A total of 86
definitions were described as “clear” by all individuals, whereas 80
were identified as “unclear” by at least one individual. The comments
received for the terms deemed "unclear" could be grouped into five

main themes:

(i) post-COVID considerations (discussion regarding whether more
terms relating to the digital delivery of OHP education should be
included),

(i) contemporaneous technological terms (discussion around
whether more terms relating to recent technological advances in
OHP education should be included),

(iii) names of educational spaces, clinical areas and laboratories (dis-
cussion regarding the subtleties of naming phases of the curricu-
lum and physical spaces in which OHP students are educated),

(iv) clarity over how widespread the use of terms is (discussion re-
garding whether guidance should be provided for terms that are
not used ubiquitously throughout Europe - such as vocational
training, for example),
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FIGURE 1 Adiagram showing the
workflow for inclusion of terms in
ARTICULATE

Terms identified from O-Health-Edu
survey + curriculum documents and
papers = 329

/N

Rejected by working group after
discussion = 158

Approved by working group after
discussion = 171

/N

WI LEYJj

EU protected titles (no

consultation) = 5

Terms for consultation =

/N

"Unclear” = 80

4

\

[ "Clear” = 86 ] ‘
justed

7

] [ Not adjusted = 43 ]

\

/

Current total terms in ARTICULATE = 171

TABLE 1 Some examples of the refinement process for definitions

Term

Clinical skills teaching laboratory

Diversity

Practical test

Preventative care

Initial definition

A facility that provides a safe and protected
environment in which the learner can
practise various clinical skills before
using them in real clinical settings

The condition of being different or varied

A test designed to determine a person's

ability to use their hands in a skilful, co-
ordinated way

Practices designed to prevent oral disease

134

Comments from consultation

"This should also embrace
simulation”

"It is not clear what is varied"

"l am not clear about what
characteristics are
different here—please
specify the concept"”

"A practical test may also
assess, for instance,
cognitive skills when
communicating with a
patient"

"Unclear if this is prevention
(before disease is present)
or includes minimally
invasive dentistry
(treatment of early-stage
disease)"

Final definition after
refinement

A facility that provides
a safe and
protected simulated
environment in
which the learner
can practise various
clinical skills before
using them in real
clinical settings

The range of variation
within a group
of people that
relates to individual
characteristics

A structured
assessment designed
to determine a
person's physical
ability, either in
relation to predefined
criteria, or specific
skill requirements

Nonoperative practices

designed to prevent
oral disease
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(v) requests for examples of educational methodologies.

All 80 terms deemed unclear by at least one individual were re-
visited and changes made to 37 of the definitions (see Table 1 for ex-
amples). Following amendment, these were added to ARTICULATE
together with the protected title definitions to give a total of 171
terms (see Appendix A). In conjunction with the launch of the glos-
sary, a range of organisations were informed and asked to partici-
pate in an open global consultation by providing feedback online.
In this context, the ARTICULATE website (https://o-health-edu.org/
articulate) had an average of 500 visits per month up to, and includ-
ing, December 2021.

4 | DISCUSSION

The aim of ARTICULATE was to create a shared language, with a
European focus, for terms and concepts used in the field of OHP
education. Europe is a vast and enormously diverse area encompass-
ing 44 to 50 countries according to definitions given by the United
Nations and WHO respectively (https://www.un.org/en/devel
opment/desa/policy/wesp/wesp_current/2014wesp_country_class
ification.pdf; https://www.euro.who.int/en/about-us). Within this
wealth of nations, there are wide differences not only in language
but also in the practices used within the healthcare and education
systems. This presents a major obstacle to the collection and assimi-
lation of robust pan-European data regarding OHP education, and
despite many years of evaluation and discussion about European
harmonisation, currently, it is not even known exactly how many
institutions across Europe are engaged in education of OHPs. A lit-
erature search revealed that the few resources available were not
specific to OHP education and were not related to the European sit-
uation. Moreover, with the exception of that describing creation of
the lactation glossary LactaPedia,?° there were few papers report-
ing the methodology used for glossary creation. The focus of this
paper was therefore to describe and reflect upon the process used
to create ARTICULATE; a key output of the O-Health-Edu project
aimed at addressing the future oral health needs of the European
population through OHP education.

4.1 | A European context

The pan-European working group approach enabled input from OHP
educators with a range of different languages and experiences. The
majority of the group were bilingual, speaking English and at least
one other European language, which contributed valuable perspec-
tive to the discussions. Regular online meetings allowed the group to
build a cohesive team and gave sufficient time together for in-depth
discussion and dialogue to reach consensus. As the development
process evolved, the group gained a better understanding of the
many differences and similarities in how OHP education is delivered
both within and between the countries represented. Ironically, the

process was enhanced by the COVID-19 pandemic as many busy in-
dividuals were more available than normal due to home working.®!

4.2 | Paraphrasing and the application of terms to
an OHP education context

From the outset, it was decided by the O-Health-Edu team that,
where possible, all terms would be defined independently by the
group, prior to the consultation process. Example definitions were
taken from a wide range of educational publications to ensure an
adequate breadth of content, and these definitions were subse-
quently collated and paraphrased to form a single concise defini-
tion. The final step was to tailor the definition, so that it applied
specifically to an OHP education context. The process of establish-
ing independent definitions that are tailored to OHP education was
imperative, since this will not only facilitate the collection of robust
data from European OHP educational institutions but also ensure
that the glossary is fit-for-purpose as a dedicated educational toolkit
for all stakeholders in OHP education. As a terminological initiative,
ARTICULATE thus differs from, for instance, the MedEdWorld glos-
sary,'® which is a dynamic source of general information about terms
used in medical education compiled from academic references.

4.3 | Establishing terms that translate throughout
European and beyond

It became apparent, during both the process of defining terms and
stakeholder consultation, that some terms to be defined had very
different meanings in different countries. An example of this is the
term “vocational education,” which can relate to hands-on, job-
specific education before, during or after completing a qualification
in a higher education institution. Homonymous words were noted as
a significant challenge by the members of the O-Health-Edu team,
and the process of resolution included referring to relevant literature
and open-ended discussions by all experts in the team. Ultimately,
consensus was achieved for each term. Referring back to the exam-
ple, “vocational education” and “postgraduate vocational training”
were separated into two distinct terms to provide further clarity,
since vocational training may relate to workplace training under-
taken as part of the primary degree programme in some countries.

4.4 | The consultation process and
development of the online resource

Although the working group comprised professionals from different
European countries with experience and expertise in OHP educa-
tion, consultation with a wider external and multi-stakeholder group
was considered an essential part of the project. The first group cho-
sen for this process were the Deans and Heads of European Dental
Schools since they represented both the target group for the OHE
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survey and a broad group of academics with an interest in educa-
tional terminology. They were able to give valuable feedback related
to the clarity of the definitions across Europe and the suggestions
for improvement resulted in adjustments to many of the terms.

Whilst this relatively high-level approach was necessary to
ensure progress within the project, the next step was to open up
ARTICULATE to feedback from all stakeholders. ARTICULATE is
therefore now available online through the O-Health-Edu website
and has feedback forms embedded within it to encourage extension
and refinement of the glossary by its users, at any level. The random
word highlighting function draws attention to a specific selected
terms on the website and it is hoped that this will increase visibility
and interest in the glossary.

4.5 | Lessons learned during the creation of
ARTICULATE and future perspectives

Overall, the model that evolved for development of ARTICULATE
was highly successful, leading to what we regard as a product that
is fit-for-purpose. One factor that contributed significantly to the
success of the project was the ability to rapidly form a constructive
and coherent working group due to the experience that members
brought from participation in other taskforce initiatives, including
preparation of "The Graduating European Dentist" documents.?%°
Despite this however, many of the online meetings to reach con-
sensus on all the definitions became rather lengthy. On reflection,
formation of smaller working groups to define terms and then report
back to the wider constellation would be a more appropriate strat-
egy for future initiatives.

The list of terms included in ARTICULATE is, naturally, not
exhaustive—and the O-Health-Edu team do not regard the glossary
as a finished project. Although the development of ARTICULATE in-
volved pan-European partners, the online resource is a starting point
for continued development by our global OHP educator community,
and this will be positively encouraged through wide dissemination
of the resource. Moreover, although ARTICULATE is currently avail-
able in English, future plans include translation into other European
languages.

In order to ensure that structures to support update, extension
and refinement are in place, a small taskforce has been identified
within the O-Health-Edu team. The group will meet regularly to re-
view feedback in the form of suggested modifications to definitions,
proposed new terms for inclusion and identification of errors sub-
mitted through the ARTICULATE portal. Amendments will be made
following a discussion-to-consensus procedure similar to that used
previously. In particular, we are mindful of the requests for exempli-
fication of educational methodologies and recognise the need to be
sensitive to the development of new technologies within the area of
OHP education. At the end of the O-Health-Edu project, responsi-
bility for this task will pass to a working group within ADEE to ensure
that ARTICULATE remains a contemporaneous and comprehensive
‘living’ resource for OHP educators in the future.

7
WILEY-
5 | CONCLUSIONS

The O-Health-Edu consortium identified a need for standard defi-

nitions to increase the understanding of terms used in OHP edu-

cation in different contexts across Europe and beyond.

A process was developed and successfully used to create
ARTICULATE—a unique, online glossary of terms used in OHP
education.

ARTICULATE provides a much-needed resource for OHP educa-
tors, which will be kept up-to-date and relevant through expan-

sion and refinement by its community of users.
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APPENDIX A

PREFACE TO ARTICULATE

Oral health professionals are involved in various aspects of oral
healthcare provision across Europe. The Erasmus+ funded O-
Health-Edu project aims to improve the management of oral
health needs in European populations through actions on OHP
education, and a starting point is the collection of robust data
concerning how this is delivered across the continent. Among the
important barriers to a shared understanding of pan-European
differences in educational philosophy and curriculum content,
are the multitude of languages spoken across the continent and
the lack of common understanding about terms used to describe
educational activities in the different European contexts. The O-
Health-Edu working group therefore identified the development
of a resource, where terms used in OHP education are clearly
defined, as a key initiative within the project. This led to the de-
velopment of "ARTICULATE - a glossary of terms used in OHP ed-
ucation." The 171 terms currently included can be broadly divided
into the following categories: basic pedagogical terms related to
degrees; programme and curricular approaches; pre-clinical and
clinical education; infrastructure and educational facilities; quality
assurance and student selection.

ARTICULATE was prepared collaboratively by the O-Health-Edu
working group, comprising twelve experts in OHP education from
seven different European countries. All members spoke English
and at least one other European language. Once the preliminary
content of the glossary had been agreed upon, we used definitions
collected from relevant published materials as the basis for an it-
erative process of discussion and refinement. Particular emphasis
was placed on reaching definitions that were both contextual for
OHP education and widely applicable across Europe. A consulta-
tion process with a broader group of subject experts as well as a
range of other stakeholders, led to further adjustments of many of
the definitions.

As well as being presented here, ARTICULATE is also available
online at https://o-health-edu.org/articulate. The list of terms is
naturally not exhaustive - and the O-Health-Edu team do not re-
gard the glossary as a finished project. Rather, it is a starting point
for continued development of a living resource for OHP educators
and we encourage feedback through forms embedded within the
software that allow the users to provide comments about specific
individual terms or to suggest new terms for inclusion. We are
already aware of possible future requirements for terms associ-
ated with new technologies within the area of OHP education,
interest in translation of terms and definitions into other major
European languages and an interest in exemplification of educa-
tional methodologies. A small taskforce within the O-Health-Edu
team will meet regularly to review these issues and we hope that
this will ensure that ARTICULATE remains a contemporaneous
and comprehensive “living” resource for OHP educators in the

future.

WI LEYJJ

ARTICULATE—A GLOSSARY OF TERMS USED IN ORAL
HEALTH PROFESSIONAL'S EDUCATION
A

Academic resilience—The ability to continue to effectively work,
study and progress through a programme while coping with adverse
circumstances.

Accrediting body—An officially recognised organisation that vali-
dates or certifies a professional, educational programme or institu-
tion against specified standards

Adaptive assessment—A method sensitive to a previous learn-
er's performance, which can be used to set thresholds for future
assessments.

Aptitude test—A systematic means of testing a person’s innate
ability to perform particular tasks and react to a range of different
situations.

Asynchronous teaching—Activities which engage a cohort of
learners separately and/or at different times to one another.

B

Benchmarking—The process of assessing performance, quality or
procedure against a set or expected minimum standard.

Blended learning—A combination of remote and face-to-face, syn-
chronous and asynchronous teaching methods to facilitate learning.

Bricolage—Creative learning through purposeful play.

C

Case-based approach—A method where clinical cases are used to
provide a realistic context to allow students to develop and apply
their knowledge and reasoning skills.

Clinical assistant—A student giving clinical assistance, to a col-
league who is acting as the primary operator.

Clinical decision-making—The process of gathering, interpreting
and evaluating patient-based information and the scientific evidence
base, in order to make informed choices about patient care.

Clinical dental technician—An oral health professional who can
work clinically and technically, to construct and provide dental de-
vices to patients.

Depending on their professional regulation, they may need to
work to a prescription from a dentist.

Clinical doctorate—Postgraduate study of 240 European Credit
Transfer and Accumulation System units (ECTS), usually as a period
of focused specialist-level clinical activity at European Qualifications
Framework (EQF) level 8.

Clinical education—The acquisition of knowledge and skills in the
context of clinical practice.

Clinical governance—The integrated structures, frameworks and
approaches taken by health professionals and organisations to en-
sure that clinical care is delivered in a responsible, accountable and
transparent manner.

Clinical observation—The act of watching a health profes-
sional provide care or perform a procedure, within a real or simu-
lated clinical environment.

Clinical skills teaching laboratory—A facility that provides a
safe and protected simulated environment in which a learner
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can practice various clinical skills before using them in real clini-
cal settings. Synonymous with phantom head laboratory, phantom
head clinic and pre-clinical laboratory.

Clinical teacher—A person whose primary role is to teach/sup-
port students within a clinical or clinical-simulation environment.

Communication skills—The ability to share information, ideas
and feelings effectively with others, i.e. fellow students, the clinical
team, patients and their families, the community, and other health-
care workers.

Community engagement—Collaboration between higher or fur-
ther education institutions and their wider communities, to improve
awareness of oral health and the oral healthcare professions.

Conceptual reasoning skills—Problem-solving skills that involve
reflecting on experiences and drawing on knowledge from other
areas, to deepen understanding and inform judgement. Synonymous
with “thinking outside the box.”

Constructive alignment—The design of learning activities and
assessment tasks to support the intended learning outcomes of a
programme.

Continuing professional development (CPD) —Engagement in ac-
tivities that update and broaden knowledge, skills and experience,
throughout an oral health professional's career.

Critical thinking—The active, systematic and balanced evaluation
of evidence to provide an informed judgement.

Curriculum—Detail of a particular course of study, including
learning outcomes, the students’ expected educational experiences,
assessments and formats for learning.

Curriculum blueprint—A comprehensive plan that maps all ele-
ments, for example learning activities, assessments and resources, to
the learning outcomes so as to ensure consistency throughout the
curriculum. Synonymous with curriculum map.

D

Dedicated/special entry programme—An entry programme or
entry requirements relating specifically to individuals or groups with
particular characteristics.

Dental clinic—The place where oral health professionals (or stu-
dents) provide oral health care for patients.

Dental Hygienist—An oral health professional who helps patients
maintain their oral health by preventing and treating periodontal
disease and promoting good oral health practice. Protected title
"Dental Hygienist" under the EU directive 2005/36/EU. https://
ec.europa.eu/growth/tools-databases/regprof/index.cfm?actio
n=regprof&id_regprof=1073

Dental nurse (assistant) —An oral health professional who pro-
vides clinical and other support to registrants (dentists, hygienists
and therapists) and patients. Protected titles "Dental nurse," "Dental
surgery assistant" under the EU directive 2005/36/EU. https://
ec.europa.eu/growth/tools-databases/regprof/index.cfm?actio
n=regprof&id_regprof=12066

Dental School—The unit within an institution that is respon-
sible for teaching and administering dental and oral health
professional programmes.

Dental technician—An oral health professional who makes dental
devices to a prescription from a dentist or clinical dental technician.
Protected titles "Dental technician,” "Dental technologist" under the
EU directive 2005/36/EU.

https://ec.europa.eu/growth/tools-databases/ regprof/index.
cfm?action=regprof&id_regprof=12065

Dental therapist—An oral health professional who carries out lim-
ited items of dental treatment direct to patients or under prescrip-
tion from a dentist. Protected title "Dental therapist" under the EU
directive 2005/36/EU.

https://ec.europa.eu/growth/tools-databases/ regprof/index.
cfm?action=regprof&id_regprof=1074

Dental virtual reality simulator—A device that allows the user to
interact with virtual three-dimensional oral images or environments
in a seemingly real way.

Dentist—An individual who has successfully completed basic den-
tal training and is licensed to perform all activities involving the pre-
vention, diagnosis and treatment of anomalies and diseases of the
teeth, mouth, jaws and associated tissues. Protected title "Dentist"
under the EU directive 2005/36/EU. Synonymous with: Dental prac-
titioner, Dental surgeon, General dentist.

Didactic delivery—The direct delivery of teaching mate-
rial from teacher to student, typically in lecture format with little
student engagement.

Digital radiography—The use of x-ray-sensitive plates or sensors,
to capture image data and transfer it to a computer system to store,
view and manipulate the image digitally.

Director of Learning and Teaching—An individual typically re-
sponsible for the design, implementation and quality assurance of
curricula. Synonymous with Director of Education.

Discipline-based/orientated—The teaching of subjects as
stand-alone subjects (i.e anatomy, physiology, biochemistry),
rather than in a thematic way (e.g. oral health and disease, the oral
ecosystem).

Diversity - The range of variation within a group of people that
relates to individual characteristics.

E

E-books—Electronic books: books in digital form, often available
online for multiple users.

ECTS—European Credit Transfer and Accumulation System.

EdD (Doctor of Education) —Postgraduate study of 240 European
Credit Transfer and Accumulation System units (ECTS), usually as a
period of independent research in workplace-based education at
European Qualifications Framework level 8.

Education Research—The academic field of study that explores
the modalities and effects of education and learning activities.

Electronic health record—A collection of patient health-related
information in a digital format.

Electronic portfolio—A digital collection of evidence of an oral
health professional's activities, performance and achievements.

Environmental sustainability—Strategic, holistic and long-
term approaches committed to minimising the environmental
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impact of activities relating to oral healthcare and oral health
professional's education.

EQF—European Qualifications Framework.

Erasmus plus (clinical) —A European Union-funded student ex-
change which happens during the clinical years of an oral health pro-
fessional's programme.

Erasmus plus (pre-clinical) —A European Union-funded student
exchange which happens during the pre-clinical years of an oral
health professional's programme.

Ethics—The principles and values that govern an oral health pro-
fessional's professional practice and behaviour.

Evidence-based practice—The application of the best available
scientific knowledge from research as well as clinical practice and
expertise, relevant to a patient’s needs and context.

Exchange programme—A programme that offers students a
period of study at another institution, often in another country,
through partnerships such as Erasmus+ or an individual agreement
between institutions.

External quality assurance—A process of quality assurance un-
dertaken from outside the institution in question.

F

Feedback—The provision of information regarding a student’s
performance against an expected standard, with the aim of improv-
ing future performance.

Fishbowl learning—A teaching strategy for medium-to-large
groups which aims to encourage active listening and reflection on al-
ternative viewpoints. This approach requires the group to be clearly
divided into two groups. Groups alternate between being inside the
'fishbowl!' (involved in active discussion) and outside the 'fishbow!'
(observing the discussion).

Fitness to practice—The ability of an oral health professional
or student to provide safe and effective patient care. This abil-
ity is based on the knowledge, skills, behaviours and values ex-
pected of an oral health professional, which can be self- or
externally-assessed.

Fitness to study—The ability of an oral health professional stu-
dent to adequately engage/ participate with a programme of study
and the wider education environment.

Flipped learning—An approach where students acquire knowl-
edge before a synchronous teaching event, and use formal teach-
ing time to discuss, evaluate and apply concepts through interaction
with each other and a teacher.

Full-time—Employed by an institution for at least 30 hours (10
clinical sessions, or half days) per week.

G

Gate-keeping activity—An activity (e.g. module, course, assess-
ment or programme of study) that regulates student progression,
typically relating to patient-based clinical activities.

H

Hidden curriculum—Elements of the curriculum or learning expe-
rience which are not explicitly communicated to students, or identi-
fied by the teaching staff.

High-school—An establishment providing education up to
European. Qualifications Framework level 4. Synonymous with sec-
ondary school, college.

High-stakes assessment—An assessment that has an impact on
a student's progression at significant points within the programme.

|

Information literacy—The ability to access, manage and use in-
formation appropriately, from a variety of sources for research,
problem-solving, clinical care and decision-making, and continuing
professional. development.

Institution—A place of learning from which students graduate
with a recognised qualification. For oral health professionals this
would normally be a University (Higher Education), but it may also
be a college or other place of Further Education.

Integrated approach—The teaching of subjects in a thematic way
(e.g. oral health and disease, the oral ecosystem), rather than as indi-
vidual stand-alone subjects.

Integrated curriculum—A process by which knowledge is primar-
ily taught through an integrated approach for the entire programme
of study.

Inter-personal skills—The ability of an individual to interact with
others effectively within diverse and possibly complex situations.

Internal quality assurance—A process of quality assurance under-
taken within an institution.

International EU graduate—A graduate qualifying from an institu-
tion in another EU member country (excluding the country in which
the institution in question is situated).

International non-EU graduate—A graduate not originating from
an EU member country.

Interprofessional education—An approach that involves learn-
ers from two or more professions, who actively contribute to a
collaborative learning environment to improve patient-centred
care.

Interview—A structured conversation with a particular focus,
where one or more participants asks questions to an applicant.

Intra-oral scanning—A method for capturing direct optical im-
pressions of the intra-oral tissues.

Introduction to healthcare initiative—An initiative to improve
awareness and introduce oral health professional roles to young
adults, who are still studying at European Qualifications Framework
levels 1-4.

J

Junior teaching staff—Teachers recognised as still develop-
ing their experience within an academic environment—such as
Lecturers, Clinical Fellows, Clinical Lecturers, Clinical Tutors,
or visiting Practitioners—involved in the delivery of Oral health
Professional's education.

L

Learning needs analysis—A systematic process to collect and
evaluate information on what knowledge, skills and competen-
cies an individual or group needs to achieve the intended learning
outcomes.
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Learning outcome—A series of individual and objective outcomes,
with shared ownership between students and staff, designed to fa-
cilitate the learning and assessment process.

Learning package—A resource where all necessary learning mate-
rial for a specific topic is available in a consolidated place, accessible
for the duration of the programme of study.

Lecture capture—The process of recording video and/or audio
streams of lectures or other synchronous teaching events, and mak-
ing them available digitally.

Lifelong learning—All learning activity, education and training,
formal and informal, undertaken throughout an oral health profes-
sional's career that results in an improvement in knowledge, skills
and competences.

Longitudinal assessment—The process of assessing specific con-
tent repeatedly, or over a protracted period of time.

Longitudinal integration—Integration of teaching material into
multiple learning events, throughout a programme.

Low-stakes assessment—An assessment that, in itself, does
not directly contribute to significant points of progression within
a programme.

M

Masters—Postgraduate study of 180 European Credit Transfer
and Accumulation System units of which at least 120 must be at
European Qualifications Framework level 7. Credits for approved
prior learning (APL) may mean that a Masters' programme may be
completed in a shorter than usual timeframe.

Multiple mini-interview—An interview format that uses short
independent assessments, typically in a timed circuit, to obtain an
aggregate score relating to interpersonal, communication, observa-
tional and judgement skills.

N

Non-invasive oral care—The provision of oral care that does
not involve the irreversible manipulation of hard or soft tissues,
such as the delivery of preventive advice, application of topical
medicaments and debridement and prophylaxis of the hard tissue
surfaces.

o

Objective structured clinical examination (OSCE)—An examina-
tion where oral health professional student's skills are tested against
pre-defined standards on a circuit of scenarios structured to repre-
sent a variety of clinical situations.

Operating microscope—An optical microscope specifically
designed to be used by oral health professionals during clinical
procedures.

Operative oral care—Oral health treatment that involves the re-
moval or irreversible manipulation of hard or soft tissues, typically
under local anaesthesia. Examples include operative caries manage-
ment, the placement of restorations and periodontal therapy.

Oral health advocacy—An approach that aims to raise awareness,
and encourage students, to actively promote oral health issues to
wider stakeholders and decision makers.

Oral health professional-A qualified member of the Oral
Healthcare team, i.e. any one of the following professionals: Dentist,
Dental Nurse, Dental Therapist, Dental Hygienist, Dental Technician.

Outreach practice—Dental clinics that allow undergraduate stu-
dents to provide oral health care to a population geographically
distant from the University’s main dental school or hospital. On oc-
casion, outreach practices may focus on serving the needs of spe-
cific groups of patients. Synonymous with: vocational education in
some countries.

P

Part-time—Employed by an institution for less than 30 hours (or
10 clinical sessions) per week

Patient-centered approach-An approach to care that considers
patient needs, values and preferences, whilst ensuring that the pa-
tient is actively involved in the decision-making process.

Peer-review—The evaluation of a student’s scientific, academic,
or professional work by other students. Synonymous with peer-
assessment, peer-support.

Peer-teaching—An approach where students assist with the in-
struction of other students.

PhD—Postgraduate study of 240 European Credit Transfer and
Accumulation System units, usually as a period of independent re-
search at European Qualifications Framework level 8.

Portable electronic devices—Mobile equipment such as phones,
personal computers, laptops or tablets.

Positive discrimination—The practice of preferential selection of
individuals based on specific protected characteristics.

Postgraduate vocational training—A period of training for gradu-
ates of primary dental degree programmes to meet the requirements
established by an accrediting, or to work within a particular health-
care system. The existence of post-graduate vocational training is
not ubiquitous across Europe.

Postgraduate Certificate—Postgraduate study of 60 European
Credit Transfer and Accumulation System units (ECTS) of
which at least 40 ECTS must be at European Qualifications
Framework level 7.

Postgraduate Diploma—Postgraduate study of 120 European
Credit Transfer and Accumulation System units of which at least 90
ECTS must be at European Qualifications Framework level 7. Credits
for approved prior learning (APL) may mean that a diploma may be
obtained in a shorter than usual time frame.

Practical exercise—A defined and purposeful learning activity
that involves physical processes or purposeful play.

Practical test—A structured assessment designed to determine a
person’s physical ability, either in relation to pre-defined criteria, or
specific skills requirements.

Preventative care—Non-operative practices designed to pre-
vent oral disease. Synonymous with preventive care.

Primary dental degree programme—A course of study resulting in
qualification as a dentist. Synonymous with BDS, BChD.

Private funding—Funding received from non-government sources.
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Problem-based learning—A student-centred teaching philosophy
in which the learning is driven by the students solving an authentic
problem, often in small groups with a facilitator.

Productive failure—A learning approach whereby students at-
tempt to solve problems without explicit initial instruction, followed
by discussion and reflection, that makes future attempts more pro-
ductive. Synonymous with productive learning.

Professional accreditation—A process that results in the registra-
tion or licensing of an individual to practice in a particular oral health
profession.

Professional development plan—An outline or schedule, made
by an oral health professional of planned participation in events or
processes which support their training or career development goals/
needs.

Professionalism—Demonstration of commitment to a set of val-
ues, behaviours and relationships expected of an oral health profes-
sional, which help to maintain public trust in the relevant profession.

Programme—A recognised course of study that provides a coher-
ent learning experience and normally leads to a qualification

Protected characteristics—Characteristics by which individuals
are protected against discrimination: age, culture, diversity of back-
ground and opportunity, disability, gender, language, religion and
sexual orientation.

Purposeful play—Dedicated activities which allow learners to
explore and experience the behaviour of materials, equipment and
processes in a safe and protected environment.

Q

Quality assurance—The systematic evaluation of oral health
professional's education, to improve quality, and ensure that pro-
gramme standards are sufficient to meet necessary institutional
and/or external regulatory requirements.

R

Reduced entry requirement—A lowering of the standard require-
ment (financial or academic) to allow entry onto an oral health pro-
fessional programme. Synonymous with contextual offer.

Reflective portfolio-based approach—A methodology where stu-
dents are required to record longitudinal information about educa-
tional activity, often supported by a reflective framework.

Reflective practice—A process of thinking deeply and carefully
about professional practices, so as to engage in a process of continu-
ous and lifelong learning.

Research activity—Active participation in clinical, epidemiological,
experimental, or educational research.

Research laboratory—A facility where students or staff can en-
gage in experimental or applied research.

Role-play—A simulation methodology where students or educa-
tors enact roles and character presentations, to illustrate scenarios
relevant to the educational or clinical setting.

S

Safe-beginner—A graduating oral health professional who can
demonstrate the range of capabilities expected within their scope of

practice whilst still developing skills in, and through, self-reflection
and lifelong learning.

Scholarship—A grant or payment made to support a student’s
education, which does not need to be paid back to the donor.

Synonymous with bursary, award, stipend. Homonymous connec-
tion: The term in this context should not be confused with its use in
"The Scholarship of Teaching and Learning."

Scope of practice—The range of procedures an oral health profes-
sional is permitted to perform under their specific level of profes-
sional registration/ regulation.

Self-assessment—The evaluation of oneself or one’s actions, at-
titudes or performance in relation to pre-defined objective criteria.

Self-awareness—The ability to reflect on one’s own characteris-
tics, including attitudes, skills and behaviours.

Senior teaching staff—Teachers recognised as holding significant
experience within an academic environment—such as Professors,
Associate Professors, Readers, Senior Lecturers, and Senior Clinical
Teachers—involved in the delivery of oral health professional's
education.

Shadowing—Following someone and observing in order to learn.

Signposting—Providing directions to the learner about the aims or
progress of an activity in relation to the intended learning outcomes.

Situated learning—Learning through participation and reflec-
tion on contextual, cultural, and authentic real-life activities.

Situational judgement testing—A method of evaluating a per-
son’s responses and judgements, in relation to a range of specific
scenarios.

Small-group delivery—An educational approach that involves stu-
dents working together in groups of up to 8, to undertake tasks and
achieve specific learning outcomes.

Social accountability—The responsibility of an oral health profes-
sional to raise awareness of their community's needs, and to act in
their best interests, particularly in relation to the underserved and
vulnerable populations.

Social determinants of health—"The conditions in which people
are born, grow up, live, work and age. These conditions influence
a person's opportunity to be healthy, his/her risk of illness and life
expectancy." Defined by The World Health Organisation: https://
www.euro.who.int/en/health-topics/health-determinants/socia
I-determinants#:~:text=Social%20determinants%200f%20hea
1th%20are,of%20illness%20and%20life%20expectancy.

Social skills—Attitudes and abilities relating to communication
and interactions with others.

Specialist dentist—A dentist who has successfully completed a
nationally-recognised training programme and is registered as a spe-
cialist with the national regulator or equivalent. Synonymous with
Specialist Dental Practitioner.

Spotter test—A formative assessment that requires students to
interpret visual artefacts (e.g. images, specimens) —typically in rela-
tion to anatomical structures, pathological conditions or diseases.
Synonymous with Steeplechase assessment.
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Stakeholder—An individual, group, or organisation, recognised
as being affected by the decisions of another organisation; and who
may provide insight and influence to shape such decisions.

Stand-alone school—A dental school that governs itself, with
no parent institution.

Standard setting—The process whereby clear and defined bound-
aries of performance are set for an assessment

State examination—A licensing examination that future oral
health professionals are required to pass to be allowed to register to
work in their profession, after graduating from the primary degree
programme. Typically, a licensing examination would be a national
requirement.

State funding—Funding received from government sources.
Synonymous with Public funding.

Storytelling—A tool that uses narratives (stories) to enable stu-
dents to develop the skill of critical reflection, and to develop as re-
flective practitioners. Synonymous with Narrative pedagogy.

Student preparedness—How “ready” a given student is to engage
in educational or clinical activity.

Student satisfaction—A student’s perception of how satisfied
they are with their educational experience and outcomes.

Support and well-being services-Services providing general in-
formation, advice and welfare support for students and staff of the
institution in relation to, for example disability, mental health, coun-
selling and educational opportunities.

Synchronous teaching—Activities which engage a cohort of learn-
ers together, at the same time (i.e. a live teaching event).

T

Tacit learning—Learning directly through observing someone
who is drawing on their own personal experiences, which are dif-
ficult to rationalise/explain.

Teachback—A method of assessing if a student understands a
concept by asking them to explain it back to an educator or group.

Teaching excellence—A multi-dimensional concept integrating
approaches that contribute to good student learning experiences
and outcomes, either through direct influence on the students, or
indirectly through staff development or institutional policy.

Teaching staff—Persons whose primary function is to provide
teaching within the institution. Synonymous with Faculty.

Teamwork—The coordination and implementation of tasks and
activities between different healthcare professionals.

Technical skills teaching laboratory—A facility that provides
a safe and protected environment in which the learner can prac-
tice technical skills before using them to create devices for patients.
Synonymous with Prosthetic laboratory, Technical laboratory,
Dental Technology laboratory.

Term of office—The period over which a member of staff holds a
particular governance position.

Threshold concept—A topic within a curriculum that, when un-
derstood, results in fundamental changes in perception and practice
of other parts of the subject/discipline.

V)

Under-represented group—A subset of the population
that is inadequately represented in relation to oral health
professional education.

University level pre-dental programme—A course of study
within higher education aimed at preparing a student for entry to
a primary dental degree programme. Synonymous with Foundation
programme.

\'

Vertical integration—The coordinated, purposeful and planned
linkage of curriculum elements to learning activities so that basic
skills and knowledge are developed and reinforced across a whole
programme in a progressive manner, for example the integration of
basic sciences and clinical practice.

Virtual campus—The range of online facilities, services and learn-
ing resources provided by a higher education institution.

Virtual learning environment—An educational online platform
that contains digital resources related to a course or programme of
study.

Vocational education—The provision of hands-on, job-specific
education and experience in the workplace that prepares an oral
health professional student to work independently in a healthcare
setting.

Volunteering—The provision of services within the wider commu-
nity by oral health professional students, for no financial gain, as a
recognised part of their studies.

w

Whistleblowing—The act of making a protected disclosure of in-
formation about actions that are unlawful, or not in the best inter-
ests of others.

Widening participation—Measures aimed at addressing the
discrepancies in higher education opportunities between dif-
ferent groups within a population. Synonymous with Widening
access.

Workplace-based assessment—An evaluation based in a nor-
mal practice environment, often used to assess professional
competence.

Written examination—A form of assessment that requires stu-
dents to respond in writing. The format can be paper-based or digital.

3
3D-printing—A process by which it is possible to build three-

dimensional objects from a computer-aided design model.
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A Viewpoint into the Current State of Oral Health Professional

Education in Europe: Part 1: Programme-level Data
Introduction

The scoping review provided evidence and recommendations for developing an
exploratory approach to data collection of European OHP education practices. As surveys
are cross-sectional and, therefore, quickly outdated, a modification to this methodology
was developed in the form of a data hub. A data hub houses a survey within a webpage but
allows all respondents to be data controllers and update their responses over time. The
datahub was placed on the O-Health-Edu webpage (https://o-health-edu.org/report-
cards-map), and schools were invited to sign up and provide data on their programme,
educational practices and curriculum structure. Due to the length and scope of the

responses, the data was presented in two publications, part 1 and part 2.

Aims and Objectives

This series of publications aims (i) to present data regarding OHP education from
institutions representing various geographical locations across Europe and (ii) to establish
commonalities and trends. Part 1 of this series seeks to explore programme-level data for

Primary Dental Degree programmes, Dental Hygiene, and postgraduate education.

Methodology

A Delphi-type approach with project members was used to develop a 91-item
questionnaire, which included direct links to the Articulate glossary for each question. The
content of the questionnaire was based on the findings of the scoping review and previous
ADEE curriculum documents and topics of interest at regional meetings. The
questionnaire was uploaded onto the O-Health-Edu webpage to create the datahub.
Piloting was completed by project members and an external steering committee to ensure
face and content validity before dissemination of the definitive survey. A consultation of

the final draft of the questionnaire was completed with key stakeholders from across
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Europe. All ADEE-registered OHP schools were invited to participate by email, and the
datahub was also promoted at face-to-face academic meetings and on social media.

Descriptive statistics were performed on all data using SPSS Statistics.

Results

Seventy-one responses were received from 25 European countries, equivalent to 49.3% of
ADEE members. The programme-level data presented includes programme length,
programme funding and fees, extra costs for students, student numbers and
demographics, student admission and selection processes, the language of study and
permission to practice after graduation, and postgraduate programmes offered. Most
programmes (76%) are five years in duration, with a smaller proportion of six-year
programmes (23%). There was a significant range of student numbers across institutions,
with most (57%) accepting between 61 and 150 students. Dental hygiene student numbers
appear generally smaller than dental programmes. Student selection was performed
mainly by a national body (41%) and universities (36%). Only 19% of respondent dental
schools selected their students. 72% of responding schools are publicly funded, and a
range of tuition fees were noted. Most students (76.1%) can practice immediately upon

graduation.

Relevance

As far as the authors know, this data collection process is the first attempt to construct a
comprehensive overview of the current programme and curriculum structures of
European OHP education. The datahub presents a live and modifiable resource that allows
institutions to amend their data as practices change. Transparency and visibility of OHP
practices are essential for all key stakeholders, the European population, prospective
students and academics. A realistic understanding of the current state of OHP education in
Europe will allow academics, researchers, and organisations to develop tailored resources

for the field. The improved contextual understanding of programme structure derived
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from this work will improve the applicability of the outputs that are developed in the

subsequent stages of this research project.
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in Europe to contribute data to reach this goal. It is anticipated that the data hub will

be updated and built upon over time to continually establish a clearer picture of the

state of OHP education in Europe.

KEYWORDS

dental education, dental hygienists, Europe, Oral Health Professionals, survey

1 | INTRODUCTION

The education of Oral Health Professionals (OHPs) is extremely
important as, through developing the future workforce, it directly
influences the adequacy and efficiency of oral health care services

delivered to populations.!

1.1 | Regulation of Oral Health Professional
education in Europe

OHP education is an umbrella term that reflects the diversity of the
Oral Health workforce. It refers to qualified members of the Oral
Healthcare team and usually includes dentists, hygienists, thera-
pists, assistants and clinical dental technicians, although regulation
across European countries varies.? The term “Dentist” is a protected
title and the EU directive 2005/36/EC on the recognition of pro-
fessional qualifications defines the education of dentists across
Europe.3 Currently there are no European directives to outline the
education of other OHPs, including dental hygienists; this is man-
aged at a national level, often with large variation.*

The directive for the education of dentists defines the length
and level of study and the credits required to graduate in the EU and
other recognised countries.>® The Annex V3/5.3.1 of the directive
defines a “study programme for dental practitioners".3 It has been
acknowledged that this annex does not reflect current practice in
dental education with the Council of European Dentists (CED) and
the Association for Dental Education in Europe (ADEE) propos-
ing changes.6 The limited information communicated in existing
European regulations leaves dental education open to wide inter-
pretation and may result in significant variance in practice across
Europe.

1.2 | European OHP education - Current climate

There is limited knowledge of the current state of OHP education
across Europe. This is emphasised by the fact that there is no data
confirming the exact number of OHP schools across the European
continent. The most recent Council of European Chief Dental
Officers (CECDO) database recorded 220 ‘dental’ schools and the
CED's EU Manual of Dental Practice identified 200.”7® However,
these sources only include 34 EU/EEA members and the World
Health Organisation's (WHO) broader definition of Europe comprises

53 countries.” Previous studies to provide data on programme struc-
tures and educational practices are limited at a European level, as ev-
idenced in two recent reviews.'®! Shanley et al.}? published one of
the first reports on educational practices from dental schools across
Europe in 1997, although it is now considered largely outdated and
had a limited sample size. The CED's EU Manual of Dental Practice
and the CECDO database provide data regarding the number of
public and private institutions, annual intakes, course duration and
percentage of female graduates.”® Naturally these two documents
focus on the OHP workforce and therefore only gather educational
data that provides insight into future workforce demographics. For
dental hygiene, Luciak-Donsberger and Eaton®® published data from
a European survey regarding programme structure, curricula and
professional regulation in 2009. Other educationally focused data
for dental hygiene exist but these are mostly outdated.

It is a concern that European-wide data is not available to fa-
cilitate visibility and transparency of educational structures and
practices. Higher education institutions have an important role in
protecting the population by ensuring all OHP graduates are safe
to practice. As qualified dentists can move freely to live and work
across many European countries, any variances in graduate skill-
sets may result in inequities in both quality of care and healthcare
coverage.'”

1.3 | The O-Health-Edu project

O-Health-Edu is an EU-funded collaborative Erasmus + project that
commenced in 2019. The overarching aims of the project are to bet-
ter understand the existing state of OHP education in Europe and to
develop a common vision of this education and support changes by
2030. The project commenced with a scoping review to uncover cur-
rent reporting of OHP education in Europe.10 The review identified
four broad reporting themes:

Dental education at a programme-level

Dental education at a discipline-level

Other OHP education

Postgraduate education and continuous professional develop-
ment (CPD)

The scoping review concluded that there is limited reporting of
current educational practices in OHP education. Additionally, whilst
there are numerous publications that provide recommendations
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on teaching practice, there is little data regarding implementation
of these practices. Recommendations for future reporting of OHP
education were provided including a call for the collection of com-
prehensive, educationally driven programme-level data on OHP ed-
ucation across Europe. Further work from the O-Health-Edu project
resulted in a consensus-agreed vision for OHP education in Europe’”
and Articulate - a glossary of OHP education terms.?

To achieve the aims of the O-Health-Edu project by understand-
ing the current state of OHP education in Europe, a data collection
process was required. Surveys are a common instrument used to
collect data in dental education due to their relative ease of use and
the ability to cover wide geographical areas.'®'? However, surveys
are cross-sectional, and data is controlled by the administrator of the
instrument. The partners of the O-Health-Edu project decided to
act upon the recommendations from the scoping review, to create a
centralised online data hub to facilitate collection, organisation and
analysis of pan-European data relating to OHP education.*® This still
conforms to accepted standards for survey methodologies but en-
ables respondents (in this case OHP institutions) to be data control-
lers and therefore update the information provided when necessary.
The online data hub also provides information that is visible to the
public in the form of a European map and “report cards” (Figure 1).
The map and report cards are accessible via the O-Health-Edu web-
site (https://o-health-edu.org/report-cards-map).

The aim of this two-article series is to present data regarding
OHP education from institutions representing a variety of geograph-
ical locations across Europe and to establish commonalities and
trends. A specific objective of this paper is to provide programme-
level data for Primary Dental Degree Programmes, Dental Hygiene

and Postgraduate education.

2 | METHODS

This study received ethical approval from the Ethics Committee of
the Universitat de Barcelona (IRBO0003099, 5th October 2020).

2.1 | Instrument development and piloting

A 91-item questionnaire was developed by the O-Health-Edu pro-
ject team. The topics of interest were conceptualised during an
in-person meeting and stemmed from existing literature and the
experiences of the group and ADEE. The questions were separated
into the following groups:

General Information on Survey Respondent (6)
School Details (14)
e Programmes Offered (10)

Primary Dental Degree Programme (20)

Curriculum (14)
Facilities (6)
Quality Assurance (5)

WI LEYm

o Dental Hygiene Programme (16)

The design phase of this ad-hoc questionnaire followed the
Delphi method. The purpose of this method is to gather expert
opinion on a specific topic and establish consensus by subjecting
experts to successive waves of questioning.20 Thus, the design of
the questionnaire was carried out with a group of 11 European ex-
perts (O-Health-Edu project members that represented a range of
geopolitical contexts and locations) who were iteratively solicited to
reach a consensus for an initial version of the questionnaire. At each
stage, a given version of the questionnaire was discussed with all
experts and the opinions of each person and/or the justifications
for the choices made or to be made were gathered. From then on,
experts were invited to work together to come up with a new ver-
sion according to the opinions collected, and this repeated until a
final version was unanimously agreed. The objective was to develop
questions that were understandable and valid for all respondents,
regardless of their country of origin, the health care system in place
in the country or the context of OHP education.

The content of the questionnaire was shaped by the scoping re-
view, previous curriculum documents and topics of interest raised at
ADEE meetings.’®2-%° The writing of the Articulate glossary of OHP
education terms occurred concurrently to the questionnaire devel-
opment and all key terms within the questionnaire were included in
the glossary.? This allowed consensus-agreed definitions to be linked
to each question to facilitate a common language and uniformity in
the understanding of key terms.

The questionnaire was first tested for face and content validity
with the members of the O-Health-Edu steering & quality commit-
tee (17 members). The data and comments from this phase were an-
alysed to develop an updated version of the questionnaire. A second
stage of piloting occurred with a second group of 35 European OHP
academics. Respondents were invited to complete the questionnaire
and to evaluate the language used and the validity of the questions.
Moreover, before the survey was distributed, a consultation phase
was carried out with OHP stakeholders including CED (Council of
European Dentists), FEDCAR (Federation of Regulatory Authorities),
EDSA (European Dental Student Association) and ADEA (American
Association of Dental Education). These pilot phases allowed for the
development of a final version of the questionnaire that ensured
quality and ease-of-use.

The questionnaire was subsequently uploaded onto the O-
Health-Edu website (https://o-health-edu.org/ohe-datahub-direc
tory) and developed into a data hub. The data hub allows institu-
tions to access and control their own data by creating an account
and completing the questionnaire online. Users (designated contacts
from OHP institutions) can answer and edit any responses at any
time to keep information up to date. An additional pilot was per-
formed on the web-based system to ensure ease-of-use.

A total of 40 questions from the 91-item questionnaire are
included in this part of the series as they related to school de-
tails (1), Primary Dental Degree Programme (18), Dental Hygiene
(16), Postgraduate Education (5). All questions were in English; no
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—~ O-Health-Edu

School of Clinical Dentistry
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School of Clinical Dentistry
19 Claremont Crescent
S102TA
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% University of
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Dean or Head of School:
Chris Deery

Director of Learning and Teaching:
Christopher Stokes

Public Dental School/Institution

https://www.sheffield.ac.uk/dentalschool

https://www.sheffield.ac.uk/
fw

Curriculum, Teaching Methods & Facilities

0 Integrated programme

Q Includes research activity

‘3 Inter-professional education opportunities
0 Opportunities to study abroad
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Primary Dental Degree

Languages:
St

Student selection at entry:
Previous academic grades

Aptitude test

Situational judgement test

Interview

Methods of teaching (top3):
Didactic delivery

Reflective portfolio based approach
Practical exercices
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Lecture capture

Intra oral scanning

3d printing

Facilities on site (top3):

Dental clinic

Dental virtual reality equipment
Clinical skills teaching laboratory

e International tuition fees
0 Local tuition fees
o Financial support available

Other forms of support available:
Reduced entry requirements
Introduction to dentistry initiatives

9,

-

B,

Programmes offered
Dentistry Specialist Dentistry
Dental Hygiene

Dental Therapy

Dental Technology

Level of programmes

Masters Phd
Clinical Doctorate

Primary Dental Degree

Duration: 5 years
Annual intake: 71
Annual graduates: 71

Dental Hygiene Degree
Duration: 3 years

Annual intake: 24
Annual graduates: 24

>[‘

Staff to student ratio pre-clinical:
‘ 1staff: 8-12 students providing treatment

R,

FIGURE 1 A screenshot of the report card from the University of Sheffield.

translations were made available. The questions used in this manu-
script can be found in Appendix S1.

2.2 | Recruitment and data collection

All OHP schools in Europe were eligible to provide data for their
institution, however as the exact number of OHP schools is not
known, reaching all schools was impossible. All ADEE registered
schools (n=144) were sent an email invitation to register on the
O-Health-Edu website and to provide educational data for their in-
stitution. Institutional contacts (either the Head of School/Dean or
their designated contact) provided data for their institution. Emails
were followed up regularly and ADEE members were supported to

register during annual ADEE meetings. The initial objective was to
obtain a response rate of 50% of ADEE member schools. Thus, ef-
forts were made to increase the response rate. The survey was re-
peatedly offered by email to the ADEE member list as well as during
face-to-face academic and research meetings using tablets. The dis-
tribution of the survey was also promoted on social media (LinkedIn,
Twitter, Facebook and Instagram) from the accounts of ADEE, the
O-Health-Edu project, project member accounts and European part-
ner organisations.

Data from non-ADEE member institutions was included but these
institutions were not directly invited due to challenges in locating
them and finding relevant contact details. Technical experts and ex-
perienced academics were available if any institutional contact had
any queries during data submission. Whilst data collection continues
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indefinitely for the data hub, a cut-off period of 17th April 2023 has
been used for the purposes of the data reported in this manuscript.
Any data provided from institutions outside of the 53 European coun-
tries set out in the WHO definition of Europe was excluded.

2.3 | Statistical analysis

Descriptive statistical analysis was performed using the IBM SPSS
Statistics program (version 26) to present data in counts and per-
centages. Microsoft Excel 2017 was used to represent the results
in tables and graphs. Owing to the small and non-representative
sample of the many schools throughout Europe, few comparisons

between groups of schools were made.

3 | RESULTS

A total of 71 institutions from 25 countries provided complete data
between 8th June 2021 and 17th April 2023. This represents a re-
sponse rate of 49.3% of ADEE member institutions. All countries
represented in the data are included in Table 1. Countries with the
most respondents were France and Spain, with 11 and 10, respec-
tively. Eight schools from each of Great Britain, Italy and Turkey also
participated. Programme-level data for OHP programmes will be
presented in two sections: (i) Primary Dental Degree Programmes
(71 submissions) and Dental Hygiene (25 submissions) and (ii)
Postgraduate Degree Programmes (64 submissions).

To facilitate organisation of content and ease of reading, the re-
sults have been categorised into the following:

Primary Dental Degree and Dental Hygiene Programmes:

e Programme Length
e Programme Funding and Fees
Extra Costs

Student Numbers and Demographics

Student Admission and Selection

Language of Study
e Permission to Practice after Graduation

Postgraduate Education

Language of Study
e Programme Fees
Postgraduate Study Programmes

3.1 | Primary Dental Degree and Dental
Hygiene Programmes

In Articulate, a Primary Dental Degree Programme (PDDP) is defined
as “A course of study resulting in qualification as a dentist”.? The

WI LEYﬁ

definition or scope of practice for dental hygiene (DH) is not as well-
defined but Jongbloed-Zoet et al.* established two core activities
for dental hygienists in Europe: education and promotion activities
relating to preventive oral health and examination, diagnosis and
provision of preventive dental care.

3.1.1 | Programme length

More than three-quarters of dental schools (n=54) deliver their
PDDP over 5years, 16 schools deliver it over 6years, and one
school in 4years (Table 1). Institutions within the same country
mostly align in programme duration although a few exceptions
were noted. Twenty-five of the 71 respondent schools also pro-
vided data about their DH programmes. The most common pro-
gramme duration is 3years (68%) and to a lesser extent 2years
(20%) (Table 1).

3.1.2 | Programme funding and fees

The majority of respondent OHP schools (71.8%) are publicly
funded, with 12.7% privately funded and 15.5% of schools re-
ceive a combination of state and private funding. When asked
to provide information regarding the fees associated with PDDP
and DH programmes, between 14 and 18 schools selected
the not applicable option and the rest selected the fee range
pertaining to their school. Data for tuition fees across all pro-
grammes are included in Figure 2. Of those schools, approxi-
mately 50% request fees of less than €5000 per year for home
students in pre-clinical years, with the remainder requesting up
to €15000 except for one school which charges fees between
€20000 and €25000 per year. In clinical years, almost 50% of
schools still request fees of less than €5000, but three schools
charge between €20000 and €25000. For international stu-
dents, the fee ranges are distributed across all response options;
however, 12.7% of schools request fees of greater than €20000
in pre-clinical years and 18.3% request greater than €20000 in
clinical years. The home fees associated with DH degree pro-
grammes are less than €15000 per year, with 60% requesting
less than €5000. The international fees range from €500 or less
to a maximum of €50000, although 40% of schools still request
fees less than €15000.

3.1.3 | Extracosts

In addition to tuition fees, many schools also reported imposing extra
costs associated with dental materials and/or equipment use for their
PDDP (Table 2). The median amounts charged are €1000 for pre-
clinical activities and €1500 for clinical activities in total. Eighteen
schools offer financial support for pre-clinical activities and seven
offer support for clinical activities. Further, five schools report that
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TABLE 1 Duration of primary dental degree and dental hygiene programmes by country.

Primary Dental Degree Programme

Dental Hygiene Programme

Country 5years byears Other Total

Belgium
Croatia
Cyprus

Denmark

, O » O »
B R R R R

Estonia

-
N

France 11
Georgia 1
Germany 1
Greece 1
Hungary 2
Ireland 2
Israel 0
Italy 0
Lithuania 2
Latvia 1
Malta 1
Netherlands 0
Norway 1
Poland 0
Portugal 8

0

9

1

8

7

B W R R R R RN ORNNR R e

Romania

-
o

Spain

-

Sweden

®

Turkey

0O O O »r » O »r O Fr O O O ® B O O O O O F»r O F» O F» O

8
71

United Kingdom
Total 54

» =, O O O O O O O O O OO0 OO0 O o oo oo o o o o o

[N
o

lyear

O O © O © O =~

2years 3years 4years Other Total

o »r O O » N O
» O O N O O o
O O » O O O O
o O © O ©o o ©
T = I = T

1 4 0 1 6
5 17 1 1 25

Note: Of the Other responses for PDDP: 1 respondent=4years graduate entry programme. Of other responses for DH programme: 27 months.

there are extra fees associated with dental materials and/or equip-
ment for their DH programme (Table 2); and of these, four state that

financial support is available to help students pay these fees.

3.1.4 | Student numbers and demographics

Over 57% of schools accept between 61 and 150 students per yearin
their PDDPs (Table 3), and over 56% of schools estimated their per-
centage of female graduates to be between 51% and 70% (Table 4).
Indeed 80% of schools estimated more than half the graduating class
will be female. In contrast, two schools estimate 10% or less of their
graduates will be female. For DH programmes, class sizes appear
comparatively smaller with 92% of schools accepting 40 or fewer
and 48% accepting 20 or fewer students per year (Table 3). Eleven
schools estimated that more than 90% of their DH graduating class
is female, and 23 estimate their female graduates outnumber their
males (Table 4). In contrast, two schools estimate that females will
only make up 21%-30% of graduates.

With respect to the nationality of graduates, the mean and me-
dian percentage of PDDP graduates of those from other EU coun-
tries outside of where the school is located is 7.7 (Cl: 4.5, 10.9) and
2.3. The mean and median percentage from non-EU countries is 13.9
(CI: 7.9, 19.9) and 5.0.

3.1.5 | Student admission and selection

Student admission numbers in PDDPs are set by national or regional
bodies for most schools (73.2%), while they are set locally by the uni-
versity for the rest. A similar majority of schools (76.1%) recruit most
of their students from secondary school, while 19.7% recruit mostly
from university level pre-dental programmes and 4.2% have other
recruitment pathways (Table 5). Student selection is conducted by
different organisations but most often by a national body (41.3%)
or the university and/or partner university (36%) (Figure 3). Dental
schools select their prospective students in only 19% of respondent
institutions.
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FIGURE 2 Comparison of tuition fees across programmes, Home or International, clinical and non-clinical years.

TABLE 2 Extra costs associated with dental materials and/or equipment in Primary Dental Degree (n=71) and Dental Hygiene

programmes (n=25).

Primary Dental Degree Programme

Dental Hygiene Programme

Count (n)
No 23
Yes for pre-clinical activities 42
Yes for clinical activities 21

Mean, median

% Mean, median amounts Count (n) % amounts

324 20 80.0

59.2 1178, 1000 (SD=1120) 5 20.0 612,260 (CD=611)
29.6 1601, 1500 (SD=1314)

Student numbers in DH programmes are most often dictated by
a national body (60%) or set locally by the university (40%). DH stu-
dents are mostly recruited from secondary school (84%), although four
schools report alternative pathways (Table 5). The selection of students

into DH programmes most often is determined by the universities and/
or dental schools themselves (Table 6). For five DH programmes, a na-
tional body is involved in student selection; and in another case, se-
lection is performed through a national third level application service.
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Several different criteria are used in the selection of students
for the PDDPs (Figure 4). Most commonly, previous academic
grades (50.7%) and written examinations conducted by the region/

TABLE 3 Students accepted into Primary Dental Degree (n=71)
and Dental Hygiene programmes (n=25) each year.

Dental Hygiene
Programme

Primary Dental
Degree Programme

Count (n) % Count (n) %

Fewer than 10 1 1.4 3 12.0
11-20 3 4.2 9 36.0
21-40 9 12.7 11 44.0
41-60 10 141 1 4.0
61-80 13 18.3 1 4.0
81-100 14 19.7
101-150 14 19.7
151-200 5 7.0
201-250 2 2.8

TABLE 4 Estimated percentage of female graduates in Primary
Dental Degree (n=71) and Dental Hygiene programmes (n=25).

Primary Dental Degree Dental Hygiene

country (46.5%) are used. Further, only 10 of the 71 participating
schools require some post-high school study prior to enrolment on
a PDDP. These requirements vary and some range from a single
year of study in health sciences to completion of an undergraduate
degree.

Similarly, DH students are selected using a variety of methods
(Figure 4). The most common criteria used to select DH students
include academic grades (56%) and written examinations (40%). No
schools use a practical test. Further, three schools require that stu-
dents complete some post-secondary school study prior to beginning
their DH programme: college level education in nursing or dental as-
sisting, dental assistant qualification or study at a pre-university col-
lege that leads to European Qualification Framework (EQF) level 5.

OHP schools use many different strategies to widen participa-
tion in PDDP and DH programmes from under-represented groups
(Figure 5). Most often, PDDPs use scholarships (66.2%) and to a
lesser extent: community engagement (28.2%), reduced entry re-
quirements (23.9%) and introduction to oral healthcare initiatives
(21.1%). DH programmes use similar strategies.

3.1.6 | Language of study

Thirteen schools (18.3%) offer PDDPs in a different language from
the main language of instruction. At least one school in each of the
following countries offers instruction in English: Croatia, Hungary,
Latvia, Lithuania, Poland, Romania, Spain and Turkey; while one
school in Hungary also offers instruction in German, and a school in
Spain offers Catalan.

3.1.7 | Permission to practice after graduation

Upon graduation from PDDPs, 54 schools (76.1%) report that their
students are permitted to practice immediately (Table 7). For five
schools, permission depends on which health system the student is
wanting to work in. Two schools stated that their students need to
complete 1year of vocational training. Ten schools stated that their

TABLE 5 Most common source of
recruitment of students in Primary Dental
Degree (n=71) and Dental Hygiene

Dental Hygiene
Programme

Programme Programme
Count (n) % Count (n) %
0-10 2 2.8
11-20 2 2.8
21-30 0 0.0 2 8.0
31-40 1 1.4
41-50 9 12.7
51-60 16 22.5
61-70 24 33.8 1 4.0
71-80 12 16.9 6 24.0
81-90 4 5.6 5 20.0
91-100 1 1.4 11 44.0
Primary Dental Degree
Programme
Count (n) %
High school 54 76.1
University level pre-dental programme 14 19.7
Other 3? 4.2

Count (n) % programmes (n=25).

21 84.0
0 0
4° 16.0

20f the Other responses for PDDP: 1 respondent=Colleges that provide EQF Lev 5; 1
respondent=DH and prosthesis, vocational training; 1 respondent=majority are recruited after

compulsory military service following secondary school.

POf the Other responses for DH: 1 respondent=Mix of school leavers and professionals; 1
respondent=Nurses, dental assistants; 1 respondent=Pre-University College that leads to EQF
Level 5; 1 respondent=must have EQF Level 4, although many work as dental assistants prior to

studying dental hygiene.
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FIGURE 3 Student selecting bodies on
Primary Dental Degree Programmes. Of
the Other responses: 1 respondent=CAO
(Irish Central Applications Office); 1
respondent=TMS (Test for Medical
Studies).

By national body

By regional body

By university (or/and partner university) = By dental school

B By external organisation mOther

TABLE 6 Selection of students in Dental Hygiene programmes
(n=25).

N=25 Count %
By national body 5 20
By regional body 0 0
By university (or/and partner university) 12 48
By dental school 12 48
By external organisation 0 0
Other 1 4

Note: Of the Other responses: 1 respondent=CAO (Irish Central
Applications Office).

students must pass a state examination to practice. One school
stated that further formal study is required.

Upon completion of their DH programmes, graduates from 24
of the 25 schools who participated are permitted to practice imme-
diately (Table 7), although at least one school report that graduates
must complete one year of post-graduate vocation training.

3.2 | Postgraduate degree programmes
3.2.1 | Language of study

Postgraduate dental programmes are delivered in 16 different lan-
guages by the 64 schools that provided information about their
post-graduate programmes. Sixteen schools offer programmes in a
language other than the primary language of instruction. In Italy, five
schools offer instruction in English as well as in Italian. In Spain, two

schools offer instruction in English in addition to Spanish, and one
school whose primary language is English offers alternative instruc-
tion in Spanish. One school in each of the following countries offers
alternative instruction in English: Croatia, Greece, Sweden, Hungary,
Lithuania, Poland, Portugal and Romania.

3.2.2 | Programme fees

The home fees associated with post-graduate non-clinical years or
programmes most commonly are between €2001 and €5000 per
year (21.9%) (Figure 2). That said, 28 of the 64 schools selected the
‘Not applicable’ response option. For clinical years, only 10 schools
selected the Not applicable response option; and 53.2% of schools
report their tuition fees to be less than €10001 per year. The upper
range of fees is €25001-€50000.

The most common range for international fees associated with
post-graduate non-clinical years is also between €2001 and €5000
(14.1%) (Figure 2). However, more schools request fees greater than
€20000 for international fees compared to home students. The
most common range for postgraduate clinical years is higher be-
tween €5001 and €10000 (15.6%); but 40% of schools reported
higher tuition fees than this range.

3.2.3 | Postgraduate study programmes
A variety of levels of post-graduate programmes are offered

(Table 8). Fifty-six of the 64 schools offer PhD research programmes
(87.5%) and the next most common programmes are Masters (65.6%)
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Other

Practical test

Situational judgement testing
Aptitude test

Multiple mini-interview

W Dental hygiene programme
Interview W Primary dental degree

Written examination (administered by

school, university, university partner)

Written examination (administered by
state)

Method of student selection

e

Previous academic grades

)

5 10 15 20 25 30 35 40

Number of schools

FIGURE 4 Number of schools using these methods of student selection in Primary Dental Degree and Dental Hygiene programmes.
Of the Other responses: 1 respondent=?; 1 respondent=A-level (Abitur), test for medical studies (TMS), years in PQE (Berufserfahrung),
apprenticeship in medical field; 1 respondent=Academic test; 1 respondent=Information provided in application forms; 1
respondent=National University Entrance Exam; 1 respondent=personal portfolio; 1 respondent=Written and oral examination; 1
respondent=Written examination administered by our regional body.

FIGURE 5 Strategies for widening
Other participation of under-represented
groups in Primary Dental Degree and
Dental Hygiene programmes. Of the
Other responses: 1 respondent="Places
are reserved for people wishing to make
a professional reconversion and who
already have a university education; 1
respondent=University provides a pre-
dental year foundation programme.

None of the above

Positive discrimination

Age-related special entries

Dedicated/special-entry programme
Dental hygiene programme
Imroducnon.to oral healthcare W Primary dental degree
initiatives

Reduced entry requirements

Strategy for widening particiation

Community engagement

Scholarships

o

10 20 30 40 50
Number of schools

TABLE 7 Permission to practice as a dentist (n=71) or dental hygienist (h=25) immediately after graduation from respective
programmes.

Primary Dental Degree Programme Dental Hygiene Programme
Count (n) Percent (%) Count (n) Percent (%)
Depends in which health system they want to work 5 7
No 12 16.9 1 4
Yes 54 76.1 24 96

Note: 1 respondent for a DH programme reported that one year of post-graduate vocational training is required.

and postgraduate diplomas (59.4%). Further, schools offer a wide associated with specialist status are Orthodontics and Oral Surgery,
variety of programmes across the disciplines of dentistry (Table 9). while the four most common not associated with specialist status are
The two most common postgraduate programmes offered and Implantology, Endodontics, Periodontics and Prosthodontics.
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4 | DISCUSSION

This study achieved the aim of presenting data regarding OHP edu-
cation from institutions representing a variety of geographical lo-
cations across Europe. Further data regarding curriculum structure,
facilities, staffing (faculty) and quality assurance are presented in
Part 2 of this series.

4.1 | Primary Dental Degree Programme and
Dental Hygiene

Institutions from 25 European countries, including 20 European
Union member states, provided data for their respective pro-
grammes. Within these countries there were no submissions for DH
programmes in Belgium, Croatia, Cyprus, France, Georgia, Germany,
Greece, Netherlands, Poland, Spain, Sweden and Turkey. DH regula-
tion varies across Europe and some countries do not recognise the
profession (e.g. France). The profession of DH has been increasingly
adopted across European countries since the early 2000s with the

TABLE 8 Levels of postgraduate OHP programmes offered
(h=64).

Count %
Postgraduate diploma 38 59.4
Masters 42 65.6
PhD 56 87.5
Clinical doctorate 15 234
Doctor of Education (EdD) 1 1.6

TABLE 9 Postgraduate programmes offered (n=64).

Not offering this
programme (n)
Orthodontics 8
Oral surgery 11
Periodontics 13
Implantology 15
Endodontics 16
Paediatric dentistry 16
Prosthodontics 16
Restorative dentistry 22
Aesthetic dentistry 25
Oral medicine 27
Oral pathology 29
Occlusion/TMD 29
General clinical dentistry 30
Special care dentistry 30
Radiology (dental and maxillofacial) 33
Dental Public Health 37
Oral microbiology 43

WI LEYM

European Federation of Periodontology and the European Dental
Hygienists Federation stating that 26 EU/EEA countries recognised
DH in 2018.135%! Adding further complexity, DH forms a group of
wider professions in some countries - termed dental hygiene and
dental therapy. In the UK, dental hygiene and dental therapy are
separate professions with different scopes of practice, with many
programmes offering dual qualification.*®%? The terminology and
scope of practice of these professionals vary on a country-by-
country basis. These diverse terms are replicated across OHP pro-
grammes and therefore presence or absence of data submissions
may be related to the challenges in understanding and terminology.

411 | Programme length

The EU directive 2005/36/EC, and the amendment 2013/55/EU,
state that PDDPs must have a minimum duration of 5years and
5000hours full-time theoretical and practical training.>® In this
dataset, most schools deliver 5-year programmes with less than
a quarter of schools delivering 6-year programmes. Programme
lengths tend to cluster by country in response to national regula-
tions. According to the CED's Manual of Dental Practice, 10 EU/
EEA countries deliver their PDDPs over more than 5 years and coun-
tries within this dataset include Croatia, Estonia, France, Germany,
Netherlands and Romania.® The data presented within the CED's
Manual of Dental Practice aligns with some of our findings, al-
though there are some inconsistencies across countries. Within our
dataset it can be noted that some respondents from the same coun-
try provided different information for PDDP duration. This may be
an accurate representation of variation within countries or there

Available and associated
with specialist status (n)

Available but not associated with
specialist status (n)

12 43
15 36
25 21
30 7
26 21
19 27
25 20
22 11
21 6
14 10
16 5
15 5
12 9
11 7

8 10

8 4

1 3
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may be confusion between programme length and the expected
length of study. Attempts were made by the research team to avoid
this confusion by providing links in the questionnaire to the exact
definitions within the Articulate glossary.2 Some countries require
prospective dental students to undertake a basic science or foun-
dation year, and this may be perceived as a component of dental
programmes. Additionally, some respondents provided details of
4-year graduate-entry programmes and in essence these are 5-year
programmes with approved prior learning from previous terms of
study. The length of study for DH is also variable and will likely
reflect the differences in the scope of practice across countries -
with a more limited scope of practice potentially requiring shorter
periods of study. Three-year Bachelor length programmes are the
most common within this dataset.

41.2 | Programme funding

The percentage of schools that are privately funded within this
dataset is similar to the CECDO database and the CED Manual
of Dental Practice that estimated 14% and 9%, respectively.”®
Importantly, these results reflect the opinions of staff who feel
their institution is funded in this way. There may be differences in
interpretation of the question as some institutions are predomi-
nantly funded by the state and this funding enables them to deliver
their core programmes; however, these same institutions may have
commercial agreements with other stakeholders or receive funding

through donations.

4.1.3 | Programme fees

It is interesting that a high number of schools (between 14 and 18)
selected the ‘not applicable’ option with regard to home and interna-
tional fees for both PDDP and DH programmes. The reasons for this
may be that participants do not offer the programme, could not an-
swer the question or did not want to share this information. By way of
an example: in Ireland tuition is free for most EU students, although
there is a “student contribution” of a maximum of €3000 - thereby
making completion of this question challenging.33 It is evident that
fees vary significantly across Europe for OHP programmes, but it
is positive that 50% (PDDPs) and 60% (DH) of respondent schools
reported tuition fees of less than €5001. International fees are com-
monly higher than home fees across all programmes. It appears from
the data that very few schools charge extra tuition fees for the clini-
cal years of PDDP or DH. However, many institutions ask students
to pay additional fees for pre-clinical and clinical activities. These
fees present a substantial additional cost to students and financial
support is not available in many contexts. Considering the high fees
associated with OHP programmes and limited uptake of widening
participation strategies in some contexts, existing inequalities in the
profession may remain.

414 | Student numbers

Across Europe, OHP student numbers are predominantly deter-
mined by national or regional bodies (e.g. regulators, governmental
departments), with a smaller proportion determined locally by the
university or school. Regardless of who determines the student ad-
mission numbers, programmes should be aligned with future visions
for the workforce to avoid inequity in the distribution of OHPs and
resultant services across the continent. Student admission numbers
were reported between 61 and 150 students per year across most
PDDPs. It is of note that one school admits fewer than 10 students
and two schools admit more than 200 students per year. It would
be of interest for future work to note how programme structure,
curricula, facilities and staffing differs in institutions with such vast
disparities in admission numbers. There is less variance in DH, with
generally smaller student cohorts. The difference in students admis-
sion numbers between PDDPs and DH is of interest and is likely to
change in the future in light of the recent WHO Global Strategy on
Oral Health.! This report recommends changes to the OHP work-
force by increasing ‘mid-level oral health care providers’ to respond
to population oral health needs.! Due to the evolving nature of
the data hub, institutions can change the data they have provided,
which will enable stakeholders to follow changes in OHP workforce
numbers.

4.1.5 | Student demographics

With regard to gender distribution of students on dental and DH
programmes, there appears to be a higher reported proportion of
females on both programmes. There are exceptions within both pro-
grammes and trends across Europe will replicate cultural differences
across the European continent. This data aligns with the CED Manual
of Dental Practice and the CECDO database that estimate the num-
ber of female graduates from PDDPs to be between 60% and 70%.78
In the early 2000's it was estimated that 96.5% of European dental
hygienists were female.®* Our data suggests that most graduates of
DH in Europe will continue to be female; however, male numbers
may be increasing compared to previous estimates. Two recent nar-
ratives uncovered existing inequalities in the oral health workforce
that have persisted irrespective of the increase in female OHPs, par-
ticularly across different ethnic groups.3>3¢

4.1.6 | Student admission and selection

Most students reportedly enter their PDDP and DH programmes
directly from high-school and this differs to models in other regions
of the world such as North America.®” Almost 20% of schools deliv-
ering PDDPs recruit primarily from university level pre-dental pro-
grammes. These may include foundation or basic science years, or
graduate entry programmes whereby students must demonstrate
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approved prior learning through the completion of a university level
degree. DH follows a similar trend - most institutions recruit stu-
dents directly from high-school. Sixteen percent of respondent DH
schools selected ‘other’ which included recruiting qualified OHP
professionals (nurses/assistants, technicians) and other post-high
school study. It is acknowledged that recruitment regulations are
often managed by universities for DH and the level of programme
(EQF level 5 or 6) will impact on the entrance requirements and
therefore the nature of the cohort admitted. There is a risk of ex-
cluding valuable members of the current OHP workforce if entrance
requirements are too restrictive.

The management of student selection is variable across Europe
for PDDPs with an interesting observation that most European
OHP schools do not select their own students. The data is different
for DH where universities and dental schools predominantly con-
trol the student selection process. Methods of student selection for
both programmes appear similar, with previous academic grades,
written examinations and interviews being the most reported.
Other means of student selection including situational judgement
aptitude tests were administered by less than 10 OHP schools. It is
of interest that a very low number of schools (n=2) include prac-
tical tests in their selection processes considering the practical na-
ture of the profession.

There is limited evidence and few recommendations on stu-
dent selection processes in the dental education literature. A
report by a group of international educators that stemmed from
the DentEdEvolves Thematic Network Project considered best
practices in student selection including aptitude tests, written
examinations, and interviews.3® According to our data, these
practices appear to be adopted for the most part across Europe -
although these recommendations are now more than 20years old.
Additionally, a factor analysis study in the UK utilising a multiple
mini-interview approach to student selection demonstrated the
importance of assessing both ‘soft’ skills (e.g. communication, em-
pathy) and sensorimotor abilities.®? Due to the popularity of OHP
programmes and resultant applicant numbers, bodies that govern
student selection will inevitably need to find a balance between
idealism and feasibility.

With regard to strategies of widening participation of under-
represented groups in higher education, scholarships are most
common within this dataset. Scholarships largely refer to support
measures to overcome financial barriers that may impact one's abil-
ity to enrol on an OHP course. These approaches are important as
financial reasons are perceived as a significant barrier by prospective
OHP students from underrepresented groups.*®*' However, finan-
cial concerns are not the only barrier - limited exposure to the oral
health professions, a lack of community support and role models are
also significant issues. Methods to confront these barriers that focus
on education and opportunities (community engagement, reduced
entry requirements and introduction to oral healthcare initiatives)
appear less common. More than 10 OHP schools either do not offer
widening participation strategies or do not undertake any of the
methods outlined in the questionnaire.

4.1.7 | Language of study

Most OHP schools offer programmes in a single language, most
commonly the national language of the country. However, there is
a significant proportion of schools that offer programmes in mul-
tiple languages which may help in attracting international students
and provides opportunities for institutions to grow. Some institu-
tions within countries that have a second national (or regional) lan-
guage may offer students opportunities to sit certain components of
their programme in another language, although many do not deliver
a whole programme in these languages. Additionally, some institu-
tions deliver theoretical components in multiple languages but often
conduct clinical education in the national language to support com-
munication with the local patient population.

4.1.8 | Permission to practice after graduation

Approximately 78% of schools reported their graduating dentists
can practice immediately after graduation from their respective pro-
grammes. The remaining schools reported that either state exami-
nations or a period of vocational training must be completed prior
to commencing independent practice as a qualified professional.
According to the CED's Manual of Dental Practice, graduates from
Belgium, Croatia and Slovenia must complete 1year of vocational
training regardless of the healthcare system, whilst graduates from
Germany, Switzerland and the United Kingdom must complete

1year of vocational training to work in the National Health Service.?

4.2 | Postgraduate programmes

It was not within the scope of the data collection to focus on the
finer details of postgraduate programmes across Europe. It can be
acknowledged that many institutions across Europe offer postgrad-
uate programmes in languages different from the national language
and this is predominantly English. As for PDDPs, this likely stems
from a desire to increase international student numbers and associ-
ated benefits to the institution.

Postgraduate tuition fees vary across Europe with a general
sense that postgraduate fees are higher than those for undergrad-
uate programmes. In comparison to undergraduate programmes
(PDDP and DH), postgraduate fees are generally more expensive,
with greater saturation from the more than €15000 per year op-
tions. This is likely to result from greater costs in hiring staff to de-
liver these courses and additional equipment that may be required.

OHP schools across Europe offer a wide range of postgraduate
programmes across numerous levels - from postgraduate diplomas
to research, clinical and education doctorates. Only one school
within the dataset did not offer postgraduate programmes at the
time of submission. It appears that institutions do not prioritise post-
graduate research programmes in education with only one school
offering a Doctor of Education (EdD) programme.
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It can be concluded from the dataset that OHP institutions
are also offering a wide range of programmes, with 551 pro-
grammes offered from the discipline list in the questionnaire,
making a mean of 8.6 postgraduate programmes per OHP institu-
tion (n=64). The number, definition and acceptance of individual
disciplines within dentistry vary hugely across Europe.*? In the
EU, the most recent directive only recognises two specialties:
Oral Surgery and Orthodontics.> However, this document only
recognises formal qualifications that lead to speciality recognition
within member countries, it does not regulate the education or ac-
ceptance of specialties - this is managed by individual countries.
This has led to wide disparity with some countries recognising no
specialties (e.g. Spain) and others recognising many (e.g. United
Kingdom - 13 specialties). It is also likely, due to this variance,
that understanding of the terminology will lead to confusion, with
some countries heavily regulating the specialist title whilst others
adopt the title “specialist” after completing any form of postgrad-
uate study. According to the EU directive 2013/55/EU, postgrad-
uate programmes that lead to specialty status must be a minimum
of three years duration and approved by competent authorities or
bodies in each country.”

As expected, the two EU-recognised specialties of Oral Surgery
and Orthodontics are the most prevalent programmes across Europe,
with Periodontics, Endodontics, Prosthodontics and Paediatric
Dentistry also very popular. To further add to the confusion, spe-
cialty training is delivered by hospitals in some countries rather than
universities and this may have also impacted responses. Due to the
large disparities in regulation of specialities across Europe it is im-

possible to analyse the dataset further.

4.3 | Limitations of the research

This was an ambitious project that aimed to establish a viewpoint
on the current state of OHP education in Europe and in many re-
spects, this has been achieved. As the data hub remains live, this
series of papers will hopefully provide a foundation, with the hope
of gaining more data in the future. There are some limitations within
this dataset that should be highlighted. It is challenging to general-
ise the findings of this research to OHP education across the whole
of Europe. The reasons for this are: (i) the exact number of OHP
schools across Europe is not known, (i) the dataset does not cover
all regions of Europe. It is not the aim of this manuscript to provide
generalisable statements on European OHP education, but rather it
is to provide insight into existing structures from a large group of in-
stitutions across many European countries and to draw comparisons
of different practices and approaches.

It is feasible that there could be an element of sampling bias
within this survey as ADEE member OHP schools were invited to
provide data. The researchers were aware of this from the outset
of the project, and it was impossible to resolve due to challenges
in communicating and finding non-ADEE members in Europe.
Additionally, it could be hypothesised that ADEE members schools

are more engaged in educational processes and perhaps are quicker
to adopt new practices, again which impacts the generalisability of
this data. As with any data from surveys there is risk of response
bias whereby respondents provide inaccurate data that adopt to
perceived standards or desirable options.

A final consideration is the questionnaire being written in English
exclusively. This was intentional as translation of the consensus-
agreed terminology from the Articulate glossary would likely have
resulted in unidentifiable changes in meaning which would have im-
pacted the accuracy of the responses. It is acknowledged that using
English for a survey that spans a continent of multiple languages may
have provided challenges in answering some questions and misun-
derstandings may be present in the data. As the project team mem-
bers are based in a large area of the European continent and speak
multiple languages, attempts were made to limit this by offering sup-
port when needed.

5 | CONCLUSION

This series of papers, as far as the authors are aware, are the first
attempts to build a comprehensive picture of the current state of
OHP education in Europe. This education is unique - with mul-
tiple different interpretations and contexts demonstrated in this
dataset. Within this paper, important trends and variances have
been identified for Primary Dental Degree, Dental Hygiene and
Postgraduate programmes across Europe. Most importantly,
questions have been raised to support key changes to OHP educa-
tion in the future.

A comprehensive view of the state of OHP education in Europe
is not yet available but the O-Health-Edu data hub provides a means
for all education providers in Europe to contribute data to reach this
goal. In the future, as the O-Health-Edu project concludes, ADEE will
oversee the functionality and branding of the data hub. It is antici-
pated that the data hub will be updated and built upon over time to
continually establish a clearer picture of the state of OHP education
in Europe. This is call for collaboration across all institutions and ed-
ucation stakeholders to develop OHP education for the future.
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A Viewpoint into the Current State of Oral Health Professional
Education in Europe: Part 2: Curriculum Structure, Facilities,

Staffing and Quality Assurance.
Aims and Objectives

This series of publications aims (i) to present data regarding OHP education from
institutions representing various geographical locations across Europe and (ii) to establish

commonalities and trends. Specific objectives for part 2 of this series are to:

e provide a review of core practices in curriculum structure, availability and access to

facilities, staffing (faculty) and quality assurance procedures, and

e consider how the current curriculum structures relate to stakeholder guidance

documents.

Methodology

This paper includes twenty-seven questions from the 91-item questionnaire. The

methodology is identical to that described in Part 1.

Results

Seventy-one institutions from 25 European countries provided curriculum structure,
facilities, staffing and quality assurance data. Most schools (42.3%) have a mix of
integrated and discipline-based curricula, whilst 38% have a completely discipline-based
approach. Most schools (91.5%) across Europe report using national curriculum
frameworks. Professionalism (76.1%), critical thinking (73.2%) and evidence-based
practice (71.8%) are longitudinally integrated in most schools. Most schools do not teach
social accountability (24%) and environmental sustainability (32.4%). Observation of
clinical care typically begins in the first three years of dental programmes, although

variations exist. In most schools, operative care delivery commences in years 3-5 (87%).
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Senior full-time and junior part-time staff appear to form a significant part of the

workforce, which raises questions regarding sustainability and succession planning.

Relevance

This study provides key information regarding curriculum structure, facilities, staffing, and
quality assurance from a large group of European OHP schools. The data provided should
ensure that future curriculum documents are relevant to the real-world situation.
Understanding existing curriculum structures, clinical contact, and staffing gives insight
into the variability of practices across Europe in relation to a minimally descriptive EU
directive. This data and learning derived from this study will directly inform the future
work in this thesis by establishing a situational analysis in which curriculum development
initiatives will occur. Additionally, the applicability of future recommendations and

guidelines will be improved due to this new contextual understanding.
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1 | INTRODUCTION

The education of oral health professionals (OHPs) is of fundamental
importance to deliver equitable and quality oral healthcare in the
future.! Education providers are strategically positioned to ensure
their graduates have knowledge, skills and attitudes that are appro-
priate to manage the current and future oral health needs of the
European population.

The need for data on educational practices in European OHP pro-
grammes has been established 2 and gave rise to the O-Health-Edu
project.>* While the O-Health-Edu project encompasses all OHP
education, this paper will consider curriculum structure for Primary
Dental Degree Programmes (PDDPs) and the facilities, staffing and
quality assurance measures employed by dental schools.

The curriculum is a challenging construct to define, with research
demonstrating a lack of concordance amongst educators in defin-
ing the term.>? It has multiple meanings and can be considered in
different lights - from a student (receiver) or from educator or insti-
tutional (deliverer) perspectives.m'12 The most expansive definition
of the curriculum includes all processes that contribute to student
learning on a programme of study, these processes may be planned,
unplanned or hidden to educators.”!° In Articulate, a glossary of
OHP education terms, curriculum is defined as: ‘detail of a particular
course of study, including learning outcomes, the students' expected
educational experiences, assessments, and formats for Iearning'.3
European regulatory and guidance documents tend to focus on the
formally delivered curriculum which typically includes study mod-
ules, learning outcomes, competences and learning, teaching and
assessment methods.

The Annex V3/5.3.1 of the Directive 2005/36/EC provides de-
tails of a study programme for dental practitioners and encompasses
basic subjects, medico-biological subjects/general medical subjects
and subjects directly related to dentistry within the European
Union.*® Aside from defining the minimum programme length, these
are the only regulations to support dental schools in developing their
curricula.'®!* The limited regulations at a European-level leave den-
tal education open to interpretation and significant variability un-
less national competent authorities or regulators provide additional
standards.? Examples of such practices are the standards imposed
by the ‘Ministére de I'enseignement supérieur et de la recherche’ in
France (2013) and the General Dental Council in the United Kingdom
(2015), who defined learning outcomes and standards for education

providers.*>"*7

of OHP education in Europe is not yet available but the O-Health-Edu data hub pro-
vides a means for all education providers in Europe to contribute data to reach this
goal. It is anticipated that the data hub will be updated and built upon over time to
continually establish a clearer picture of the state of OHP education in Europe.

dental education, dental hygienists, Europe, oral health professionals, survey

At a European level, the Association for Dental Education in
Europe (ADEE) has been a key stakeholder in advancing OHP edu-
cation for over 20years. Concerns regarding the variability of dental
education stemmed from the findings of Shanley et al. in 1997.18 The
ADEE were subsequently involved in the DentEd Thematic Network
Projects and commissioned taskforces to engage in pan-European
consultation to formulate the outputs:

Profile and Competences for the European Dentist.*?

Curriculum structure and the European Credit Transfer System
for European dental schools: part 1.2°

Curriculum content, structure and European Credit Transfer
System for European dental schools. Part II: methods of learning
and teaching, assessment procedures and performance criteria.?*

Quality assurance and benchmarking: an approach for European
dental schools.??

These documents were the first attempts to promote the con-
vergence of European dental education and the profile and compe-
tences and curriculum content, structure, learning and assessment
documents were further updated in the early 2010s.2324

A significant change to the structure of these documents oc-
curred through development of the Graduating European Dentist
(GED) in 2017.%° This suite of documents replaced the previous
profile and competences and curriculum content by incorporating
the widely recommended learning outcomes approach to curricu-
lum development. The GED currently has four domains and includes
contemporaneous recommendations for learning, teaching and
assessment.2-%% All of these documents are now available online
(https://adee.org/graduating-european-dentist) and are open for
development with a dedicated taskforce to manage this process on
aregular basis.

The GED provides a framework to support schools in developing
their curricula within their own contexts. Increasingly, discipline-
specific curriculum frameworks are being published in line with
recommendations from the GED and the O-Health-Edu scoping re-
view.2% Some of these are outputs of ADEE Special Interest Groups
including pre-clinical operative skills and environmental sustain-
ability.3134 Others recent examples of discipline-specific curricula
are the European Core Curriculum in Cariology and the European
Federation of Periodontology documents.>>3¢

As an integral part of quality assurance procedures, changes
to dental curricula are driven by numerous factors, including new
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developments in the profession, emerging technology and educa-
tion rationale.®’"*° With contemporaneous recommendations for
learning, teaching and assessment and the emergence of new tech-
nology in OHP education, such as virtual reality (VR) simulation, an
overview of the uptake of these practices is necessary. There are
currently no readily identifiable sources to provide insight into edu-
cational practice across European dental schools.?

The aim of this two-article series is to present data regarding
OHP education from institutions representing a variety of geograph-
ical locations across Europe and to establish commonalities and

trends. Specific objectives for this paper are to:

provide an overview of common practices in curriculum structure,
the availability of facilities, staffing (faculty) and quality assurance

procedures, and

consider how the existing programme structures align to stake-

holder guidance documents.

2 | METHODS

This study received approval from the Ethics Committee of the
Universitat de Barcelona (IRBO0003099, 5th October 2020). Further
details regarding the complete questionnaire including instrument
development, piloting and recruitment can be found in Part 1 of this
series.

A total of 27 questions from the 91-item questionnaire are
included in this manuscript, as these referred to curriculum ap-
proaches and frameworks (3), teaching methods and integration of
topics of interest (2), student opportunities (5), clinical activities,
staff-student rations and frequency of clinical sessions (4), access to
outreach practice and anatomical dissection (4), access and location
of facilities and technology (2), teaching staff/faculty (3) and quality
assurance (4). All questions were written in English, no translations
were made available. The questions used in this manuscript are avail-
able in the Appendix S1.

The development of these questions followed the Delphi
method with successive rounds of discussions until consensus
was achieved. The content was shaped by the scoping review and
previous curriculum documents as well as topics of interest raised
at ADEE meetings.?2°731:3%34 The Articulate glossary was written
concurrently with the questionnaire and all key words within each
question were defined.® These terms were then linked to the ques-
tionnaire to establish a common understanding and to facilitate
completion.

The questionnaire was piloted in multiple stages with members
of the O-Health-Edu project, an external quality committee and a
group of European OHP academics. Modifications were made to im-
prove quality and clarity. An additional consultation was performed
with OHP stakeholders including the CED (Council of European
Dentists), the FEDCAR (Federation of Regulatory Authorities),
the EDSA (European Dental Student Association) and the ADEA

WI LEYm

(American Association of Dental Education). To develop a live and
updatable datahub, the questionnaire was uploaded onto the O-
Health-Edu website (https://o-health-edu.org/ohe-datahub-direc
tory). The datahub allows responding schools to create an account
and respond to the questions in the questionnaire. This approach
allows individual OHP schools to control, access and modify their
data at any time.

All OHP schools in Europe were eligible to provide data for
their institution but due to challenges in identification and com-
munication, only ADEE registered schools (n=144) were directly
invited to register on the O-Health-Edu website. Institutional con-
tacts (either the Head of School/Dean or their designated contact)
provided data for their institution. Technical and academic support
was available to help institutions in submitting their data. The data
reported in this manuscript was collected until the 17th April 2023,
although the data hub continues indefinitely with institutions wel-
come to submit data. Any data provided from institutions outside
of the 53 European countries set out in the WHO definition of
Europe were excluded.

The data were analysed using descriptive statistics. The IBM
SPSS Statistics program (version 26) was used to present the data
in counts and percentages. The results were presented in tables,
graphs and charts using Microsoft Excel 2017. Due to the small
and non-representative sample of the many schools throughout
Europe, few comparisons between groups of schools were made.
One question had a free-text answer - ‘List the type of processes
that are included in your internal quality assurance process’.
Content analysis was used to establish frequency of responses for
this question.

3 | RESULTS

A total of 71 schools from 25 European countries provided data be-
tween 8th June 2021 and 17th April 2023. Within these schools,
25 offer dental hygiene programmes. Programme-level data for
PDDPs, dental hygiene and postgraduate education as well as the
demographics of this dataset can be found in Part 1 of this series. All
of the data included within this manuscript relate to PDDPs. In the
Articulate Glossary, this is defined as: ‘A course of study resulting in
qualification as a dentist’.%

3.1 | Curriculum approaches and frameworks

Curricula across the 71 dental schools that contributed data are
varied with 14 schools (19.7%) using a completely integrated ap-
proach, and 27 schools (38%) using a discipline-based approach.
The majority of schools (n=30, 42.3%) report that both ap-
proaches co-exist in their curricula. The sources used to guide
PDDP curricula are varied and most schools (n=65, 91.5%) rely on
a national framework (Table 1). Two schools from Spain and one
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TABLE 1 Sources used to guide

Gari(fa) FareaitE) curricula for Primary Dental Degree
International framework (Graduating European Dentist) 42 59.2 programmes (n=71).
National framework 65 91.5
Discipline-specific 23 324
Own curricula developed within school 44 62.0
Curricula developed by other dental school(s) 12 16.9

Bricolage

Practical exercises

Peer-teaching

Peer-review

Self-assessment

Flipped learning

Reflective portfolio based approach

Learning package case-based approaches

Methods of learning and teaching used

Problem-based learning
Small-group delivery

Didactic

B Never

W Rarely

m Often
Very often

Number of Schools

FIGURE 1 Methods of learning and teaching used within the Primary Dental Degree Programmes (n=71).

each from Malta, Cyprus, Denmark and Israel did not report the
use of a national framework. Sixty-two per cent of schools develop
their own curricula and 59.2% utilise an international framework -
the Graduating European Dentist.?® From the free-text responses
for discipline-specific curricula, the European core curriculum in
cariology,35 the European Federation of Periodontology curricu-
lum guidelines36 and ADEE's pre-clinical operative skills curricu-
lum®* were popular resources.

3.2 | Teaching methods and the integration of
topics of interest

The most frequent methods of learning and teaching used within
PDDPs are practical exercises (Very often; n=51, 71.8%) and di-
dactic delivery (Very often n=42, 59.2%) (Figure 1). The least used
methods are bricolage (Never; n=20, 28.2%) and peer-review
(Never; n=12, 16.9%). Many schools report that critical thinking
(n=52, 73.2%), professionalism (n=>54, 76.1%), and evidence-based
practice (n=>51, 71.8%) are longitudinally integrated into their cur-
riculum, while social accountability (n=17, 24%) and environmental
sustainability (n=23, 32.4%) are not integrated at all or are in the
planning stage of integration (Figure 2).

3.3 | Student opportunities

In terms of student opportunities within and beyond the core cur-
riculum, many schools have a research component (mandatory;
n=25, voluntary n=44), opportunities to study abroad for more
than 2months (within EU; n=57, outside of EU; n=23) and oppor-
tunities to volunteer and participate in Interprofessional Education
(IPE) (Table 2). Sixty-six per cent of schools provide opportunities
for IPE, with 45.1% providing specific IPE learning objectives/out-
comes and the majority (53.5%) of schools offering opportunities
for IPE with other health professionals (not OHPs).

3.4 | Clinical activities, staff-student ratios and the
frequency of clinical sessions

Clinical observation commonly begins in one of the first 3years of the
PDDP, with the delivery of increasingly complex patient care occur-
ring as students’ progress through programmes (Figure 3). However,
there are six institutions that commence observation of patient care
in Year 4 or 5, with 47.9% of schools permitting students to deliver
operative care from Year 4 onwards. Additionally, as students’ pro-
gress, they commonly have increasing numbers of clinical sessions to
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Social determinants of health
Environmental sustainability
Ethics

Social accountability

Patient-centered approach | —

® Longtitudinaly integrated

® Partially integrated

Evidence-based practice .
" Not integrated at all

Topics in curricula

Professionalism Plans to integrate
Critical thinking

Reflective practice

o

10 20 30 40 50 60 70 80
Number of schools

FIGURE 2 Integration of topics of interest within the Primary Dental Degree Programme curricula (h=71).

TABLE 2 Student opportunities as

part of their studies in a Primary Dental Gaui e e
Degree Programme (n=71). Student opportunities for research as part of studies
No 2 2.8
Yes, mandatory 25 35.2
Yes, voluntary 44 62.0
Student opportunities for studying abroad (>2months)
No 14 19.7
Yes, within Europe 57 80.3
Yes, outside of Europe 23 32.4
Scope of study in another country
Research 12 16.9
Erasmus (clinical) or equivalent 53 74.6
Erasmus (Pre-clinical) or equivalent 34 479
Other 4.0 5.6
Student opportunities to volunteer during their studies
Yes, organised by the institution 38 53.5
Yes, not organised by the institution 41 57.7
No 8 11.3
Student opportunities to participate in interprofessional
education (IPE) as part of their studies
Yes, with specific educational objectives for IPE 32 451
Yes, but without specific IPE objectives 15 211
No 24 33.8
Which other professionals do students study and learn with on a
regular basis?
Other OHPs 25 35.2
Other health professions 38 53.5
Professions outside health sector 5 7.0
Other 2 2.8

attend, with similar patterns for 5-year PPDPs (Figure 4A) and 6-year not included in Figure 4A,B. The most common staff-student ratio
programmes (Figure 4B). Part 1 of this series provides programme on dental clinics is 1:2-7 (=43, 60.6%), followed by 1:8-12 (n=22,
level data on all respondents including programme length. One 31.0%) (Table 3). The most common staff-to-student ratio in clinical
school offered a 4-year graduate entry programme and therefore is skills teaching laboratories is 1:8-12 (n=31, 43.7%).
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FIGURE 3 Commencement of clinical activities in the Primary Dental Degree Programmes by year (n=71).

£

= 1 session/wk

M 2 sessions/wk
| 3 sessions/wk
H 4 sessions/wk
| 5 sessions/wk

W 6 or more sessions/wk

Year of 5 Year Primary Dental Degree Programme
)
&

Yert _
0 session/wk or N/A

—_
o
-

Year 6

[
0 sessions/wk or N/A
2 sessions/wk
M 4 sessions/wk
Vear2 _ | 5 sessions/wk
M 6 or more sessions/wk
]

Year of 6 Year Primary Dental Degree Programme

Year 1

Number of schools

FIGURE 4 Average number of clinical sessions per week that students on (A) 5 year Primary Dental Degree Programme must attend
(n=54). (B) 6 year Primary Dental Degree Programme must attend (n=16).
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TABLE 3 Typical staff-student ratios in clinical and clinical skills teaching laboratory spaces for Primary Dental Degree Programmes.

Staff-student ratio Count (n) Per cent (%) Staff-student ratio Count (n) Per cent (%)
Clinics Clinical Skills Laboratories
1:1 1 14 1:1-7 12 16.9
1:2-7 43 60.6
1:8-12 22 31.0 1:8-12 31 43.7
1:13-20 5 7.0 1:13-20 21 29.6
1:20+ 0 0.0 1:21-35 7 9.9
1:35+ 0 0.0
Total 71 100.0 Total 71 100.0
TABLE 4 Primary location of learning and teaching facilities and services (n=71).

In the dental school Outside the dental school Not available

Count (n) Per cent (%) Count (n) Per cent (%) Count (n) Per cent (%)
Dental clinic 64 90.1 7 9.9 0 0.0
Physical library 41 57.7 30 42.3 0 0.0
Research laboratory 56 78.9 13 18.3 2 2.8
Dental VR simulator 33 46.5 2 2.8 36 50.7
Clinical skills teaching laboratory 67 94.4 4 5.6 0 0.0
Technical skills teaching laboratory 68 95.8 8] 4.2 0 0.0
Support and well-being services 30 42.3 38 53.5 3 4.2

3.5 | Access to outreach practice and
anatomical dissection

Forty-nine of 71 (69.0%) schools offer primary programme dental
students the opportunity for outreach practice; while 21 of the 25
schools (84.0%) with dental hygiene programmes do too. Fifty-seven
schools (80.3%) provide students with access to dissection on their
PDDPs. Most have access to physical dissection (n=26, 45.6%), with
11 schools (19.3%) using virtual dissection and 20 schools (35.1%)

employing both techniques.

3.6 Access and location of
facilities and technology

Dental students across Europe are able to access a range of different
facilities (Table 4). Most commonly, teaching laboratories (for techni-
cal skills; n=68, 95.8%; for clinical skills; n=67, 94.4%) are located
within OHP schools. Support and well-being services (n=38, 53.5%)
and physical libraries (=30, 42.3%) are often located outside of the
school. Furthermore, almost half of the schools have access to den-
tal VR simulators either inside (n=33, 46.5%) or outside (n=2, 2.8%)
the dental school.

Dental students also have access to a number of teaching tech-
nologies (Table 5). The most common are digital radiography (n=65,
91.5%), electronic health records (n=56, 78.9%), and e-books
(n=54, 76.1%). Some technologies such school-owned portable

electronic devices (n=32, 45.1%) and 3D printing (=11, 15.5%) are
less readily available.

3.7 | Teaching staff (faculty)

Returning to the topic of teaching staff, the number of junior and
senior part-time and full-time staff is highly variable amongst the
schools that provided data (Table 6). On average, junior part-time
staff (42.05%) and senior full-time staff (28.06%) form a largest part
of the teaching workforce. The mean percentages of junior full-time
(15.07%) and senior part-time staff (14.81%) are smaller and similar to
each other. Fifty-five schools report that their percentage of female
teaching staff ranged between 41 and 70% (Figure 5). Two schools
report having 0-10% female teaching staff, while three schools have
at least 81%. The qualifications that newly recruited senior teaching
staff are required to hold is most often a research qualification such
as a PhD or Masters (n=59, 83.1%) (Figure 6).

3.8 | Quality assurance processes

The vast majority of schools (=63, 88.7%) have a regular process
of internal quality assurance that are either school or university-
driven. Six schools (8.5%) do not employ internal quality assurance
processes and respondents from two schools (2.8%) did not know
if these processes were used. Student feedback, course evaluation
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TABLE 5 Extent to which teaching technologies are available for use by students (n=71).
Regularly used Infrequently used Not available
Count (n) Per cent (%) Count (n) Per cent (%) Count (n) Per cent (%)
Lecture capture 52 73.2 16 225 3 4.2
Digital radiography 65 91.5 5 7.0 1 14
Electronic health records 56 78.9 13 18.3 2 2.8
Intra-oral scanning 36 50.7 29 40.8 6 8.5
3D printing 24 33.8 36 50.7 11 15.5
E-books 54 76.1 13 18.3 4 5.6
School-owned portable electronic 18 254 21 29.6 32 45.1
devices for students
Operating microscopes 29.0 40.8 33 46.5 9 12.7

TABLE 6 Average composition of teaching staff working within
OHP schools.

Percentage of staff type where
count for each type >0

Type of teaching staff Mean SD Median
Junior full-time 15.07 13.25 10.61
Junior part-time 42.05 18.45 38.22
Senior full-time 28.06 14.02 27.59
Senior part-time 14.81 12.12 12.50
71-80 81-90  0-10 21-30
2% 4% 3% 3% 31-40
6%
“ 41-50
37%

H0-10 ®m21-30 =31-40 ©41-50 ®m51-60 W61-70 m71-80 mW81-90

FIGURE 5 Estimated percentage of female teaching staff in
OHP schools (n=71).

and programme review were the most commonly reported pro-
cesses. Similarly, many schools also have a regular process of ex-
ternal quality assurance (=62, 87.3%), whilst seven schools (9.9%)
don't and respondents from two schools (2.8%) were unsure. Most
of these schools (n=41, 57.7%) make the results of external quality
processes available online.

4 | DISCUSSION
4.1 | Curriculum approaches

The majority of schools report that they have hybrid curricula mean-
ing they use a mix of integrated and discipline-based approaches.
This likely aligns to a general trend in OHP education, with increas-
ing support for integrated curricula, which stems back to the 1980s
and Harden's recommendations in medical education.*! Integration
may be horizontal (across different themes within the same year of
study) or vertical (across different themes and years of study) and a
combination of these is termed the spiral curriculum.*? The reported
benefits of integrated curricula include: a reduction in fragmentation
of programmes, revisiting topics at increased complexity to embed
desired knowledge/skills/attitudes at a higher level, fostering a true
interdisciplinary approach to learning and teaching and facilitating
curriculum monitoring and evaluation.** It is noteworthy that only
around 20% of schools report using a fully integrated approach - itis
plausible that institutions are still transitioning towards a fully inte-
grated approach or may have found a fully integrated approach chal-
lenging to implement or perceive it to be undesirable. It would be of
interest to carry out further research to understand the mindsets
of these institutions as there may be potential barriers or problems
with a fully integrated approach that are not readily identifiable in
the literature. It is also not clear how fully integrated curricula are
delivered in multiple different geopolitical contexts.

4.2 | Curriculum frameworks

More than 90% of schools use national frameworks to guide their
PDDP curricula. This figure is largely expected as many European
competent authorities and regulators provide curriculum frame-
works that schools must adhere to. Schools from Spain, Malta,
Cyprus, Denmark and Israel did not report the use of a national
framework to inform their curricula. In these contexts, it is not clear
what external quality assurance measures are in place, although the
absence of a national framework does not necessarily mean that
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FIGURE 6 Qualifications required
when recruiting senior teaching staff
(faculty) (n=71).

Qualifications required

A postgraduate clinical qualification for some specialties I EEEGEGEGEGEGE—

A postgraduate clinical qualification for all specialties N

A research qualification (eg. PhD, Master, Msc) - | E—

| Count (n)

Professional recognition by a teaching body N

A formal teaching qualification |

these processes are inadequate. Most schools report to developing
their own curricula locally and may use aids such as international/
national/regional frameworks to support this. It is positive that 42
schools report the use of the GED framework as a guide for cur-
riculum development. It is also of interest that over 15% of schools
reported using curricula that have been developed elsewhere - this
sharing of practice is positive and collaboration across multiple
spheres in education may increase efficiency and quality. The free-
text responses demonstrated substantial uptake of recent discipline-
specific curriculum documents which further supports the calls for
the development of other discipline-specific curriculum documents
by the GED and O-Health-Edu vision for OHP education.*?°

4.3 | Methods of learning and teaching

From the data reported, it appears that there are a wide vari-
ety of learning and teaching methods are employed in PDDPs.
As expected, didactic and practical exercises are used very often
in most institutions. Didactic delivery is defined as ‘the direct
delivery of teaching material from teacher to student, typically
in lecture format with little student engagement’.3 The use of
didactic delivery is an efficient means to deliver information to
a large audience - making it a very useful methodology for den-
tal schools. With technological advances, didactic delivery can
become interactive and facilitate discussion between educators
and students. From the list of learning and teaching methods in-
cluded in this question (Figure 1), some present formal methods
that are easily identifiable by the respondents. As respondents
to the questionnaire were one single senior academic member
of staff, it is feasible that some of the informal teaching methods
(e.g. bricolage, peer-review, self-assessment) may be used more
frequently but were not captured in the data. Unfortunately this
is an unavoidable consequence of the research methodology em-
ployed, by selecting the Dean/Head of School (or a designated
individual as recommended by the Dean/Head of School) - the
research team feel the data is captured from the source best
placed to answer the questions as accurately as possible. It is
surprising that some schools do not utilise didactic delivery or
practical exercises - due to the practical nature of the profes-
sion, it would be of interest to establish what methods are used
to replace this learning.

0 10 20 30 40 50 60 70
Number of schools

4.4 | Integration of topics of interest

It is recommended that some topics should be longitudinally em-
bedded across the length of the curriculum. These topics are often
complex and some fit the definition of a threshold concept.** Some
topics included in Figure 2 are well established in OHP education
and others are more emergent areas of interest. There are pub-
lished recommendations to support OHP schools in embedding
some of these concepts in the curriculum, although they are lim-
ited to certain topics.?%%? These documents largely include learning
outcomes and recommendations for learning, teaching and assess-
ment. It is noted that there is an absence of guidance for some top-
ics and existing guidance documents do not always offer explicit
examples of practice - this is an area of development for the fu-
ture. The importance of these topics was also included in the O-
Health-Edu vision for OHP education in Europe.* It is positive that
the vast majority of respondents currently teach or are planning to
integrate all of these topics in their curricula. It was expected that
most schools longitudinally embed professionalism, critical think-
ing and evidence-based practice due to the perceived importance
of these topics among European competent authorities, regulators
and educational bodies.**°

Environmental sustainability and social accountability are less
frequently embedded within the curriculum and this is likely due
to their more recent emergence as a topic of interest in OHP ed-
ucation. Although it is positive to note that more than 20 schools
report to already teaching environmental sustainability longitudi-
nally across their PDDPs. It would be interesting to uncover how
these schools have longitudinally embedded this topic or in what
guise this topic is perceived to be longitudinally embedded. It is
important to note again that these are reported results of what
educators feel is being delivered - it is not necessarily what schools
are doing.

4.5 | Student opportunities for research

Most OHPs schools report that students have opportunities for
research within their PDDPs. This does not align to a recent sur-
vey of European OHP students, which demonstrated that students
largely disagreed that their OHP programmes provide clear guidance
on extra-curricular research activities.*> While this source refers
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specifically to extra-curricular activities - there may be disparity in
perceptions of opportunities between staff and students. It is im-
possible to establish the extent to which research in taught in OHP
schools from this question alone. There is significant support from
students to incorporate research in the curriculum and the student
body has supported an open curriculum for research in OHP edu-
cation.** Plans for an additional research domain for the GED are

underway.

4.6 | Student opportunities for travel and
volunteering

The authors feel it is positive that over 80% of schools reported to
providing opportunities for study in another country. Within the
European Union, the Erasmus scheme for staff and student ex-
change is well established and provides a funding stream for study-
ing or working in different countries. It is not clear whether these
opportunities allow the students to provide patient care, in the au-

thors experience this varies across Europe.

4.7 | Student opportunities for interprofessional
education

The value of IPE is well established in the dental education litera-
ture. #4648 |pE may include collaborative learning within the OHP
team, wider healthcare team or can extend to trans-professional
learning with other professions (e.g. engineering).49 It is positive
that almost 2/3 of schools reported to providing IPE opportunities
for their students and over half of these were opportunities with
other health professionals. The scope, duration and frequency
of these events are not clear. Additionally it is not clear if any of
these responses refer solely to combined lectures with other health
professionals - this do not really equate IPE with defined learning
outcomes and opportunities for collaborative learning across pro-

fessional programmes.

4.8 | Commencement of clinical activities and
average number of clinical sessions

The results from this dataset suggest there is significant vari-
ance in the commencement of clinical activities on PDDPs. Apart
from observing the delivery of oral healthcare, all other clinical
activities - including assisting, delivering preventive, non-invasive
and invasive care - largely commence from Year 3 onwards. This
likely is a legacy from traditional discipline-based curricula where
the first 2 years of PDDPs were dedicated to the basic sciences.
Additionally, some schools report that their students commence
operative care in Year 5 onwards, although some 6-year PDDPs
are included in these data (Figure 3). It is clear that schools vary
in their delivery of clinical education, with some schools providing

early clinical contact from Year 1 or 2 of PDDPs and incrementally
building on this, while other schools may deliver intensive clini-
cal training later in PDDPs. While there is no published research
comparing the two approaches, there are suggestions within the
literature of a preference to initiate clinical contact early in pro-
grammes to develop professional skills and to provide students
with experience of their chosen career path.’°>2 There are poten-
tial barriers to early clinical exposure that may limit implementa-
tion of this approach - this may include a lack of resources (clinical
space, patients, increasing student numbers) or challenges with lo-
cation; with some institutions delivering the early years of PDDPs
at different sites.

49 | Staff-student ratios in clinical spaces

There are similarities in staff-student ratios in clinical and clinical
skills teaching laboratory environments within this dataset. Over
60% of schools reported 1 member of staff to 2-7 students in clin-
ics, with this still being the most common group for clinical skills
teaching spaces. However, there are increased frequency of lower
staff-student ratios in clinical skills learning environments compared
to those for clinical teaching. Higher staff-student ratios will reduce
workload in these environments but requires increased resources.
This data supplements a previous survey on pre-clinical operative
dental skills by Field et al.®® It is largely accepted that lower staff-
student ratios are preferable to support student learning, as access
to constructive feedback at regular intervals helps students to learn
in these practical environments.>® However, it is necessary to state
that staff-student ratios will be contextual and depend on the clinic,
discipline and space available - respondents may have selected the
average staff-student ratio for their programme.

410 | Access to outreach practice and
anatomical dissection

Outreach practice is defined in Articulate as ‘dental clinics that
allow undergraduate students to provide oral health care to a
population geographically distant from the University’s main den-
tal school or hospital. On occasion, outreach practices may focus
on serving the needs of specific groups of patients’.3 Access is re-
portedly high across OHP schools in Europe with almost 70% of
schools providing outreach practice opportunities. The benefits
of outreach practice are widely reported, with a shift away from
hospital-based settings providing students with experience in au-
thentic working environments in a primary oral health service.’*
Qutreach practice in community settings has also been reported
to improve self-confidence, clinical experience and operator
speed.55:56

Many schools offer anatomical dissection utilising either phys-
ical or virtual methods. There is limited reporting of dissection
practices and attitudes in OHP education, although two studies
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have demonstrated some support for dissection within individual

institutions.*”>®

411 | Access and location of
facilities and technology

All respondents provide access to dental clinics, physical libraries,
clinical skills teaching laboratories and technical skills teaching labo-
ratories. While support and well-being services are widely available
- more than half of these are situated outside the dental school. This
may be a concern in contexts where the dental school is located at a
significant distance away from the wider university's services, which
may make access challenging for OHP students and staff. As OHP
programmes are intensive and often stressful - it is necessary to
provide easy-to-access support and well-being services to all mem-
bers of the school.

It is of surprise to the authors that almost 50% of OHP schools
reported access to dental VR simulators. This is substantially higher
than a previous survey where it was reported that 25% of European
schools have VR dental simulators, although the sample size was sig-
nificantly smaller.>? While this data states a high number of schools
have access to VR simulators, it is not clear if they are used routinely
to support learning and skill development in their PDDPs. VR simula-
tion is an emerging topic in OHP education and further development
is required to refine its use.®® There is promising research demon-
strating the potential for VR to provide authentic assessment and
feedback in controlled situations®® and in improving self-confidence
in complex operative tasks prior to delivering patient care.®24% As all
respondents to this survey are ADEE member schools and therefore
may be more active in the OHP education community - it is possi-
ble that this data is an overrepresentation of the true uptake of VR

simulators in Europe.

412 | Teaching staff (faculty)

OHP schools appear heavily reliant on junior part-time staff and sen-
ior full-time staff with these two groups accounting for over 70%
of the workforce. Junior part-time staff are often general dentists
who work outside of the school for the remainder of the working
week. It is concerning that such a high proportion of the workforce
are held up by these two groups - with small numbers of full-time
junior staff. This is potentially unsustainable or high-risk and may be
indicative that institutions are struggling to succession plan effec-
tively. Academic training pathways, that incorporate further teach-
ing, research and clinical training are necessary to develop future
academics and sustain the workforce. Funding may be an issue that
limits the availability of these posts.

The estimated percentage of female teaching staff within this
dataset varied from one school to another with a trend for a higher
proportion of female staff in many places. This is not surprising
as the World Dental Federation (FDI) states that women make up

WI LEYM

between 48 and 75% of the dentist workforce in Europe.* While
there is limited previous data for female numbers in academia, it ap-
pears that gender inequality correlates with higher ranking academic
and leadership positions in many high-income countries.®® This ap-
pears to be a common and unresolved problem across all health
professions.®®¢” Women may form a significant majority of junior
staff but when it comes to progress into senior positions the number
seem to be lower. This may be related to an age cohort effect but
also may be due to increased time constraints in order to comply
with academic requirements or to find their place within the institu-
tional political context.

From the data, there appears to be a significant focus on research
qualifications when appointing senior teaching staff. Interestingly a
postgraduate clinical qualification or teaching qualification are not
required in over half of schools. The requirements and terminology
around senior teaching staff are likely to vary across Europe, tradi-
tionally a research doctorate (PhD) is needed to be appointed as a
lecturer but is not needed for senior clinical teachers - where the

core focus is teaching and clinical care.

4.13 | Quality assurance processes

Most schools reportedly undertake regular internal and external
QA, with external referring to processes outside of the institution
and internal referring to those within the institution.® The impor-
tance of regular QA has been noted in multiple recommendations
at a European level #222568 Most free-text responses for internal
QA referred to course evaluation, student feedback and programme
review. These responses are commonly accepted internal QA pro-
cesses, and in this sense, it is reassuring that institutional govern-
ance is, in most cases, driving the internal quality of programmes.

5 | LIMITATIONS OF THE RESEARCH

The limitations of the methodology employed has been discussed at
length in Part 1 of this paper series.

6 | RECOMMENDATIONS

The following recommendations have been developed by the au-
thors in light of the findings across both papers within this series:

Ascertain how individual countries regulate and define specialist
dentists through research and collaboration with stakeholders.

Institutions should consider succession planning and dedicate re-
sources to developing junior academic members of staff.

Review the suitability of clinical training across OHP schools in
Europe through research and collaboration with stakeholders.

Develop a curriculum development framework to aid schools in
embedding new concepts longitudinally within programmes.
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7 | CONCLUSION

As far as the authors are aware, this series of papers are the first
attempts to provide a comprehensive overview of OHP educa-
tion in Europe. In this paper, significant variability in the delivery
of clinical education across the European OHP schools included
in this dataset has been demonstrated. Promisingly, the dataset
showed that the majority of European dental programmes are
engaged in providing innovative and scientifically grounded edu-
cation in order to develop quality future OHPs. Additionally, the
dataset elucidates the value of the Graduating European Dentist
in curriculum development and demonstrates substantial adop-
tion of outreach and interprofessional education practices. Some
concern has been raised regarding the sustainability of the current
academic workforce in Europe.

A comprehensive view of the state of OHP education in Europe
is not yet available but the O-Health-Edu datahub provides a means
for all education providers in Europe to contribute data to reach this
goal. In the future, as the O-Health-Edu project concludes, ADEE
will oversee the functionality and branding of the datahub. It is an-
ticipated that the datahub will be updated and built upon over time
to continually establish a clearer picture of the state of OHP educa-
tion in Europe. This is call for collaboration across all institutions and
education stakeholders to develop OHP education for the future.
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Chapter V - Current Teaching Practice for Environmental

Sustainability in Dental Education

Overview

Awareness of the importance of environmental sustainability (ES) in dental education has
been increasing, with multiple stakeholders supporting its inclusion in the curriculum
1315251210273 However, the presence of ES in existing curricula appears limited. It is unclear if
and how dental schools teach this concept in didactic and clinical settings. Additionally, it
has been acknowledged that many schools face challenges in embedding ES in the
curriculum. However, these challenges have not been extrapolated sufficiently, and

potential solutions have not been explored #1273,
The included peer-reviewed manuscript 3%:

Dixon J, Field J, van Harten M, Duane B, Martin N. Environmental Sustainability in
Oral Health Professional Education: Approaches, Challenges, and Drivers—ADEE
Special-Interest Group Report. European Journal of Dental Education. 2024 Aug 13
[ONLINE - IN PRINT].

Explores current teaching practices for ES in dental and oral health professional (OHP)
education as an update from the Association for Dental Education in Europe (ADEE)
‘Sustainability in Dentistry’ special interest group. A mixed methods approach was
employed to identify the presence of ES in dental curricula, the teaching methods used,

and any barriers and drivers that impact the inclusion of this topic in the curriculum.
The included peer-reviewed manuscript 32

Dixon J, Martin N, Field J. Current practice, barriers and drivers to embedding
environmental sustainability in undergraduate dental schools in the UK and Ireland.

British Dental Journal. 2024 Nov 1;237(9):723-8.
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Investigates current teaching practice for ES in dental schools in the United Kingdom and
the Republic of Ireland. As the GDC’s ‘Safe Practitioner’ framework includes learning
outcomes that are specific to ES, a survey was disseminated via the Dental Schools
Council to uncover existing teaching practices and drivers and barriers to embedding ES in

the curriculum.

Candidate Contribution

The PhD candidate is the principal investigator and first author of both manuscripts and
made the most significant contributions to conceptualisation, methodology design,
instrument development and piloting, data curation and analysis, write-up, and journal
submission. After serving as co-chair for several years, the PhD candidate chaired the
‘Sustainability in Dentistry’ special-interest group at the annual ADEE conference in
Liverpool. This meeting brought together many educators from across the world and
served as a pivotal event to raise awareness of the environmental sustainability in

dentistry (ESD).
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Environmental Sustainability in Oral Health Professional
Education: Approaches, Challenges, and Drivers—ADEE Special-

Interest Group Report.
Introduction

The ADEE ‘Sustainability in Dentistry’ special-interest group has been at the forefront of
the push to embed ES in dental and OHP education. Previous consensus reports from the
group established a need to teach ES. However, further activity was required to

understand the current situation and existing challenges.
Aim

This study aimed to (i) identify current teaching practices and approaches to embedding
ESin the curriculum in ADEE-attending schools, (ii) explore existing barriers/challenges to

incorporating ES in dental education, and (iii) consider potential solutions.

Methodology

The annual special-interest group meeting took place in August 2023 in Liverpool. A
mixed-methods approach was employed to collect data and explore responses in further
detail. A pre-meeting questionnaire was distributed to all registered attendees to identify
current teaching practices for ES and any existing challenges and drivers to embedding
this topic in the curriculum. At the in-person meeting, an interactive workshop explored
the challenges reported in the pre-meeting questionnaire, and potential solutions were

developed through a consensus-based approach.

Results

Thirty-two responses were received for the questionnaire, and 37 attendees were present
at the interactive workshop. Most respondents (56%) stated that ES is not currently taught

in their institutions. Lectures and seminars were the most reported method to teach ES in
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non-clinical spaces. Methods for teaching ES in clinical spaces were less clear, with most
responses focusing on raising awareness (n=5) and using more sustainable materials
(n=3). Time constraints, a lack of expertise to teach ES, a lack of practical guidance to
support educators, limited learning resources for staff and students and resistance from
colleagues regarding the relevance of ESD were all commonly reported barriers. Fourteen

consensus-based strategies to overcome these barriers were developed.

Relevance

The results of this study demonstrate a clear need for further guidelines on strategies to
embed ES in the dental curriculum. Whilst institutions, educators, and students have
demonstrated a desire to proceed, there is clear concern about how to deliver this
curriculum development practically. Due to the novelty of the topic and the workload
required, the special-interest group feels co-creation and sharing resources across
institutions is critical. The need to longitudinally integrate ES into all years of the
programme has been confirmed. Real-world examples and content guidance are required

to facilitate this process for institutions and educators.
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ABSTRACT

Introduction: This paper reports on the scholarship activity of the ‘Sustainability in Dentistry’ Special-interest Group (SiG),
which met at the Association for Dental Education in Europe (ADEE) annual conference in Liverpool on 25 August 2023. The
aim of this study was to (i) identify current teaching practices and approaches to embedding Environmental Sustainability (ES)
in the curriculum in ADEE attendee schools and (ii) explore existing barriers/challenges to incorporating ES in dental education
and consider potential solutions.

Methodology: A mixed-methods approach was used to fulfil the aims of this study. A pre-workshop questionnaire was used to
explore current teaching practices, challenges and drivers of embedding ES in the curriculum. An interactive workshop at the
in-person meeting in Liverpool was used to propose key strategies to overcome the most frequent challenges to embedding ES
in the curriculum.

Results: The majority of respondents (56%) reported that their institutions do not currently teach ES. Traditional didactic forms
of teaching were mostly reported to teach ES in non-clinical environments, and a transition to more environmentally sustainable
materials and instruments was the most popular response for clinical teaching. Key barriers to embedding ES in the curriculum
were identified, including time constraints and the overloaded curriculum, a lack of expertise/knowledge to teach and lack of
practical guidance to support educators, limited learning resources for staff and students and resistance from colleagues regard-
ing the relevance of ES in dentistry. The special-interest group participants proposed strategies to overcome these challenges that
centred around 14 themes.

Conclusion: This paper reports recent scholarship activity by ADEE's ‘Sustainability in Dentistry’ SiG. Key strategies for over-
coming the most common challenges to embedding ES in the curriculum are also discussed.

1 | Introduction most important contributors to environmental impacts, as oral

healthcare is typically delivered over numerous appointments in
Delivering oral healthcare currently results in numerous signifi- ~ small clinics in dispersed locations [5]. In addition, procurement
cant environmental impacts, including carbon emissions, pollu- of clinical items, energy and water consumption, and waste gen-

tion, waste generation and biodiversity loss [1-4]. Research has eration all contribute significantly to the environmental impact
demonstrated that patient travel and staff commuting are the of dentistry [6-8].

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is
properly cited.
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There is a significant drive across healthcare to deliver more
environmentally sustainable services. Multiple organisations
have set goals to mitigate environmental impacts, includ-
ing national healthcare systems and the universally adopted
United Nations Sustainable Development Goals [9, 10].
Numerous stakeholder groups, including the FDI World Dental
Federation, are engaged in discussions to deliver environmen-
tally sustainable change in the sector [11-13]. Education has
been identified as a critical strategy to achieve these goals, and
therefore, Oral Health Professional (OHP) programmes must
incorporate Environmental Sustainability (ES) within their
curriculum [14-16].

The Association for Dental Education in Europe (ADEE) is
leading the drive to embed ES in OHP education through the
‘Sustainability in Dentistry’ Special-interest Group (SiG). The
group met for the first time at the ADEE annual conference in
Berlin in 2019, and collaborative activities have led to the publi-
cation of two consensus reports [15, 16]. These papers identified
aneed to embed ES in the curriculum and reported consensus-
agreed learning outcomes and teaching and assessment meth-
ods for ES. The Graduating European Dentist (GED) task force
reviewed these learning outcomes, and they have now been
adopted into the web-based curriculum framework (https://
adee.org/graduating-european-dentist/graduating-european-
dentist-curriculum). The General Dental Council, the national
regulator in the United Kingdom, have adopted some of these
learning outcomes in their recent Safe Practitioner Framework,
meaning that registered OHP schools must teach and assess ES
from 2025 [17].

There is limited evidence to suggest OHP schools are currently
teaching ES, with the recent O-Health-Edu pan-European sur-
vey reporting that over 30% of responding schools do not cur-
rently teach this topic at any level [18]. This work did not explore
when and how ES is taught, but it provides important prelimi-
nary data. Additionally, other surveys have reported very little
experience with ES in OHP school curricula [19-23]. Positively,
these surveys reported significant student and educator support
for embedding this topic in the curriculum.

Embedding ES in the curriculum presents numerous chal-
lenges, and some schools may feel unsure of how to proceed.
Some barriers reported in the literature include a lack of time,
expertise and resources, although this has not been fully ex-
plored [19, 21, 23]. Additionally, previous surveys reported low
response rates and received responses from limited geographi-
cal areas and institutions.

It is important to understand current practices and challenges
across multiple geopolitical areas. ADEE often brings together
OHP educators from numerous countries with different reg-
ulatory processes [18, 24-26]. The SiG activities to date have
focused on needs assessment and developing resources for ed-
ucators. However, there is a need to identify existing practices,
explore current challenges and uncover potential solutions.

This paper reports on the scholarship activity of the
‘Sustainability in Dentistry’ SiG, which met at the ADEE an-
nual conference in Liverpool on 25 August 2023. The aim of
this study was to (i) identify current teaching practices and

approaches to embedding ES in the OHP curriculum in ADEE
attendee schools and (ii) explore existing barriers/challenges
that complicate incorporating ES in dental education and con-
sider potential solutions.

2 | Methodology

This study received ethical approval from the Dentistry Ethics
Committee at the University of Sheffield (application number
056060).

A mixed-methods approach was used to achieve the aims of
this study. A pre-workshop questionnaire was distributed
to all registered attendees of the SiG session in Liverpool to
identify baseline data regarding current educational practices,
challenges and drivers for embedding ES in the curriculum.
The results of this survey informed an interactive workshop at
the in-person meeting to explore potential strategies to over-
come the most common challenges to embedding ES in the
curriculum.

2.1 | Pre-Workshop Questionnaire: Current
Teaching Practices, Challenges and Drivers for ES in
OHP Education

An 8-item questionnaire was developed de novo due to an ab-
sence of relevant published literature in this area. Google Forms
was used to write and share the questionnaire. A range of an-
swer options were used depending on the question type, in-
cluding open- and closed-ended questions. The questions were
separated into four sections:

+ Respondent's home institution country (1 question).

« Current teaching approaches for ES in non-clinical and clin-
ical environments (4 questions).

« Existing challenges to embedding ES in the curriculum (2
questions).

« Existing drivers that support embedding ES in the curricu-
lum (1 question).

The questionnaire was piloted with five academics from
different European countries to ensure face and content va-
lidity. The survey link was shared with the working group,
and responses were gathered via email. Minor amendments
were made to improve the clarity of language and ease of
understanding.

The questionnaire was distributed to all attendees who pre-
registered for the SiG via the ADEE annual conference app. All
potential respondents were emailed twice, the first 2weeks be-
fore and again 3 days before the in-person meeting. Attendees to
the SiG were also invited to complete the survey at the start of
the session; this was necessary as not all attendees pre-registered
for the event. No personal data was collected, as all responses
were anonymous. Informed consent was gained at the start of
the questionnaire, and a participant information statement was
provided.

20f9

European Journal of Dental Education, 2024

184

dny) suonipuo) pue suLd L, Ay 39S “[$702/60/01] U0 Areaqry autjug KA 191, £q £€0€ "2/ 1 11°01/10p/wiod ka1 Kreaqrioutjuoy/:sdny wouy papeojusmod ‘0 *6L500091

fopnv-

ASU20I SuowWWo)) dAnea1) sjqeatidde ayy Aq pauraA0F are sapIIE YO s JO sajnI 10§ AreIqr] AuluQ K31 U0



Descriptive statistics were used to analyse all close-ended ques-
tions, and the data was presented in tables and charts. Content
analysis was used to analyse the free-text responses. This
method codes and groups all responses according to frequency.
Three trained researchers discussed and agreed upon the analy-
sis and data presentation.

2.2 | Interactive Workshop: Exploring Existing
Challenges and Proposing Solutions

All attendees at the SiG meeting in Liverpool participated in
the workshop discussion. To provide context for discussion,
the results of the pre-workshop questionnaire were presented
at the start of the meeting. The aim of this session was to dis-
cuss existing challenges to embedding ES in the curriculum
and propose potential solutions. Therefore, the first part of the
workshop focused on reviewing the responses to the ‘Existing
challenges that make embedding ES in the curriculum complex’
questions. The most reported barriers from the pre-workshop
questionnaire (those with over 40% frequency) were used in the
workshop and participants were asked to propose strategies to
overcome these challenges.

Participants were invited to submit their thoughts via the in-
teractive electronic platform WooClap (https://www.wooclap.
com) to gather individual responses. For each barrier, partic-
ipants were asked to respond to the question ‘What strategies
may help to overcome the barrier?’ in free-text format. The re-
sponses were visible to all attendees and were used to inform
further group discussion. One researcher transcribed the key
themes identified in the discussions to add context to the in-
dividual responses provided via WooClap. The individual
responses and group discussion notes were analysed via the-
matic analysis, as described by Braun and Clarke [27]. This
methodology extracts and organises data into themes that are
based on the importance in the dialogues rather than a purely
frequency-based approach.

3 | Results

3.1 | Pre-Workshop Questionnaire: Current
Teaching Practices, Challenges and Drivers for ES in
OHP Education

Thirty-two responses were received for the questionnaire. The
responders were based in 26 different higher education institu-
tions and 18 countries worldwide (Table 1). One response was
received from an additional stakeholder (professional body).

Over 56% of responding institutions do not currently teach ES
(Figure 1). Within this group, 33% of responses stated that they
have plans to teach ES soon. Of the respondents that teach ES,
12.5% currently have specific learning outcomes for ES, while
31.3% teach ES without dedicated learning outcomes.

Regarding the most appropriate strategy to embed ES in the un-
dergraduate curriculum, 50% of respondents selected ‘ES forms
a part of our teaching in all years of our programme’ (Figure 2).
Additionally, a significant number of respondents (40%) stated

TABLE1 | Respondingcountries to the pre-workshop questionnaire.

Responding country Number of responses
United Kingdom 6
Portugal 4
Netherlands 3
Spain 3
Georgia 2
Australia 1
Belgium 1
Cambodia 1
Denmark 1
Estonia 1
Germany 1
Israel 1
Italy 1
Malta 1
Mexico 1
Oman 1
Romania 1
Sweden 1
Not stated 1
Total 32

that ES is delivered as a single or group of lectures, and two re-
spondents (10%) deliver a standalone course for ES.

Lectures, seminars, workshops and student-led projects (n=5)
were the most reported teaching methods used in non-clinical
environments (Table 2). Raising awareness in clinical spaces
(n=5) and using more sustainable materials, instruments or
other clinical items (n=3) were the most reported approaches
to teaching ES in clinical spaces (Table 3). Six responses were
removed from Table 3 due to the responses falling into non-
clinical teaching methods.

Time constraints and the overloaded curriculum were major
challenges reported by almost 70% of respondents (Figure 3). A
lack of knowledge/expertise to teach ES (59%), a lack of practical
guidance to support educators (47%), limited learning resources
for educators or students (44%) and resistance from colleagues
regarding the relevance of ES in dentistry (44%) were other
commonly reported barriers. Additional barriers from the free-
text responses included cost/finances (n=3) and technology in
prosthodontics (n=1).

Support and policy from local universities (n =7) were the most re-
ported drivers to embed ES in the curriculum (Table 4). Alignment
with worldwide trends and societal expectations (n=6) and no re-
ported drivers or ‘unsure’ (n=5) were other common responses, in
addition to staff engagement and support (n=4), ADEE SiG activi-
ties (n=4), and activities by other professional bodies for ES (n =4).
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Does your Oral Health Professional school currently teach Environmental Sustainability in the
undergraduate curriculum?

32 responses

Yes, we have specific dedicated
learning outcomes relating to ES
Yes, but we don’t have specific
learning outcomes for ES

No

Not yet but we have plans to do this
soon

FIGURE1 | A pie chart demonstrating current teaching practices for environmental sustainability in the undergraduate curriculum.

How do you currently (or plan to) teach environmental sustainability? Please select the approach

that best matches your existing practice.
20 responses

A standalone Environmental
Sustainbility course

A single or group of lectures at
one point in the programme

Environmental Sustainability
forms a part of our teaching in all
years of our programme

0 2

8 (40%)

10 (50%)

6 8 10

FIGURE 2 | A bar chart demonstrating current or planned approaches to embedding environmental sustainability in the undergraduate

curriculum.

3.2 | Interactive Workshop: Exploring Existing
Challenges and Proposing Solutions

Thirty-seven participants contributed to the interactive work-
shop. The participants were based in similar countries to those
who completed the pre-workshop questionnaire (Table 1), al-
though there are some differences between the two groups.
Participants in the interactive workshop also came from institu-
tions based in France, New Zealand, Saudi Arabia, Switzerland
and the United States of America. Respondents to the pre-
workshop questionnaire from Cambodia, Georgia, Italy and
Sweden did not participate in the interactive workshop.

The discussion in the workshop centred around the five most
reported barriers in the pre-workshop questionnaire:

« Time constraints and the overloaded curriculum:

« Alack of expertise/knowledge to teach ES.

« Alack of practical guidance to support educators.

« Limited learning resources for staff and students.

« Resistance from colleagues regarding the relevance of ES in
dentistry.

Thematic analysis of the responses and discussions in the work-
shop identified 14 themes across the five barriers. The themes
for each barrier are presented in Table 5.

4 | Discussion

The scholarship activity provided in this update of SiG activity
provides essential information for policymakers, educational
organisations, local curriculum committees and individual edu-
cators. The mixed methods approach described in this paper has
enabled an overview of current educational practices, barriers
and drivers and explored key strategies to overcome core chal-
lenges in embedding ES in the curriculum.

4.1 | Current Teaching Practices and Approaches
for ES

A significant proportion (56%) of respondents reported that they
are not currently teaching ES, which highlights the need to
overcome the identified challenges that OHP schools face. The
results largely align with previous surveys, which also report
little experience of ES. However, previous student-led surveys
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TABLE 2 | Free-text responses to current or planned learning and
teaching methods for environmental sustainability (ES) in non-clinical

TABLE 3 | Free-text responses to current or planned learning and
teaching methods for environmental sustainability (ES) in clinical

environments. environments.
Learning and teaching method Number of Learning and teaching method Number of
(non-clinical) responses (clinical) responses
Lectures 5 Raising awareness in clinical spaces (e.g., 5
Seminars/workshops 5 facilitating recycling, planning sessions to
reduce travel)
Self-directed learning/student-led 5 . . L
. Using sustainable materials/instruments 3
projects/groupwork °°
on clinic
Embedded into all teaching events where 3 . . . .
. Incorporate into clinical grading/marking 2
appropriate L
criteria
Central university department delivers 2
. yaep Still finalising delivery method/unsure/in 2
teaching on ES . .
discussion
Online module/training package 1 . .
&P 8 Case-based discussion and treatment 2
Culture change (e.g., promoting home- 1 planning
based positive ES attitudes
P ) Clinical audits 1
Teaching hospital delivers teaching on ES 1
£ 0P £ Reflective log that incorporates ES 1
Case studies, reflective discussions 1 . . .
Focus on high-quality preventive oral 1
Elective course 1 healthcare delivery
Unsure 1 Clinical skills laboratory teaching 1

reported little, if any, exposure to ES in the curriculum, and this
survey identifies that 44% of respondents teach ES in some ca-
pacity. This suggests that change may be starting to occur, al-
though slowly.

The majority of respondents plan to teach ES longitudinally
across all years of OHP programmes, and this aligns with the
recommendations proposed by the SiG and associated published
literature [15, 16, 28]. This approach should reduce concerns re-
garding adding new events into an already overloaded curric-
ulum and allow for frequent reinforcement of this challenging
construct. A significant, albeit lesser proportion, of responses
proposed teaching ES as a single or group of lectures at one point
in the programme. While this may be suitable in some contexts,
it is unclear if this approach will support learners in developing
an understanding that ES is a core component of all aspects of
oral healthcare delivery.

The teaching methods explored in the pre-workshop question-
naire demonstrated that traditional forms of didactic teaching,
such as lectures and small group sessions, were popular options
for teaching ES in non-clinical environments. Some responses
referred to incorporating ES into existing learning events as op-
posed to adding new lectures that focus exclusively on ES. This
aligns with recent work by Dixon et al. that developed evidence-
based and subject-specific content statements for ES, with the
idea that these can be directly incorporated into local contexts,
perhaps in the form of a slide deck [28]. Some responses sug-
gest that other methods of teaching are employed to teach ES,
including student-led learning, culture change initiatives and
reflective projects. It is promising that all responses correspond
with the methods proposed in the SiG's consensus report by
Field et al. [16].

Current teaching in clinical environments is less clear, with
significantly fewer applicable responses provided for this ques-
tion. Responses largely centred around making changes to adopt
more environmentally sustainable materials and instruments or
facilitating recycling of non-contaminated single-use plastics.
Interestingly, there was less focus on teaching the benefits of
good quality preventive and operative oral healthcare and treat-
ment planning, even though these points have been a key focus
of recent publications and have been demonstrated to provide
significant environmental benefits [13, 28, 29].

4.2 | Barriers to Embedding ES in the Curriculum
and Potential Solutions

Multiple challenges to embedding ES in the curriculum have
been identified. These will be considered individually alongside
the proposed solutions by the workshop participants.

4.2.1 | Time Constraints and the
Overloaded Curriculum

Educators feel that the most significant challenge to embedding
ES in the curriculum is time constraints and the overloaded
curriculum. The solutions proposed by the SiG were to embed
ES into the existing curriculum across all years of study, refine
the existing curriculum to create space and reduce repetition
and start with small steps across all years of study. The ben-
efits of embedding ES longitudinally across all years of pro-
grammes, both in terms of curriculum time and educational
rationale, have been discussed previously in this manuscript
and in associated publications [16, 28]. The approach proposed
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What barriers do you face when planning to embed Environmental Sustainability in your undergraduate curriculum? Please select

all that apply.

Lack of knowledge/expertise to
teach Environmental Sustainability

Time constraints/overloaded
curriculum

Lack of practical guidance to
support me

Limited learning resources for
educators or students

Challenges in assessing
Environmental Sustainability
concepts

Resistance from colleagues
regarding relevance of
Environmental Sustainability in
Dentistry

Limited evidence base 6(19%)

Conflict with regulations, policy and

healthcare system 6(19%)

19 (59%)

22 (69%)

15 (47%)

14 (44%)

10 (31%)

14 (44%)

10 15 20 25

Number of responses (n=32)

FIGURE3 | Abarchartdemonstrating responses to the most common challenges to embedding environmental sustainability in the undergraduate

curriculum.

TABLE 4 | Content analysis of the free-text responses for drivers
to embedding environmental sustainability (ES) in the undergraduate

curriculum.
Number of

Driver/facilitator responses
University policy 7
Worldwide trend/societal expectations 6
No drivers reported or unsure 5
Staff engagement and support 4
ADEE ‘Sustainability in Dentistry’ SiG 4
activities
Activities by other professional bodies 4
for ES
Student engagement and support 3
Local staff as leaders/champions of ES 3
Emerging topic at conferences 2
Published learning outcomes for ES 1
Audit results 1
Emergence of digital workflows 1

by Dixon et al. [28] should allow for minimal disruption as the
content statements can be directly incorporated into existing
teaching events in the form of single or multiple statements or
‘take-home messages’ for ES.

A curriculum development cycle should allow for regular review
of teaching across the length of OHP programmes. This is essen-
tial to ensure that curricula are fit for purpose in meeting the
demands of a changing profession and are ‘sustainable’ through
effective use of resources. Curriculum development should
allow for refinement of content, ensuring all essential compo-
nents are covered but avoiding unnecessary repetition of compo-
nents. The outcomes of this process may provide opportunities
or ‘space’ to embed ES in the existing curriculum.

Due to the challenges identified in this and previous studies, it
may be necessary for OHP schools to start with small steps and
build on these foundations over time. There may be ‘easy wins’
where ES can be embedded into current events, and there may be
potential to do this quickly and with minimal disruption. Other
learning events may be too complex to complete in a short time
frame and can be incorporated later after reflecting on what has
been learned in these early steps. Sharing of these practices among
institutions will allow for a collaborative solution to overcome
core issues in embedding some elements of ES in OHP education.

4.2.2 | A Lack of Expertise/Knowledge to Teach ES

Concerns from educators regarding a lack of expertise or knowl-
edge to teach ES have been widely reported in the healthcare
literature [19, 21, 30-34]. It is acknowledged that the subject
of ES is foreign to many, and teaching this across the length of
the programme may be intimidating for some educators. It is
anticipated that a significant proportion of ES teaching can be
delivered by non-experts who “learn alongside the learners” to
improve awareness and knowledge of this critical issue [35, 36].
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TABLES5 | Themesidentified to overcome the most common barriers
to embedding environmental sustainability (ES) in the undergraduate
curriculum.

Identified ‘Themes’

Barriers as key strategies

Time constraints
and the overloaded

Embed ES into the existing
curriculum across all years of study

curriculum Refine the existing curriculum to
create space and reduce repetition
Start with small steps across
all years of study
Alack of Develop and deliver effective faculty/
expertise/ staff development sessions for ES
ﬁno;vl;:cslge to Collaborate with colleagues
cac and educational bodies
external to the university
Student collaboration and co-creation
A lack of practical External collaboration,

guidance to
support educators

sharing of practice

Publish examples of
practice and guidance

Limited learning
resources for staff
and students

Develop and share resources
among institutions

Centralised collection of resources
(e.g., ADEE webpage)

Student co-creation of resources

Resistance Facilitate and support
from colleagues further education
regarding the . Incorporate ES into
relevance of ES in L

. mandatory training
dentistry

Set good examples—senior
staff and ES champions

Developing effective staff development sessions with easy-
to-use and accessible resources will improve awareness and
knowledge. It is important for educators to be aware that rela-
tively small changes to our education processes and clinical care
can mitigate environmental impacts significantly, and actually,
good quality oral healthcare is good for the patient, the profes-
sion and the environment [13, 28]. Staff development should
consider fundamental concepts, such as climate change, the
impact of climate change on health, how healthcare contributes
to climate change, more environmentally sustainable strategies
for care delivery and educational strategies to embed ES in the
curriculum [37, 38].

The SiG participants proposed co-creating resources between
staff and students, which is particularly relevant for this emerg-
ing topic and was also proposed in the previous consensus re-
port [16]. ES is a transdisciplinary issue, and sharing resources
among similar programmes or institutions may significantly
reduce workload, avoid duplication and improve the quality of
teaching [31, 35, 39].

4.2.3 | A Lack of Practical Guidance to Support
Educators

Participants reported a lack of guidance to support educators in
embedding a topic like ES in the curriculum. Although ES has
emerged as an important component of OHP education and it is
already incorporated into some curriculum frameworks, there
is limited guidance to demonstrate how (strategies) it should be
done and what (content) should be taught. The recent publication
by Dixon et al. utilised a mixed methods approach of focus groups
and extensive stakeholder consultation to provide guidance on
this [28]. However, this was published after the data was collected
from the SiG. A real-world example of embedding ES within the
constraints of an OHP curriculum is yet to be published.

The key themes proposed by the SiG members include external
collaboration, sharing good practices and publishing these in a
peer-reviewed journal or making them available online in a cen-
tral resource hub.

4.2.4 | Limited Learning Resources for Staff and
Students

The presence of learning resources for educators and students
about ES in dentistry and oral healthcare is steadily increas-
ing, although it is acknowledged that further work is needed.
Recent works, including the publication of the FDI World
Dental Federation's MOOC (massive open online course) on
Sustainability in Dentistry, the previously mentioned work
based on ES curriculum content and strategies, a textbook and
previous SiG consensus reports, are major developments in this
area. Table 6 provides easy-to-access links to these resources.

The themes proposed by the SiG members to overcome this
challenge were to develop and share resources among institu-
tions, create a centralised collection of resources and student co-
creation of resources. These points have all been covered earlier
in the discussion.

4.2.5 | Resistance From Colleagues Regarding the
Relevance of ES in Dentistry

Resistance from colleagues regarding the relevance of ES in
the curriculum has been sparsely reported in other publica-
tions [31, 32]. However, the results from SiG members sug-
gest that this is a common concern for many educators. It is
acknowledged that climate change can be a polarising topic;
however, airing open discussions with colleagues regarding
the benefits of an environmentally sustainable approach to
oral healthcare should extend beyond climate change; there
are significant benefits for patients, the profession and the
environment. Holding regular staff development updates
on ES may help increase staff knowledge of ES and reduce
scepticism.

Previous publications have demonstrated that active staff mem-
bers, whether through research or teaching, are key drivers of
change [19, 20]. Environmentally sustainable change will not be
a quick process, but setting good examples and embedding ES in
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TABLE 6 | Recent resources to support staff and student learning of environmental sustainability (ES) in dentistry and oral healthcare.

Resources for ES in dentistry and oral healthcare

Link

FDI World Dental Federation's MOOC (open access)

ADEE Consensus report on learning outcomes and methods
of teaching and assessment for environmental sustainability
(open access)

Evidence-based, subject-specific content statements for
environmental sustainability (open access)

Sustainable dentistry—making a difference

Consensus on Environmentally sustainable oral healthcare: A
joint stakeholder statement (open access)

bit.ly/FDI-ES-MOOC

bit.ly/ADEE-ES-LO

bit.ly/ES-CONTENT

https://link.springer.com/book/10.1007/978-3-031-07999-3

https://universitypress.whiterose.ac.uk/site/books/filter/3328/

education, clinical practice and research will hopefully increase
cooperation among all staff members.

4.3 | Drivers to Embedding ES in the Curriculum

Positively, numerous drivers have been identified that support
embedding ES in the curriculum. University policy and support
are proving to be a major driving force behind the push to embed
ES in OHP curricula. The impact of wider societal expectations
on driving curriculum change is notable, in addition to staff and
student engagement and the activities of professional bodies in-
cluding the Sustainability in Dentistry SiG.

4.4 | Future Activities

The Sustainability in Dentistry SiG has developed several key
resources throughout its term, including establishing a need,
proposing specific learning outcomes and teaching and assess-
ment methods for ES, and now identifying current practices,
challenges and drivers to embedding ES in the OHP curriculum.
It has also proposed key strategies to overcome the frequently
reported challenges.

The SiG members have identified a clear need for future activi-
ties, perhaps in a community of practice through ADEE. Almost
80% of members proposed developing a series of examples of
good practice for teaching and assessing ES, and over 60% sup-
ported developing a curriculum development model to demon-
strate how to embed ES longitudinally across programmes.

5 | Conclusion

This paper reports recent scholarship activity by ADEE's
‘Sustainability in Dentistry’ special-interest group, which in-
volved a mixed-methods approach to uncovering existing teach-
ing practices, challenges and drivers to embedding ES in OHP
curricula. Most respondent schools do not currently teach ES in
any form, although many have plans to do this soon. Key bar-
riers have been identified to embedding ES in the curriculum,
including time constraints and the overloaded curriculum, a
lack of expertise/knowledge to teach and lack of practical guid-
ance to support educators, limited learning resources for staff

and students and resistance from colleagues regarding the rele-
vance of ES in dentistry. The special-interest group participants
proposed strategies to overcome these challenges that centred
around 14 themes.
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Current Practice, Barriers and Drivers to Embedding
Environmental Sustainability in Undergraduate Dental Schools

in the United Kingdom and Ireland
Introduction

The recent publication of the GDC’s Safe Practitioner Framework has mandated the
inclusion of ES in undergraduate OHP curricula in the United Kingdom (UK) by 2025.
Individual responses to the consultation process of the new learning outcomes by the GDC
suggest that some schools face challenges in embedding this topic **. It is uncertain if UK
and Irish dental schools currently teach ES and what teaching methods are used.
Additionally, drivers and barriers to this curriculum integration are not evident within this

geographical context.
Aim
This study aimed to:

i.  Explore existing teaching of ES within UK and Irish undergraduate dental curricula.

ii.  llustrate the challenges and drivers of integrating ES in dental education.

Methodology

A survey was developed de novo due to an absence of literature in this area. After piloting
with five academics from across the UK, eight items were included in the final survey. The
items aimed to acquire information on demographics (the responding institution), existing
teaching approaches for ES in clinical and non-clinical environments, challenges that
complicate teaching ES and drivers that support teaching ES. The survey was
disseminated with the support of the Dental Schools Council in the UK, and all schools
that deliver undergraduate dentistry programmes in the UK and Ireland were invited to

participate. Deans/Heads of School, Directors of Education or other senior academic staff
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were invited to complete the survey on behalf of their school. Data was analysed through

descriptive statistics and content analysis (free-text answers).

Results

Eighteen responses were received, representing a 100% response rate from the intended
population. Most schools (56%) currently do not include ES in the curriculum. Dedicated
learning outcomes for ES are present in only three dental schools in the UK and Ireland.
Traditional didactic means (lectures and seminars) were favoured by most to teach ES in
non-clinical environments. Teaching ES in clinical environments appears more
challenging, with most responses (n=5) stating that plans for teaching in this space had
not been finalised. A lack of curriculum space (90%) was the most reported challenge to
embedding ES in the curriculum. University support, inclusion of ES in other stakeholder
guidance and staff and student support were the most commonly reported drivers for

change.

Relevance

This study provides context by establishing baseline data regarding current practices,
drivers, and barriers for ES in UK and Irish dental education. Dental schools value the
inclusion of ES in the curriculum but are still determining how to approach this, especially
in clinical spaces. A lack of curriculum space, knowledge limitations regarding ES, a lack of
resources to support curriculum integration, conflict with clinical policies and challenges
in assessing ES are reported barriers that must be overcome. By understanding the
challenges that institutions face in teaching this ES, stakeholders can develop tailored

guidance to mitigate these challenges.
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OPEN |

Current practice, barriers and drivers to embedding
environmental sustainability in undergraduate dental
schools in the UK and Ireland

Jonathan Dixon,*" Nicolas Martin' and James Field?

Environmental sustainability is an
emerging topic in undergraduate
dental curricula.

Abstract

There is significant support from
universities, staff, students and
regulators to embed environmental
sustainability in the curriculum.

outcomes update.

Most dental schools are not currently
teaching this topic; however, many
have plans to do so after the recent
General Dental Council learning

Many schools are facing challenges
in teaching this topicin clinical
environments.

Aims This study aimed to: i) identify current teaching practice and approaches to embedding environmental
sustainability (ES) in the undergraduate dental curriculum in the UK and Republic of Ireland (ROI); and ii) uncover
existing barriers and drivers to incorporating ES in dental education.

Methods A questionnaire was developed and distributed to all dental schools in the UK and ROl in the form of an
online survey. The intended respondents were deans, heads of schools, directors of education, or senior academics of
all dental schools in the UK and ROl that deliver undergraduate dentistry/dental surgery programmes.

Results In total, 18 dental schools responded to the survey, representing a response rate of 100% from the intended
respondents. Note 56% of dental schools do not currently teach ES. Time constraints and a lack of knowledge and
learning resources were the most reported barriers.

Conclusion Currently, ES is not taught in most dental schools in the UK and ROI. Many schools face challenges in
finalising the delivery modalities of ES teaching, particularly in clinical environments. Numerous barriers have been
identified that complicate embedding this topic in the curriculum. Positively, universities, staff, students and the
recently published learning outcomes are driving impactful change across the sector.

Introduction

Environmental sustainability (ES) is a
growing concern in dentistry, with research
demonstrating that delivering oral healthcare,
in its current form, is unsustainable.">*** The
most significant contributors to environmental
impacts are patient travel and staff commute;
procurement of equipment; instruments
and dental materials; energy and water use;
and waste disposal. Multiple healthcare
organisations have set environmental goals,
including the NHS in England and their
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commitment to achieve net zero by 2040.°
Achieving these goals will require a significant
change in attitudes and behaviours across all
healthcare professions.

Education at all levels of the oral health
profession has been identified as a key
strategic approach to deliver environmentally
sustainable change.*” The Association
for Dental Education in Europe (ADEE)
have been leading the incorporation of
ES in undergraduate education through a
‘Sustainability in Dentistry’ special interest
group, which has published two consensus
reports.*” These papers both established the
need to embed ES in dental education, and
proposed learning outcomes and teaching
and assessment methods specifically for ES.
The FDI World Dental Federation has also
been a key stakeholder in supporting ES
change in the profession, with the publication
of a consensus statement that brought
together multiple partners from all sectors
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of the profession, including industry.® This
is supported by a ‘sustainability in dentistry’
toolkit and infographic.! Additionally, the
FDI World Dental Federation have published
an open access Massive Open Online Course
(MOOC) that aims to educate the profession
at all levels, from students to qualified
professionals.’?

The undergraduate dental curriculum
must respond to emerging challenges,
whether from societal pressures, new
professional developments, or educational
rationales and innovations. There is a
strong desire from oral health professional
students to include ES in their curriculum
but with an element of nervousness that
this should not provide additional time
pressures or course workload.!>!#!>1617 This
is matched with significant support from
academic staff.**'!17 The inclusion of ES in
the dental curriculum is now imminent in
the UK, as the General Dental Council have
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adopted several learning outcomes published
by the ADEE special interest group in the
recent The safe practitioner framework."
The General Dental Council have mandated
compliance with the new framework for all
graduates by 2030.

It is unclear if dental schools are currently
teaching ES, with little evidence outlining
current practice. It is, therefore, anticipated
that some dental schools may be struggling
to teach and assess this subject matter.”
Furthermore, a recent paper exploring a wide
range of curriculum practices across Europe
identified limited evidence of ES teaching in
dental schools.? Multiple surveys exploring
academic staff and student opinion have been
published and generally report very little
experience of ES in the curriculum.'>!*!151617
Three of these studies also report some
barriers that complicate the inclusion of ES
in dental education; although, the limited
response rate, number of institutions included
and closed-ended questions are reported
limitations.'>!®!7

There is an appreciation that the evidence
that supports our current understanding of
the perceived challenges and the proposed
solutions is derived from a relatively small
number of higher education institutions.
While there is a logical desire to generalise this
body of knowledge across all institutions, we
recognise that this is not necessarily correct
and that there is a need to uncover existing
practices and barriers across the UK and
Republic of Ireland (ROI) as a whole. This
study aimed to: i) identify current teaching
practice and approaches to embedding ES in
the undergraduate dental curriculum in the
UK and ROJ; and ii) uncover existing barriers
that complicate, and drivers that facilitate, the
inclusion of ES in dental education.

Methodology

This study received ethical approval from the
Dentistry Ethics Committee of the University
of Sheffield (application number 056060). An
eight-item questionnaire was developed and
distributed to all dental schools in the UK and
ROI in the form of an online survey (Google
Form). The questions were conceptualised
de novo by the authors due to an absence of
previous research in the area. The question
types and response options were informed by
previous research. A range of multiple-choice,
‘yes/no” and free-text responses were used
as appropriate to the question and construct
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Table 1 The survey questions and response options

Question

Response options

Please state the name of your institution
and the country in which it is based

Free text

Does your dental school currently teach ES
in the undergraduate curriculum?

o Multiple choice (single selection):

e Yes, we have specific dedicated learning outcomes for ES
® Yes, but we don't have specific learning outcomes for ES
¢ Not yet but we have plans to do this soon

* No

How do you currently (or plan to) teach
ES? Please select the approach that best
matches your existing practice

o Multiple choice (single selection):

¢ Astandalone course for ES

o Asingle or group of lectures at one point in the programme
o ESforms part of our teaching in all years of our programme

Please detail the methods you use (or
plan to use) to teach ES in non-clinical
environments

Free text, no limits

Please detail the methods you use (or plan
to use) to teach ES in clinical environments

Free text, no limits

What barriers do you face when planning
to embed ES in your undergraduate
curriculum?

Checkboxes (select all that apply)

Lack of knowledge/expertise to teach ES in dentistry
Time constraints/overloaded curriculum

Lack of practical guidance to support me

Limited learning resources for educators and students
Challenges in assessing ES concepts

Resistance from colleagues regarding the relevance of ES
in dentistry

o Limited evidence base for ES in dentistry

o Conflict with regulations, policy and healthcare system

Do you face any additional barriers that are

Free text, no limits

not listed in the previous question?

Please list the drivers/facilitators that

have supported your approach or plans to
embed environmental sustainability in your
undergraduate curriculum

Free text, no limits

asked (Table 1). The questions were separated
into four sections:

Responding institution

Current teaching approaches for ES in non-

clinical and clinical environments

Existing barriers that complicate

embedding ES in the curriculum

Existing drivers that support embedding ES
in the curriculum.

The survey was tested for face and content
validity with a group of five academics from
three dental schools in the UK and ROI The
group were asked to access and complete the
questionnaire via the online platform and
provide comments via email. A final draft
version of the questionnaire was developed
considering the responses to improve clarity
of language and ease of understanding.

The intended respondents were deans, heads
of schools, directors of education, or senior
academics of all dental schools in the UK and
ROI that deliver undergraduate dentistry/
dental surgery programmes, as recognised
by the General Dental Council of the UK and
the Irish Dental Council. At the time of the

survey, this was 18 dental schools. The survey
was supported and distributed by the Dental
Schools Council to dental schools in the UK
and ROL It was requested that the deans,
heads of schools, or directors of education
complete the survey where possible, unless
they identified a designated individual that
was best placed to answer the questions
(eg school sustainability champion, senior
academics in strategic positions). In addition
to this recruitment stream, the authors
directly contacted the institutions that did not
respond to Dental School Council request on
one further occasion. No further reminders
were sent. All responses were anonymous,
no personal data was collected and informed
consent was gained at the start of the survey
through the provision of a participant
information statement and consent form.

The close-ended questions were analysed
through descriptive statistics and were
presented in tables and charts. The free-text
responses were analysed through content
analysis, where responses were coded,
quantified and presented in tables to illustrate
frequency of responses.
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Results

In total, 18 dental schools completed the
survey from October 2023 to January 2024,
representing a 100% response rate from the
intended respondents. One school provided
two different responses, potentially due to
delegation or overlap from the initial invitation
email and the follow-up. The two responses
were collated on the master spreadsheet to
enable a single response from the school and
to avoid omitting key information from two
different responders. For the double response,
the open-ended responses were identical and
the barriers and free-text responses were
combined; no data was deleted.

Current teaching approaches for ES in
non-clinical and clinical environments
Ten dental schools (55.6%) reported that they
do not currently teach ES; although, five of
these schools (27.8%) plan to do this soon
(Fig. 1). Five schools (27.8%) currently teach
ES without dedicated learning outcomes and
three schools (16.7%) have specific learning
outcomes for ES.

Of the 13 schools that currently teach or
have plans to teach ES, over 60% (n=8) of
respondents reported that ES should form a part
of teaching in all years of undergraduate dental
programmes (Fig. 2). From the remaining
schools, three deliver a single or groups of
lectures at one point in the programme and
two schools propose a standalone ES course.

Lectures (n=7) were the most reported
method to teach ES
environments (Table 2). Smaller group
teaching in the form of tutorials or workshops
(n=4) were also reported by multiple dental

in non-clinical

schools. At the time of completion of the
survey, four dental schools were finalising
their delivery method for ES in non-clinical
environments and five schools reported the
same for clinical settings (Table 3). Three
schools reported to focusing teaching on the
environmental benefits of delivering high-
quality oral healthcare as a strategy for teaching
ES in clinical spaces.

Existing barriers that complicate

embedding ES in the curriculum

Almost 90% of dental schools (n=16)
reported time constraints and the overloaded
curriculum as a major barrier to embedding
ES in the undergraduate curriculum (Fig. 3).
A lack of knowledge/expertise to teach ES in
dentistry (n=9), limited availability of learning

| EDUCATION

Fig. 1 A pie chart demonstrating current teaching of ES in the undergraduate curriculum in

the UK and ROI

Does your dental school currently teach Environmental Sustainability

in the undergraduate curriculum

5(27.8%) 5(27.8%)

3(16.7%) 5(27.8%)

Ml Yes, but we don't have specific leaming outcomes for ES
H No

Yes, we have specific dedicated learning
outcomes relating to ES

I Not yet but we have plans to do this soon

Fig. 2 A bar chart demonstrating current or planned approaches to teaching ES in the

undergraduate curriculum

How do you currently (or plan to) teach environmental sustainability?

A standalone Environmental
Sustainability course

Environmental Sustainability forms
a part of our teaching in all years
of our programme

Assingle or group of lectures
at one point in the programme

| environments

4 6
Number of schools (n=13)

-text responses to current or planned learning and teaching methods for ES

Learning and teaching method (non-clinical) Number of responses
Lectures 7
Tutorials/workshops 4
Still finalising delivery method/unsure/in discussion 4
Online module/training package 2
Problem-based learning 2
Self-directed learning/projects 2
Embedded into all teaching events where appropriate 1
Culture change (eg shared spaces) 1
Plenaries/teaching event briefing 1

resources for educators and students (n=8),
conflict with regulations, policy and healthcare
systems (n=8), challenges in assessing ES
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concepts (n=8) and alack of practical guidance

to support educators in embedding ES (n=7)

were also commonly identified barriers.
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Additional barriers identified through
free-text responses were cost (n=3), awaiting
publication of an updated national curriculum
framework (n=1) and the absence of an ES
strategy from the associated hospital trust
(n=1).

Existing drivers that support embedding
ES in the curriculum

The most reported driver supporting
embedding ES in the curriculum was the
influence of local higher education institutions
(n=9) and the incorporation of ES into
university strategies and policies (Fig. 4).
The incorporation of ES into the national
curriculum (n=6), student (n=5) and staff
(n=5) engagement and support, and local staff
researchers as leaders of ES (n=3), were also
commonly reported drivers.

Discussion

This study aimed to report current practice,
barriers and drivers to embedding ES in the
undergraduate dental curriculum in the UK
and ROL The incorporation of ES learning
outcomes into the General Dental Council’s
The safe practitioner framework mandates
teaching and assessment of this topic from
September 2025. The date of implementation
for these changes is proving to be a real
challenge, as over 50% of dental schools have
not yet included ES in their local curriculum.

Current teaching approaches for ES in
non-clinical and clinical environments
Most schools perceive that embedding ES
into all years of the dental programme is the
most appropriate curricular approach. This
aligns with the recommendations set out by
the ADEE consensus documents on ES.*°
The attitudinal or value-based learning
required for ES is similar to topics such as
professionalism, which is already embedded
into curricula in a longitudinal manner,
with vertical and horizontal integration.?"*
Standalone courses or single events at one
point in the curriculum may be feasible in
some institutions but it is unlikely to promote
longitudinal learning of complex constructs
like ES. Achieving meaningful changes in
attitudes and behaviours is more likely to
result from incremental learning that builds
from simple to more sophisticated messages
over time.

Dental schools appear better prepared to
teach ES in non-clinical environments, with
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Table 3 Free-text responses to current or planned learning and teaching methods for ES

in clinical environments

Learning and teaching method (clinical) Number of responses
Still finalising delivery method/unsure/in discussion 5
Focus on high-quality oral healthcare delivery 3

Mentioned in clinical skills laboratory induction

Raising awareness on clinics

Opportunistic student initiatives

Problem-based learning

Using sustainable materials/instruments in clinic

Critique existing practices

Adopt digital workflows

Small group clinical teaching

Fig. 3 A bar chart demonstrating the frequency of reported barriers that complicate

embedding ES in the undergraduate curriculum

What barriers do you face when planning to embed

15

curriculum?

m

Time constraints/

overloaded curriculum

Lack of knowledge/expertise to teach
Environmental Sustainability in Dentistry

Limited learning resources for
educators and students

Conflict with regulations, policy
and healthcare system

Envi |

Challenges in

Ei
Sustainability concepts

Lack of practical guidance
to support educators

Resistance from colleagues regarding the relevance
of Environmental Sustainability in Dentistry

Limited evidence base for Environmental
sustainability in Dentistry

multiple methods reported in this survey.
Didactic approaches, including lectures
and tutorials, are common approaches
to information delivery, and these are
favoured for ES. This works particularly
well to establish a baseline of fundamental
knowledge in the early years for planetary
health and ES in healthcare. Recent research
by Dixon et al.*® provides evidence-based
and subject-specific content statements that
can be directly incorporated into teaching
events. These statements were mapped to all

bility in your g

4 6 8 10 12
Number of schools (n = 18)

14 16 18

curriculum subjects in dentistry, allowing
educators from all disciplines to adopt these
statements into their course material and
teaching modalities. This approach should
allow easy implementation by embedding
short statements into existing lectures and
allows frequent revisiting of the topic across
all years of the programme. An incremental
approach should embed the message that ES
is a core part of oral healthcare delivery.

The proposed teaching methods for ES in
clinical environments are less clear, with most
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Fig.4 Abar chart demonstrating the free-text responses to the drivers/facilitators that
support the incorporation of ES in the undergraduate curriculum

Please list the drivers/facilitators that have supported your approach or plans to embed
. | Suctainabili .

Ei

inthe

curriculum

New national curriculum _
Student engagement and support _
Staff engagement and support _
Local staff researchers as leaders of ES _

Societal awareness and pressures _
Other ES policy documents _
No drivers _

Increasing awareness of ES in dentistry -

Increasing evidence base for ES in dentistry -

NHS trust support -

0 2

4 6 8 10

Number of free-text responses (n = 18)

Table 4 Open-access resources and links

Open-access resources for environmental sustainability in dentistry and

oral healthcare

Link

FDI World Dental Federation's MOOC

bit.ly/FDI-ES-MOOC

ADEE consensus report on learning outcomes and methods of teaching and

assessment for environmental sustainability

bit.ly/ADEE-ES-LO

Evidence-based, subject-specific content statements for environmental sustainability

bit.ly/ES-CONTENT

responses demonstrating that schools are yet
to finalise their planned approaches. In many
respects, this imbalance is expected, as it is
widely acknowledged that there are numerous
barriers to delivering environmentally
sustainable oral healthcare in the current
climate.*?#?>2¢” While these undoubtedly
complicate the delivery of environmentally
sustainable oral healthcare, it is important to
be aware that the environmental impacts of
oral healthcare can be mitigated through the
provision of high-quality oral healthcare."
Reducing the need to treat through preventive
care, providing high-quality operative care that
limits repairs and replacement, integrated
care with smart structuring and organisation
of patient care, and professional and patient
ownership of care, all mitigate environmental
impacts.’?® In addition to making an
immediate impact to mitigate environmental
impacts, educators and institutions have a role
to develop the future workforce who should
engage with stakeholders and challenge
current unsustainable practices.”

Existing barriers that complicate
embedding ES in the curriculum

The answer options for this question were
developed from a comprehensive literature
search of the health professional literature,
but a free-text option was incorporated to
allow full exploration of all barriers facing UK
and Irish dental schools. The responses to this
survey demonstrate that educators experience
numerous barriers that complicate embedding
ES in the curriculum. A lack of space and time
in the curriculum is a widely reported issue in
all health professional programmes and this
complicates the incorporation of ‘additional’ ES
content. It is argued that careful and strategic
incorporation of ES into existing teaching
events across all years of programmes will
reduce the need to ‘add’ new events.” Although,
good academic practice and governance should
ensure that a curriculum remains valid and is
sustainable through an approach of review and
revision in a development cycle that should
be in place to remove irrelevant and outdated
components.
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A lack of knowledge and expertise regarding
ES and limited resources for educators and
students were frequently reported barriers
in this study. The availability of learning
resources at all levels is increasing, namely
with the FDI World Dental Federation’s
MOOC (bit.ly/FDI-ES-MOOC), ADEE’s
learning outcomes and methods of teaching
and assessment (bit.ly/ADEE-ES-LO) and the
recent evidence-based subject-specific content
guidelines for ES (bit.ly/ES-CONTENT).*!22
These are all available as open access and are
designed to support educators and students
at all levels (Table 4). It is envisaged that
these core documents will promote ES and
provide a platform for further development
of additional resources.

Clinical regulations are acknowledged as
a common barrier, particularly in relation
to cross-infection control. Duane et al.**
outlined many of these challenges in a
critical review of the HTM 01-05 policy
document. Strategies to teach ES in clinical
environments were discussed above and
additional methods were outlined in the
ADEE consensus statement.’

The challenge of assessing ES is a common
concern among academics. While assessment
of environmentally sustainable behaviours
in the provision of oral healthcare may be
complex at present, assessment of student
awareness, attitudes and knowledge should
be achievable with existing methods. Multiple
assessment methods have been recommended
for ES in dentistry.” Similar to embedding
content into existing teaching events, there are
multiple opportunities to augment or modify
existing assessment methods to incorporate
ES, which may include awarding marks in
an objective structured clinical examination,
written papers, or within clinical grading.”

Existing drivers that support embedding
ES in the curriculum

A positive finding is that universities are
the most common driving force to support
curriculum development. Increasingly, ES
is forming a key part of university strategies
and many institutions are demanding ES to
be taught across all programmes. The recent
publication of The safe practitioner framework
by the UK national regulator of professional
standards, the General Dental Council, is
also a major driver for this change. Staff
and student support for change has been
recognised through previous surveys from
across the world.!>!#1>1¢
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Conclusion

Currently, ES is not taught in most dental
schools in the UK and ROI While the learning
outcomes detailed in the General Dental
Council’s The safe practitioner framework
will mandate this change, many schools face
challenges in finalising the delivery modalities
of ES teaching, particularly in clinical
environments. Numerous barriers have been
identified that complicate embedding ES in the
curriculum, namely the overloaded curriculum
and a lack of expertise and resources. Positively,
universities, staff, students and the recently
implemented learning outcomes are driving
impactful change across the sector.
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Chapter VI - Defining Learning Outcomes and Exploring
Strategies to Embed Environmental Sustainability in

Dental Education

Overview

The need to embed environmental sustainability (ES) in oral health professional (OHP)
education has been established, and existing practices demonstrate significant support
but limited action across the European continent. A definition of the intended learning
outcomes for ES and proposals to teach and assess the topic are required. Overarching
guidelines are required to make them applicable across various contexts; however, further
insight from stakeholders regarding embedding this topic in an existing curriculum is also

necessary.
The included peer-reviewed manuscript 3%:

Field J, Martin N, Duane B, Vital S, Mulligan S, Livny A, Lindberg P, Lundegren C, Long
R, Lundbeck H, Ramasubbu D, Dixon J. Embedding environmental sustainability
within oral health professional curricula—Recommendations for teaching and
assessment of learning outcomes. European Journal of Dental Education.

2023;27(3):650-61.

Presents consensus-agreed learning outcomes and methods of teaching and assessment
for ES in OHP education. The learning outcomes were mapped to the existing Graduating
European Dentist (GED) curriculum framework and, after review by the curriculum

taskforce, were embedded into the online database (https://adee.org/graduating-

european-dentist/graduating-european-dentist-curriculum).

Note: the research described in the ‘Exploring Staff and Students Views on the Relevance
and Opportunities for Environmental Sustainability in the Undergraduate Dental

Curriculum’ section below forms part of a publication that is presented in Chapter VII. Due
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to journal requirements and the relationship between the two outputs, two studies were

combined into a single publication. The publication is **:

Dixon J, Field J, Gibson E, Martin N. Curriculum Content for Environmental

Sustainability in Dentistry. Journal of Dentistry. 2024 Apr 26;105021.

This current chapter will consider the first part of this paper, ‘Exploring Staff and Students
Views on the Relevance and Opportunities for Environmental Sustainability in the
Undergraduate Dental Curriculum’. This study used staff and student focus groups to
explore opportunities to embed environmental sustainability in dentistry (ESD) within an
existing curriculum. Staff and students were selected because they are the receivers and
deliverers of the curriculum and, therefore, will provide key knowledge regarding existing

teaching and assessment practices.
The included peer-reviewed manuscript 3%

Durnall O, Martin N, Mulligan S, Dixon J. Environmental sustainability: the attitudes
and experiences of UK students in the oral health care profession. British Dental

Journal. 2024.

Presents the views of OHP students regarding the relevance of ES within the curriculum of
dental schools in the United Kingdom (UK). A survey methodology was employed to
uncover OHP students’ awareness and level of concern regarding ES, as well as previous
experiences of ES in the curriculum and proposed opportunities to embed ES within their

programmes.

Candidate Contribution

The PhD candidate was the principal investigator for the ‘Exploring Staff and Students
Views on the Relevance and Opportunities for Environmental Sustainability in the
Undergraduate Dental Curriculum’ and conceptualised the design of the study, developed
the research protocol, gained ethical approval and facilitated the focus groups.

Additionally, the candidate provided the most significant contributions to project
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implementation, data curation, analysis and write-up. The PhD candidate was the
supervising author for the other two publications presented in this chapter. For these
studies, the PhD candidate contributed to the study methodology and project execution

but also provided guidance, supervision and leadership during data analysis and write-up.
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Embedding Environmental Sustainability within Oral Health
Professional Curricula—Recommendations for Teaching and

Assessment of Learning Outcomes.
Introduction

This consensus document was developed by the ‘Sustainability in Dentistry’ special-
interest group within the Association for Dental Education in Europe (ADEE). Previous
research demonstrated a need to embed ES within the curriculum but also noted that
limited guidance for educators is a significant barrier to real-world implementation?*3?*27
As learning outcome-based education is widely accepted as best practice and is mostly
adopted by European regulators and competent authorities, there was a need to develop
learning outcomes and teaching and assessment methods for ES. This article presents

consensus-based recommendations for these.

Methodology

An online special-interest group workshop was planned alongside the virtual ADEE
conference in 2021. All registered attendees were asked to complete some preparatory
work before the sessions. This work involved proposing new learning outcomes for ES and
reviewing the GED curriculum to identify any existing outcomes that could be amended to
include ES. In the live session, four breakout groups centred around the four domains of
the GED curriculum allowed for more efficient work among delegates. The breakout
groups collaborated to propose ES learning outcomes and teaching and assessment
methods for each domain. The final proposals were discussed in the live session, and a
core group of educators (authors) refined the documents to align with existing GED

documentation.
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Results

Thirty-one delegates from 12 countries attended the workshop and contributed to the
consensus document. Seven new learning outcomes were proposed, and seven existing
learning outcomes in the GED were modified to include ES. Teaching and assessment
methods were proposed for each learning outcome based on the discussion in the online

workshop. Six key themes stemmed from the discussions and were detailed in the paper:

i.  Curriculum ‘load’ and ways to avoid further congestion of the curriculum
ii.  Environmental Sustainability as a threshold concept and ways to improve
understanding
iii.  Adoption of new learning outcomes and the importance of constructive alignment
iv.  Vertical and longitudinal integration of concepts
v.  The use of case studies and student involvement to support delivery

vi.  The use of novel and innovative methods to teach and assess Sustainable Dentistry

Relevance

This position paper is the first attempt to develop dedicated learning outcomes and
teaching and assessment methods for ES. A consensus-based approach was used to
achieve significant input from a wide range of educators from multiple countries. The
learning outcomes serve as overarching statements of student capability upon graduation
and should provide a focus for schools and educators who plan to embed this topic in the
curriculum. The General Dental Council (GDC) in the UK adopted and modified two
learning outcomes for their Safe Practitioner curriculum framework. All interventions

presented in Chapter VIIl are mapped to these learning outcomes.
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1 | BACKGROUND

Abstract

The FDI World Dental Federation suggests that “dentistry, as a profession, should
integrate Sustainable Development Goals into daily practice and support a shift to a
green economy in the pursuit of healthy lives and wellbeing for all, through all stages of
life."” This article reports on the recent activity of the Association for Dental Education
in Europe Special Interest Group for Sustainability in Dentistry. Following on from
the group's previous activities, which explored current educational practice, this work
aimed to reach a pan-European consensus on a number of learning outcomes for envi-
ronmental sustainability, in order to (i) support institutions in designing and delivering
their curriculum, and (i) to further harmonise the delivery of oral health professional
education across Europe. This article presents specific learning outcomes relating to
environmental sustainability and recommendations relating to curriculum develop-
ment, including methods of teaching and assessment.

KEYWORDS
curriculum, dental, dental education, environment, sustainability

policy documents, such as the Joint Stakeholder Statement for
Consensus on Environmentally Sustainable Oral Healthcare.® Here,

The oral healthcare sector is not currently considered to be envi-
ronmentally sustainable; it is a significant contributor to global
greenhouse gas emissions, produces other pollutants, and generates
unrecyclable waste.! In response to the impact of the wider health-
care sector on the environment, multiple national and international
stakeholders have produced policy documents in response to the
climate emergency. Such examples include the Paris Agreement,?
the United Nations Sustainable Development Goals,® WHO COP
reports* and NHS England's Delivering a “Net Zero” National Health
Service Policy.” More recently, there are examples of dental-specific

the FDI recognises the importance of collaborating with all stake-
holders in the interests of sustainability—and recommends that den-
tistry, as a profession, should integrate Sustainable Development
Goals (SDGs) into daily practice and support a shift to a green
economy.

It is clear that in order to achieve these goals, Environmental
Sustainability (ES) must be formally integrated into curricula for Oral
Health Professionals (OHPs). In 2019, during the annual meeting of
the Association for Dental Education in Europe (ADEE), a Special
Interest Group (SIG) reported a consensus view regarding the

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 The Authors. European Journal of Dental Education published by John Wiley & Sons Ltd.
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importance of ES in dental education, and raised awareness of the
fact that academics need support in developing curricula relating to
ES. A clear need was established for the creation of teaching materi-
als and guidance for educators and those responsible for curriculum
development.” Aligning with other ADEE SIG recommendations,®
the group suggests that learning outcomes, teaching activities and
assessment activities should be developed and shared collabora-
tively. As such, to support educators and to further harmonise the
delivery of OHP education across Europe, more formal curriculum
elements relating to ES need to be created. This aspiration comple-
ments recommendations from the Graduating European Dentist
(GED) curriculum task force,” which encourage subject matter ex-
perts to collaborate and develop discipline-level learning-outcome-
based curricula.

Alongside the work of this ADEE SIG, other educational net-
works are also beginning to report scoping activity within their
member institutions. A scoping review by Martin et al.’® found
that “the lack of public and professional awareness is the greatest
driver to engage with a positive change of behaviour and attitudes.
Awareness through education is key at all levels and this should be
the bedrock of future strategies.” In 2021, Joury et al reported a
cross-sectional survey between dental schools in the UK (QMUL)
and the USA (Harvard) which concluded that neither school formally
taught ES—and major barriers included a lack of understanding and a
lack of educational strategy and material. The paper called for train-
ing courses and materials for educators.'’ Meanwhile, Gershberg
et al. carried out a cross-sectional survey among students at dental
schools across the USA to assess their experiences and training in
relation to sustainable dentistry.}? Despite a low response rate (5%,
n = 378) the data showed that a large majority of students felt that
ES in dentistry was important, and yet around 75% of respondents
felt poorly educated in this area. Importantly, the students made
suggestions for incorporating ES into coursework relating to infec-
tion control, practice management and dental public health.

Within the wider discipline of medicine, there has been a sim-
ilar (albeit more advanced) direction of travel. An Association for
Medical Education in Europe consensus statement on planetary
health and education for sustainable healthcare® recognised that
inclusion of climate change in medical curricula in most countries
was low (only 15%). Furthermore, the document proposes a num-
ber of applicable learning outcomes across a variety of domains
that could be included within the curriculum, developed through a
Delphi approach involving UK medical educators.!* Later studies
that employed the Delphi inquiry methodology have also been re-
ported, proposing learning outcomes involving input from medical
educators in wider networks including the US, India, Australia and
Canada.’® What is needed, however, to facilitate implementation
at the institutional level is some guidance regarding how these out-
comes could be taught, reinforced and observed/assessed within
any given professional context.

Therefore, the aims of this consensus article from the ADEE SIG

are to:

WILEY--

e report European consensus on suggested learning outcomes for
ES in relation to the GED curriculum
e provide recommendations for teaching ES within existing OHP

programmes.

2 | METHODS

The consensus was developed using a model similar to that described
by Field et al.8 This consisted of three methodological components,
in keeping with Kern's model of curriculum development?é:

(i) an initial needs analysis (involving a scoping questionnaire and a
SIG discussion),

(i) setting educational goals and objectives (consisting of a separate
SIG discussion with pan-European educators to define specific
learning outcomes) and, at the same time,

(iii) developing educational strategies (to include methods of teach-
ing and assessment).

The scoping questionnaire and initial SIG discussion are reported
in the first paper by the group.7 This activity took place during the
ADEE 2019 Annual Conference in Berlin. Unfortunately, due to the
impact of the COVID-19 pandemic, the next annual conference
(Strasbourg 2020) was postponed by a year. As such, the SIG activity
resumed in time for the ADEE 2021 Annual Conference, which was

held online.

2.1 | Session format

Delegates who were responsible for curriculum development in
their respective schools, or who led existing elements relating to
ES, were invited to attend the SIG workshop. The workshop was
planned to run online using Zoom, a cloud-based collaborative video-
conference platform (Zoom Video Communications Inc. 2021),
chaired by the two SIG leads (JF and BD). Four breakout groups
were planned (representing the 4 GED domains) and, as such, two
extra facilitators were identified from the team involved in the ini-
tial paper (JD, DR). The 4 GED domains comprise (I) Professionalism,
(1) Safe and Effective Clinical Practice, (Ill) Patient-centred Care and

(IV) Dentistry in Society.

2.2 | Preparatory work for delegates

Delegates were allocated into one of the 4 breakout groups by the
conference organisers to ensure reasonable representation from
each geographical area and language across all groups. A week be-
fore the session, delegates were sent an email informing them of
which domain they had been attributed to, along with the following
documents:
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A copy of the relevant GED curriculum domain explaining and list-

ing the existing learning outcomes

A guide to writing and using learning outcomes
A copy of the SIGs first paper7

An infographic showing a range of verbs associated with each
level of Bloom's taxonomy*’

A blank template for formulating some proposed learning out-

comes for the relevant GED domain

The template was designed in such a way that it would facilitate
constructive alignment18 by sequentially asking:
(i) What do you intend the students to be able to do?
i) What is the best verb to describe this activity?

(
(iii) How could this be taught or reinforced?
(

i
iv) How could this be assessed or observed?

Delegates were also encouraged to consider the existing GED
learning outcomes within their domain, and whether any of these
already covered aspects of ES, or whether they could be modified in

some way to do so.

2.3 | Thelive session

The live session was online and used the Zoom video conferencing
software (Zoom 2021). Delegates were made aware that the ses-
sion was going to be recorded and the Zoom platform reminded
delegates that this was happening and asked for the participants'
consent. Without consent, it was not possible to continue with
the session. The purpose of the recording was discussed in the
introduction to the session—the primary purpose being that of
making the session available to conference delegates at a later
date. The session consisted of a brief introduction by the session
chairs, which included a breakdown of the SIG activity to date.
Time was spent explaining the rationale behind the workshop in-
cluding discussion around how learning outcomes should be for-
mulated. Delegates were then automatically transferred into their
respective breakout rooms by the Zoom hosts (ADEE administra-
tors). Each domain facilitator mediated a 45-min discussion around
potential learning outcomes with their delegates, whilst keeping
notes. The groups then re-joined the main meeting for summary
discussions relating to each GED domain, before a general sum-
mary discussion at the end which included the next steps in the

project.

3 | RESULTS

A total of 31 delegates, representing 12 different countries, at-
tended the SIG workshop. Delegates were split as evenly as pos-
sible across each of the 4 GED domain breakout groups. Following
discussion within the breakout groups, a number of suitable learning

outcomes and methods of teaching and assessment were devised for
each of the 4 GED domains.

Following the live event, a core group continued to work on
reformatting the intended learning outcomes to include information
relating to:

(i) the particular GED domain that each referred to

(i) whether the learning outcome was new or a modification of an
existing learning outcome

(iii) specifically, what educators were wanting students to be able
to do

(iv) how this could be taught or reinforced

(v) how this could be assessed or observed

(vi) the written learning outcome itself

The ES learning outcomes relating to the current GED do-
mains are represented in Tables 1-4. The tables are created so
that educators can see the applied methodology of constructive
alignment—and the resultant learning outcomes are labelled as
either “new” (if they are additional to existing GED learning out-
comes) or “modified” (if they result from amendment of existing
GED learning outcomes).

During the live event, the group had a significant discussion
about implementation strategies following the breakout groups.
These discussions included the themes below and informed the de-
velopment of the learning outcomes. They are each considered in
the discussion:

Curriculum “load” and ways to avoid further congestion of the
curriculum

Environmental sustainability as a threshold concept and ways to
improve understanding

Adoption of new learning outcomes and the importance of con-
structive alignment

Vertical and longitudinal integration of concepts

The use of case studies and student involvement to support
delivery
The use of novel and innovative methods to teach and assess sus-

tainable dentistry

4 | DISCUSSION

The discussion considers each of the themes emerging from the
breakout groups, in turn.

4.1 | Curriculum “load” and ways to avoid further
congesting the curriculum

It has long been acknowledged that the overloaded curriculum pre-
sents a common challenge for OHP education providers.'*?° A clear
need has now been established to teach ES within OHP curricula,
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TABLE 1 Proposed learning outcomes for GED relating to environmental sustainability domain: Domain 1—Professionalism

8
Sub-domain? What do you intend What are the §
New or the students to be best verbs to How could it be taught or g
modified? able to do? describe this? reinforced? How could it be assessed or observed? ;‘f
Ethics Be aware of the List e Principles can be introduced e Students can be asked to list and i?
New ethical principles Explain using the infographic (ref) explain the principles, and their %
relating to Discuss e Principles can be reinforced potential application, by written ;f
sustainable Apply through case discussions and examination ?
dentistry group reflections e Students can be presented within a ;
e Reinforced at key learning scenario (written or practical) and «f
events/opportunities across all asked to identify/correct current %
programmes practices, or discuss the impact on 2

e Exposure longitudinally the environment

Students can be asked to discuss

throughout a programme

e Teachers can be encouraged or describe one change they would
to use and make reference make to their current practices to
various infographics to reinforce improve sustainability
the principles as part of their e Students can be asked to reflect on
teaching (see paper and also their own, or observed practice in
https://www.fdiworlddental. relation to sustainability

Students can be asked to consider
sustainability when developing
personal development, or action
plans

org/sustainability-dentistry)

e Discuss the main principles relating to sustainable oral healthcare

e Explain the importance of practising sustainable oral healthcare

e Discuss the challenges/barriers to implementing a sustainable approach to oral healthcare

e Discuss how the ethical principles of sustainable dentistry can be applied to [present a scenario]

I~
5
3
g
g
g
z
5
&
°
ES
B
Z
=
g
&
S
2
s
5]
5]
£
P
&
g
=
g
g
E
g
2
o
g
=3
g
Z

Regulation Be aware of the Explain o Adedicated learning event(s) e Students can be asked to research
Modify 1.2.5 sustainable Discuss to introduce the background the SDGs and present a summary of
development Comply and potential impact of meeting how they might impact on dentistry,
goals and current SDGs, including any relevant particularly in relation to use of
legislation relating legislation personal protective equipment (PPE)
to sustainability and digital dentistry (material use,
and travel)
e Discuss the implications of, and be able to comply with, general legislation or regulation in areas such as health and safety <
legislation, infection prevention and control procedures, data protection, the use of ionising radiation and sustainability &
Professional Encourage and Demonstrate e Tacit learning, by observing e Students can be assessed in 2
behaviour promote teachers or clinicians the clinical or clinical skills lab
New sustainable e Clinical group discussion using a environment (perhaps as part of an 2
approaches within case-based approach overall professionalism grading, or
the workplace e Explicit discussion within an independent grade as part of an
the clinical skills learning OSCE)
environment about materials e Students can be asked how they
use and environmental impact would support specific SDGs or local
e Discussion around various sustainability policies as part of a
lifecycle or impact models written exam, or an oral exam
e Dissemination and championing e Students can be asked to generate
of the 8 domains of explicit action plans within their
sustainability across teaching academic or clinical environments to
events support sustainable working

Encouraging peers and the
wider team to work sustainably

e Demonstrate a respectful approach to the environment during clinical practice
e Critique current clinical practices in relation to environmental impact, and suggest realistic and practical solutions

but this raises issues in terms of adding further content and the use the important integration and longitudinal development of threshold
of additional resources. Simply adding a standalone course for ES concepts into the programme. Longitudinal integration of ES is con-
will be impossible in most contexts. Additionally, delivering an in- sidered essential to enable the inclusion of increasing levels of sub-
dividual stand-alone course at one point in the curriculum prevents ject complexity as the student progresses. Facilitating this process
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TABLE 2 Proposed learning outcomes for GED relating to environmental sustainability domain: Domain 2—Safe and effective clinical
practice

How could it be
assessed or observed?

What are the best verbs
to describe this?

How could it be taught
or reinforced?

Sub-domain? New
or modified?

What do you intend the students
to be able to do?

Team working and Consider environmental impacts Establish e Principles can be e Students can be
communication (benefits and harm) when Consider reinforced through assessed in the
Modified 2.3.14 offering advice, devising Demonstrate case discussions and clinical or skills lab

Team working and
communication
Modified 2.4.3

treatment plans, or setting
recall intervals for patients

Communicate environmental
impacts to the wider dental
team and patients, taking steps
to minimise these wherever

possible

Communicate
Manage

group reflections
Reinforced at key
learning events/
opportunities across
all programmes
Tacit learning, by
observing others
(peers, or staff)
Explicit discussion
within the skills
learning environment
about materials use
and environmental
impact

Tacit learning, by
observing teachers
or clinicians
communicating with
the team and with
patients

A dedicated learning
event(s) for the whole
dental team, such as a
symposium

Inclusion of
sustainability within
clinical checklists
Clinical group
discussion using a
case-based approach
Raising awareness of
prices of materials,
lifecycle analysis and
disposal costs

environment (perhaps
as part of an overall
professionalism
grading)

Students can be
presented within a
scenario (written or
practical) and asked to
develop a treatment
plan whilst discussing
the impact on the
environment

e Evaluate the results of treatment and establish an effective and environmentally sustainable monitoring and maintenance
programme for patients, in cooperation with the wider dental team where appropriate

Students can be
assessed in the
clinical or skills lab
environment (perhaps
as part of an overall
professionalism
grading)

Students can be asked
to discuss or describe
one change they
would make to their
current practices to
improve sustainability
Students can

be assessed
communicating with
the team, or with
patients, as part of an
OSCE assessment
Students can be asked
to design infographics
or create patient
resources

Students can be
asked to role play
discussions with
patients and the
dental team about
environmental
impacts
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* Effectively communicate and manage the hazards within the clinical environment including:
cross-infection control

hazardous materials

packing, procurement and use of resources

impact on the environment

working with ionising radiation

.
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TABLE 2 (Continued)

2

3

8

Sub-domain? New What do you intend the students What are the best verbs How could it be taught How could it be §
or modified? to be able to do? to describe this? or reinforced? assessed or observed? g
Evidence-based Evaluate advertisements and Evaluate ¢ Mediated discussions e Students can be g
practice claims made by industry so Critically appraise around real assessed through K
Modified 2.1.3 that products, materials and advertisements and case-based %
techniques are chosen that claims discussions or as ;f

minimise environmental impact o Integrating discussions part of written %

about sustainability assessments ?

into existing critical e Students can be asked «f

appraisal sessions to reflect on material/ g

e Encouraging equipment choice S

sympathetic
engagement with
industrial partners to
discuss environmental
impact

e Evaluate the validity of claims made by industry, primarily in relation to the clinical and environmental risks, benefits and
cost of products and techniques

I~
5
3
g
g
g
z
5
&
°
ES
B
Z
=
g
&
S
2

Management and Identify areas of concern Identify e Tacit learning, by e Students can be
leadership with current practice, and Implement observing teachers assessed through
Remain unchanged implement positive change Manage or clinicians case-based
2.2.6 Plan communicating with discussions or as Z
Modified 2.2.3 Integrate the team and with part of written <
patients assessments §
e Adedicated learning e Students can be asked &
event(s) for the whole to reflect on material/ E?I
dental team, such as a equipment choice E]
Symposium e Students can be asked é
e Clinical group to discuss or describe g
discussion using a one change they ?
case-based approach would make to their z
o Elective projects current practices to

improve sustainability
Students can

be assessed
communicating with
the team, or with
patients, as part of an 1
OSCE assessment
Students can be >
asked to reflect on
their current practice
within a longitudinal
portfolio of practice
Students can be asked
to make video diaries
to highlight concerns

Kok

e Consider implementing changes within the team and the wider practise environment that will significantly improve
efficiency and sustainability of resources

Effectively integrate other members of the dental team regarding risk management, for example:

working posture

visual perception

the use of equipment

dealing with stress and burn-out

cross-infection control

working with hazardous chemicals and ionising radiation

environmental sustainability

(Continues)
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TABLE 2 (Continued)

Sub-domain? New What do you intend the students

or modified? to be able to do?

Professional Be aware of the environmental Describe
education and impact (benefit/harm) of Discuss
training new technology and, where Apply

Remain unchanged possible, apply the latest
251 technology to reduce the need
for material use, patient travel,
and to improve efficiencies
around patient triage and
assessment

What are the best verbs
to describe this?

How could it be
assessed or observed?

How could it be taught
or reinforced?

e Students can be asked
about technologies in
written assessments
Students can be asked
to critically appraise
papers relating to
remote consultations
Students can be
asked to obtain digital
records in the skills
lab or on the clinic

¢ Mediated discussions
around published
papers relating to
tele-dentistry
Laboratory and clinical
sessions to introduce
digital workflows

e Use contemporary information technology for documentation, continuing education, communication, management of
information and applications related to healthcare

Audit and risk Be aware of any relevant Audit
management sustainability policies (local or Interpret

Remain unchanged regulatory) and use these to Plan
247 audit current practice

e Students can be asked
event(s) for the whole to carry out an audit
dental team, such as e.g., waste use

a symposium where e Students can be asked
audit results are to plan interventions
discussed based on the results
Group discussion of on an audit

policy and plans to

implement or audit

o A dedicated learning

e Interpret, implement and disseminate aspects of audit and clinical governance

means that ES is more likely to be embedded within the graduating
dentist's practices, and they are more likely to implement sustain-
able solutions and act as advocates for change in the profession.

It is not anticipated, nor feasible, that higher education insti-
tutions will completely change their curricula to incorporate ES.
However, a curriculum review process, perhaps including curriculum
mapping, can allow educators to establish an overview of the current
curriculum and to identify any areas where ES could be incorporated,
across the whole length of educational programmes. The commonly
accepted student-centred approach to curricula, which focuses on
and aligns resources to support students in developing fundamental,
lifelong knowledge, skills and attitudes, may present more opportu-

nities for educators to embed ES within their curriculum.?%2?

4.2 | Environmental sustainability as a threshold
concept and ways to improve understanding

A threshold concept is defined within the European OHP Education
Glossary, Articulate,?® as “A topic within a curriculum that, when
understood, results in fundamental changes in perception and
practice of other parts of the subject/discipline.” In many ways, in-
troducing and teaching ES is similar in scope to other topics such as
Professionalism or Inter-Professional Education. In this regard, it is
not sufficient to simply augment existing curricula with additional
learning events, and learning outcomes, relating to ES. Instead, there
needs to be a school orinstitutional-wide strategic approach. Gaining
a basic understanding has been identified as a strategic need—both

in the papers discussed above and also during the work with this

SIG. Teaching materials and resources that allow staff and students
to develop a basic and common understanding of ES should be intro-
duced first—and then over time, this can be built on to include other
learning and assessment strategies. The suggestion from the group
is that as a threshold concept, ES should be considered in everything
that is delivered as part of an OHP programme—and some educators
discussed the concept of a “virtual course or topic” that spans the
whole curriculum. Whilst there are few learning events or materials
dedicated specifically to the topic of ES, the aim is to embed sustain-
able approaches into the rest of the curriculum.

4.3 | Adopting new learning outcomes and the
importance of constructive alignment

Constructive alignment is defined within the Articulate glossary®®
as “The design of learning activities and assessment tasks to sup-
port the intended learning outcomes of a programme.” One of the
aims of this SIG was to determine ways in which learning outcomes
relating to ES can be taught and assessed within the curriculum. As
such, the group is aligning with this approach. Educators can uti-
lise the suggestions provided in Tables 1-4 to construct their cur-
ricula carefully—either by working backwards from the intended
assessment methods, to decide the best way to deliver the learn-
ing material—or by beginning with the teaching methods and then
constructing assessments based on the original learning outcomes.
Either way, this process avoids the pitfall of introducing learning
outcomes, without ever introducing relevant and aligned teaching
or assessment activities.
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TABLE 3 Proposed learning outcomes for GED relating to environmental sustainability domain: Domain 3—Patient centred care

Sub-domain? New

What do you intend the

What are the best

How could it be taught or
reinforced?

Case-based discussion,
incorporating cases of a variety
of patients, all with different
dental histories and oral health
needs. Raise awareness of
environmental impact of oral

How could it be assessed
or observed?

Short answer vignettes
Written reflective
reports

Reflective portfolio
entries after clinical
encounter

healthcare delivery for these

Life cycle analyses
different patient groups.

Videos, blogs and podcasts

from key stakeholders

Online resources to test and

orient the cohort such as

SuliTest

e Apply the scientific knowledge base in relation to the environmental impacts of common treatment methods, and

e The use of infographics to
demonstrate the environmental

e Clinical gradings for
treatment planning

or modified? students to be able to do? verbs to describe this?
Scientific basis Recall the evidence Describe .
(3.1) base surrounding Explain
New sustainable approaches Apply
to dentistry, and
rationalise the methods
used to determine the
environmental impact of
materials and methods
.
.
common approaches to the delivery of care
o List the main elements of the life-cycle analysis (LCA) process
Treatment Make informed decisions Apply
planning (3.3) based on how their Explain
New choice of treatment or Demonstrate

the delivery of care can
impact more widely on
the environment

e Case based discussions
e OSLER

impacts of

e Importance of planning
treatment (including number
of appointments)

Repeat or multiple visits

A shift to remote
consultation

Antibiotic use

Effective prevention and the
need for less intervention

e Single use items
Case-based discussion

Videos, blogs and podcasts
from key stakeholders

e Rationalise patient-centred approaches to oral health, that are consistent with maintaining environmental and planetary

health
Establishing and Work efficiently and Demonstrate
maintaining effectively to promote Deliver
oral health prevention and reduce Develop
(3.4) the need for further oral
New healthcare intervention
in their patient base
.
intervention and material use
4.4 | Vertical and longitudinal .

integration of concepts

Whilst it is recommended that the concept of ES should incorpo-
rate across the breadth of the curriculum, what does this mean in
practice? The suggestion is that ES is incorporated both vertically

(integration between the clinical and basic science stages of the cur-

riculum) and horizontally (integrating across subjects in any given
year, and across programmes). In essence, the key to curriculum in-
tegration is the need to address the learners' knowledge gaps:
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e Treatment planning and
forecasting of the delivery of
care (projected treatment plans
indicating visits needed, time
allocation, material use, etc.)

e Case-based discussion

e Impact case studies

As an explicit
component of case
presentations or
written reflective
reports

Clinical gradings for
treatment planning
Case-based discussion
OSLER

Develop effective patient-specific strategies for preventive oral health, reducing the need for recall, operative

What is ES?—Creating awareness through exploration of the envi-
ronmental impacts of the provision of oral healthcare and normal-
ising the concept at a local level.

What can | do?—Identification of specific actions that can be
achieved at an individual level and as part of the larger “oral
healthcare industry and associated supply chain” by working col-
laboratively across all sectors.

How can | do it?>—Understanding that the main aspect of the
work provided by an OHP is associated with preventable dis-
eases and as such this is where the greatest environmental
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TABLE 4 Proposed learning outcomes for GED relating to environmental sustainability domain: Domain 4—Dentistry in society
[Correction added on 19 May 2023 after first online publication: the text "Daily Affected Life Years" have been updated to "Disability
Adjusted Life Years" in this version.]

What are the
best verbs to

What do you intend

Sub-domain? New the students to be How could it be

/10p/wOY K[ KeaqIRUI[O//:SANY WO PIPEOUMOC *€ ‘€20 *6LS00091

or modified? able to do? describe this? How could it be taught or reinforced? assessed or observed?
Health promotion ~ Advocate for Discuss e |mpact case studies demonstrating the impact e Creation of short
and disease improving Describe on population need, treatment cost, material podcasts or videos
prevention population Explain use and the environment, for various types of e Accounts of reflective
4.2.4 health in general, Rationalise public health initiative practice based
Modified through public e Root cause analyses to help students to on observations
health initiatives, rationalise cause and effect within the clinical
recognising that e Embedded within the Dental Public Health environment or
less individual aspects of programmes engagement with
treatment need e Outreach events or symposia with relevant wider events relating §
is required—and student groups or societies to ESD §
to discuss the o Introduce the concept of health harm (e.g., in e Written case-based E‘
potential beneficial Disability Adjusted Life Years) for different scenarios ;
impact that this healthcare interventions «Z
might have on the o |dentify the common values between E
use of materials sustainable development and health promotion %
and resources and such as individual and collective responsibility, E
the environment respect for others and solidarity, participation E
of people in decisions that affect them, social %
justice 2
o Identify the common collective levers for f
change: advocacy, social commitment, g_
legislative and budgetary measures, ;
organisational changes and individual levers: %
changes in knowledge, attitudes and individual i
skills g
e Discuss the importance of behaviour change at a population level, particularly in relation to overall population treatment i
need, the use of resources and the environment
Healthcare Students should Discuss e Demonstration of remote consultation e Team-based projects
systems be aware of Describe e Community practice placements with other OHPs
4.4.4 their role, as an Explain e Working with digital workflows, mindful of within the school to £
Modified oral healthcare Rationalise contrasting material use, potential for error report how the team ET

can contribute to
SDGs E
Written papers to
assess knowledge
of mechanisms of
sustainable healthcare

and time

Small group tutorials around SDGs, consider
ways dentistry can contribute to these
Discussion around different healthcare system
models and potential challenges each possess
in relation to ES

professional,

in contributing

to sustainable
development goals.
They should be
able to describe

how the systems
within which they
will work, can
affect these goals

delivery

Community practice
placements and
associated reflections

Competence

with using digital
workflows for
providing patient care,
or in the skills lab

Discuss the importance of oral health professionals in contributing towards environmental Sustainable Development
Goals (SDGs)

Describe the various mechanisms of delivering healthcare, including strategies that improve accessibility and
sustainability such as remote consultations, digital workflows and domiciliary/community visits

impacts are to be gained. A key message is that ES has desir- Initially, this group suggests a greater emphasis is needed on

able impacts that reach well beyond the environment; it is good understanding the fundamental principles of ES in the earlier pre-
for the patient with whole person-centred healthcare bene- clinical years for any healthcare course. As students progress, it is
fits, good for society, good for the profession and good for the possible to build on these early principles, and introduce new ways

wider economy. of appraising the ES of systems, and how this relates to dental
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practice. These models can be revisited and strengthened in future
years, becoming increasingly complex and involving more disciplines
and areas as time goes by. This model provides an opportunity for
the synergistic integration of ES concepts alongside the delivery of
good oral healthcare, which must remain the bedrock of all curricula.
Initially, as students begin to learn about general medical problems
and medicine relevant to dentistry, relevant aspects such as sustain-
ability of patient consultation and travel, or sustainability of prescrib-
ing and medication use, can be introduced. As students prepare to
move into a clinical environment, ES could be incorporated as a part
of key areas such as (but not exclusively) patient care planning, pre-
ventive dentistry and decontamination. Beyond the integration of
source reduction, there are many opportunities for further integra-
tion with core subjects such as public health screening programmes,
service delivery models and the co-creation of patient information.
The concepts of horizontal and vertical integration are further dis-
cussed by Hays.?* Over time, as the relatively new concept of ES
in clinical dentistry evolves, curriculum leads will need to regularly
review content and practice to ensure that taught approaches re-
main valid—examples of suggestions for informing curriculum review
include the disciplines of Endodontics® and Restorative Dentistry.?®

4.5 | The use of case studies and student
involvement to support delivery

Case-based learning (CBL) has proven to be an effective teaching

2627 and this approach is used widely

method in healthcare education
across the profession. As such, OHP students are already often fa-
miliar with this method of learning. CBL, by promoting students' criti-
cal thinking and decision-making, is a valuable method of choice for
developing students' opinions and values in relation to ES. Clinical
cases provide real context, and ES is gently encouraged as a normal
consideration—eventually becoming part of the range of expected pro-
fessional attitudes. Some simple examples of fundamental decision-
making processes include repairing defective restorations instead
of replacing them, and choosing from a range of suitable materials
based on factors such as packaging, subsequent waste and procure-
ment journey. Table 5 outlines a case example by which the concept of
“source reduction” is explored as the main waste management route to
ES?®—and how its construct is useful as a tool for systematically teach-
ing and reinforcing a sustainable approach to treatment.

In addition to clinical or “dental” case studies, general case studies
relating to ES can allow educators to introduce, and students to ex-
plore, the key characteristics and implications of particular decisions
and interventions. Concrete and contextual ES issues, such as travel is-
sues, waste and energy utilisation can be discussed in order to provide
new insights and propose practical solutions to resolve the problems.
These “cases” should be co-created with students—but also shared
across our educator network as a general resource. Additionally, this
will serve as an opportunity for Inter-Professional Education with
students from a variety of disciplines (healthcare and beyond). In
the same way, students should be encouraged to be “advocates of

TABLE 5 Case study: Source reduction and waste management

Here, the concept of “source reduction” is explored as the main
waste management route to ES.?® At the point of delivery of
care, reduction is achieved through the provision of high-quality
oral healthcare by engaging with good practice, embodied in
four domains (below)?’:

Preventive care—The assessment and management of systemic

and local risk factors with a practical and patient-centred

preventive regime.

Operative care—The combination of core knowledge, skill sets,

experiential learning and teamwork acting synergistically.

The provision of high-quality operative interventions results

in durable treatment that will require fewer repairs and

replacements.

Integrated care—The integration of services, patient-centred

structured treatments and patient participation as co-creators

and co-managers of their care.

Ownership of care—Active participation in core and

complementary activities that leads to professional development,

a passion to excel and the satisfaction of achievement.

The outcome of this integrated approach for the delivery of oral
care is two-fold:

Fewer appointments, with fewer patient journeys and reduced

need for professional interventions, results in an overall

reduction in CO, emissions

Increased longevity of restorations and a reduced need for

procurement, which results in an overall reduction in waste

generated.

This construct provides a perfect starting point for the integration
of ES into the current curriculum, without the need for separate
or independent stand-alone courses. It shows how, through
the promotion and implementation of a framework for the
management of preventable diseases, we attain good oral health
and positive environmentally sustainable outcomes by way of a
reduction in CO, emissions, waste and pollution.

change"—OHPs who are empowered to drive change—and initiatives
that are taken forwards should be shared within the teaching commu-
nity. Most OHP students are younger professionals, with relatively
long careers ahead—and in this regard, they will undoubtedly face
impact from environmental pressures that is far more longstanding
than their teachers will—at least from a professional perspective.
Their interest in changing the existing status of how dentistry and the
environment affect each other is therefore very clear, and they could
serve as major change agents; our current students are the future.
Student-driven (or “student-centred”) learning is a well-established
concept, which is already shown to give more satisfactory and mean-
ingful learning experiences.>*3! Examples of students' active involve-
ment in change could include identifying “hotspots” and priority areas
to focus on—either in direct liaison with curriculum committees within

the school—or as part of their students' society agenda.

4.6 | The use of novel and innovative methods to
teach and assess sustainable dentistry

Some of the activities proposed in Tables 1-4 represent a socio-
constructive paradigm, where students co-construct their knowl-
edge in a social context within an active learning framework. Active
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learning is student-centred, can be challenge-based and collabora-
tive, and is preferably situated in authentic contexts relating to con-
temporary challenges. Typical activities can include the use of case
studies as described above, but we also propose creating other ac-
tivities where students are forced to actively consider and reflect on
context. For example, activities may be designed that allow students
to reach out and engage with wider society, and feel a potential im-
mediate impact—these will act as powerful learning experiences.
Such learning activities can be designed collaboratively with stake-
holders external to the university, or by critically analysing common
or frequent societal actions such as the recommendation and selec-
tion of oral hygiene products, or by drawing attention to types of
packaging or place of manufacture, in relation to ES. With regards to
designing learning activities in general, any type of learning activities
that students find engaging are likely to be welcomed—and are likely
to have more impact—and therefore, educators should consider en-
gaging students with ES concepts through quizzes, flipped learning
and reflections on clinical observations. This can be built on further,
to develop concrete problem-solving exercises involving more com-
plex cases and collaborative efforts and interactions with society.

Several of the strategies discussed in this article can also be
tied together in innovative ways, such as asking the students to
keep a reflective portfolio, with elements that relate specifically to
sustainable practice—and encourage reflection across a number of
activity domains—including areas of competence such as communi-
cation skills, collaboration skills, leadership skills, theoretical knowl-
edge, professionalism and an evidence-based approach to practice.
Students can be asked to create their own contextual and meaning-
ful links across various facets of OHP education that are relevant to
the cases they are involved with—for instance, one such example
is where students may identify the significance of how individual
patients' travel plans and habits could be linked to care planning.

Of course, assessments that are designed to determine whether
students can meet certain learning outcomes, do not always need
to be confined to simple question and response arrangements. Co-
creation of resources—both between student colleagues and with
teaching staff, means that student involvement in the exercise can
be assessed, as can the quality of any potential outputs. In this way,
resources that are created may be valuable in raising awareness in
the wider society—asking students to create materials such as pod-
casts, or infographics, or considering how they might communicate
using social media, all provide excellent opportunities to engage and
enthuse students, whilst potentially benefitting wider society. That
said, it is possible to build simpler forms of ES assessments into the
current curriculum in the first instance. Assessment criteria regard-
ing ES can often be included without major change to the method of
assessment. For instance, ES can be added as a mandatory criterion
for master thesis writing, or as part of regular clinical skills assess-
ment (e.g., in relation to hygiene routines, prevention perspectives,
treatment choices, individualised person-centred care plans, holistic
care, treatment planning, appointment scheduling, environmental
influences, travel requirements and taking responsibility for a life-

long perspective on treatment choice).

4.7 | Incorporating the learning outcomes into the
Graduating European Dentist (GED) curriculum

Open access publication of the original GED curriculum within the
European Journal of Dental Education ensured that the original
curriculum content, and associated guidance, was accessible to all.
Within the spirit of consensus and accessibility, the decision was
taken by the GED Taskforce, to evolve GED beyond a series of static
documents—and to create an active and dynamic resource for edu-
cators and students. As such, the GED suite of documents is acces-
sible through the ADEE website here. ADEE encourages individuals,
institutions, educators and industrial partners to leave comments
and suggestions on the various domains and learning outcomes—
and these are revisited periodically by the GED taskforce. An ADEE-
approved French translation of the curriculum is available here.
Following the publication of this article, the suggested learning out-
comes for sustainability will now be proposed to the GED task force
for incorporation into the live online GED curriculum.

5 | CONCLUSIONS/RECOMMENDATIONS

Itis clear that in order to meet national and global net-zero pledges and
to effectively implement the SDGs into current dental practice, ES must
be formally integrated into curricula for OHPs. The SIG established that
simply defining ES learning outcomes for educators was not enough.
Instead, the group has worked together to reach consensus not only
on learning outcomes, but methods in which these can be robustly em-
bedded, taught and assessed within the modern dental curriculum.

The SIG makes the following recommendations for consideration
when integrating learning outcomes for ES:

The integration of learning outcomes should be planned logically
and reinforced longitudinally throughout the programme.

Institutions and educators should encourage and empower stu-
dents to be ES advocates of the present and future to drive sus-
tainable change.

Educators should co-create resources with students, inviting student
opinion about how they might wish to express their understanding,
opinion and motivation for engaging with ES initiatives in dentistry.
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Exploring Staff and Students Views on the Relevance and
Opportunities for Environmental Sustainability in the

Undergraduate Dental Curriculum

Due to journal regulations, two studies were combined into one published manuscript.
The text below describes the first piece of research titled ‘Exploring Staff and Students
Views on the Relevance and Opportunities for Environmental Sustainability in the
Undergraduate Dental Curriculum’. The peer-reviewed manuscript for this study is
included in Chapter VIl and is titled ‘Curriculum Content for Environmental Sustainability

in Dentistry’.

Introduction

Whilst the need to embed ES in undergraduate OHP education has been established and
consensus-agreed learning outcomes and teaching and assessment methods have been
published, more practical guidance on how to embed ES into an existing curriculum needs
to be developed. Dental curricula are typically highly complex and overloaded with
content; research is required to identify opportunities to embed ES within the existing
teaching and assessment processes. Including stakeholders in any curriculum
development project is essential; the curriculum's deliverers (staff) and receivers

(students) may provide critical insight into any potential strategies.
Aims and Objectives

This study aimed to: identify suitable strategies and opportunities to embed ES within an
existing curriculum through a series of focus groups with OHP students and academic

staff.
This study has two objectives:

e Touncover staff and student opinions on the clarity and importance of selected ES

learning outcomes.
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e To explore academic staff's and students' opinions on strategies to teach and

assess selected ES learning outcomes within undergraduate OHP curricula.
Methodology

Staff and student focus groups were used to explore the views of staff and students
regarding ES in dental and OHP education. Prior to commencing the research, ethical
approval was granted by the Dentistry Ethics Committee at the School of Clinical Dentistry,
University of Sheffield (application number 056582).

Recruitment

All students enrolled in undergraduate OHP clinical programmes (Dentistry and Dental
Hygiene and Therapy) and academic staff were invited to participate in the study by email.
All potential participants were given information regarding the study, including proposed
focus group dates and times and the participant information sheet. Participants were
asked to reply to the email outlining their interest, understanding of the project, and

availability for the proposed dates.
Structure of the Intervention

In-person, semi-structured focus groups were planned across numerous days in December
2023 and January 2024. Each focus group was 45 minutes. To avoid bias and the potential
for influencing discussion, separate focus groups were arranged for staff and students.
Based on previous research, the focus groups were limited to four to five participants 3%,
The focus groups were facilitated by a trained researcher (PhD candidate), and a script was
developed to guide the facilitator and ensure standardisation across different sessions.
The script was developed from previous research and discussions were centred around
three learning outcomes from the recent ADEE ES consensus-based learning outcomes

publication 3¢, The script is provided in Appendix A.
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Data Collection

The focus groups were audio-recorded and transcribed live by a trained researcher (co-
author EG). In order to collect individual responses before the focus group discussion,

WooClap (www.wooclap.com) was used, and participants were asked to respond to the

questions asked by the facilitator. The individual responses were visible to all focus group
participants, stimulating further discussion between the group. Each participant was given
a code, which ensured anonymity but also allowed researchers to link earlier comments to

the same participant.

Data Analysis

The audio recordings were transcribed and combined with the written notes from the
session to produce the final transcripts. The transcripts and the data from the Wooclap
individual responses were analysed by two separate researchers (PhD candidate and co-
author EG). Descriptive statistics were used for the polls and demographic data, whilst all
other data collected was analysed through thematic analysis. The two researchers
independently completed the six-step process described by Braun and Clarke before
meeting to gain consensus on the themes **. In this analytical approach, themes are
developed due to perceived importance and relevance to the topic. Data saturation was
established when no new themes were identified in the transcripts, and response
repetition occurred. After data saturation was achieved, no further recruitment took place.

However, all planned focus groups were completed.

Results

The total number of participants for the focus groups was 40, with 22 academic staff and
18 student attendees. Students enrolled in both clinical programmes participated in the
study, and the year groups ranged from first to final year. Staff from nine different
curriculum subjects attended the focus groups. The transcripts are available in the

University of Sheffield open-access data repository:

https://doi.org/10.15131/shef.data.25342006.v1. Data saturation was established after the
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sixth focus group and 28 participants. Two-thirds (66%) of participants reported that all
three learning outcomes were clearly written, and all participants felt the learning
outcomes were relevant to the dental curriculum. All but two responses stated the
learning outcomes were ‘essential’ or ‘important’. Thematic analysis generated five

themes:

e Normalising the topic of Environmental Sustainability to support attitude and
behaviour change

e Baseline knowledge transmission with relevant practical application

e Viewing and modifying existing teaching and assessment events through a
different lens

e Environmental Sustainability transcends all disciplines of dentistry and oral
healthcare

e Safeguarding against misinformation and disinformation

Relevance

This study provides important strategies to embed ES within an existing curriculum.
Participants demonstrated significant support for the topic and identified many existing
teaching and assessment methods that could be ‘augmented’ with ES content.
Participants felt it is essential that ES is not considered a separate entity. It should be
taught alongside and as part of existing dentistry and oral healthcare content. It was also
noted that ES must be incorporated into all curriculum subjects; it is not a discipline-
specific construct. The data collected in this study provides some core values that will
inform the overall curriculum development project. Additionally, the concept of
embedding ES within existing teaching and assessment methods, with minimal

disruption, provides an interesting opportunity to explore through further research.
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Environmental Sustainability: The Attitudes and Experiences of

UK Students in the Oral Health Profession.
Introduction

Student support and input are critical for any curriculum development project to be
successful. Previous surveys demonstrated significant support for embedding ES in the
undergraduate OHP curriculum from a limited sample size #*1#"%%"*  Additionally, key

strategies to engage students have not been explored.
Aim

This study aims to understand students’ attitudes to ESD, explore the extent to which ESD
isincluded in the curriculum, and identify ways to increase awareness of ESD within the

curriculum.

Methodology

Ethical approval was obtained for this study from the Dentistry Ethics Committee at the
School of Clinical Dentistry, University of Sheffield (application number 044529). An online
questionnaire was used to fulfil the aims of this study. After piloting with local students,
the survey was disseminated via the Dental Schools Council to all UK-based students
enrolled on either Dentistry or Dental Hygiene and Therapy programmes. The survey
included 13 questions, with a variety of closed and open questions used. Descriptive
statistics were used to analyse the closed-ended questions, and thematic analysis was

used to analyse the free-text responses.

Results

A response rate of 68.4% was achieved for this study after 263 students from 13 different
schools completed the survey. 95.4% of students were either ‘concerned’ or ‘very
concerned’ about ES daily. Most students (85.6%) believe that providing oral healthcare in

an environmentally sustainable manner is their responsibility, and 97.3% of students feel
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the profession should be more actively engaged in ES. Students reported professional
talks (74.9%), social media (66.4%) and clinical tutor-led discussions (58.9%) as the
optimum strategies to raise awareness regarding ESD. Free-text responses suggest that
students would prefer ESD content to be evidence-based and not be an addition to other
curriculum elements. Almost all respondents (97.7%) reported that being taught ESD in
their undergraduate programme would positively impact the environmental impact of

future oral healthcare they provide.

Relevance

This study demonstrates significant support for ESD from OHP students in the UK. The vast
majority of students feel that delivering environmentally sustainable dentistry is their
responsibility and report that embedding ES in the curriculum is critical. Students
proposed evidence-based talks and tutor-led discussions as key strategies to teach ESD
but were concerned about additional content in an already overloaded curriculum.
Embedding cross-discipline topics such as ES in the curriculum requires careful
consideration to ensure the subject is taught effectively and still fits within the constraints

of the existing curriculum.
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Olivia Durnall,*" Nicolas Martin, Steven Mulligan' and Jonathan Dixon'

Environmental sustainability: the attitudes and
experiences of UK students in the oral health care

A comprehensive multi-centre survey of students
in UK oral health professions, including Bachelor
of Dental Surgery and dental hygiene and
therapy students, was undertaken to provide
insight into the current level of environmental
sustainability in dentistry education provided to
undergraduate students in the UK.

Abstract

Barriers and drivers are identified by students for
their engagement with environmental sustainability
in dentistry.

There is a need for further discussions regarding
the impact that oral health care provision has on
the environment and provides suggestions on
how further information about environmental
sustainability in dentistry could be shared with
students/professionals alike.

Objective This study aims to provide insight into the attitudes and perspectives of undergraduate dental students
from UK dental schools regarding environmental sustainability in dentistry (ESD) and the manner and extent in which
ESD is included in the current undergraduate oral health care curricula.

Methods This study is a multi-centre, nationally representive study involving a cross-sectional online survey of
undergraduate Bachelor of Dental Surgery and dental hygiene and therapy students in UK-based dental schools. Data
analysis was conducted through descriptive statistics and thematic analysis.

Results In total, 263 students from 13 UK schools completed the survey, resulting in a national school response rate
of 68.4%. Key findings are: 97.3% of students believe that the dental profession should be more actively engaged in
environmental sustainability but students currently have very little exposure to ESD at an undergraduate level; and
76.8% of students expressed that they are concerned about the impact that oral health care provision has on the
environment, but only 23% of students have independently researched ESD.

Conclusions Students identify that oral health care professionals should become more engaged in efforts to mitigate
the negative impacts from our activities on the environment, principally via education at all levels. The data from this
study provide insight into the current level of awareness and concerns for the environmental impacts of oral health
care provision, and are a powerful driver for the inclusion of ESD into the undergraduate curriculum in UK based dental

schools.

Introduction

Sustainability in oral health care

The recently published COP26 special report
on climate change and health, highlights the
impact of health care on the environment,’
with evidence of how ‘health professionals
worldwide are already responding to the
health harms caused by this unfolding
crisis’* Health care systems are responsible
for around 5% of global greenhouse gas

"University of Sheffield, Sheffield, UK.
*Correspondence to: Olivia Durnall
Email address: oliviadurnall@gmail.com

Refereed Paper.

Submitted 25 August 2023

Accepted 3 October 2023
https://doi.org/10.1038/541415-024-7135-z

emissions, of which oral health is an important
contributor.* The delivery of general health
care is currently not environmentally, socially
or financially sustainable due to high amounts
of CO,e (carbon dioxide equivalent) and waste
generated.>*>*

To date, advancements made by the oral
health care community have been largely
focused on the end goal of preventing and
managing oral diseases. We now have an
appreciation that these laudable intentions
and efforts are having the unintentional
consequence of contributing to the global net
rise in CO,e emissions and pollution.”

The oral health care profession has a
responsibility and vital role in climate change
mitigation efforts through comprehensive
engagement in sustainable practices.
Sustainable oral health care could result in
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substantial CO,e reductions, reduced plastic
usage and waste generation, leading to
enhanced patient care, staff satisfaction, cost
savings and improved quality of life.%*'

Sustainability awareness through
education

Education is considered as the fundamental
component of any remediation strategy,
with a focus on increasing awareness and
identifying remediation solutions for each
sector and for the supply chain as a whole.'""
Effective education programmes should
include communication, dissemination and
participation at all levels.'>"*

There is an increasing understanding of
the structure and content of ‘sustainability’
knowledge required at an undergraduate
level 571112151617 Eggentially, the focus of
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environmental sustainability in oral health
care is on the delivery of a good oral health
care strategy that considers the four domains:
effective preventive care regimes; good
operative care; integrated patient care; and
professional ownership of care. These domains
apply to all aspects of the management of
systemic diseases and by targeting them
jointly it benefits the patient and society with
low environmental impacts.'®!* Educational
messages should focus on disease-prevention
regimes with sustainable oral hygiene practices
athome. The Association for Dental Education
in Europe (ADEE) has been a key driver to
embed environmental sustainability in oral
health professional (OHP) curricula at a
European level. Two consensus documents
have been published from special-interest
group meetings at the annual ADEE
conference. The first was an initial scoping
document to identify a need to embed
environmental sustainability and consider
key messages to begin teaching this concept.'®
The second is a publication of consensus-
agreed specific learning outcomes and
recommendations for teaching, learning and
assessment for environmental sustainability.?
In addition, the O-Health-Edu vision for OHP
education in Europe, published after sector-
wide consultation, incorporates environmental
sustainability as a key element.” With
educational bodies such as ADEE increasingly
publicising its positive views towards the
inclusion of environmental sustainability in
dentistry (ESD) into the curriculum, there
is hope that universities and other governing
bodies will follow suit in recognising the
impact that dentistry has on the environment
and how education is a key strategy to a more
sustainable future.?' In the formative years of
the oral health care undergraduate curriculum,
there is an invaluable opportunity to increase
awareness and remediation actions through
carefully channelled educational programmes.”

For any educational approach to be successful,
it is essential to obtain and consider the attitudes
of students as the recipients and co-managers of
their education. Two recently published studies
consider this in a UK and USA setting.?>*
Both studies had similar aims with regards to
assessing the current level of ESD being taught
to pre-doctorate/undergraduate students and
assessing the students’ level of interest and desire
for a change in their curriculum.

Joury et al. (2021) gathered opinions from
both students and educators across two dental
schools in the UK and in the USA.* The study

demonstrated a positive attitude towards
the inclusion of ESD into the curriculum,
more specifically from students rather than
educators. It highlighted the importance of
having a ‘bottom-up’ approach, where end-
users help guide policy that is complemented
by a ‘top-down’ approach (paternalistic
guidance from key governing organisations),
from either the General Dental Council (GDC)
or US equivalent, to create a legitimacy to the
cause. The study by Gershberg et al. (2021)
focused on dental students in US-based dental
schools only.” They found that despite other
health professional courses already embedding
environmental sustainability in their respective
curricula, dental schools have not yet followed
suit. Gershberg et al. found that students have
expressed their concern about the impact that
the provision of oral health care has on the
environment and found a baseline eagerness
for ESD to be included in the curriculum.

Both these studies have provided the
foundation to push the ESD agenda into the
curriculum in US-based dental schools, by
showing that there is a drive from students
to have more ESD-based content throughout
the course. Nevertheless, further research into
the levels of ESD within the dental curriculum
is needed to better understand the particular
requirements of the students. Students are a key
stakeholder of OHP education and as such, the
student voice is essential in any intervention to
improve education or to integrate new concepts.

This study aims to provide further clarity
and focused detail into the students’ attitudes
and behaviours towards ESD in the provision
of oral health care. Also, the manner and
extent to which ESD is included (currently
and in the future) into the undergraduate oral
health care professional curricula. This study
focuses on the perspective of undergraduate
dental students (Bachelor of Dental Surgery
[BDS]) and dental hygiene and therapy
students (DH&DT) from UK dental schools,
as a national representative case study.

Materials and methods

A multi-centre, cross-sectional online survey
of undergraduate BDS and DH&DT students
was carried out using an online questionnaire
that was distributed to all UK-based dental
schools. Ethical approval was obtained
from the University of Sheflield’s Research
Ethics Committee (Application 044529).
Consent was gained through a ‘participation
statement’ that prospective participants had

to read and approve before continuing onto
the survey questions. Support for this study
was obtained from the UK Dental Schools
Council * Participation requests were sent to
the Heads of School of 19 UK dental schools
for onward internal distribution among all
the undergraduate BDS and DH&DT student
cohorts of each respective school. The validity of
the questionnaire was tested through two focus
groups of students at the authors’ institution.
The survey consisted of 13 questions that
included closed and open questions — Likert
scale as well as multiple-choice questions.
Likert scales allowed for a wider range of
answers to be collected to improve the clarity
of the questions and allow for quantification
of the data. Multiple-choice questions were
used to focus responses into key categories
and a free-text section was included to identify
barriers that they personally face that hinder
them from increasing their understanding of
ESD and their ability to apply this knowledge
in a clinical environment.

All close-ended questions were analysed
through descriptive statistics and the data were
presented as graphs or charts using Google
Forms auto-generated software. Thematic
analysis was used for the single open-ended
question as per Braun and Clarke’s (2006)
six-phase approach and resulted in the
development and refinement of themes.”

Results

Students from 13 schools completed the survey,
resulting in a school response rate of 68.4%,
showing a strong representation of this student
population across the UK. Six schools did not
respond or wish to participate, identifying
student survey fatigue and academic burden
as a concern.

The student response rate (as a function of
the total number of registered undergraduate
students) was 24.5%, with a total of 263
students taking part in the survey from across
13 UK-based dental schools.

From the written responses, it is clear that
the students had varying degrees of clinical
experience dependent on individual levels of
progression in their respective courses, with
the following key findings as depicted in
Figure 1 and Table 1:

o There was no difference in opinions of
students at different stages of progression
within their own dental school curriculum,
all showing equal interest in their
profession’s environmental impact
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Fig. 1 Responses demonstrate the level of concern students express towards
environmental sustainability in everyday life

To what extent are you concerned about your own impact on the
environment in everyday life?

46
17.5
125
65.4

B very concerned B concerned

Table 1 Understand students’ level of concern about the environm

|| Not very concerned | | Never thought about it

Very concerned 46 (17.5%)
Concerned 172 (65.4%)
Not very concerned 33(12.5%)
Never thought about it 12 (4.6%)

| always try 71(27%)

| sometimes try 142 (54%)

I would like to do more but don't know how 42 (16%)

I don't really try 7(2.7%)

Not my problem, it is the responsibility of the authorities and government 1(0.4%)
237(90.1%)
26 (9.9%)

The environmental impact is negligible and can be ignored 3(1.1%)
Society has bigger environmental problems to worry about that should focus or attention | 38 (14.4%)
The provision of oral health care is my priority as a clinician and this has unavoidable 122 (46.4%)
environmental consequences that we need accept

As clinical oral health care workers we have enough to worry about; our job is hard 16 (6.1%)
enough and sustainability concerns are not part of our job

Itis our responsibility, as oral health care workers, to provide care in an environmentally 225 (85.6%)

sustainable manner

Unconcerned 4(1.5%)
Neither 57 (21.7%)
Concerned 202 (76.8%)
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The level of concern for their own personal
environmental impact identified that 77.9%
of respondents were concerned, of which
17.5% were very concerned (Fig. 1)

Despite this apparent level of baseline
concern, only 27% of respondents ‘always
try’ to reduce their personal impact on
a day-to-day basis, compared to 54%
sometimes trying

A total of 16% of respondents stated that ‘T
would like to do more but don’t know how’
(Fig. 2)

In total, 90% of students have considered

the impact that the provision of oral health
care has on the environment, with 85.6%
believing that it is our responsibility as oral
health care workers to provide care in an
environmentally sustainable manner

And 46.4% believe that ‘the provision
of oral health care is my priority as

a clinician and this has unavoidable
environmental consequences that we need
accept’ (Table 2). One student responded
that ‘environmentally friendly solutions
always seem to contradict infection
control and therefore cannot be done for
patient safety’. Cross-infection control
and being in a hospital setting were
identified by students as barriers to them
engaging with impactful solutions at an
undergraduate level.

Regarding students’ own level of concern
for the effect that the provision of oral health
care has on the environment, 76.8% expressed
that they are concerned. This was conveyed in
the free-answer question, with many students
identifying cross-infection control policies and
procedures, specifically the use of single-use
plastics and personal protective equipment
(PPE), as a barrier to them engaging with
impactful solutions to make the provision of
oral health care more sustainable. A common
view among many dental students on this
topic was clearly expressed by one particular
statement: ‘as dental professionals we use
a lot of plastic single-use items due to cross
infection, but this is very concerning to me
and wish there was another way to be more
sustainable’

A further common finding was their
perceived lack of power within the hierarchy of
a hospital setting and that their ‘student voice’
lacked any form of influence. This sentiment is
captured by the comment ‘as a student we just
follow the protocols and guidelines set out by
staff or the hospital or the trust the hospital is a
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part of. It doesn't feel like we can do anything to
change any of it. A suggestion captured in the
responses is to create a mechanism that allows
students to have a greater voice with regards to
ESD within dental schools. For example, the
introduction of sustainability action groups
that allows like-minded students and staff to
convene and discuss local strategies and action
plans to that will make a difference. Sheffield
Dental School introduced the Sheffield Oral
Sustainability group in 2022; this group has
allowed students to partake in local campaigns
to promote ESD. Students have expressed that
after ‘joining a sustainability group, I feel more
positive about this and feel like my voice is
more heard’

In total, 23.2% of undergraduate students
were neither concerned or unconcerned
about the effect of oral health care on the
environment. Another barrier identified by
students was a lack of care and/or a lack of
time. Many students have the view that ‘it’s
hard enough to do the whole course without
having the extra worries, I think it should
become more of a concern once you are a
practising clinician rather than as a student’

Currently, there is very limited exposure
to undergraduate students about the effect
that oral health care provision has on the
environment, with 51% saying it's only been
mentioned briefly through staff members or
informal conversations with peers (53.2%)
(Table 3). Only 9% of students believe that they
have been taught ESD through more formal
means such as lectures. However, despite this
lack of current emphasis in the curriculum,
97.3% of students believe that the dental
profession should be more actively engaged in
ESD (Fig. 3).

Current level of student engagement

in ESD

Despite a desire for greater education in
ESD, students are unlikely to proactively
seek information about it, as only 23% of
respondents independently researched ESD
outside of the undergraduate curriculum,
either part of a group or independently
(Table 3), with 76.4% admitting to not doing
any additional research on the topic. This
implies students will only engage with ESD if
itis part of the curriculum and not optional or
extra-curricular, as students feel they lack the
time to research ESD independently, typified
by the comment ‘the effect we have on the
environment is not taught to us and not much
time is available to research this.

Fig. 2 Results identify students’ current level of proactivity regarding reducing their

personal impact on the environment

To what extent do you try to reduce the environmental
impact of your daily activities?

Not my problem, it is the responsibility of authorities

and government |04
Idon‘treallytry Ml 2.7
1 would like to do more but | don't know how [N 16

| sometimes try

| always try

0

Table 2 Understand students’ level of awar
provision has on the environment

I 54
——— 27

10 20 30 40 50 60

Percentage of students who responded (%)

ess of the impact that oral health care

Have you considered if the provision of oral health care has an impact on the environment?

Yes

237(90.1%)

No

26 (9.9%)

With regards to the last question, please read the following carefully and tick all that apply:

The environmental impact is negligible and can be ignored

3(1.1%)

Society has bigger environmental problems to worry about that should focus or attention 38 (14.4%)
The provision of oral health care is my priority as a clinician and this has unavoidable o

. 122 (46.4%)
environmental consequences that we need accept
As clinical oral health care workers we have enough to worry about; our job is hard enough o

O y 16 (6.1%)

and sustainability concerns are not part of our job
Itis our responsibility, as oral health care workers, to provide care in an environmentally 0
sustainable manner 2255 5 )
How concerned are you about the effect of oral health care on the environment?
Unconcerned 4(1.5%)
Neither 57 (21.7%)
Concerned 202 (76.8%)

It is important for us to acknowledge that
eco-anxiety is recognised as a true emotional
response to the predicted impact of climate
change and is defined as ‘a chronic fear of
environmental doom’?*?”* One student
authenticated this fear leading to an avoidance
of the topic by saying ‘the environmental
impacts of dentistry etc can feel very
overwhelming. This is not a feeling which
results in productive action’

Methods for improving engagement with
students

Students identified social media (66.4%),
professional talks (74.9%) and tutor-led
discussions (58.9%) as the best way to
increase awareness of the impact that oral

health provision has on the environment
(Fig. 4). This, combined with opinions such
as ‘I think a compulsory attendance tutorial
with no extra work could be a good way of
delivery the teaching) suggest that students
have a preference for information on ESD to be
delivered from credible sources, in a manner
that does not significantly increase their
workload. However, despite expressing interest
in attending professional seminars relating
to ESD, students face a significant barrier in
that the majority of these events are aimed at
qualified clinicians and therefore require a UK
GDC number to register, something students
do not possess.

In total, 97.7% of respondents have said
that being taught ESD at an undergraduate
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Table 3 Identify if student environmental concern are a driver for inclusion of
environmental sustainability in the undergraduate curriculum

256 (97.3%)

7(2.7%)

Never exposed 62 (23.6%)
Formal lectures 24(9.1%)
Briefly mentioned by staff members 134 (51%)
Students society talks/activities 46 (17.5%)
Informal conversations between peers/friends 140 (53.2%)

Yes

223 (84.8%)

No

40 (15.2%)

Yes

62 (23.6%)

No

201 (76.4%)

Through social media

174(66.2%)

Professional talks

197 (74.9%)

Student led societies

121 (46%)

British Dental Students Association

139 (52.9%)

Tutor facilitated group tutorials

155 (58.9%)

Huge positive impact

84(31.9%)

Some positive impact 173 (65.8%)
No impact 6(2.3%)
Negative impact 0(0%)

level would have a positive effect on the future
impact that dentistry as a profession has on
the environment. No participants said that it
would have a negative impact and only 2.3%
believe that there will be no impact by as a
result of the change (Table 3). These results
show an overwhelming support for increasing
awareness and education surrounding the
environmental impact of dentistry, suggesting
a very positive student response to the
inclusion of ESD into the curriculum.

The GDC recently distributed their Safe
Practitioners domains for consideration
and commentary, which included two
learning outcomes relating to environmental

BRITISH DENTAL JOURNAL | ONLINE PUBLICATION |

sustainability, inspired by the ADEE’s
2022 conference that specifically discussed
sustainability in dental education.?’ The
learning outcomes include: describing the main
principles of sustainable oral health care; any
challenges or barriers to implementing ESD;
and understanding the environmental impact
of common treatments. If agreed upon and
included, this is a positive first step into the
implementation of ESD learning objectives
into the UK undergraduate dental curriculum.
This also highlights that sustainability is a topic
that is going to be a common theme in the
provision of oral health care in coming years
and something that will impact all practitioners.
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Fig. 3 Shows that 97.3% of students
believe that the dental profession
should be more actively engaged with
environmental sustainability

Do you think that the dental profession
should be more actively engaged in
environmental sustainability?

27

973

s HNo

Barriers to engagement — identified by
the student community

Seven key themes were identified by students
as barriers to engagement in solutions for
managing the effects of oral health care on the
environment. These are (listed in the order of
incidence of responses):

« Hierarchy of a hospital setting (27% of
responses)

Lack of knowledge (23.2%)
Cross-infection control policy, especially
with regard to COVID-19 pandemic
(16.4%)

Lack of time (8.2%)

Eco-anxiety (6.1%)

Lack of care (3.7%)

Limited knowledge base within academic
tutors (3.7%).

It should be noted that 2% of respondents
did not believe there were any barriers in place
and 9.2% did not respond to the question.

The barriers identified confirmed the
findings raised throughout the survey. Students
identified that their main barrier to becoming
more sustainable while at dental school was
the hierarchy present within hospital settings
and the standard operating procedures and
policies put in place by management. This was
summarised by one student: ‘as students, we
do not have as much impact/authority to help
create a change...following correct procedure
for PPE is a main thing that prevents us from
reducing waste’
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Discussion

This study sought to determine the attitudes
and opinions from undergraduate BDS and
DH&DT students for the inclusion of ESD into
their curricula. The strong student response
rate, with a 68% representation from a total of
13 UK dental schools, indicates that this topic
is of significant interest and concern to the
undergraduate population. As a cohort, current
undergraduates have a strong baseline level of
concern (65%) with regards to the environment.
The 90% of students who considered the impact
on the environment that arises from the
provision of oral health care is reassuring and
shows a wide level of awareness across the cohort,
as identified in other sectors®,*. However, this
finding is worryingly diluted by the fact that
nearly half of the respondents (46.4%) identify
that the environmental impact from oral health
care provision ‘is an unavoidable consequence
that we need to accept.

There is no doubt that students are
concerned (77.9% concerned and 17.5% very
concerned) about the manner in which their
personal activities impact on the environment
but this is worryingly dampened by a lack
of translation of environmental attitudes to
actual behaviour change, identified by a 54%
of respondents that identify as ‘sometimes
try to reduce their personal impact on the
environment on a daily basis. The majority
of students appear to have an understanding
of how to be more environmentally friendly
but do not always see this as significant
when it comes to their everyday life. It is
therefore important when introducing ESD
into the curriculum to impress on students
the importance of being environmentally
sustainable as often as possible, both personally
and professionally. It has been identified that
clinicians often find it difficult to transfer their
home-based behaviours into a clinical setting
due to a shift in mindset from environmental
citizenship to professional clinical duties. In
order to overcome this issue, it is important
for members of the dental team to be open
to conversations and education on the topic.
Once ESD has become a common topic, steps
can be taken to implement real actions into
the workplace.'®

Nearly one-quarter of the cohort (23.2%)
showed ambivalence towards the effect of oral
health care on the environment, identifying
that this was a distraction from their studies,
creating an additional time and content
burden. The majority of students (76.4%)

Fig. 4 Students identified social media, professional talks and tutor-led discussions as the best
way to increase awareness of the impact that oral health provision has on the environment

How do you think that we can increase awareness of the impact that oral
health provision has on the environment within the undergraduate curriculum?

Tutor facilitated group tutorials

BDSA

Student-led societies

Professional talks

Through social media G —

0 50

100 150 200 250

Number of student responses for each option

did not engage in any further formative,
self-directed learning in ESD outside their
curriculum. Students identified a number of
reasons for this, highlighting a lack of time,
lack of resources, not knowing where to
find the correct resources and eco-anxiety.
Providing students with the guidance and
baseline knowledge of environmental
sustainability, with an emphasis on oral health
care provision, would empower students
to do further research on the topic without
feeling lost or overwhelmed. Interestingly
and despite their reticence or difficulties to
engage as undergraduate students, there was
overwhelming support (97.3%) for greater
engagement of the (qualified/practising) dental
profession in ESD. Despite the overall guarded
responses to the inclusion of sustainability
in the curricula, students overwhelmingly
(97.7%) accepted that such a move would
have a positive effect on the future impact
that dentistry as a profession has on the
environment.

These results highlight the importance of
creating clinical guidelines and protocols
in dental hospitals with environmental
sustainability in mind, as this would provide
students with first-hand experience in
providing more sustainable oral health
care while in education and as a practising
professional.

In terms of delivery modalities, a blend
of different formats was considered and
advocated, with representation from social
media, tutor-led discussions and professional
guest presentations/webinars. Social media is a
powerful tool that can be utilised to disseminate
awareness and information relating to ESD
in a manageable and effective manner. It has

the potential to make sustainability a more
achievable and understandable goal for
dental professionals. The FDI World Dental
Federation does this through the use of social
media (#SustainabilityinDentistry), alongside
promoting engagement in their sustainability
challenges, which helps to promote more
sustainable practice within dental practices.”!

Overall, the results from this study provide
a useful insight into current perspectives
from undergraduate BDS and DH&DT
students with regards to the topic of ESD
in their curricula. Students are concerned
about the impact of their (current and future)
professional activities on the environment. It
is very clear that in order to gain maximum
engagement from students, ESD should be
integrated into the curriculum. This would
increase enthusiasm and engagement, as the
inclusion of ESD within the undergraduate
curriculum is viewed in a positive light by all
students surveyed.

Conclusions

There is a clear recognition that ESD is not
consistently taught in the undergraduate
curriculum in dental schools across the
UK. All respondent students identified the
inclusion of ESD within the undergraduate
curriculum as a positive development. They
also identified that ESD should be included in
the student curricula in a seamless and fully
integrated manner and in a manner that it
does not create a further burden to learning
and teaching. Through education on the
environmental impact of dentistry, students,
as emerging oral health care professionals,
will be better informed to practise dentistry in
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a more environmentally sustainable manner,
for the benefit of their patients and the planet.
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Chapter Vil - Developing Subject-Specific Educational
Content for Environmental Sustainability in Dental

Education

Previous research has demonstrated that embedding environmental sustainability (ES) in
the undergraduate dental curriculum requires careful and strategic integration and
interweaving of the topic throughout the curriculum 13326327, The realisation that ES is
relevant to all disciplines of dentistry means that all academic staff need to consider ES
and its relevance to their teaching. However, it is clear that the overloaded curriculum, a
lack of educator expertise and practical guidance are significant barriers that complicate

this process 3.
The included peer-reviewed manuscript 3’

Dixon J, Field J, Gibson E, Martin N. Curriculum Content for Environmental

Sustainability in Dentistry. Journal of Dentistry. 2024 Apr 26;105021.

provides evidence-based and subject-specific content statements for oral health
professional (OHP) educators. The content statements have been mapped to all dental
curriculum subjects and allow educators of all disciplines to integrate evidence-based
content on ES in their teaching. The statements are concise and can be considered ‘key
messages’ for environmental sustainability in dentistry (ESD) and oral healthcare.
Supporting content is included to provide additional context and evidence-based

information for educators.

Candidate Contribution

The PhD candidate was the principal investigator for this research project and
conceptualised the design of the study, developed the research protocol, and provided the
most significant contributions to project implementation, data curation, analysis and

write up. The PhD candidate also led the extensive consultation process, which included
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leadership and communication with multiple stakeholders, including European
educational bodies, discipline experts and students. The PhD candidate also led the peer-

review process and manuscript proofing.
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Curriculum Content for Environmental Sustainability in

Dentistry
Introduction

Previous research within this project has demonstrated that dental schools and educators

still face numerous practical barriers to embedding ES within the curriculum including:

i.  Alack of spacein the existing curriculum to add new topics
ii.  Limitations in knowledge to teach and assess ES

iii.  No published guidance on how to embed ES in a practical sense

To overcome these, a pragmatic and evidence-based approach is needed. As ES should be
taught across all disciplines, developing content for educators that can be incorporated
into existing teaching and assessment events is potentially a viable strategy to overcome

these challenges.

Aims and Objectives

The aim of this study is to create high-level evidence-based and subject-specific ES
content through an approach grounded in collaboration with key stakeholders in dental

education.
The objectives are:

e To create, categorise and map evidence-based and subject-specific content
statements for ESD.
e Toundertake a stakeholder consultation to ensure that the content statements are

fit for purpose.

Methodology

The research evolved over five steps:
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Identification of core sources: an extensive literature search was completed to
ensure all relevant and recent literature was included. The search ran from August
2021 to January 2024 using the MEDLINE database, and 16 different search terms
were used.

Theme generation and organisation: themes were identified from the literature
search, which allowed for the appropriate organisation of mass amounts of content
before content statement development.

Content statement development: three researchers (PhD candidate, co-authors NM,
JF) wrote the content statements through an iterative process. The researchers
used their experiences in the field of ES and OHP education to create statements
with sound pedagogic principles.

Identification of curriculum subjects/disciplines and mapping the content
statements: an extensive list of curriculum subjects (19 in total) was created after
reviewing the European professional qualifications directive and the webpages of
national associations *¢. Two researchers (PhD candidate and co-author NM)
subsequently mapped the content statements to the relevant subject(s).
Disagreements were resolved through discussion with a third researcher (co-
author JF).

Consultation process: Three separate consultation processes were completed to
ensure the content statements, and the mapping process were valid. Students were
approached to ensure the content statements were clear and easy to understand.
Discipline experts were asked to validate the mapping process for their area of
expertise, and European educational experts were asked to comment on the

educational rationale of the overall methodology and the individual statements.

Results

The consultation processes received responses from nine students, 17 educators from 16

different curriculum subjects, and three European education experts. Forty-four content

statements were finalised after the consultation processes. The content statements were
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organised into 11 themes, ranging from raising awareness and behaviour change to
specific strategies that counteract individual environmental contributors, such as travel or
waste management. The mapping process demonstrated that numerous content
statements were relevant for all clinical disciplines and could potentially be taught
similarly, while some statements are more disparate and relate to individual curriculum

subjects.

Relevance

The evidence-based and subject-specific content statements presented in this study
should allow educators to embed ES within their teaching events. The content statements
serve as ‘key messages’ for ES. These may be included as additional slide(s) in existing
lectures and seminars, thus avoiding the need to add more teaching events for ES in an
already overloaded curriculum. The extensive search strategy and consultation processes
should give educators confidence that they are delivering evidence-based information to

their students.
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Objectives: (i) To identify suitable strategies and opportunities to embed Environmental Sustainability (ES) within
an existing Oral Health Professional (OHP) curriculum through a series of focus groups with students and aca-
demic staff and (ii) To create high-level evidence-based and subject-specific ES content through an approach
grounded in evidence and collaboration with key stakeholders in OHP education.

Methods: Focus groups were used to explore academic staff and student views on appropriate teaching and
assessment methods for ES. Content statements were developed from an extensive literature search, mapped to
curriculum subjects, and validated through consultation with students, discipline-experts and education-experts.
Results: Five themes were identified from the focus groups: ES transcends all disciplines of dentistry and oral
healthcare; baseline knowledge transmission with relevant practical application; viewing and modifying existing
teaching and assessment events through a different lens; normalising the topic of ES to support attitude and
behaviour change and safeguarding against misinformation and disinformation. Forty-four content statements
were developed and mapped to nineteen curriculum subjects.

Conclusions: This study identifies for the first time a comprehensive strategy for the inclusion and delivery of ES
(method and content) in the curriculum. A novel method to define and map curriculum content has been
explored and validated using a range of complementary methodologies. A comprehensive and robust list of
evidence-based and subject-specific educational content statements have been defined in the field of Environ-
mental Sustainability in dentistry and oral healthcare.

Clinical Significance: Oral healthcare has a significant environmental impact, the key to all mitigation strategies is
educating the profession at all levels.

Introduction

Oral health professional (OHP) curricula must be responsive to the
changing societal and educational landscape to ensure graduates can
meet the demands of the profession for the present and the future. As a
regular quality assurance measure, a curriculum should have in-built
sustainability achieved through a development process to allow appro-
priate periodic review of material content and delivery [1,2]. Curricula
typically develop over time in response to three principal drivers: new
developments in the discipline (dentistry and oral healthcare), changing
educational rationales and innovations and pressures from wider
stakeholders [3-8].

Environmental Sustainability (ES) and climate change are challenges
that transcend all sectors. The United Nations Brundtland Commission
defined Sustainability as: “Meeting the needs of the present without
compromising the ability of future generations to meet their own needs” [9].

The significant environmental impact of oral healthcare, particularly in
relation to carbon dioxide equivalent emissions, pollution and waste
generation has been highlighted and quantified in the literature
[10-12]. These impacts principally relate to staff commute, patient
travel, procurement, energy and water consumption and waste
generation.

Introducing Environmental Sustainability into Oral Health Professional
education

The need to embed ES within OHP education at all levels (under-
graduate, postgraduate, and continuing professional development) has
been established [13-16]. The Association for Dental Education in
Europe (ADEE) has been at the forefront of this drive with the ’Sus-
tainability in Dentistry’ Special Interest Group activities, that have been
reported in two published consensus reports [13,14]. These reports (i)
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identify the need to embed ES within the OHP curriculum and (ii)
recommend learning outcomes and methods of learning, teaching, and
assessment of ES. Similarly, the FDI World Dental Federation is actively
promoting ES through education in all settings with a wide range of
impactful resources and publications [16-19]. Staff and student support
for introduction of the topic into undergraduate education has been
demonstrated in multiple surveys [20-23].

An example of implementation at a national level is the General
Dental Council in the United Kingdom (UK). The regulator has adopted
some learning outcomes from the ADEE European consensus report in
the recent Safe Practitioner Framework publication [24]. This mandates
that ES is taught and assessed in UK dental schools from September 2025
and all graduates must demonstrate that they meet the learning out-
comes from 2030.

The challenges associated with introducing Environmental Sustainability

Higher Education Institutions across the world are cognisant of the
need to embed ES education across all their departments, including
dental schools. This task presents a number of real challenges in OHP
education, and it appears that many schools are not currently teaching
or assessing ES, as identified in a recent pan-European survey [25]. The
profession has sought to address this deficit with the publication of
guidance and recommendations that address the conceptual imple-
mentation challenges [13,14]. The ADEE consensus statements remain
the only guidance for educators who need support in embedding ES
within their local curriculum. The documents promote ES and establish
a need, as well as proposing learning outcomes to be taught and
assessed. Notwithstanding, several practical barriers remain to embed
and implement ES in the undergraduate dental curriculum [21,22,26],
that include:

o A perceived lack of knowledge to teach ES.

e Time constraints due to the overloaded nature of existing curricula.

e A lack of practical guidance and resources for educators and
students.

The aims of this research are two-fold:

o Identify suitable strategies and opportunities to embed ES within an
existing curriculum through a series of focus groups with OHP stu-
dents and academic staff.

e Create high-level evidence-based and subject-specific ES content
through an approach grounded in collaboration with key stake-
holders in OHP education.

The objectives to meet these aims are:

o To explore the opinions of academic staff and students on strategies
to teach and assess selected ES learning outcomes within under-
graduate OHP curricula.

e To create, categorise and map evidence-based and subject-specific
content statements.

e To undertake a stakeholder consultation to ensure that the content
statements are fit for purpose.

Materials and methods

The aims and objectives were achieved through two exploratory
investigations:

e Workstream 1: Explore the views of academic staff and students to
embedding Environmental Sustainability in the curriculum - A
qualitative approach

Journal of Dentistry 147 (2024) 105021

e Workstream 2: Develop and map content statements for Environ-
mental Sustainability to subjects within the dental curriculum - A
multi-stakeholder consultation

Explore the views of academic staff and students to embedding
Environmental Sustainability in the curriculum - A qualitative approach

This intervention received approval from the Dentistry Ethics Com-
mittee at the School of Clinical Dentistry, University of Sheffield
(application number 056582). Focus groups were used to achieve the
aims of this research.

Recruitment

Academic teaching staff (clinical and non-clinical) across all de-
partments of the authors’ academic institutions and students registered
on undergraduate clinical programmes (Bachelor’s Degree in Dentistry
Surgery and Diploma in Dental Hygiene and Dental Therapy) were
invited to participate in the study. The email invitation provided an
overview of the project, proposed focus group dates and a more detailed
participant information sheet. Interested participants were asked to
respond by email to confirm their interest and availability. Additional
recruitment measures were considered with provision to extend the
focus group study if data saturation was not accomplished. All partici-
pants gave consent and clarity was provided regarding withdrawal of
consent.

Structure of the intervention

Forty-five-minute focus group meetings were undertaken across
multiple days between December 2023 and January 2024. Participants
were grouped either as academic staff or students, no mixing amongst
cohorts was permitted. Focus group sizes were limited to four and five
participants. One experienced focus group facilitator (JD) chaired all the
sessions having completed the required training. The focus groups were
semi-structured, with a prepared script used to guide the facilitator to
ensure reproducibility across all interventions. The script was developed
from published research relating to curriculum development in OHP
education [14,27,28]. The discussion centred around three learning
outcomes taken from the ADEE learning outcomes publication, with
participants asked to propose methods to teach and assess or observe
each statement [14]. The three learning outcomes used were:

e Explain the importance of practising sustainable oral health care.

e Apply the scientific knowledge base in relation to the environmental
impacts of common treatment methods, and common approaches to
the delivery of care.

e Develop effective patient-specific strategies for preventive oral
health, reducing the need for recall, operative intervention, and
material use.

Data collection

The focus group discussion content was transcribed live by a trained
researcher (EG) using Google Docs (https://www.google.co.
uk/docs/about/#overview). Each focus group discussion was also
audio-recorded and used to supplement the transcriptions where
appropriate. The interactive presentation platform ‘Woo Clap’ (https
://www.wooclap.com/) was used to gather independent thoughts that
served as points of discussion for all attendees. During the discussions,
participants were given codes that conferred anonymity and enabled
effective matching and collation of statements.

Data analysis

Independent responses to the questions and the written transcrip-
tions were analysed by two independent and trained assessors (JD, EG)
using thematic analysis as described by Braun and Clarke [29]. The
preliminary steps were completed independently and included data
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familiarisation, coding, and theme development. The two assessors then
met to reach consensus through discussion and if needed, re-evaluation
of the transcripts. In this analytical approach, themes are created ac-
cording to perceived relevance to the research question and not neces-
sarily the prevalence of topics. Data saturation was determined when no
new themes were identified in the transcripts.

Develop and map content for Enviro

[ Sustainability to
subjects within the dental curriculum - A multi i

7

keholder cc on

Prior to development, the conceptual basis of this project was shared
with academic staff and students to identify any early issues with
feasibility and acceptability. The development and refinement of con-
tent statements followed five steps.

Identification of core sources

The evidence base for ES in oral healthcare was gathered through an
extensive literature search that ran continuously from August 2021 to
January 2024 to ensure all contemporaneous literature (English lan-
guage) was included in the research. The search strategy was dynamic
and evolved depending on the area of interest. The MEDLINE database
was used to identify relevant sources and MeSH keywords were used.
The core search terms used were:

[Title]: sustain* AND dent*

[Title]: sustain* AND oral

[Title]: environ* AND dent*

[Title]: environ* AND oral

[Title]: eco* AND dent*

[Title]: eco* AND oral

[Title]: green AND dent*

[Title]: green AND oral

[Title/Abstract]: climate AND dent*
[Title/Abstract]: climate AND oral
[Title/Abstract]: life cycle AND dent*
[Title/Abstract]: life cycle AND oral
[Title/Abstract]: planet* AND dent*
[Title/Abstract]: planet* AND oral
[Title/Abstract]: waste AND environ* AND dent*
[Title/Abstract]: waste AND environ* AND oral

There were no date limitations to the search strategy and all pub-
lished articles that were relevant to the subject area were included.

Theme generation and organisation

Themes relevant to ES in oral healthcare were identified from the
literature search. This process allowed the researchers to organise the
subject area prior to writing the evidence-based statements.

Content statement development

The content statements were written and refined by three researchers
(JD, NM, JF) who were led by the evidence base, and the themes
generated from the previous steps. The researchers used their expert
opinion in relation to ES and curriculum development to devise the
statements with a pedagogic structure. This was an iterative process
whereby researchers developed and refined multiple drafts through
discussion until consensus was reached.

Identification of curriculum subjects/disciplines and mapping the content
statements

A list of curriculum subjects was developed from the EU directive
2005/36/EC and national specialty bodies [30]; these were: Basic Sci-
ences, Cariology, Periodontology, Endodontology, Paediatric Dentistry,
Preventive Dentistry, Conservative Dentistry, Prosthetic Dentistry, Or-
thodontics, Oral and Maxillofacial Surgery, Oral Medicine and Pathol-
ogy, Oral and Maxillofacial Radiology and Imaging, Oral Implantology,
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Special Care Dentistry, Dental Public Health and Community Dentistry,
Dental Biomaterials, Dental Technology, Ethics, Professionalism, Infor-
mation Literacy, Social Accountability and Behavioural Sciences, Dental
Practice Management.

Each content statement was mapped to the relevant curriculum
subjects by two independent researchers (JD, NM) through multiple
rounds of discussion. Any disagreements were resolved through
consultation with an additional researcher (JF).

Consultation process

To ensure the evidence-based and subject-specific statements were
fit for purpose across relevant stakeholders in OHP education, three
separate consultation processes were undertaken a with three different
cohorts: students, discipline-experts, and education-experts.

The student consultation process was developed to review the clarity
of language and ease-of understanding of the content statements. Clin-
ical students from two dental schools in the UK were invited to
comment. A Google Forms (https://docs.google.com/forms) survey link
was created that included all content statements and a dichotomous
answer of ‘clear’ and ‘not clear’ for each statement. All questions were
mandatory with a further free-text option to comment on the ‘not clear’
responses.

The discipline-expert consultation process aimed to validate the
mapping of content statements carried out by the researchers previ-
ously. Discipline experts from participating dental schools in the UK
were invited to contribute to this process. Academics who teach these
disciplines were invited to comment on the statements that were map-
ped to their area of expertise.

The final consultation process was disseminated through ADEE with
the aim of acquiring the views of educationalists from across Europe. A
consultation page was created on the ADEE website whereby the content
statements and subject mapping were presented. Respondents were
asked to provide their comments via a free-text box. The consultation
process was shared in ADEE’s monthly newsletter and via social media.

Comments from all three consultation processes were used to refine
the content statements to ensure clarity of language and educational
validity.

Results

Explore the views of academic staff and students to embedding
Environmental Sustainability in the curriculum - A qualitative approach

A total of forty participants attended the focus groups, with a split of
twenty-two academic staff and eighteen students from 8th December
2023 to 19th January 2024. Academic staff participants included aca-
demics from nine different curriculum subjects and ranged from clinical
teachers (part-time clinicians) to professors. Students from both the
undergraduate dental surgery and dental hygiene and dental therapy
clinical programmes participated in the research, ranging from first year
to final year students. Data saturation was reached in the sixth focus
group and after twenty-eight participants, obviating the need to extend
the study beyond the planned interventions. All planned and scheduled
focus groups were conducted, even after data saturation had been ach-
ieved in order to ensure inclusivity of all views.

Thematic analysis of the transcriptions from the focus groups resul-
ted in the generation of five themes. The themes and supporting quotes
are presented in Table 1.

Develop and map content for Envir l bility to
subjects within the dental curriculum - A multi-stakeholder consultation

The literature search generated eleven themes which were princi-
pally derived from previous carbon modelling and scoping reviews on ES
in oral healthcare [10,11,15,31]. These were: Raise Awareness, Behav-
iour Change, Reduce, Reuse, Recycle, Rethink, Good Quality Oral
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Table 1
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Themes identified through thematic analysis and supporting quote(s) from the focus group sessions.

Theme

Supporting Quote(s)

Normalising the topic of Environmental Sustainability to support
attitude and behaviour change.

“It should be mentioned in most lectures, so students automatically think about Environmental Sustainability.”
“It must be seen as a normal part of their practice on a daily basis and not a separate thing.”

Baseline knowledge transmission with relevant practical
application.

“It should be reinforced practically, and I think it should be embedded as you go through your course, not just a lecture on
Environmental Sustainability and you are expected to know it.”

Viewing and modifying existing teaching and assessment events
through a different lens.
Sustainability. "

“It is a lens issue, we need to change our language.”
“It could be something as simple as modifying the patient management marking scheme to include Environmental

Environmental Sustainability transcends all disciplines of
dentistry and oral healthcare.

“Students need to see the importance of Environmental Sustainability in every area of dentistry. Every educator needs to
be thinking about Sustainability in their teaching.”

Safeguarding against misinformation and disinformation.
disinformation.”

“It is important that students know about life-cycle assessments (LCA’s) to provide evidence-based facts and avoid

Healthcare, Knowledge Exchange and Research, Policy and Regulations,
Environmental Impact — Travel, Environmental Impact — Procurement,
Environmental Impact - Energy and Water Consumption, Environmental
Impact - Waste Management, Dental Materials.

Fifty-one content statements were developed prior to the consulta-
tion processes. The student consultation process received nine re-
sponses. Thirty-nine statements were rated as ‘clear’ by all students,
whilst twelve statements were rated as ‘not clear’ by at least one student.
Seventeen educators across sixteen of the curriculum subjects responded
to the “discipline-expert’ consultation process. Three educators
responded to the ADEE consultation and provided some comments on
language and mapping. Amendments were made considering all re-
sponses and forty-four content statements were finalised.

The content statements are presented in two tables. Table 2 presents
the content statements with supporting content and the associated evi-
dence base. Table 3 demonstrates the mapping process with the content
statements linked to the applicable curriculum subjects. It was identified
during the mapping exercise that some statements were applicable to all
clinical subjects in the OHP curriculum, whilst others were linked to
fewer subjects. To aid reading, all statements that have been mapped to
clinical subjects have a purple tag, whilst statements linked to a small
number of subjects have an amber tag. The clinical subjects within this
group are: Cariology, Periodontology, Endodontology, Paediatric
Dentistry, Preventive Dentistry, Conservative Dentistry, Prosthetic
Dentistry, Orthodontics, Oral and Maxillofacial Surgery, Oral Medicine
and Pathology, Oral and Maxillofacial Radiology and Imaging, Oral
Implantology, Special Care Dentistry, Dental Public Health and Com-
munity Dentistry.

Discussion

This research explores strategies for embedding ES within an existing
OHP curricula and the content that should be included - The ‘how to do
it’ and ‘what to include’. The output provides a complementary addition
to previous reports that establish a need to embed ES in curricula and
detail specific learning outcomes [13,14]. The approaches used are
grounded in the evidence-base and collaboration with key stakeholders
within OHP education. Key themes have been developed from academic
staff and student focus groups and evidence-based statements have been
mapped to all curriculum subjects. These findings apply to OHP edu-
cation at all levels, across all professions and extend from junior students
to professional development of qualified clinicians. It is envisaged that
the strategies, the evidence-based subject-specific statements and the
supporting examples are to be applied directly as appropriate within
local contexts.

Normalising the topic of Environmental Sustainability to support attitude
and behaviour change

Academic staff and students perceived the topic of ES to be mostly
unexplored within the curriculum, with limited discussion of the topic in
their previous educational experiences. A key step outlined by the two
cohorts was to discuss ES frequently and to ‘normalise’ the topic as a key
part of OHP education. This is also a key strategy outlined in the liter-
ature [34,61]. A change of mindsets is required (namely attitudes and
behaviours) by all stakeholders to reinforce this key topic in all aspects
of education. Students felt that there is a particular need for role models
to demonstrate positive environmental attitudes and behaviours within
the constraints of current clinical practice.

Environmental Sustainability transcends all disciplines of dentistry and
oral healthcare

This research identified that climate change and ES are concerns that
must be embedded across all subjects and disciplines of dentistry and
oral healthcare. Previous guidelines have supported a move away from
standalone ES courses delivered at a specific point in the curriculum,
although it is not clear if this is a common approach [13,14,25].
Standalone ES courses do not typically extend across all curriculum
subjects, do not reinforce longitudinal learning and may be more diffi-
cult to embed within an existing curriculum as it requires the creation of
a new programme of study. Longitudinal interweaving of ES with hor-
izontal and vertical integration allows for incremental learning of this
challenging construct with increasing levels of sophistication and
complexity and adequate coverage of all curriculum subjects [87-90].
Delivering ES education that is packaged and explored across multiple
learning events and disciplines presents some important advantages.
Firstly, the core learning concept will be captured and better understood
if delivered in the actual context of the discipline (e.g. N2O inhalation
sedation in Paediatric Dentistry and the environmental impacts associ-
ated with this). The cumulative cognitive load will also be reduced,
which may improve knowledge retention and facilitate reflection in
action [28,91,92]. Whilst not specifically termed as ‘cognitive load’,
students who participated in the focus groups raised concerns regarding
additional content in an already demanding curriculum and suggested
that new ES content is delivered as part of other topics. In addition to the
educational benefits, it is likely this approach will reduce curriculum
burden through incorporation of ES within existing educational events.

Baseline knowledge tr

with relevant practical application

Academic staff and students were aligned in their opinions with
regards to the need for early didactic and theoretical learning of the core
issues relating to climate change, the environmental impact of oral
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Table 3
Content statements and curriculum subject mapping results.
Code ‘ Content Subject A
Raise Awareness
The delivery of oral is currently envil Ethics, Professionalism, Information Literacy, Social
unsustainable. We need to take responsibility as a profession to Accountability and Behavioural Sciences

mitigate these impacts.
The environmental impacts of oral healthcare cannot be eliminated | Ethics, Professionalism, Information Literacy, Social

but they can be miti Accountability and Behavioural Sciences
V.3 The provision of professionally delivered oral health: results in ALL clinical subjects

significant environmental impacts from: (j) Staff commute and
patient travel; (il) the product supply chain and management of
waste from the dental practice.

LUBN Personal oral hygiene regimes have inevitable ‘baseline’ ALL clinical subjects
environmental impacts. These impacts arise from the product supply | Less relevant to: Endodontology, Oral and Maxillofacial
chain and disposal of oral hygiene products and devices. Radiology

.-B It is imperative to promote and maintain good oral health through ALL clinical subjects
the prevention of oral diseases. An effective preventive regime Less relevant to: Oral and Maxillofacial Radiology

carries an environmental burden that is much smaller than a disease-
driven interventive treatment approach.

GBI There is a need to influence and educate the profession and the ALL clinical subjects and Ethics, Professionalism, Information
public on gies to mitigate envi impacts of oral Literacy, Social Accountability and Behavioural Sciences
healthcare.

YA The single most effective strategy to improve envi ALL clinical subjects

sustainability in oral healthcare is through disease prevention. This
will result in less travel, less use of resources and less waste

generation.

Behaviour Change
Environmental sustainability requires a culture change across the Dental Public Health & Community Dentistry, Ethics,
profession and supply chain. Professionalism, Information Literacy, Social Accountability

and Behavioural Sciences, Dental Practice Management
;728 Communicating effective and evidence-based prevention will benefit | ALL clinical subjects and Ethics, Professionalism, Information

patients’ oral health and mitigate i impacts, Literacy, Social Accountability and Behavioural Sciences
The formulation of action plans and policies will result in more Dental Practice Management
i ble practice.
;23 Avoid waste: high-quality and efficient patient care will mitigate ALL clinical subjects and Dental Technology, Ethics,
environmental impacts. Professionalism, Information Literacy, Social Accountability

and Behavioural Sciences, Dental Practice Management
4 Rs — Redluce, Reuse, Recycle, Rethink

(/B Delivering a prevention-focused, patient-centred high quality oral ALL clinical subjects
health care service will reduce treatment need and the resultant
impact.
("M Consider using reusable options where appropriate. ALL clinical subjects and Basic Sciences, Dental Technology,

Dental Practice Management

A shift from a wasteful linear economy to a more sustainable circular | Basic Sciences, Dental Practice Management
in oral health: is possible by seeking and

implementing recycling opportunities.

Rethink - how can you optimise existing systems and processes to be | Ethics, Professionalism, Information Literacy, Social

more environmentally sustainable? Accountability and Behavioural Sciences, Dental Practice

Management

Good Quality Oral Healthcare

DI Good oral healthcare is good for the patient, good for the profession | ALL clinical subjects and Ethics, Professionalism, Information
and good for the environment. Literacy, Social Accountability and Behavioural Sciences

PZI A reduction in the need for professional-led interventions is achieved | ALL clinical subjects
through disease prevention. This is the single most environmentally | Less relevant to: Oral and Maxillofacial Radiology
sustainable measure.

DERN High quality operative care reduces repair, replacement and waste. ALL clinical subjects and Dental Technology

DZEN Integrated healthcare services with patients as co- of their | ALL clinical subjects and Dental Technology
care mitigates envil | impacts.
"3 There is a need to take ownership of the care that you provide ALL clinical subjects and Dental Technology, Ethics,
through lifelong learning to deliver high quality clinical outcomes. Professionalism, Information Literacy, Social Accountability
Evidence-based procedures provide environmentally sustainable and Behavioural Sciences, Dental Practice Management
care.
(continued on next page)
10
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Table 3 (continued)
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Kno)

Developing a research curiosity will increase your levels of
knowledge and awareness and may help to mitigate the
il impacts of oral healthcare.

Exchange - Research

Basic Sciences, Professionalism, Information Literacy, Social
Accountability and Behavioural Sciences

Evidence-based dentistry must consider the triple bottom line of
clinical cost eff and envi

ALL clinical subjects and Ethics, Professionalism, Information
Literacy, Social Accountability and Behavioural Sciences

It is important to guard against misinformation and disinformation
that may influence the objectivity of your decision-making.

Basic Sciences, Professionalism, Information Literacy, Social
Accountability and Behavioural Sciences

Policy and
Active with policies and in ALL clinical subjects and Dental Biomaterials, Dental
oral healthcare will mitigate your environmental impact. Technology, Ethics, Professionalism, Information Literacy,
Social Accountability and Behavioural Sciences, Dental
Practice N
Active and collak with poli kers will lead to | Dental Public Health and Community Dentistry,
the of more oral Professionalism, Information Literacy, Social Accountability
healthcare policies. and Behavioural Sciences, Dental Practice Management
Impact - Travel
Adopting more sustainable travel options will mitigate your Core Environmental Sustainability learning and teaching
environmental impact. events, extra-curricular culture change.
Planning patient care to reduce the number of appointments will Dental Practice Management
mitigate the impact of the care you provide.
Facilitating care delivery in multi-professional health centres will ALL clinical subjects and Dental Practice Management
mitigate the | impact of the care you provide.
Optimising dental practice administration will mitigate the Dental Practice Management
i | impact of the care you provide.
i Impact -

Procured goods have an inherent environmental impact that arises
from the supply chain. This is additional to clinical or consumer use
and includes: sourcing of raw materials - manufacturing - packaging
istril i - waste

Core Environmental Sustainability learning and teaching
events, extra-curricular culture change.

and across the supply chain will
support environmentally sustainable practices.

Basic Sciences, Dental Public Health and Community
Dentistry, Professionalism, Information Literacy, Social
Accountability and Behavioural Sciences, Dental Practice
Management

Selecting fit for purpose dental materials, clinical items (PPE and
products) and equipment will mitigate the environmental impacts of
the care you provide.

ALL clinical subjects and Dental Biomaterials, Dental
Technology, Dental Practice Management

Impact — Energy and Water Cc
Reducing energy and water consumption at all levels of oral ALL clinical subjects and Basic Sciences, Dental Biomaterials,
health. is key to the envil impacts of oral Dental Technology, Dental Practice Management
healthcare.
The use of energy from renewable sources will mitigate your Dental Practice Management
i | impacts.
Impact - Waste
Dx and i alocal i Basic Sciences, Dental Practice Management
waste plan will mitigate your impacts.
and challenging all stakeholders will result in more Basic Sciences, Dental Public Health and Community

waste disposal p

Dentistry, Dental Practice Management

Reducing medicinal waste through evidence-based prescribing will
mitigate the environmental impacts of the care you provide.

ALL clinical subjects and Basic Sciences (specifically
Microbiology and Pharmacology)

ALL clinical subjects and Basic Sciences, Dental Biomaterials,

Reducing and recycling plastic waste will mitigate the
impacts of the care you provide.

Dental Technology, Dental Practice Management

Dental Materials

Managing amalgam waste through safe practices will mitigate the
environmental impacts of the care you provide.

Cariology, Conservative Dentistry, Prosthetic Dentistry,
Special Care Dentistry, Dental Public Health and Community
Dentistry, Dental Biomaterials, Dental Practice Management

Reducing the use of nitrous oxide will mitigate the

ALL clinical subjects

impacts of the care you provide.

Less relevant to: Orthodontics, Oral and Maxillofacial
Radiology

Reducing gypsum use for dental casts will mitigate the
environmental impacts of the care you provide.

ALL clinical subjects and Dental Technology
Less relevant to: Endodontology, Preventive Dentistry, Oral
Medicine and Pathology, Oral and Maxillofacial Radiolog

:
:

Recovering and recycling dental materials, clinical items (PPE and
products) and equipment will mitigate the environmental impacts of
the care you provide.

ALL clinical subjects and Dental Technology, Dental Practice
Management

Using digital radit will mitigate the impacts of | Oral and Makxillofacial Radiology and Imaging, Oral Medicine
the care you provide. and Pathology, Dental Practice Management

Using infe procedures will Dental Practice Management

mitigate the | impacts of the care you provide.
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healthcare and the need to overcome existing barriers and strategies to
achieve environmentally sustainable change. It was widely acknowl-
edged that students come from diverse backgrounds and current pre-
university education does not provide a standardised approach to
environmental science. The delivery of ‘baseline’ didactic teaching
through lectures or other feasible methods is valuable to achieve
standardised learning prior to further subject (ES) exploration across the
multiple disciplines within the OHP curriculum. The FDI World Dental
Federation has recently published a Massive Open Online Course
(MOOC) to help professionals and students to understand the impor-
tance of sustainable practices and their own role in championing envi-
ronmental sustainability within oral healthcare [17]. The importance of
relevant practical application of theoretical learning was discussed
amongst both cohorts and this aligns with the need for both conceptual
and experiential knowledge [93]. A disparity between these two
knowledge systems results in a ‘theory-practice’ gap and a lack of
practical emphasis may lead to a perception that ES is not importance or
actionable [94].

Viewing and modifying existing teaching and assessment events through a
different lens

It is extremely positive that academic staff and students identified
multiple opportunities to modify existing teaching and assessments
events by adapting the lens in which we view OHP education. Both
cohorts raised suggestions regarding modifying existing teaching con-
tent, learning resources, clinical systems, and assessment rubrics. These
relatively simple changes will convey several important benefits:
normalise ES, incorporate ES across the full length of the curriculum and
incorporate ES within assessments. Specific ideas include incorporating
ES into current lectures, adapting clinical forms and awarding marks for
ES in clinical and written assessments.

Safeguarding against misinformation and disinformation

Climate change and ES are emotive topics and academic staff and
students must be conscious of the risk of eco-anxiety and the need to
provide appropriate student support measures [95]. Such measures may
include an open discussion staff-student forum where issues can be
voiced and addressed in an objective, balanced and informed manner.
Misinformation and disinformation can exacerbate levels of eco-anxiety,
which must be avoided. Environmental sustainability is a pragmatic
approach to the mitigation of environmental impacts that is grounded in
an evidence-based approach. Awareness of emerging environmental
research methods including life-cycle assessment (LCA) is essential.

ES is sometimes erroneously linked to other polarised attitudes and
behaviours that can serve as strong detractors and demotivators to
employing more sustainable oral healthcare. As professionals and

Table 4
Examples of the use of evidence-based statements in a variety of teaching topics.
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educators, we should guard against and protect others from, these
disinformation messages. A careful use of resources and approaches that
are grounded in sound science must be employed across all levels of OHP
education.

Using the evidence-based and subject-specific content statements

The content statements proposed in this paper have been developed
from an extensive evidence base and have been mapped across nineteen
curriculum subjects throughout the length of the OHP curriculum. It is
unusual for educational content to be developed as a direct aim of a
research investigation. Educators usually develop content that is
informed by current and robust research in the field that is combined
with their own expertise and experiences. However, a significant barrier
to embedding ES in OHP and wider healthcare curricula is educator
unfamiliarity with the topic and a lack of practical guidance [21,22,
96-99]. It is envisaged that this research will help to overcome this
barrier by providing educators with evidence-based subject-specific
statements that can be incorporated directly into their teaching — across
any discipline.

The statements may be taken directly or modified according to the
educator’s expertise and the curriculum event it will be incorporated
into. Additionally, the statements may be used in isolation, or if edu-
cators feel more detail is needed, the additional content column in
Table 2 may be used to provide further information and examples.
Table 4 presents examples of how the statements can be used in different
areas of teaching. These statements could be included to augment
existing teaching, perhaps through an additional slide to a lecture, or
incorporated into clinical learning material.

The consultation process with discipline experts established that
some statements can be further adapted to the curriculum subject. The
aim of this research is to provide statements that serve as a baseline
message grounded in scientific evidence. Further modification by
discipline experts is expected as educators become more comfortable in
embedding ES in their teaching. An example of some statements being
tailored to individual disciplines can be found in Table 5.

The ES content and messages identified in this work are designed to
be clear and succinct. Notwithstanding, we recognise that their appli-
cation to complex clinical management scenarios may be less clear and
require a patient-centred critical decision-making process. In these
cases, ES gains for different clinical management approaches must be
carefully weighed up against each other and against the care needs for
the patient. In any event, it is important to establish the educational
principle that the default baseline setting for the management of a
condition is always set by any robust evidence-based guidance or rec-
ommendations that are accepted by a recognised professional body. An
example of this scenario is the clinical management of pericoronitis. The
recurrent nature of the condition may require multiple patient visits that

Teaching Topics id based Content

s) to be incorporated

Prevention of Oral Cancer

It is imperative to promote and maintain good oral health through the prevention of caries, periodontal disease, pulpal disease and oral cancers.

An effective preventive regime carries an environmental burden, but this is much smaller than a disease-driven interventive treatment approach.
We can mitigate the environmental impact of oral healthcare through effective preventive strategies.

Operative Management of Dental

High quality operative care reduces repair, replacement and waste.

Caries Using fit for purpose dental materials and following evidence-based procedures will help to provide environmentally sustainable care and long-
lasting clinical outcomes.
Antimi i i duci dicinal waste through evidence-based prescribing will mitigate the environmental impacts of the care you provide.

Active engagement with environmental policies and regulations in oral healthcare will mitigate your environmental impact.

Sedation in Paediatric Dentistry

The single most effective strategy to improve environmental sustainability in oral healthcare is through disease prevention. This will result in less
travel, less use of resources and less waste generation.

Reducing the use of nitrous oxide will mitigate the environmental impacts of the care you provide.

Digital Radiography

Using digital radiography will mitigate the environmental impacts of the care you provide.
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Table 5
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Examples of further modifications to content statements when mapped to individual curriculum subjects.

Original Statement Subject

Modified Statement

It is imperative to promote and maintain good oral health through the

Oral Medicine and

It is imperative to promote and maintain good oral health through the

prevention of caries, periodontal disease, pulpal disease and oral cancers. ~ Pathology prevention of oral cancers. An effective preventive regime carries an
An effective preventive regime carries an environmental burden, but this environmental burden, but this is much smaller than a disease-driven
is much smaller than a disease-driven interventive treatment approach. interventive treatment approach such as tumour resection. We can
‘We can mitigate the environmental impact of oral healthcare through mitigate the environmental impact of oral healthcare through effective
effective preventive strategies. preventive strategies and early identification and referral.
Selecting evidence-based fit-for-purpose materials, instruments, Dental ial Selecting evidence-based fit-for-purpose dental materials will mitigate the

and sundries will mitigate the environmental impacts of the care you
provide.

environmental impacts of the care you provide.

The single most effective strategy to improve environmental sustainability
in oral healthcare is to focus on disease prevention. This will result in less
travel, resource use and waste generation.

Paediatric Dentistry

The single most effective strategy to improve environmental sustainability
in oral healthcare is to focus on disease prevention. This will reduce a
lifetime of oral disease burden and will result in less travel, resource use
and waste generation.

Aligned and integrated healthcare services with patient co-management of

care mitigates environmental impacts. and C

Dental Public Health

Aligned and integrated oral healthcare services, including its
issi contracting, and monitoring, should consider their

Dentistry

environmental impact.

have to be balanced against the carbon footprint of its management.
Clinicians should follow the accepted professional specialty guidelines
[100,101]. Conservative management may include multiple patient
visits to care centres, multiple treatment episodes and ongoing specific
home care and maintenance regimes with more cleaning, irrigation, and
chlorhexidine mouthwash. Additionally, multiple prescriptions of anti-
biotics may be required. Conversely, a surgical management will require
local anaesthesia and potentially sedation or general anaesthesia. Each
of these two approaches has its own environmental impacts from the
surgical care, equipment, sterilisation, single use plastics and waste.

These investigations have achieved the aims of identifying suitable
strategies to embed ES within an existing curriculum and creating
evidence-based and subject-specific ES content. The focus groups
included a significant number of academic staff and students and the
consultation process for the evidence-based statements included views
from three key stakeholders of OHP education. A potential limitation of
this study is the acceptance of probable selection bias of participants
within the focus groups and the consultation process. That is, despite a
participant selection process that actively encouraged inclusivity and
diversity of opinions; it is likely that study participants self-selected by
virtue of their inherent interest in the subject. This is not necessarily
considered to be a drawback in this study as the participant’s interest
(and bias) towards the subject enabled the acquisition of a compre-
hensive range of strategies and content statements for the inclusion of ES
in the curriculum. Additionally, whilst the authors acknowledge that the
use of flow chart is useful to present the findings of the literature
searches, this was not possible due to the extensive date range of the
literature search that spanned several years.

There is an acknowledgement of wide health inequalities across the
world, both within countries and across borders. For the oral healthcare
profession, this presents a real challenge with a need to balance pre-
ventive oral healthcare with sustainability goals [16]. Moreover, the
evidence that supports our current understanding of the perceived
educational challenges and the proposed solutions, arise from a rela-
tively small number of higher education institutions [21-23]. It is
important therefore, that the strategic educational approaches and
content that are promoted in this document are considered in the cul-
tural and socio-economic contextual framework of the region in which
they are to be implemented.

Conclusions

There is an urgent need to include Environmental Sustainability in
the education of Oral Health Professionals at all stages, from early un-
dergraduate to postgraduate continuing professional development. This
study identifies for the first time a comprehensive strategy for the

13

inclusion and delivery of Environmental Sustainability (method and
content) in the curriculum. A novel method to define and map curric-
ulum content has been explored and validated using a range of com-
plementary methodologies. A comprehensive and robust list of
evidence-based and subject-specific educational content statements
have been defined in the field of Environmental Sustainability in
dentistry and oral healthcare. These statements have been mapped to all
curriculum subjects and it is envisaged that these can be adopted and
integrated by educators into the existing curriculum, without the need to
disrupt the core syllabus and course structure.

Research data

The data from the focus groups that supports this research publica-
tion has been shared. This data can be freely downloaded from the
University of Sheffield Research Data Repository at https://orda.shef.ac.
uk/articles/dataset/_b_Curriculum_Content_for_Environmental_Sustain
ability_in Dentistry_b_/25342006, under the terms of the Creative
Commons Attribution (CC BY-NC 4.0) licence.
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Chapter Vil - Implementing and Evaluating the Impact
of a Range of Learning and Teaching Interventions for
Environmental Sustainability in the Undergraduate

Dental Curriculum

Introduction

Climate change is a critical global challenge that affects all societies and sectors, including
Dentistry %, The provision of oral healthcare has a significant environmental footprint
1011202 The biggest contributors to the environmental impact of oral healthcare are patient
and staff travel, procurement and energy use *°. A transition to more environmentally
sustainable oral healthcare will be challenging, and the profession faces numerous
barriers, including a lack of professional awareness and a high dependence on single-use
plastics ™. These challenges must be directly confronted in order to meet the ambitious

goals set by governments and other stakeholders %188:194-1%6

Environmental sustainability in dentistry (ESD) has been defined as: “strategic, holistic and
long-term approaches committed to minimising the environmental impact of activities
relating to oral healthcare and Oral Health Professional education” . Providing education
related to ESD at all levels has been highlighted as a critical approach to making the
profession more environmentally sustainable ¢, and previous research suggests that,
students, staff, regulators and professional organisations agree and support the need to

incorporate environmental sustainability (ES) into undergraduate dental education

13,251,270,273,274,323,326-328,328

Undergraduate dental and oral health professional (OHP) curricula serve as a framework
to outline the cumulative learning that must be achieved across the length of programmes
to develop high-quality professionals. Dental curricula are complex and are usually

informed by standards produced by national regulators, with the General Dental Council
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acting for the United Kingdom %592, Whilst curricula must meet the regulatory
requirements within each country, they must also remain fit for the purpose in the context
of a changing profession and society and meet the needs of the local population. ES is an
example of an emerging topic that must be incorporated into OHP education, with
national and regional bodies proposing learning outcomes across Europe 2%, In this
context, the curriculum must be flexible to incorporate ES without deviating from the core

aim - to produce high-quality OHPs.

There are limited published models or examples of how the dental curriculum develops to
include emerging topics. Whilst subjects such as ethics and professionalism, which require
a demonstration of attitudes, values and behaviours, have been incorporated into dental
curricula over the past twenty years, there is no guidance on how this was achieved
105,162,164,330 Additionally, it is unclear if providing such education has resulted in
demonstrable attitude and behaviour changes. Existing models of curriculum
development can be considered outdated and mainly refer to fundamental changes in
curriculum philosophy >#1819, As such, a structured and pragmatic approach is needed that
considers the current context of dental and OHP education and enables existing curricula

to develop with minimal disruption.

Numerous barriers to embedding ES in the curriculum have been reported, including a
lack of curriculum space and resources to guide educators »'323324 Recent research by
Dixon et al. 3**3*%" provides key strategies to embed ES within an existing curriculum. This
establishes the need for learners to acquire a baseline ‘bolus’ of knowledge in the early
years of programmes and emphasises the importance of practical reinforcement of ES
topics. This research also demonstrated that there may be numerous opportunities within
the existing curriculum to augment teaching and assessment methods to include ES. This
approach avoids developing extensive new teaching and assessment strategies for ES and

overcomes the challenge associated with an overloaded curriculum.

Additionally, it is acknowledged that many educators feel they lack the expertise and

knowledge to teach ES 1323324 However, for ES to be considered a core part of
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professional practice, the environmental aspects of dentistry must be taught alongside all
clinical disciplines. Additional work by Dixon et al. **" produced evidence-based and
discipline-specific content statements for ESD. These serve as concise statements that can
be incorporated into existing teaching events, perhaps as single or multiple slides in a
lecture. These statements provide educators with evidence-based messages on ESD and
should mitigate concerns regarding misinformation and a lack of knowledge. Whilst the
content and strategies outlined are promising, these approaches need to be tested in a
real-life context to determine whether they are effective at increasing attitudes, knowledge

and awareness of ESD.

Aims and Objectives
Aim

To evaluate the effectiveness of an educational strategy that includes a range of learning
and teaching events to embed environmental sustainability across the length of the

undergraduate dental and oral health professional curriculum.

Objectives

e To assess baseline awareness, knowledge and attitudes toward environmental

sustainability in dentistry among oral health professional students.

e Todeliver a range of learning and teaching events for environmental sustainability

in dentistry across the length of the undergraduate dental and OHP curriculum.

e To assess the impact of these learning and teaching events on oral health
professional students’ awareness, knowledge and attitudes toward environmental

sustainability in dentistry.

252



Methodology
Study Setting

This study was conducted at the School of Clinical Dentistry, University of Sheffield. Ethical
approval was granted by the Research Ethics Committee at the School of Clinical Dentistry,
University of Sheffield (application number 061008). All proposed learning and teaching
events were conducted within the formally delivered curriculum for the Bachelor of Dental
Surgery (BDS) and Diploma in Dental Hygiene and Therapy (DH&DT) programmes. To
evaluate the impact of the learning and teaching interventions, pre- and post-intervention

assessments of students’ awareness, attitudes and knowledge of ESD were measured

using an online survey software, Qualtrics (https://www.qualtrics.com).
Eligibility Criteria

All students enrolled on the BDS programme and 1% year of the DH&DT programme were
invited to participate in the study. Inclusion criteria for interested participants were: (i) be
enrolled on the undergraduate dentistry (BDS) or diploma in dental hygiene and dental
therapy (DH&DT) programme at the University of Sheffield and (ii) be able to attend or
access all planned teaching sessions for Environmental Sustainability within their year of

study.

Interventions

Four learning and teaching methods were termed ‘interventions’ in the context of the
present research. These interventions were delivered to BDS and DH&DT students as part
of the formal curriculum from September to November 2024. All interventions were
developed using an evidence-based and research-centred approach, and all strategies and

content have been published in peer-reviewed journals 32**?¢32", The interventions were:

e Intervention 1 - Massive Open Online Course (MOOC) - Sustainability in

Dentistry: An online course developed by the Sustainability in Dentistry task team
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of the FDI World Dental Federation . This is an open-access resource, and the
learning time is approximately three hours.

¢ Intervention 2 - Standalone lecture for ‘Environmental Sustainability in
Dentistry’: A one-hour in-person lecture that aims to describe the environmental
impacts of oral healthcare and outline key strategies to mitigate these.

¢ Intervention 3 - Teaching events with embedded ES content statements:
Embedding ES in existing learning and teaching events across all disciplines
through the inclusion of ‘content statements’ as a single or group of slides **'.

¢ Intervention 4 - Clinical case-based discussion centred around ES: Case-based
discussion of clinical scenarios that incorporate elements of ES alongside high-
quality patient care. A two-hour session that included multiple cases in the field of

restorative dentistry, endodontics, prosthodontics, periodontology and cariology.

Each year of study was exposed to a different mix of interventions to accommodate
inclusion within the existing curriculum structure. This approach is beneficial because it
represents a real-world example of embedding a topic in an existing curriculum.
Additionally, conducting an analysis of the change in outcome measures according to year
of study will provide insight into the individual and combined effects of the interventions

(e.g. by comparing year groups that received single vs multiple intervention components).

Identification and Definition of Constructs

A survey was identified as a suitable tool to measure the impact of the interventions. Five
constructs were identified as important outcomes to assess the effects of the
interventions: awareness of ESD, attitudes towards ESD, knowledge of ESD, the extent to
which implementing ESD is easy and general pro-environmental attitudes. How these

constructs have been defined in the present research is outlined below:

e Awareness of ESD: defined as being conscious and cognisant of the impact of
dentistry and oral healthcare on the environment and strategies to mitigate these

impacts.
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o Attitudes towards ESD: this work measures both cognitive and affective attitudes.
Cognitive attitudes are defined as the evaluation implied by cognitions about ESD
(e.g. the extent to which people believe that ESD is important and worthwhile).
Affective attitudes are defined as the evaluation implied by feelings about ESD (e.g.

the extent to which people believe that ESD is positive).
e Knowledge ESD: defined as a familiarity and understanding of ESD.

e The extent to which implementing ESD is easy: defined as the perception whether

performing more environmentally sustainable oral healthcare is easy.

e General Pro-Environmental Attitudes - defined as an individual’s overarching values,

beliefs, and predispositions to care for and support the natural environment

302,332,333
Delivery of Interventions

Figure 3 presents an overview of the curriculum initiative with respect to timing and year
of study. Participants were required to complete the survey twice, once before the
teaching interventions occurred, to acquire baseline data for the stated measures. The
same survey was repeated after the interventions to analyse the effect of the interventions
that aimed to increase awareness, knowledge, and attitudes toward ESD. The time lapse

between the pre-and post-intervention surveys was planned for at least 6 weeks.
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Pre-Intervention Survey

Intervention 1: FDI
'Sustainability in
Dentistry' MOOC

Intervention 2:
Standalone 'ES in
Dentistry' lecture

1st BDS

Intervention 3: Embed
ES content into existing
events

1 event -
October
2024

2nd BDS &
1st DH&DT

10 events
Sepember -
November
2024

3rd BDS

4th BDS

5th BDS

3 events
September -
November
2024

7 events
September -
November
2024

Intervention 4: Clinical
case-based discussion
including ES

Post-Intervention
Survey

Figure 3 - An overview of the planned interventions by year group.

Instrument Development

Two investigators (PhD candidate and co-author HMB) developed the first draft of the
questionnaire through an iterative process over several meetings. The questionnaire was
developed after an extensive literature search to identify any previous measures of
awareness, knowledge, or attitudes towards ESD. A total of seventeen published articles
were included in the review. Most sources did not report clear and transparent
methodologies or failed to provide questionnaire items and, therefore, were identified as
‘low quality’. Three articles provided relevant questionnaire items developed through a
robust methodological approach 832833 These items were modified to fit the research
question (dental and OHP education) and used in the first draft of the survey. Other items
for awareness and knowledge of ESD were developed de novo due to an absence of
previous measures. The survey used previously published and widely adopted measures
of general pro-environmental attitudes 333>, which allowed comparison against new

measures to support their validity.
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The first draft of the survey was presented, discussed, and amended in the presence of all
researchers (PhD candidate, co-authors HMB, NM, JF). The final draft, before piloting,
included 42 items across the following sections: demographics (7 items), awareness of
ESD (4 items), attitudes towards ESD (17 items), general pro-environmental attitudes (8
items), and knowledge of ESD (6 items). Full descriptions of the final measures used in the

study can be found in the section below (i.e. ‘Final Survey Development’).

A survey was created on Qualtrics, and the agreed items were uploaded. All questions
were made mandatory. Item randomisation was used for the sections on awareness of
ESD, attitudes towards ESD and general pro-environmental attitudes to reduce order

effects and increase response validity.

Pre-testing and Piloting

A subgroup of BDS and DH&DT students from two dental schools in the UK tested the
survey for face and content validity and to check for possible ceiling effects (i.e. when a
large percentage of participants in a study score the highest possible score, meaning that
detecting change because of an intervention is problematic). The institutions were
external to the University of Sheffield to avoid exposing the survey to the target
population. Ten additional items were added to the questionnaire to gather data regarding
clarity of language, ease of use, accessibility, and survey length. A complete analysis of the

pilot response data is provided in Appendix B.

Forty-four responses were received for the pilot questionnaire, although only 14 (32%)
participants completed it fully. All dropouts occurred after the presentation of the
participant information sheet and completion of the informed consent questions. Some
minor amendments were made to the final survey to reduce the chances of drop-out,
including adding a progress bar and providing an accurate estimation of the mean time to
complete. The participant information sheet was converted to a link for participants to

access. All these amendments were made to reduce the chances of participants feeling

257



overwhelmed by the amount of information provided and to improve response rates in the

final survey.

All participants who fully completed the pilot survey were included in the analysis (n=14).
Most respondents were female (64.3%) and were in their 4" year of study (50%), and the
mean age of respondents was 24.9 years (SD=5.43). The pilot group appeared well aligned
with the target population for the definitive survey regarding the programme of study and
male/female ratios. However, the pilot subgroup may have had more academic and
clinical experience than what may be observed in the final survey due to the participants'
average age and year of study. As such, the researchers hypothesised that the pilot
subgroup may perform better in the knowledge-based questions due to their prior

experience.

A range of scores were observed for the ‘awareness of ESD’ and ‘attitudes towards ESD’
questions, demonstrating the effectiveness of the five-point response scales (Likert scales
and radio dials). The mean scores for ‘attitudes towards ESD’ were higher than the
‘awareness of ESD’ and ‘general pro-environmental attitudes’ measures, meaning the risk
for a ceiling effect was greater for this measure. However, no amendments were made to
the survey due to the range of scores received and the observations made regarding

subgroup demographics.

The pilot included six multiple-choice questions for ‘knowledge of ESD’. A difficulty index
and grade were calculated for each question by considering the percentage of the sample
that selected the correct answer. This work was an adaptation of the work by Al Muhaissen
et al. ** to provide a grading system for knowledge-based questions that is relevant to this

research area:

e Very difficult questions - difficulty rating less than 0.2 (<20% of the sample selected
the correct answer)
e Challenging questions - difficulty rating between 0.2-0.49 (between 20% and 49%

of the sample selected the correct answer)
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e Acceptable questions - difficulty rating between 0.5 - 0.79 (between 50% and 79%
of the sample selected the correct answer)
e Easy questions - difficulty rating between 0.8-1 (between 80% and 100% of the

sample selected the correct answer)

Questions that are graded ‘easy’ are not desirable in this research as they suggest that
most participants can select the correct answer without receiving the teaching
intervention. One question received a difficulty grade of ‘easy’; however, this question was
not removed due to the subgroup's perceived greater academic and clinical experience.
Three questions received an ‘acceptable’ difficulty grade, while the final two were rated as
‘challenging’ and ‘very difficult’. To improve the knowledge-based questions for the final
survey and to increase difficulty, an additional answer option was added to create five-
option single-best answer questions. This method of assessment is widely accepted in

health professional education **'.

Most of the subgroup (78.6%) agreed that the questions were easy to understand,
although three participants (21.4%) encountered some difficulties. The free-text
comments from these participants stated that item randomisation made completing the
survey more complex, and some items were too long. Minor amendments were made to
the final survey to shorten some statements. However, item randomisation was retained
as it makes the research more robust by ensuring participants do not select the same
option for all items without due consideration. Additionally, over 85% of respondents
agreed that terms and phrasing of the items were clear, however, two respondents
reported some difficulties in interpreting items that were phrased as a double negative
(e.g. “I do not care if the dental treatment(s) | provide harms the environment” followed by
the ‘strongly disagree’ answer option). To address these concerns, the final survey was
amended to ensure the ‘strongly agree’ answer option appeared first to improve
readability of the items. One knowledge-based multiple-choice question (namely

“Effective oral hygiene regimes...”) was removed from the final survey due to a comment
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expressing confusion about the answer options, which was acknowledged by the

researchers.

Almost all respondents (93%) felt the questionnaire length was about right, with one
reporting it was ‘too long’. From the respondents' perspective, the mean time to complete
the survey was 9.1 minutes (5D=2.99). The length of the survey aligned with the
recommendations set out by Revilla et al. **® , and as such, no further amendments were

made.

Final Survey Development

After review of the pilot data analysis, a 41-item survey was finalised by the research team.
The sections within the survey, the number of items and the response options/scales are
presented in Table 8. The final version of the survey with information regarding the items
included from previous research is available in Appendix C. No personally identifiable data
was collected in the survey; participants were asked to generate a personal anonymous
identifier code to allow matching of responses from both surveys in the follow-up data

analysis.

Table 8 - Survey sections and number of items.

Survey Section | Number Response Options/ Example Item(s)
of Items Scales
Demographics 7 Arange of multiple Age, gender, year of study,
choice and free-text | experience of dentistry and ESD
options
Awareness of 4 Five-point Likert “Iam aware of the
ESD scales environmental impact of

dentistry and oral healthcare”

Attitudes 17 Five-point Likert “It is important to me that any
towards ESD scales (8 items) dental treatment that | provide
does not harm the environment”

260




Bipolar adjectives on “To me, providing

a five-point radio dial environmentally sustainable
(9 items) dentistry is:
Good 000 00 Bad”
General Pro- 8 Five-point Likert “Compared to other things in my
Environmental scales life, environmental problems are
Attitudes not that important to me”
Knowledge of 5 Five-answer option | “The single best strategy to make
ESD single best answer dentistry more environmentally
questions sustainable is:

A. Recycle more single-use
plastics

B. Perform minimally invasive
procedures

C. Focus on the prevention of
oral diseases

D. Use eco-friendly materials

E. Stop using dental amalgam”

Notes. ESD = Environmental Sustainability in Dentistry.

Recruitment

Participants were invited to participate in the study in face-to-face lectures and by email.
The principal investigator (PhD candidate) and co-author (NM) delivered in-person
lectures at the start of the academic year (August/September 2024) to provide some
information regarding the project, invite all students to participate and share a QR code to
access and complete the pre-intervention survey. One year group (5" BDS) did not have
any scheduled lectures and were therefore invited to participate by email. All invited
participants received a participant information sheet that described the research, the
advantages and disadvantages of participating and important details pertaining

withdrawal and data management. Regardless of their decision to participate in the study,
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all students were invited to attend the learning and teaching events as these were
embedded in the formal curriculum. All potential participants were given the opportunity
to ask questions either in person or via email. The approximate total sample pool is 375
students across all cohorts of the five-year BDS and first year of the DH&DT programmes.

This study aimed to recruit at least 50% of the sample pool.

Data Analysis

The data was analysed using the IBM SPSS Statistics programme (version 29). Descriptive
statistics were used to analyse the completion rates, demographic data and the general
findings for all constructs. A correlation matrix was computed to explore the relationship
between all five measured constructs. Correlations, t-tests and Multivariate Analyses of
Variance (MANOVA) were used to explore whether the baseline measures differed
according to sample demographics. To enable within-subject analysis, individual
responses to both surveys were matched manually using the anonymous participant code.
To analyse change in the measures pre- and post-intervention, a repeated measures
MANOVA was conducted. To deduct the impact of individual teaching interventions, the

MANOVA was modified to include year of study as a between-subjects factor.

Results
Pre-Intervention Data

A total of 351 survey responses were received, representing a response rate of 90%.
Completion rates were favourable, with 333 respondents completing the survey in full, and
only 18 (5%) incomplete submissions were received. Table 9 presents the completion

rates and number of responses.
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Table 9 - Number of survey responses and completion rates.

Completion Rates Number of Responses

<20% 0

0-40% 11

41-60% 0

61-80% 7

81-99% 0

100% 333
Total 351

A total of 11 submissions were excluded from the analysis as completion ceased after the
consent form and demographic section. The seven remaining incomplete submissions
were included in the analysis where data was available, resulting in a total of 340

respondents.

Demographic Data

For gender identity, 218 (64.1%) identified as female, 114 (33.5%) identified as male, and 8
(2.4%) respondents selected the ‘prefer not to say’ or ‘other’ options. The gender split
within the current sample appears to align with the figures reported locally and in Europe
for undergraduate dental programmes 3**. Ages ranged from 18 to 44, with the mean age of
respondents being 21.6 years (SD = 3.18). Most students (95.5%) were enrolled on the BDS
degree, with 22 (4.5%) students enrolled on the DH&DT programme. Table 10 presents a
breakdown of participants according to each year group of the BDS and DH&DT
programmes. There were a similar number of responses for most year groups on the BDS
programme, with 5" BDS responses (14.7%) slightly lower than other year groups (18.5 -
20.6%). The DH&DT programme has a smaller student cohort, and 22 responses were

received from 23 registered students.
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Table 10 - Responses received by year of study.

Year of Study | Number of Responses | Percentage of Whole Sample
1st BDS 70 20.6
2nd BDS 63 18.5
3rd BDS 65 19.1
4th BDS 70 20.6
5th BDS 50 14.7
1st DH&DT 22 6.5
Total 340 100.0

Notes. BDS = Bachelor of Dental Surgery, DH&DT= Dental Hygiene and Therapy Programme

Prior Experiences in Dentistry and Environmental Sustainability

Less than a quarter of the sample (N =77; 22.6%) reported previously working in a dental
practice. An exploration of the sample's prior experience of activities related to ESD was
varied, with almost half (48%) of respondents not reporting any previous activities
concerning ESD. However, of those that did report some prior experience of activities
related to ESD, 91 (26.8%) respondents reported having attended a formal teaching
session associated with ESD, 31 (11.2%) had attended a talk or a webinar related to ESD,
43 (12.6%) read a book or a published paper on ESD, and 103 (30.3%) of respondents had
encountered the topic in the media. From the free-text responses that detailed other
activities completed by participants concerning ESD (n=10), five respondents stated
participation in a dental school ESD working group or research project, four responses
related to watching or completing a webinar or an e-learning module, and one respondent
reviewed this topic as part of a school-based project. A further 10 participants (2.9%)

reported completing the FDI World Dental Federation ‘Sustainability in Dentistry’ MOOC.
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Awareness and Attitudes Towards Environmental Sustainability in Dentistry Questions

Table 11 provides an overview of the baseline data exploring participants’ awareness and

attitudes towards ESD using descriptive statistics. The survey measured four constructs in

this section: (i) awareness of ESD, (ii) attitudes towards ESD, (iii) the extent to which

implementing ESD is easy, and (iv) general pro-environmental attitudes. All measures were

rated on a five-point response scale, with higher scores reflecting greater awareness and

more positive attitudes towards ESD and general pro-environmental attitudes. The

attitudes towards ESD construct were measured in two ways: five-point Likert response

scales and bipolar adjectives describing ESD using 5-point radio dials.

Table 11 - Descriptive statistics for the awareness and attitudes towards environmental sustainability in

dentistry items.

Measure N Minimum | Maximum | M SD o
Awareness of ESD 338 1.00 5.00 2.99 0.76 | 0.83
Attitudes towards ESD 338 2.63 5.00 423 | 051 | 0.84
(Likert scale)

Attitudes towards ESD 337 2.63 5.00 443 | 050 | 0.78
(bipolar adjectives)

Extent to which 337 1.00 5.00 2.47 | 0.88
implementing ESD is easy

General pro- 339 1.88 5.00 3.69 | 052 | 0.77
environmental attitudes

Notes. N = number; M = mean SD = Standard deviation; a= Cronbach’s alpha; ESD = Environmental

Sustainability in Dentistry.
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Descriptive statistics indicated a wide range in participants’ awareness of ESD, the extent
to which implementing ESD is easy, and general pro-environmental attitudes (e.g., scores
ranged from 1 to 5). The range for the two attitudinal measures towards ESD suggests that,
overall, participants have positive attitudes towards ESD (all scores >2.50). The mean score
for the extent to which implementing ESD is easy (M=2.47), awareness of ESD (M=2.99) and
general environmental attitudes (M=3.69) were slightly lower than both the attitudes
towards ESD measures (Likert scale M=4.23, bipolar adjectives M=4.43). These findings
were expected and demonstrate that, overall, participants had more positive attitudes
towards ESDs than awareness, general pro-environmental attitudes, and consideration of
whether implementing ESD is easy. Ceiling effects occur when scores on a measure cluster
near the maximum possible score in the first survey, making it difficult to detect change in
participants when evaluating the effect of the intervention in a follow-up survey.
Inspection of the baseline data suggests that the risk for ceiling effects is more likely for
the measures that assess attitudes towards ESD, and, therefore, the study’s potential to

demonstrate change for these constructs may be lower.

Cronbach’s alpha was calculated for awareness of ESD (a = 0.83), both measures for
attitudes towards ESD (Likert scale o = 0.84, bipolar adjectives o = 0.88) and general pro-
environmental attitudes (o« = 0.77) demonstrating good to excellent internal reliability.
Cronbach’s alpha could not be calculated for the constructs ‘extent to which implementing

ESD is easy’ as it is a single-item measure.

Knowledge of Environmental Sustainability in Dentistry Questions

Table 12 presents the results for the five single-best-answer questions that assessed
participants’ baseline knowledge of ESD. For each question, the percentage of students
who selected the correct answer, the difficulty index, and the difficulty grade are provided.
Questions 1 and 5 were rated as challenging, and question 2 was rated as very difficult.
These findings are favourable as they suggest that it is difficult for respondents to select
the correct answer without experiencing the teaching interventions. Questions 3 and 4

were rated as ‘acceptable’, suggesting it was easier for participants to choose the correct
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answer, even though they had not experienced the teaching interventions. Positively,

none of the questions were rated as ‘easy’.

Table 12 - Descriptive statistics for knowledge of environmental sustainability in dentistry items.

benefit of using digital radiography

in dentistry?

Number Question Correct Difficulty | Difficulty
Answer Index Grade
Selected (%)

1 The single best strategy to make 36.9 0.37 Challenging
dentistry more environmentally
sustainableis...

2 Which option is the most significant 8.1 0.08 Very
contributor to the environmental Difficult
impacts of dentistry and oral
healthcare?

3 Which of the following most 73.0 0.73 Acceptable
accurately reflects the use of
single-use plastics (SUPs) in
dentistry?

4 What is the primary concern 71.2 0.71 Acceptable
associated with the use of
amalgam fillings?

5 What is the primary environmental 324 0.32 Challenging

Performance on the knowledge of ESD questions varied among the 333 participants who

completed this section, with 4.5% of respondents selecting no correct answers. Just over a
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fifth of the sample (21%) selected one correct answer out of five, 36.3% scored two out of
five, 26.1% scored three out of five, 10.6% scored four out of five, and only 1.5% of

participants scored five out of five.

Relationship Between Baseline Constructs

Table 13 presents the bivariate correlations between the baseline variables in this study.
General pro-environmental attitudes were positively associated with both measures for
attitudes towards ESD (r=0.68 and r=0.47, p’s <.01, for Likert scale and bipolar adjectives,
respectively), suggesting that having more positive attitudes towards the environment is
associated with more positive attitudes for ESD, specifically. The two measures for
attitudes towards ESD (Likert scales and bipolar adjectives) were also positively
associated (r=0.53, p<.01), suggesting a moderate-to-strong correlation between the
attitudinal measures. However, this correlation was insufficient to consider combining the

measures in the subsequent analyses.

There was a weak positive association between general pro-environmental attitudes and
awareness of ESD (r=0.17, p<.01) and specific attitudes to ESD and awareness of ESD
(Likert scale, r=0.18, p<.01), suggesting participants with more positive attitudes towards
the environment, and ESD specifically, also have greater awareness of ESD. More positive
general pro-environmental attitudes were also positively associated with greater

knowledge of ESD (r=0.13, p<.05).

Table 13 - Correlations between measures.

Measures 2. 3. 4, 5. 6.
1. Awareness of ESD 0.18** | 0.10 0.05 0.17** | 0.09
2. Attitudes towards ESD (Likert 0.53** | 0.01 0.68** | 0.09
scale)

3. Attitudes towards ESD (bipolar -0.04 | 0.47** | 0.08
adjectives)
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4, Extent to which implementing ESD -0.02 | -0.07
is easy

5. General pro-environmental 0.13*
attitudes
6. Knowledge of ESD 1.00

Notes. ESD = Environmental Sustainability in Dentistry. * = correlation is significant at the 0.05 level, ** =

correlation is significant at the 0.01 level.

Influence of Sample Demographics on Baseline Measures

The next stage of the analysis was to explore whether there were any differences in sample
demographics according to the measures collected at baseline. Such analyses will
highlight any differences between groups of participants at baseline and identify possible

control variables for the subsequent analyses testing the effects of the intervention.

Correlation analyses demonstrated statistically significant mild positive correlations
between age and awareness of ESD (r=0.30, p <.01), knowledge of ESD (r=0.15, p <.01),
general pro-environmental attitudes (r=0.15, p <.01) and attitudes to ESD (Likert scale,
r=0.11, p <.05). In general, older participants had greater awareness and knowledge of ESD

and had more positive general pro-environmental attitudes and specific attitudes to ESD.

Independent t-tests demonstrated that participants who identified as female (M= 3.74, SD=
0.49) had more favourable general pro-environmental attitudes than participants who
identified as male (M=3.56, SD=0.55; t(329)=-3.07, p=.002, dconen= 0.35). Attitudes towards
ESD (measured through bipolar adjectives) were also more positive in participants who
identified as female (M= 34.49, SD=0.51) than males (M=4.33, SD=0.47; t(328)=-2.70,
p=.007, dconen= 0.35). This aligns with previous research findings that demonstrate that, in
general, females are more environmentally conscious *¥**, Females (M= 2.30, SD=1.10)
also performed better on the knowledge of ESD questions than males (M=2.04, SD=1.00;
t(324)=-2.10, p=.040, dcohen= 0.26). No significant differences were noted between

participants identified as male and female with respect to attitudes towards ESD
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(measured by Likert scales), awareness of ESD, and the extent to which implementing ESD

is easy.

An independent t-test was performed to compare responses between the two
programmes of study. This demonstrated that DH&DT students (M= 3.82, SD=0.62)
reported greater awareness of ESD compared to BDS students (M=2.94, SD=0.74; t(336)=-
5.38, p<.001, dconen= 1.29). No other statistically significant differences were noted between

BDS and DH&DT students for any other constructs.

A MANOVA test was conducted to compare responses for all baseline measures across year
groups of the BDS programme. Across all of the measures, there were significant
differences observed between the years of study and the combined dependent variables
F(24,1058)=1.72, p=.017, partial n>=.03. Inspection of univariate tests revealed that there
were no significant differences between years of study for the measures: attitudes towards
ESD, general pro-environmental attitudes and the extent to which implementing ESD is
easy (p>.05). However, a significant difference between year of study was observed for
awareness of ESD (F(4,308)=3.17, p=.014, partial n>=.04) and knowledge of ESD
(F(4,308)=5.86, p<.001, partial n?>=.07). Post-hoc tests demonstrated that there were
significant differences in awareness of ESD between participants in 15 BDS and 3 BDS.
Third-year BDS students (M=3.14, SD=0.75) demonstrated greater awareness of ESD than
first-year BDS students (M=2.77, SD=0.74, p=.032). Additionally, significant differences in
knowledge were identified between 1% BDS (M=1.80, SD=1.08) and 4™ BDS (M=2.49,
SD=1.00, p=.001) and 5" BDS (M=2.56, SD=1.05, p=.001). Table 14 provides an overview of

the means and standard deviations for each construct according to BDS year group.
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Table 14 - Baseline data for the constructs according to year of study.

Measures 1stBDS 2" BDS 3"BDS 4 BDS 5t BDS
Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD)
Awareness of ESD 2.77(0.74) | 2.85(0.76) | 3.14(0.75) | 2.86 (0.68) | 3.14 (0.67)
Attitudes towards 4.24(0.5) | 4.17(0.52) | 4.24 (0.52) | 4.26 (0.52) | 4.18(0.48)
ESD (Likert scale)
Attitudes towards 4.42(0.51) | 4.42(0.54) 4.41 4.46 (0.50) | 4.40(0.50)
ESD (bipolar
(0.46)
adjectives)
Extent to which 2.49(0.91) | 2.55(0.78) | 2.54(0.79) | 2.39(0.89) | 2.31(0.98)
implementing ESD is
easy
General pro- 3.64 (0.52) | 3.64(0.48) 3.70 3.71(0.51) | 3.73(0.54)
environmental
(0.55)
attitudes
Knowledge of ESD 1.80(1.08) | 2.03(1.03) | 2.27(1.01) | 2.49 (1.00) | 2.56 (1.05)

Influence of Previous Work Experience

An independent t-test demonstrated that participants who had previously worked in a

dental clinic (M= 3.42, SD=0.70) had significantly greater awareness of ESD compared to

participants who had never worked in a dental practice (M=2.87, SD=0.73; t(336)=5.92,

p=<0.01). No other statistically significant relationships were identified between previous

work experience and the measured constructs.
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Post-Intervention Data

Completion Data and Participant Matching

A total of 363 responses were received for the follow-up survey. Twenty-five incomplete
responses were removed from the data set as they only included responses to the consent
form and demographic sections. The final dataset included 338 submissions, of which 321
were fully completed. The pre-and post-survey responses were matched to an individual
using the personal anonymous identifier code submitted in the demographics section.
Participant matching was completed manually using the statistics software SPSS. In cases
where the anonymous codes were similar but not identical, demographics were used to
verify that responses were from the same individual. In these cases, some assumptions

were made:

i.  Amatch was confirmed if slight variations in the anonymous code were noted and
the demographics were the same, although the stated age was one year older in
the post-intervention survey.

ii.  Amatch was confirmed if slight variations were noted in the anonymous code if
other demographics were the same, but the gender changed to 'prefer not to say'
in one of the surveys.

iii.  Amatch was confirmed if the ‘number of siblings’ and ‘number for the day you
were born’ parts of the unique code and the demographic information were

identical.

A total of 270 matched participants were confirmed in the final dataset. The remaining
responses could not be matched due to differences in the anonymous code submitted.
The overall demographics of the final dataset were similar to the baseline survey results,
with a mean age of 21.6 years (SD=3.25), and 66.3% of participants identified as female.
Concerning the year of study, a similar split was noticed in the final dataset, with 1 BDS
forming 23% of the sample, 2" BDS 20.7%, 3" BDS 19.6%, 4™ BDS 17.4%, 5" BDS 13% and
1** DH&DT representing 6.3%.
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Comparing Measures Acquired at Baseline and Post-Intervention

Analysis of the pre-intervention data revealed that there was a significant difference in
gender according to several of the outcome variables. As such, the subsequent analyses
were conducted twice, once with and once without controlling for gender. Given that the
overall findings remained unchanged, the findings from these analyses are reported below
without controlling for gender. Age was also found to be associated with some of the
outcome measures in the pre-intervention survey, however, as age is likely to be
associated with year of study (one of the between-subject variables in our planned

analyses), age was not controlled for in the analyses.

A repeated measures MANOVA was conducted for the six outcome measures (awareness of
ESD, attitudes towards ESD - Likert scales, attitudes towards ESD - bipolar adjectives,
extent to which implementing ESD is easy, general pro-environmental attitudes and
knowledge of ESD) to identify if there was a change in the outcome measures for the
whole cohort from baseline to post-intervention. Multivariate analysis revealed a
significant change in the combined dependent variables across the two timepoints

F(6,234)=58.77, p<.001, partial n*=.60.

Follow-up univariate analyses indicated that there were significant differences from pre- to
post-intervention for awareness of ESD (F(1,239)=285.54, p<.001, partial n>=.54), both
measures for attitudes towards ESD (Likert scale F(1,239)=6.54, p=.011, partial n>=.03;
bipolar adjectives F(1,239)=10.73, p=.001, partial n?=.04), general pro-environmental
attitudes (F(1,239)=19.40, p<.001, partial n>=.08) and knowledge of ESD (F(1,239)=93.10,
p<.001, partial n*=.28). There was no difference in the extent to which participants
reported that implementing ESD is easy before or after the intervention (p=.552). The
means and standard deviations for each outcome measure across the two timepoints are

presented in Table 15.

Post-hoc tests demonstrated that awareness of ESD improved from baseline (M=2.94) to

post-intervention (M=3.82, p<.001). Attitudes towards ESD demonstrated a smaller but
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statistically significant positive shift from baseline (Likert scales M=4.24, bipolar adjectives
M = 4.44) to post-intervention (Likert scales M=4.32 p=.011, bipolar adjectives M=4.54
p=.001). General pro-environmental attitudes improved from baseline (M=3.70) to post-
intervention (M=3.80, p<.001) and knowledge of ESD also demonstrated a positive change

from baseline (M=2.28) to post-intervention (M=3.07, p<.001).

Table 15 - Means, standard errors and p values for the outcome measures across the two timepoints.

Measures Time Mean SE p value
Awareness of ESD 1 (Pre) 2.94 0.05 <.001*
2 (Post) 3.82 0.04
Attitudes towards ESD (Likert 1 (Pre) 4.24 0.03 .011*
scale)
2 (Post) 4.32 0.03
Attitudes towards ESD 1 (Pre) 4.44 0.03 .001*

(bipolar adjectives)

2 (Post) 4.54 0.03
Extent to which implementing 1 (Pre) 2.46 0.06 .552
ESD is easy

2 (Post) 2.50 0.06

General pro-environmental 1 (Pre) 3.70 0.03 <.001*

attitudes

2 (Post) 3.80 0.03

Knowledge of ESD 1 (Pre) 2.28 0.07 <0.01*
2 (Post) 3.07 0.08

Notes. ESD = Environmental Sustainability in Dentistry. SE = standard error. * = statistically significant as p<.05
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The Influence of the Independent Variables on the Extent of Change

As different year groups received a different combination of teaching interventions,
analysing the influence of the year of study on the extent of change in the outcome
measures could reveal the individual or combined effects of the teaching interventions. As
such, a five-between (year of study: 1 BDS, 2" BDS, 3 BDS, 4" BDS, 5™ BDS) by two-
within (time point: pre vs post-intervention) mixed MANOVA was conducted on the six
outcome measures. This analysis revealed a statistically significant interaction between
the year of study and the two timepoints (pre- and post-intervention) across the six

outcome measures F(24,818)=2.59, p<.001, partial n’>=.06).

Univariate analyses demonstrated statistically significant differences by year of study from
baseline to post-intervention for the following outcome measures: awareness of ESD
F(4,239)=5.22, p<.001, partial n*=.08, general pro-environmental attitudes F(4,239)=2.92,
p=.022, partial n*=.05 and knowledge of ESD F(4,239)=4.67, p=.001, partial n>=.07. The
interaction between year of study across the two timepoints was not significant for
attitudes towards ESD (both Likert scales and bipolar adjectives) and the extent to which

implementing ESD is easy.

Table 16 presents the means and standard errors for each outcome measure across the
year of study and the two timepoints. The p-values are also provided to demonstrate
where there was significant change in the outcome measures from baseline to post-
intervention by year of study. Statistically significant positive changes in awareness of ESD
were observed for all years of study (p’s<.001). For attitudes towards ESD, statistically
significant changes were only noted for 1% BDS from baseline (measured through bipolar
adjectives M=4.45) to post-intervention (M=4.64, p=.002) and for 2" BDS from baseline
(measured through Likert scales M=4.23) to post-intervention (M=4.38, p=.015). Statistically
significant positive changes in general pro-environmental attitudes were observed for 1
BDS (p<.001), 2" BDS (p=.001) and 3 BDS (p=.031) from baseline to post-intervention.
Knowledge of ESD significantly improved from baseline to post-intervention for all years of

study (p’s<.05).

275



Table 16 - Means, standard errors and p values for the outcome measures across year of study and two

timepoints.
Measures Year of Time Mean SE p value
Study
Awareness of ESD 1t BDS 1 (Pre) 2.74 0.094 <.001*
2 (Post) 4.02 0.076
2" BDS 1 (Pre) 2.86 0.10 <.001*
2 (Post) 3.82 0.08
39 BDS 1 (Pre) 3.09 0.10 <.001*
2 (Post) 3.83 0.08
4t BDS 1 (Pre) 2.83 0.11 <.001*
2 (Post) 3.64 0.09
5% BDS 1 (Pre) 3.16 0.13 <.001*
2 (Post) 3.77 0.11
Attitudes towards 1t BDS 1 (Pre) 4.28 0.06 .337
ESD (Likert scale)
2 (Post) 4.33 0.07
2" BDS 1 (Pre) 4.23 0.07 .015*
2 (Post) 4.38 0.07
3 BDS 1 (Pre) 421 0.07 441
2 (Post) 4.26 0.07
4t BDS 1 (Pre) 431 0.07 .870
2 (Post) 4.32 0.08
5t BDS 1 (Pre) 4.19 0.09 .163
2 (Post) 4.30 0.09
1% BDS 1 (Pre) 4.45 0.06 .002*
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Attitudes towards
ESD (bipolar

adjectives) 2 (Post) 4.64 0.06
2" BDS 1 (Pre) 4.42 0.07 125
2 (Post) 4.52 0.06
3 BDS 1 (Pre) 4.39 0.07 412
2 (Post) 4.44 0.06
4t BDS 1 (Pre) 4.47 0.07 .362
2 (Post) 4.53 0.07
5t BDS 1 (Pre) 4.47 0.09 210
2 (Post) 4.57 0.08
Extent to which 1°*BDS 1 (Pre) 2.43 0.11 .515
implementing
ESD is easy 2 (Post) 2.51 0.11
2" BDS 1 (Pre) 2.52 0.12 782
2 (Post) 2.49 0.12
3 BDS 1 (Pre) 2.59 0.12 324
2 (Post) 2.42 0.12
4t BDS 1 (Pre) 2.40 0.13 134
2 (Post) 2.61 0.13
5t BDS 1 (Pre) 2.39 0.16 715
2 (Post) 2.45 0.16
General pro- 1t BDS 1 (Pre) 3.69 0.06 <.001*
environmental
attitudes 2 (Post) 3.90 0.07
2" BDS 1 (Pre) 3.69 0.07 .001*
2 (Post) 3.85 0.07
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39 BDS 1 (Pre) 3.62 0.07 0.031*
2 (Post) 3.72 0.07
4t BDS 1 (Pre) 3.72 0.07 644
2 (Post) 3.74 0.08
5% BDS 1 (Pre) 3.79 0.09 901
2 (Post) 3.80 0.09
Knowledge of ESD 1t BDS 1 (Pre) 1.97 0.14 .006*
2 (Post) 2.41 0.16
2" BDS 1 (Pre) 2.04 0.14 <.001*
2 (Post) 3.44 0.17
3¢ BDS 1 (Pre) 2.21 0.15 <.001*
2 (Post) 2.96 0.17
4t BDS 1 (Pre) 2.57 0.16 <.001*
2 (Post) 3.22 0.18
5% BDS 1 (Pre) 2.61 0.19 .002*
2 (Post) 3.32 0.22

Notes. ESD = Environmental Sustainability in Dentistry. SE = standard error. * = statistically significant as p<.05

To provide a visual summary of the findings reported above, Figures 4 to 8 plot the mean

scores for each of the significant univariate interactions. Figure 4 plots the mean scores for

awareness of ESD for each year of study across the two time intervals. In support of the

means provided in Table 16, an increase in awareness for all year groups can be noted with

a particularly steeper increase for 15 BDS that started from the lowest baseline mean score

and progressed to the highest post-intervention mean score compared to other years of

study. The gradient of increase in awareness of ESD is similar across year groups 2" BDS to

4t BDS is similar, with 5™ BDS demonstrating a flatter line suggesting the change in this
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outcome measure was lower for this year of study, although still significantly greater than

baseline (as shown in Table 16).

Mean scores for awareness of ESD across time and year of study
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Figure 4 - Aline graph presenting the mean scores for awareness of ESD across time and year of study. Note:

the y-axis scale has been shortened to improve the visibility of the changes in mean scores, the complete scale

isfrom1to 5.

Figures 5 and 6 present line graphs for the attitudes towards ESD outcome measures
measured through Likert scales and bipolar adjectives, respectively. Whilst the MANOVA
demonstrated no significant changes in these outcome measures across time and the year
of study combined, there were some significant changes in these measures from baseline
to post-intervention for certain year groups. For attitudes towards ESD that were
measured through Likert scales, the line graph illustrates a steeper increase for 2" BDS,
which was statistically significant (Figure 5). Additionally, 1% BDS students reported a
greater increase in attitudes towards ESD measured through bipolar adjectives compared

to other years of study, which was also statistically significant (Figure 6).
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Mean scores for attitudes towards ESD (measured through Likert scales) across time and year of study
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Figure 5 - Aline graph presenting the mean scores for attitudes towards ESD (measured through Likert scales)
across time and year of study. Note: the y-axis scale has been shortened to improve the visibility of the changes

in mean scores, the complete scale is from 1 to 5.

Mean scores for attitudes towards ESD (measured tgrough bipolar adjectives) across time and year of
study
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Figure 6 - A line graph presenting the mean scores for attitudes towards ESD (measured through bipolar
adjectives across time and year of study. Note: the y-axis scale has been shortened to improve the visibility

of the changes in mean scores, the complete scale is from 1 to 5.
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Figure 7 presents the mean scores for general pro-environmental attitudes across all years
of study and the two timepoints on a line graph. Univariate analyses from the MANOVA
demonstrated a significant change in this outcome measures across all year groups
combined from baseline to post-intervention. The graph demonstrates that the 15 BDS
had the steepest increase in this outcome measure, with the 2nd and 3 BDS also
demonstrating statistically significant positive changes in this measure. No significant

changes in this outcome measure were observed for the 4" and 5" BDS.

Mean scores for general pro-environmental attitudes across time and year of study
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Figure 7 - Aline graph presenting the mean scores for general pro-environmental attitudes across time
and year of study. Note: the y-axis scale has been shortened to improve the visibility of the changes in

mean scores, the complete scale is from 1 to 5.

The changes in knowledge of ESD across years of study from baseline to post-intervention
are presented in Figure 8 as a line graph. All year groups demonstrate positive changes in
knowledge of ESD, with 2" BDS showing the steepest increase in knowledge of ESD. 3
BDS, 4" BDS, and 5" BDS demonstrate similar gradients of knowledge increase from
baseline to post-intervention, with 1 BDS presenting the smallest overall change in this

outcome measure.
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Mean scores for knowledge of ESD across time and year of study
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Figure 8- Aline graph presenting the mean scores for knowledge of ESD across time and year of study.
Note: the y-axis scale has been shortened to improve the visibility of the changes in mean scores, the

complete scale is from 0 to 5.

Discussion

This study has demonstrated that embedding ES longitudinally into the dental curriculum
across all years of study is achievable and effective by employing a pragmatic and
education research-based approach. The teaching interventions for ES had a significant
positive effect on students’ awareness of ESD, attitudes towards ESD, general pro-
environmental attitudes and knowledge of ESD. No significant differences were noted
regarding students’ perception of the extent to which implementing ESD is easy, perhaps
reflecting an acknowledgement of the current barriers to delivering environmentally
sustainable oral healthcare 131323324 The largest improvements from baseline to post-
intervention were noted for awareness and knowledge of ESD regardless of the year of
study. Before commencing this work, the researchers anticipated that it would be more

complex to demonstrate a change in both specific attitudes (to ESD) and general pro-
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environmental attitudes, as awareness and knowledge are recognised as contributors to
attitudinal development ***2%2, Additionally, it is acknowledged in the literature that
attitude change is complex and is dependent on the strength of the pre-existing values
and beliefs 3. Positive attitudes are a necessary prerequisite for behaviour change,
however, the direct relationship between attitudes and behaviours is complex and not
fully understood #°3°2% |t is positive that statistically significant changes have been
noted for the specific and general attitudinal measures. However, the overall changes are
lower than the awareness and knowledge constructs, likely due to the higher baseline
score for attitudes and a resultant ceiling effect and an appreciation that attitude change

may require longer-term exposure to the topic.

The strategic plan for this curriculum initiative was developed from numerous educational
research projects 323324326327 A comprehensive approach to situational analysis and needs
assessment was performed to establish a need for change 3309312323324 The current context
concerning ES in undergraduate dental and OHP education was explored through surveys
that demonstrated limited published evidence of dental schools longitudinally integrating
ES in the curriculum 31131232832 1] earning outcomes for the interventions were selected
from the Association for Dental Education in Europe (ADEE) consensus document and the
recent update to the General Dental Council (GDC) national framework in the UK 13326,
From this, appropriate teaching and assessment methods were chosen to ensure
constructive alignment '*°. The selected approaches were informed by the themes that
emerged from exploratory focus groups with local educators and students *?". These
established the need to teach ES across all disciplines, the importance of baseline
knowledge transmission with practical reinforcement of the topic and provided valuable
proposals to incorporate ES into existing teaching and assessment events. Educators
across all curriculum subjects were provided evidence-based and subject-specific content

to augment their teaching events 3,

The four interventions were integrated across all year groups according to the

opportunities presented in the existing curriculum. This demonstrates an example of an
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approach to embedding ES within a local curriculum structure where there is limited
flexibility or space to add numerous new events. In this study, the FDI ‘Sustainability in
Dentistry’ MOOC was delivered to 1%t and 3 BDS students to provide core baseline
knowledge of ES in dentistry and oral healthcare. It was necessary to select two-year
groups for this intervention initially, as students had not experienced any ESD teaching
previously in the curriculum. In the future, the MOOC will be delivered to one year group
only to avoid repetition. A standalone lecture was delivered in a face-to-face format for 2™
BDS and 1% DH&DT, which provided information regarding climate change, the
contribution of dentistry to the climate crisis and proposed strategies to deliver more
environmentally sustainable oral healthcare. The timing of this lecture coincided with the
pre-clinical skills practical course, which also included sustainability teaching through
flipped classroom learning and in-person practical teaching. The evidence-based content
statements were embedded into 21 pre-existing events as a single or group of slides across
four years of study. These events included lectures and flipped learning from 10 different
curriculum subjects, including dental public health, cariology, periodontology, paediatric
dentistry, oral pathology and professionalism and ethics. The case-based discussion
provided an opportunity for 4" and 5™ BDS students to review patient care planning and
develop an understanding of how structured and smart care delivery can mitigate the
environmental impact of the care provided. The environmental impact of various

treatment modalities was also reviewed.

The results from the MANOVA for each outcome measure over time, which included year of
study as a between-subjects factor, provide insight into the impact of individual or a mix of
interventions. All years of study demonstrated a significant improvement in awareness of
ESD, suggesting all four interventions were effective for this outcome measure. However,
1 BDS, who received the MOOC and one lecture on professionalism and ethics that
included content statements on ES, demonstrated the greatest increase in awareness.
Potentially, this occurred due to a lack of previous dental experience and the steep

learning curve for this new student cohort who had to gain an understanding of dentistry
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and ES through the MOOC. Additionally, there was more scope for improvement due to the

lower baseline score reported for this outcome measure.

For attitudes towards ESD, a smaller change was noted, and the pairwise comparison for
each year group revealed that only 1 BDS and 2" BDS presented significant differences in
this outcome measure from baseline to post-intervention. As 2" BDS received more
teaching interventions compared to other year groups (dedicated ES lecture and ten
events with content statements) and were exposed to practical learning of ES in a clinical
simulation setting, it can be hypothesised that cumulative learning and practical
reinforcement is needed to promote attitudinal changes. Interestingly, the 4" and 5" BDS
were the only year groups that did not demonstrate a significant change in general pro-
environmental attitudes. These year groups did not receive any baseline knowledge
teaching for ES and only experienced practical application of the topic in a case-based
discussion. This finding demonstrates the importance of baseline knowledge transmission
in the early years of programmes, as discussed in previous research by Dixon et al. 3", With
respect to knowledge of ESD, positive changes were noted for all years of study,
demonstrating the effectiveness of all teaching interventions in improving knowledge. The
greatest increase in knowledge of ESD was observed in 2" BDS, again demonstrating the
impact of more teaching hours and the need for practical reinforcement 3*’. The lowest
increase in knowledge of ESD was noted for 1 BDS, perhaps reflecting this cohort's lack of
academic and clinical experience but also potentially the limitations of using an online

resource exclusively for education in this area.

The results of this study are very promising and provide evidence that strategically
planned, and contextually correct learning and teaching can improve awareness and
knowledge and change attitudes. This is of particular importance in the current
educational context where socio-cultural topics are being embedded in the curriculum
with anticipation that attitudinal learning will occur. Additionally, as this curriculum
initiative interweaves ES content across all years of the undergraduate dental programme,

it is anticipated that the cumulative learning from all interventions will result in a greater
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change in awareness, attitudes and knowledge of ESD at the end of the five-year cycle
than what has been observed in this study that assessed change within a single academic

year.

The review of the literature suggests that this is the first published example of planning,
implementing and evaluating the longitudinal integration of ES in a formally delivered
health professional curriculum. Previous examples of teaching ES have been limited to
smaller-scale interventions typically applied opportunistically at one pointin the
curriculum 306:307:345346 These early interventions appeared to be led by educators with a
particular interest in ES and served as an excellent starting point to raise awareness.
However, these studies have demonstrated that single events may improve knowledge of
ESD but are unlikely to result in meaningful changes to awareness and attitudes towards

ESD 306:346_

The main limitation of this work relates to the difficulties encountered when matching
participants’ pre- and post-intervention responses, due to variations in the personal
anonymous identifier code reported. This resulted in a loss of participants in the final
comparative analyses. For future work, consideration should be made to emphasise the
importance of accurate submission of the code during participant recruitment and also

modifying the code and the associated instructions.

Opportunities for Future Research

This study has demonstrated the positive impact of ES-specific teaching interventions on
awareness, specific attitudes, general attitudes and knowledge of ESD within a single
academic year. As this approach has embedded ES across all years of the undergraduate
dental programme, a long-term review of the impact of these interventions across the
length of the curriculum would be of interest, with a particular focus on the magnitude of
change for specific attitudes towards ESD and general pro-environmental attitudes.
Additionally, exploring the impact of these positive changes in attitudes on behaviour

would be of interest. Finally, this research-centred approach to curriculum development

286



could be applied to other constructs such as social accountability, resilience and

interprofessional education.

Conclusion

This study provides a real-world example of how ES can be longitudinally embedded in the
dental curriculum with minimal disruption to the existing educational philosophies and
goals. Four teaching interventions were used: the FDI ‘Sustainability in Dentistry’ MOOC, a
dedicated ESD lecture, integration of ES content statements in existing teaching events,
and a clinical case-based discussion including ES concepts. The effectiveness of this
approach has been confirmed through an evaluation of the change in awareness of ESD,
attitudes towards ESD, general pro-environmental attitudes and knowledge of ESD before
and after the curriculum initiative. Significant positive changes were noted for all outcome
measures except the extent to which implementing ESD is easy. The most significant
changes were noted for awareness of ESD and knowledge of ESD across all years of study.
General pro-environmental attitudes and specific attitudes towards ESD demonstrated a
lower gradient of change, perhaps reflecting the need to review the impact of the
cumulative learning events on these outcome measures in the longer term across the
whole curriculum. All four teaching interventions appeared effective, although increased
exposure to ES teaching and practical learning seemed to be significant positive indicators
of change. The need for baseline ES teaching in the early years of programmes was also

observed.
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Chapter IX - A Toolkit for Curriculum Development in

Dental Education

Introduction

The dental and oral health professional (OHP) curriculum must be open, transparent, and
continuously developed to reflect the changing profession and world. The overarching
goal of dental and OHP education remains the same; to produce high-quality
practitioners, although the necessary knowledge, skills, and behaviours to achieve this
outcome are frequently amended ***. Recent changes in this context include the addition
of professionalism and ethics in the curriculum, the use of hybrid teaching modalities and
the phase-down of dental amalgam and its impact on the teaching of adhesive dentistry.

Curriculum development in dental and OHP programmes is typically driven by:

e New developments in the discipline &847:158
e Educational rationale and innovation 67:160:347.348

e Changesin society and stakeholder priorities 3621627164330

Occasionally, a large-scale curriculum change is needed after an extensive review of all
curricular elements. In this respect, curriculum change often involves a complete rebuild
of the curriculum and a change in overall philosophy. However, this type of curriculum
change is extremely resource-intensive, and regularly repeating this process is
unsustainable in most contexts. A more flexible and manageable curriculum development
process is necessary to update the existing curriculum frequently to ensure it is fit for
purpose. Curriculum development in most contexts can be considered a cyclical, planned,

and progressive process of improving existing educational practices and curricula.

While curriculum development has been undertaken in dental and OHP education for
some time, there is limited evidence to describe how this is achieved. Numerous published
models support curriculum development in health professional education *>#%1°, Most of

these refer to large-scale curriculum change and compare different curriculum
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philosophies. Kern's model ® refers to the development of existing curricula and is
frequently cited in the health professional education literature. However, this model may
now be considered outdated, and the terminology used does not reflect the reality of

current educational practice.

This chapter proposes an evidence-based curriculum development model based on
contemporary dental and OHP education practice. The research completed previously in
this thesis, which focused on embedding environmental sustainability (ES) in the dental

and OHP curriculum, will be used as a case study to validate the proposed model.

A New Model for Curriculum Development in Dental Education

A new model for curriculum development in dental and OHP education has been
developed to incorporate new terminology and practices (Figure 9). This model also better
represents stakeholder collaboration and the importance of regular regulatory,

institutional, school and programme-level quality assurance. The seven components are:

=

Curriculum mapping

Situational analysis and needs assessment
Definition of learning outcomes

Selection of teaching and assessment methods
Content development and organisation

Implementation

N e 0~ W N

Evaluation and feedback
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Figure 9 - A contemporary approach to curriculum development in dental and oral health professional

education.

Curriculum development is not an isolated activity with a defined end date but a cyclical
and continuous process. Evaluation and feedback must inform future practice **°.
Stakeholder input and collaboration are critical across all aspects of this process.
Additionally, regular quality assurance processes allow for a critical inquiry into the
curriculum through multiple lenses. Both stakeholder collaboration and quality assurance
are fundamental components of the curriculum development process and, therefore,

contribute to all individual stages described below.

Curriculum Mapping

Curriculum mapping is the start and end point of the curriculum development cycle. This
process provides educators with rapid access to the curriculum at any time. It allows direct

visualisation of the location of learning outcomes in the curriculum and the methods used
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to teach and assess these *2. Additionally, curriculum mapping provides complete

transparency and awareness of the current situation that is visible to all stakeholders .

Curriculum mapping allows for the interrogation of learning outcomes to identify
opportunities for curriculum development. It enables rapid cross-referencing to avoid
duplicating teaching/assessment events and determine whether new changes will make
other learning outcomes redundant. This overview also allows educators to identify the
institutional thresholds for change and create a realistic and achievable plan of action

based on the existing situation.

Situational Analysis and Needs Assessment

A case for change must be established from a comprehensive analysis of the existing
situation and the needs of stakeholders. Following quality assurance processes, current
practice should be compared to an ideal example, with any differences representing the
needs assessment °. Consultation with stakeholders will provide a different context for the
planned changes and raise potential barriers to change ***2°2, Various methodologies may
be used to establish a needs assessment, including quantitative (survey questionnaires,
clinical performance data) and qualitative (focus groups, interviews) data collection,

literature searches and policies from regulators °.

In addition to establishing a case for change, it is necessary to perform a comprehensive

analysis of the situation in which change will occur. This should include:

e Resource analysis: including staffing numbers, skills and experience, space,
clinical/simulation units, technology, and funding.

e Performance analysis: consider student and staff performance in the area of
interest and comparison with other institutions.

e Content analysis: current curriculum content in the area of interest and potential
opportunities for reinforcement.

e Training suitability analysis: is the graduating workforce appropriate for existing

and future population needs?
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e Cost-benefit/utility analysis: selecting cost and time-effective interventions to

maximise benefit.

The results of these processes provide significant insight into the drivers for change and
the key challenges to implementing the curriculum development project. Identifying these
two competing ‘forces’ from the start of the process is critical to producing a viable
pathway for success. Lewin’s force field analysis theory is used widely in social science for
change management and states that existing ‘driving’ and ‘restraining’ forces are currently
balanced to reflect the current situation 8. An imbalance is needed to deliver change by
accelerating the ‘driving’ forces and limiting the impact of the ‘restraining’ forces.
Producing a vision for the curriculum development process and incorporating a strategy to

manage these contextual factors are essential starting points.

Definition of Learning Outcomes

Defining the overarching educational goals for the intervention provides clarity for all
stakeholders and produces a vision that should be compatible with the existing situation
and resource availability *****2 Learning outcomes are recognised as the core component
of outcome-based curricula that are widely adopted in health professional education
2415215 | earning outcomes have been defined as “a series of individual and objective
outcomes, with shared ownership between students and staff, designed to facilitate the
learning and assessment process” 3. They should state the expected learning that the
student must achieve and use meaningful verbs appropriate to the learning mode

according to Bloom’s domains %,

If the planned curriculum development requires new learning outcomes, they should be
clear and concise to provide structure for students and educators. Published curriculum
documents may be used, or the dental school can develop learning outcomes internally.
Stakeholder collaboration is essential, and using consensus-based methodologies such as
the Delphi process is recommended to develop new learning outcomes 3385, However, to

reduce the risk of increasing the number of learning outcomes exponentially, existing
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learning outcomes can be modified and adapted in many contexts to include the new
curriculum elements. Additionally, curriculum mapping must ensure that redundant

learning outcomes are removed.

Selection of Teaching and Assessment Methods

After the intended learning outcomes for the new curricular elements have been
developed, the most suitable teaching and assessment methods should be selected °. The
methods employed must be suitable for the defined cognitive level of the learning
outcome 1%12°, Constructive alignment between teaching and assessment methods and
defined learning outcomes is a core approach used in contemporary dental education **°,
This ensures complete alignment in all critical elements of the formal curriculum; the
learning outcomes must inform the teaching and assessment methods, and the
assessment methods must reflect the learning outcomes, and the teaching received.
Considering the overloaded nature of dental curricula, in many cases, it may be preferable
to amend existing teaching and assessment methods to incorporate the desired change.
However, innovative teaching and assessment methods may need to be developed for

more novel subjects.

Content Development and Organisation

Teaching content should be written to align with the learning outcomes and teaching and
assessment methods selected in step four of the curriculum development cycle. Educators
and students must be empowered to take ownership of the change to maximise efficiency
and impact *2, Staff and faculty education events must be in place to provide the relevant
knowledge to support the change and allow educators to tailor their content to the
changing context. Student buy-in is equally important, and co-creating learning content is
a valuable way to collaborate and contribute to the goals of the proposed intervention 3>,
Alongside the organisation of content, effective and efficient administration around
learning outcomes should be managed. This includes the delivery, mapping, storing,

accessibility and aligned assessments for each learning outcome. Effective cross-
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referencing of new learning outcomes with the existing curriculum is essential to avoid

duplication.

Implementation

Implementing the proposed curriculum development initiative requires explicit
communication of all previous planning work outcomes to gain approval and support
from school and university committees. Relevant bodies must also approve the
administrative aspects of the changes. The new curriculum intervention must then be
clearly communicated to staff, students, and other stakeholders, with open streams for
discussion. Piloting the intervention may help gain insight into its feasibility and uncover

any barriers>.

Evaluation and Feedback

Evaluating the outcome of the pedagogic intervention is a critical element of the
curriculum development cycle. An exploratory approach through educational research
can reveal the success of the new curriculum intervention. Accessible and anonymous
evaluation streams must be available to provide constructive feedback on the process
adopted by the curriculum developers. It must be ascertained whether the intervention
has been useful, time- and cost-effective, and feedback should inform future
developments . Input from all stakeholders of dental and OHP education should be
sought where possible. Student feedback processes play a significant role across HEls as
the receiver of education. Equally, constructive feedback from staff, as the deliverers of the
curriculum, should lead to refining the change. Additionally, external quality assurance
processes, including school visits, regulator assessments and external examiners, can
provide a different perspective on developments in the curriculum. Evaluation processes
should feed back into the needs assessment, emphasising the ongoing cyclical nature of

curriculum development.
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Case Study: Embedding Environmental Sustainability into the

Dental Curriculum

ES is an emerging societal challenge that mandates all sectors to reconsider their
practices. Dentistry has been highlighted as an area of concern due to the significant
environmental impacts of oral healthcare provision, principally resulting from patient
travel, staff commuting, procurement of dental products, energy and water consumption,
and waste production 1202 Multiple stakeholders, including national regulators, have

recognised the need to embed ES in undergraduate dental and OHP curricula *°.

The research described in the previous chapters of this thesis provides evidence of an
effective curriculum development process by embedding ES in the undergraduate OHP
curriculum. The following sections will review the curriculum development cycle in the

context of ES and provide examples of practice.

Curriculum Mapping

While not a specific research output, a curriculum mapping process was performed to
identify existing educational practices and opportunities to incorporate new concepts
such as ES. Reviewing the existing curriculum in diagrammatic form allowed visualisation
of the placement and relationship of different curricular elements and helped to shape the
strategy that was developed in future stages. Holding all teaching and assessment events
in a single database facilitated rapid review and enabled direct mapping of ES to existing

events.

Situational Analysis and Needs Assessment

Educational research informed an extensive situational analysis and needs assessment. To
better understand the state of dental and OHP education in Europe, a scoping review and
pan-continental surveys were used (reported in Chapter |V) 38311312 This research provided
critical insight into existing curriculum structures and practices across a continent that all

follow the same professional qualifications directive *¢*". This research and the
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development of the vision for OHP education (reported in Chapter IV) provided a
stakeholder-agreed gold standard that the local curriculum should aspire to reach
308,309311312 Specifically for ES, current educational practice, drivers and barriers were
explored nationally and across Europe through mixed methods approaches (reported in
Chapter V) 3332 The results of this research provided an important understanding of the

current situation, facilitated local planning and identified key barriers to change.

Locally, the student voice, as a key stakeholder of OHP education, was included through a
survey of student opinion regarding the importance and relevance of ES in the
undergraduate dental curriculum (reported in Chapter V1) 3%, This supported previous
work in other contexts that demonstrated significant support for including ES in the
curriculum from multiple stakeholders, including educators, students, educational
organisations, and national regulators 13-5231.270.213.214.326 EFrom this point, the need to

embed ES in the local curriculum was clear.

Definition of Learning Outcomes

The ADEE ‘Sustainability in Dentistry’ special-interest group conducted a pan-European
consultation to write specific learning outcomes for ES (reported in Chapter VI) 3. The
group developed seven new learning outcomes and modified seven items from the
original Graduating European Dentist (GED) framework *. The General Dental Council
(GDC) in the United Kingdom (UK) used this document and included two learning
outcomes in the recent curriculum update, the Safe Practitioner framework **. Locally,
these documents were used to inform the plan to embed ES in the curriculum. As the GDC
is the national regulator of the UK, the two learning outcomes for ES had to be
incorporated into the plan, and one additional learning outcome from the ADEE work was

included. The learning outcomes selected were:

i.  Describe the main principles relating to sustainable oral health care, both
environmentally and in terms of patient compliance, and the factors that might

affect implementing a sustainable approach.
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ii.  Evaluate and apply the evidence base in relation to the environmental impacts of
common treatment methods and approaches to the delivery of oral healthcare.
iii.  Develop effective patient-specific strategies for preventive oral health, reducing the

need for recall, operative intervention, and material use.

Selection of Teaching and Assessment Methods

The learning outcomes developed informed the proposed teaching and assessment
methods for ES. The ADEE ‘Sustainability in Dentistry’ special-interest group proposed
teaching and assessment methods for each learning outcome to ensure constructive
alignment of all elements (reported in Chapter VI) 32, An additional stakeholder, the FDI
World Dental Federation have also produced evidence-based learning content in the form
of a Massive Open Online Course (MOOC) which aims to educate the profession at all levels
31, To gather stakeholder opinions locally, focus groups were conducted with educators
and students to identify opportunities to teach and assess each learning outcome within
the local curriculum (reported in Chapter VI) **'. This research methodology provided
excellent insight into the possibility of modifying the existing teaching and assessment
methods without the need to add multiple new events. Considering the results of all the
outputs described, four teaching methods were planned across all years of the

undergraduate OHP curriculum:

i.  Massive Open Online Course (MOOC) FDI World Dental Federation- Sustainability in
Dentistry: an online course with an approximate learning time of three hours *,
Embedded into 1% year dentistry and 1% year dental hygiene and therapy
programmes.

ii.  Standalone lecture titled ‘Environmental Sustainability in Dentistry’: — a one-hour
lecture providing baseline knowledge regarding ES and key mitigation strategies.
Delivered to 2" year dental and 1 year dental hygiene and therapy students.

iii.  Embedding ES content into existing learning and teaching events across all
disciplines: through inclusion ‘content statements’ as a single or group of slides **'.

Delivered to years 1-4 of the dentistry programme.
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iv.  Clinical case-based discussion including ES: clinical scenarios that incorporate
elements of ES alongside high-quality patient care. A single two-hour session that
included multiple cases in the field of restorative dentistry, endodontics,
prosthodontics, periodontology and cariology. Delivered to 4™ and 5 year

dentistry students.

Existing methods of assessments were augmented to include ES components, including
OSCEs, written examinations and online quizzes. As this curriculum development project
progresses and students receive more teaching relating to ES across all years of study, ES

will be incorporated to a greater extent into other assessments.

Content Development and Organisation

Given the methods selected and educators' reported unfamiliarity with the topic of ES, it
became increasingly clear that evidence-based and subject-specific content needed to be
developed in the field of environmental sustainability in dentistry (ESD) 21:273:274323,324 ' A
research methodology grounded in exploring the evidence base and achieving
stakeholder consensus resulted in the development of 44 content statements for ESD
(reported in Chapter VII) **". The content statements were mapped to all curriculum
subjects and validated through subject-expert consultation. This work enabled educators
of all disciplines to identify and use evidence-based content on ES that was relevant to
their area of expertise. Slide decks were developed for all disciplines and shared with
educators. A collaborative approach between curriculum managers and educators was
completed to identify existing teaching events that were relevant to ES, and the educators
received the evidence-based content that could be added to their teaching in the form of

one or multiple slides.

Implementation

The work completed in the previous steps informed a plan to embed ES in the local
curriculum. The strategy was agreed upon locally through the relevant quality assurance
processes. The curriculum development project commenced in September 2024, and the

planned teaching events were delivered to all year groups (reported in Chapter VIII).
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Effective organisation and clear communication of the planned changes were critical.
Additionally, it was important to provide support and reassurance to educators and

students during this change.

Evaluation and Feedback

Multiple methods of evaluation and feedback were used to review the process and
outcome of embedding ES in the curriculum. To measure the impact of the teaching
interventions on student awareness, attitudes and knowledge of ESD, baseline and post-
intervention surveys were completed (reported in Chapter VIII). This demonstrated that
embedding ES across all years of the undergraduate dental programme resulted in
significant changes in OHP students’ awareness of ESD, attitudes towards ESD, general
pro-environmental attitudes and knowledge of ESD. Additionally, student satisfaction
surveys were completed as part of routine internal quality assurance to review student
perceptions of this curriculum development initiative. These findings provided critical

insight into the intervention's success and helped improve this process for the next cycle.

Conclusions and Recommendations

A curriculum development cycle is critical to ensure dental and OHP education remains fit
for purpose to meet the needs of a frequently evolving profession. This chapter proposes a
new model of curriculum development that is better suited to current OHP educational
practices. This approach utilises contemporary educational terminology and better

reflects the importance of stakeholder collaboration and quality assurance processes.
The following recommendations have been developed:

e Utilise an easy-to-use and effective curriculum mapping software to give critical
insight into existing curricula practices.
e Conduct extensive local and regional needs assessments to identify the drivers for

curriculum development and establish a gold standard of practice.
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Review the constraints of the existing curriculum through a situational analysis to
identify and predict challenges to the proposed development project.

Carefully and objectively select learning outcomes for the planned change and
ensure sustainability by modifying existing learning outcomes and removing
redundant items.

Constructively align selected learning outcomes with teaching and assessment
methods and explore opportunities to augment existing events.

Employ multiple methods of evaluation to review the impact of the intervention
across all relevant stakeholders.

Engage and collaborate with key stakeholders to plan, implement and evaluate

proposed curriculum initiatives.
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Chapter X - Summary and Conclusions

The research presented in this thesis has answered the overarching research question
‘How does the undergraduate dental curriculum evolve to incorporate new concepts, such as
environmental sustainability?’ by illustrating a systematic and structured approach to
curriculum development through the lens of environmental sustainability (ES). The aim of
this research was to implement and evaluate a curriculum development model to embed
environmental sustainability in undergraduate dental education. This aim has been
achieved through careful and structured completion of the objectives, utilising a range of

rigorous research methodologies that were grounded in stakeholder consultation.

The current state of dental and OHP education in Europe was explored through a scoping
review and surveys (reported in Chapter IV) 3311312 The scoping review concluded that
there was very little reporting of dental and OHP professional education across Europe
and established the need for a data collection process across Europe. A ‘living’ survey in
the form of a datahub was developed that allowed dental schools to control and update
their own data. The datahub was shared with all ADEE members and a 50% response rate
was achieved. The results were presented in two separate publications (also reported in
Chapter IV) and provide key data regarding programme details, curriculum structure and
educational practices from over 70 dental schools across 25 different European countries
311312 This was the first attempt to collect comprehensive data on programme structures
and curriculum practices across Europe, which provided key insight to inform the next

steps of the project.

Two studies were developed to gain an understanding into existing teaching practice for
ES in dental education (reported in Chapter V). A mixed methods approach was adopted at
a European level which included a survey and interactive workshop to identify common
challenges to embedding ES in the curriculum and to propose key strategies to overcome
these 323, Additionally, a survey was disseminated to all UK and Irish dental schools to

identify current teaching practice for ES **. These studies illustrated that most schools
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reportedly do not currently teach ES and are facing numerous challenges, particularly in
clinical contexts. Numerous barriers to embedding ES in the curriculum were identified
including a lack of curriculum space, expertise to teach ES and resources for educators

and students.

Specific learning outcomes for ES and aligned teaching and assessment methods were
developed through a consensus-based approach (reported in Chapter VI) 32, Two of these
learning outcomes were adopted by the General Dental Council (GDC) and made the
teaching of ES mandatory in dental schools within the United Kingdom from 2025 **. Focus
groups were used to explore student and educator views on the relevance of ES and
opportunities to embed ES within the local curriculum (also reported in Chapter VI) 3.
Multiple themes were uncovered including the need to practically reinforce ES teaching
and teach ES across all disciplines. Importantly, it was identified that there are
opportunities to augment or modify existing teaching and assessment events to include
ES. This is beneficial as it avoids adding numerous new events for ES in an already

overloaded curriculum.

As educators currently feel there is a lack of expertise to teach ES within their institution, it
became clear that evidence-based content needed to be developed. An approach
grounded in evidence and consultation with multiple stakeholders was used to develop
content statements for ES (reported in Chapter VII) 3. These serve as key messages for ES
that can be embedded into existing teaching events, perhaps in the form of a single or
multiple slides. The statements were mapped to all curriculum subjects in dental and OHP
education. This allows educators to identify evidence-based and subject-specific content
that they can embed within their teaching. This work should give educators confidence
that the information they are providing is evidence-based, particularly in a subject area

that is open to misinformation and disinformation.

All previous research findings informed a plan to longitudinally embed ES across all years
of the dental curriculum. Four teaching interventions were delivered as part of the formal

curriculum: (i) FDI ‘Sustainability in Dentistry’ MOOC, (ii) standalone lecture
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‘Environmental Sustainability in Dentistry’, (iii) content statements embedded into
lectures across all curriculum subijects, (iv) case-based discussion including ES concepts. A
survey was used to assess students’ awareness of environmental sustainability in dentistry
(ESD), attitudes towards ESD and knowledge of ESD at baseline and post-intervention to
evaluate whether and to what extent the interventions had a positive impact on these
outcome measures (reported in Chapter VIII). This research demonstrated significant and
positive changes in awareness of ESD, attitudes towards ESD, general pro-environmental
attitudes and knowledge of ESD from baseline to post-intervention demonstrating the
effectiveness of the curriculum initiative. The findings of this study reinforced the need to
embed ES across numerous curriculum subjects and provide baseline teaching on ES

concepts with opportunities for practical learning.

A new model for curriculum development in dental and OHP education has been
presented after being validated through the education research described previously in
this thesis (reported in Chapter IX). The model incorporates more contemporaneous
educational terminology and reflects the current favouring of the learning outcomes-
based curriculum model. As evidenced by the research completed previously, stakeholder
collaboration forms a key part of the model. Examples of practice for each stage of the

model have been discussed through the lens of ES.

Limitations of the Research

Whilst the approaches selected were robust and inclusive of stakeholder views, the
candidate acknowledges some limitations with the research undertaken. The research
completed has considered and delivered change in the formal curriculum, however the
interaction between the ethos and culture of the institution on both the informal and
hidden curriculum should be considered as an important part of embedding topics such
as ES. Numerous initiatives are ongoing to include and normalise ES in all departmental

activities, although describing these is not within the scope of this project.
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The limitations of each study is reported in Chapters IV - VIII. The project as a whole
presents a structured approach to curriculum development through the lens of
environmental sustainability. The evaluation of the success of this intervention considered
the change in student awareness, attitudes and knowledge of ESD - a key outcome
measure. However, with additional time and resources, further research should be
performed to evaluate the curriculum development project from the perspective of
academic staff, curriculum managers and administrative personnel to consider

‘disruption' from another context.

Additionally, it should be acknowledged that this research and curriculum initiative is a
starting point, and it is important to consider that this curriculum initiative should be
reviewed again after a five-year cycle to evaluate the effect of the cumulative learning
across the length of the curriculum on the outcome measures. Additionally, reviewing the
process of embedding ES more extensively in existing assessment methods must be
considered. Finally, the impact of this curriculum initiative on environmentally sustainable
clinical behaviours should be investigated and the relationship between attitude and

behaviour change in the context of ESD should be considered.

Conclusion

This project has demonstrated how the dental curriculum evolves to incorporate new
concepts such as ES. An educational research approach has been employed to
systematically plan, implement and evaluate the process of embedding ES in the
undergraduate dental curriculum. A real-world example of a longitudinally integrated ES
curriculum has been presented and significant changes in awareness, attitudes and
knowledge of ESD were demonstrated from this approach. Additionally, the research
results have demonstrated that it is feasible to embed new concepts within an existing
curriculum with minimal disruption. Further investigations should be undertaken to
explore the experiences of academic staff and curriculum managers throughout this

curriculum initiative. A new model for curriculum development has been created that will
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help educators and higher education institutions embed stakeholder collaboration and

quality assurance within the ethos of this process.
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Appendices

Appendix A - Focus Group Script for ‘Exploring Staff and
Students Views on the Relevance and Opportunities for
Environmental Sustainability in the Undergraduate Dental

Curriculum.’,

Introduction

1. Provide a brief overview of the curriculum development project and plans for the
session.

2. Introduce the principal investigator and rapporteur. Confirm that the sessions will
be audio recorded and that each participant will have a code to link comments
while maintaining anonymity.

3. Introduce Wooclap, a software used to submit responses - discussion will be

developed from the responses.

Demographic/Baseline Questions: collected via Wooclap using polls and free-text

responses

1. Students: Please state your year and programme of study.
2. Staff: Please state the speciality/discipline in which you teach.

3. Have you previously worked on embedding Environmental Sustainability in the

curriculum?

Embedding Environmental Sustainability in the Curriculum in Sheffield - Questions

Three learning outcomes have been selected to be taught and assessed across the length

of the curriculum. These are:
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e Explain the importance of practising sustainable oral health care

e Apply the scientific knowledge base in relation to the environmental impacts of
common treatment methods, and common approaches to the delivery of care

e Develop effective patient-specific strategies for preventive oral health, reducing the

need for recall, operative intervention, and material use
Please rank each learning outcome according to: (collected via Wooclap using polls)

1. Clarity of language: clear or not
2. Importance in the curriculum: essential (must teach), important (should teach),

aspirational (could teach).

For “Explain the importance of practising sustainable oral health care” (collected via

Wooclap using free-text answers)

1. How do you think this learning outcome would be best taught? Why...

2. How do you think this learning outcome would be best observed/assessed? Why...

For “Apply the scientific knowledge base in relation to the environmental impacts of
common treatment methods, and common approaches to the delivery of care” (collected

via Wooclap using free-text answers)

1. How do you think this learning outcome would be best taught? Why...

2. How do you think this learning outcome would be best observed/assessed? Why...

For “Develop effective patient-specific strategies for preventive oral health, reducing the
need for recall, operative intervention, and material use” (collected via Wooclap using

free-text answers)

1. How do you think this learning outcome would be best taught? Why...

2. How do you think this learning outcome would be best observed/assessed? Why...
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Appendix B - Chapter Vill - Complete Analysis of the Pilot
Questionnaire Data and Justification for Amendments to Final
Survey

Completion Data

Table B1: An overview of the completion rates and number of responses.

Completion Rates Number of Responses
<20% 22

20-40% 2

41-60% 6

61-80% 0

81-99% 0

100% 14

Total 44

This pilot study observed a high number of incompletions. Most incompletions (73%)
occurred after less than 20% of the survey had been completed (i.e., after the consent form

and demographic information were completed).

Considering the drop-out rate observed during the pilot study, some small changes
were made to improve the completion rates of the final survey. First, an accurate
estimation of the mean time to complete the survey has been added to the landing page of
the survey; this was calculated from the pilot survey responses below. Second, a progress

bar was added to the survey to inform participants about their progress. Third, the
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researchers also felt that the length of the participant information sheet was
overwhelming for participants and, therefore, may have reduced survey completion rates.
As the recruitment process will include in-person and online recruitment via email, the
participant information sheet will be shared in the recruitment messages. Therefore, the
participant information sheet in the survey was converted to a hyperlink to avoid
repetition. Finally, during recruitment, the researchers will emphasise the importance of

completing the whole survey and repeat the estimated length of the survey.

Demographics

Of the 14 respondents who completed the survey in full, nine (64.3%) were female and five
(35.7%) were male. This gender split likely represents the real-world male-to-female ratio
of the target population. The mean age of respondents was 24.9 years (SD = 5.43). All
respondents were enrolled in a Bachelor’s Degree in Dental Surgery (BDS). Most
participants reported being in their 4th year of study (50%) and the range was from year 3
to year 5. The stage of the respondents in this pilot data aligns with the senior students in
my target population. However, the absence of early-year students (year 1 and 2) and
students enrolled on dental hygiene and dental therapy programmes in the pilot study
may mean that the pilot responses do not reflect those of the target population. It is likely
that the average student who completed the pilot study has more academic and clinical
experience than the average student who will complete the final survey. Therefore, it is
hypothesised that the pilot respondents may perform better in the knowledge-based

questions due to their prior experience.

The demographic data for prior experience of activities related to Environmental
Sustainability in Dentistry was varied. Five respondents have attended a formal teaching
session, a talk or a webinar or have encountered the topic in the media. Three
respondents had read a published paper or book chapter, and one respondent had
completed a dissertation on the topic. The respondents to this pilot may respond more
positively to the awareness and attitudes to Environmental Sustainability in Dentistry

questionnaire items and may perform better in the knowledge-based questions due to
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these prior experiences. No participants completed the FDI World Dental Federation
‘Sustainability in Dentistry’ MOOC and 11 (78.6%) respondents had not worked in dental

practice previously.

Action taken: as no problems were identified with the demographics section, no changes
were made to the final survey. Some observations have been made regarding the
demographics of the pilot population and their potential influence on the responses

received.

Awareness and Attitudes towards Environmental Sustainability in Dentistry Questions

Table B2 provides an overview of the pilot data for awareness and attitudes towards the
ESD items using descriptive statistics. There are four combined items: awareness of ESD,
attitudes to ESD, bipolar adjectives describing ESD and general environmental attitudes.
All items had a five-point response scale, with one the lowest rating and five the highest.
Across all items, a range of scores were provided, which provides evidence of the
effectiveness of the five-point scale. The mean score for awareness of ESD and general
attitudes were lower than the attitudes and bipolar adjectives for ESD and centred around
the ‘neither agree nor disagree’ option. The attitudes and bipolar adjectives mean
responses aligned with the ’agree’ option. The risk for a ceiling effect is greater for the
attitudinal scores. However, the range of scores received and the potential favourable
demographics to more positive attitudes to ESD scores led the researchers to proceed

without modification.

Table B2 - Descriptive statistics for the awareness and attitudes towards Environmental Sustainability in

Dentistry items.

Measure N Minimum | Maximum M SD
Awareness of ESD 14 1.25 4.25 3.16 0.94
Attitudes towards ESD 14 2.75 5.00 4.14 0.74
(Likert scale)
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environmental attitudes

Attitudes towards ESD 14 2.22 5.00 4.17 0.69
(bipolar adjectives)
General pro- 14 2.50 4.88 3.78 0.74

Knowledge of Environmental Sustainability in Dentistry Questions

Table B3 presents the results from the pilot for the six knowledge-based single best

answer questions. The correct answer selected as a percentage, the difficulty index and

difficulty grade are provided for each question. The difficulty index demonstrates the

difficulty of the question, and a modification of the work by Al Muhaissen et al. (2019) has

been made to create a grading system that is suitable for this study:

e Very difficult questions - difficulty rating less than 0.2

e Challenging questions - difficulty rating between 0.2-0.49

e Acceptable questions - difficulty rating between 0.5 - 0.79

e FEasy questions - difficulty rating between 0.8-1

Table B3 - Descriptive statistics for knowledge of Environmental Sustainability in Dentistry items.

Number | Question Correct Difficulty Difficulty
Answer Index Grade
Selected
(%)
1 The single best strategy to make | 21.4 0.21 Challenging
dentistry more environmentally
sustainable is
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2 Which option is the most 14.3 0.14 Very difficult
significant contributor to the
environmental impacts of

dentistry and oral healthcare

3 Which of the following most 57.1 0.57 Acceptable
accurately reflects the use of
single-use plastics (SUPs) in

dentistry

4 What is the primary concern 92.9 0.92 Easy
associated with the use of

amalgam fillings?

5 What is the primary 57.1 0.57 Acceptable
environmental benefit of using

digital radiography in dentistry?

6 Effective oral hygiene regimes 64.3 0.64 Acceptable

As this study aims to demonstrate the impact of learning and teaching interventions, a
question that is graded ‘easy’ would mean that it is easy to guess the correct answer
without receiving the dedicated teaching content. An easy question would, therefore, limit
the study's potential to demonstrate a significant change in knowledge regarding ESD.
Questions one and two were rated as challenging and very difficult, respectively; this is
viewed as a positive as it is difficult for respondents to select the correct answer without
experiencing the teaching interventions. Questions three to six were rated as ‘acceptable’
or ‘easy’, suggesting it was easier for participants to select the correct answer, even though
they had not experienced the teaching interventions. However, this cohort's prior
academic and clinical experience may mean they were more likely to answer the question

correctly. As the final survey will include students from earlier years (i.e., those with less
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academic and clinical experience),the researchers felt these questions may still be good
discriminators, and hence, all questions were retained. However, to align with educational
literature and a transition to ‘single-best answer’ questions in health professional
education, an additional answer option was added to all knowledge-based questions. This

may also potentially make the questions more challenging in the final survey.

Pilot Evaluation Questions

The pilot evaluation questions aimed to gather opinions regarding the clarity and ease of
understanding of the survey items and the overall length. Each respondent reported being

able to respond to all the questions in the questionnaire.

Questionnaire ease-of-understanding and clarity

Over 78% of participants felt none of the questions were difficult to understand, whilst

three participants (21.4%) reported some difficulties. The free-text comments were:

e “Perhaps it would be easier if all questions were standardised so that they are all
negative or all positive, to avoid people chosing wrong answer by accident. l.e.
some questions say "i don't care about the environment...." whilst other say "the

environment is important to me..."

e “They were not difficult to understand, | just did not like how the rating scale of
strongly agree and strongly disagree would change order. So | thought | had
pressed one but it was the opposite of what | wanted. Keeping the options always

in the same order would prevent erroneous answers.”
e “Too wordy a bit”

Action taken: The researchers reviewed the terminology used within the questions and
made minor modifications to simplify or shorten some of the questions in the attitudes
and awareness of ESD sections of the survey. Whilst the researchers acknowledge that the
item randomisation may make the survey more time-consuming to complete, it is more

robust to ensure respondents do not select the same answer for each question without
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due consideration of the item. Therefore, the randomisation has not been removed from

the survey.

Over 85% of respondents reported that no terms used in the questionnaire were

confusing, whilst two respondents did. The free-text comments were:

e “Kind of misunderstood the double negative questions, but when | read them again

it made sense”

e “The question in regards to effective oral hygiene: what does supervised by a

dentist mean? Do you mean when a patient attends check-ups regularly?”

Action taken: The researchers acknowledge that the presence of negative items, e.g. “l do
not care”, which was immediately followed by the ‘strongly disagree’ option, may make
some items difficult to complete. The researchers changed the answer option order so that
‘strongly agree’ appears first. The researchers also acknowledged the concerns regarding
the ‘effective oral hygiene regimes question’ (question 6) and decided to remove this

question from the survey.

Questionnaire length

93% of respondents felt the questionnaire length was ‘about right’, and one respondent
felt it was too long. The mean time to complete, according to the respondent's

estimations, was 9.1 minutes (SD=2.99).

Action taken: No action was taken as the majority of respondents felt the questionnaire
length was appropriate. Recent research by Revilla et al. (2020) has demonstrated that the

ideal maximum survey length is between 10 and 15 minutes.

Additional comments

Some respondents left some final comments in free-text form:
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e “ldidn't like the question with all the descriptive words like "important", "wise"
only because | wasn't quite sure which side of the scale was what | wanted as now

the scale was displayed vertically as opposed to horizontally”

e “Actually really interested in finding out more about sustainability and

environmental issues of dentistry”

e “Itwasagood topic. More work needs to be done to protect the environment

against waste in many industries including dentistry”

Action taken: No action was taken. The survey has been reviewed on both computer and
mobile devices, and while the bipolar adjectives scale appears vertically on mobile

devices, the ‘top’ and ‘bottom’ options are labelled with the appropriate adjective.
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Appendix C - Chapter VIII - Final Survey Items Developed from
Previous Literature and De Novo

Consent Form (mandatory tick box items)
Taking part in the project:

e | haveread and understood the project information sheet

e | have been given the opportunity to ask questions about the project.

e |agreetotake partin the project. | understand that taking part in the study will
involve completing two questionnaires.

e |lunderstand that my taking part is voluntary and that | can withdraw from the

study at any time.
How my information will be used during and after the project:

e |understand that any personal details that | provide will not be revealed to people
outside the project.

e |understand and agree that other authorised researchers will have access to this
data in publications, reports, web pages, and other research outputs, only if they
agree to preserve the confidentiality of the information requested in this form.

e | give permission for the anonymous data that | provide to be used in future

research.
So that the information you provide can be used legally by the researchers:

e |agreeto assign the copyright | hold in any materials generated as part of this

project to the University of Sheffield.
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Demographics

Please state your personal anonymous identifier code; this should be (free-text response):

=

The first two letters of your mother’s first name
The number of siblings you have (including half/step-siblings)

The number for the day you were born

S

The first two letters of your surname

Please state your gender identity (single answer option):

e Male

Female

Non-binary

Prefer not to say

Other

Please state your age (free text response)

Please select your programme and year of study (single answer option):

e 1stBDS
2nd BDS

3rd BDS

4th BDS

5th BDS

1st DH&DT

2nd DH&DT

Have you completed any of the following activities related to environmental sustainability

in dentistry? (select all that apply)
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e Attended a formal teaching session (e.g., lecture/workshop),
e Attended a talk or webinar

e Read a published paper or book chapter

e Encountered the topicin the media

e Other (please specify in the text box below)

e None

Have you completed the FDI World Dental Federation ‘Sustainability in Dentistry’ MOOC?

(single answer option)

e Yes

e No

Have you worked in a dental practice before (excluding work experience)? (single answer

option)
e Yes
e No

Awareness of Environmental Sustainability in Dentistry

Five-point Likert scales (reverse): strongly agree, agree, neither agree nor disagree,

disagree, strongly disagree.
To what extent do you agree with the following statements:

¢ | am aware of the environmental impact of dentistry and oral healthcare....

¢ |aminformed about the environmental impacts of dentistry and oral
healthcare....

e |lam knowledgeable about environmental sustainability in dentistry....

¢ | am familiar with environmental sustainability in dentistry ...

These items were developed de novo as no relevant previously published items were

identified in the literature.
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Attitudes towards Environmental Sustainability in Dentistry (measured through Likert scales)

Five-point Likert scales (reverse): strongly agree, agree, neither agree nor disagree,

disagree, strongly disagree.

To what extent do you agree or disagree with the following statements:

e |do not care about the environmental impact of the dental care that | provide

Item modified from: Baird HM, Mulligan S, Webb TL, Baker SR, Martin N. Exploring
attitudes towards more sustainable dentistry among adults living in the UK. British

Dental Journal. 2022 Aug 1;233(4):333-42.

Original item: | do not care about the environmental impact of dental services

e |do not care if the dental treatment | provide harms the environment

Item modified from: Baird HM, Mulligan S, Webb TL, Baker SR, Martin N. Exploring
attitudes towards more sustainable dentistry among adults living in the UK. British

Dental Journal. 2022 Aug 1;233(4):333-42.

Original item: | do not care if my dental treatments harm the environment

e Itisimportant to me that any dental treatment that | provide does not harm

the environment

Item modified from: Baird HM, Mulligan S, Webb TL, Baker SR, Martin N. Exploring
attitudes towards more sustainable dentistry among adults living in the UK. British

Dental Journal. 2022 Aug 1;233(4):333-42.

Original item: It is important to me that my dental treatments do not harm the

environment

¢ Itdoes not bother me whether or not the dental care | provide is

environmentally friendly
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Item modified from: Baird HM, Mulligan S, Webb TL, Baker SR, Martin N. Exploring
attitudes towards more sustainable dentistry among adults living in the UK. British

Dental Journal. 2022 Aug 1;233(4):333-42.

Original item: It does not bother me whether or not my dental practice is

environmentally friendly

e Itisimportant to me that the dental profession tries to reduce the impact of

dental care on the environment

Item modified from: Baird HM, Mulligan S, Webb TL, Baker SR, Martin N. Exploring
attitudes towards more sustainable dentistry among adults living in the UK. British

Dental Journal. 2022 Aug 1;233(4):333-42.

Original item: It is important to me that my dental practice tries to reduce the impact

on the environment

¢ |do not think that the dental profession should be actively engaged in

environmental sustainability

Item modified from: Durnall O, Martin N, Mulligan S, Dixon J. Environmental
sustainability: the attitudes and experiences of UK students in the oral health care

profession. British Dental Journal. 2024.

Original item: Do you think that the dental profession should be more actively engaged

in environmental sustainability? Yes/No

e My dental programme should teach me about environmental sustainability in

dentistry

Item modified from: Durnall O, Martin N, Mulligan S, Dixon J. Environmental
sustainability: the attitudes and experiences of UK students in the oral health care

profession. British Dental Journal. 2024.
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Original item: Would you like the undergraduate course to include a greater emphasis

on environmental sustainability? Yes/No
e There is nothing that dentistry can do to reduce environmental issues

Item adopted without modification from: Agrasuta V, Nelson A. The adoption of green

dentistry among dentists in Thailand. Ministry of Public Health Thailand (2013).

Attitudes towards Environmental Sustainability in Dentistry (measured through bipolar

adjectives)
5-point radio dial option

Stem: To me, providing environmentally sustainable oral healthcareis...

Important O O O O O Unimportant
Useless O O O O O Useful
Worthwhile O O O O O Pointless
Harmful O O O O O Beneficial
Good O O OO O Bad
Undesirable O O O O O Desirable
Easy O O O O O Difficult
Enjoyable O O O O O Unenjoyable
Wise O O O O O Foolish

The first six items (important/unimportant to undesirable/desirable) were adopted
without modification from Baird HM, Mulligan S, Webb TL, Baker SR, Martin N. Exploring
attitudes towards more sustainable dentistry among adults living in the UK. British Dental

Journal. 2022 Aug 1;233(4):333-42.

The final three items (easy/difficult to wise/foolish) were developed de novo.
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General Pro-Environmental Attitudes

Five-point Likert scales (reverse): strongly agree, agree, neither agree nor disagree,

disagree, strongly disagree.
To what extent do you agree or disagree with the following statements:

e Compared to other things in my life, environmental problems are not that
important to me

e Environmental problems are of great concern to me personally

e Environmental problems are not that serious because in the long-term things
will balance out

e | can think of many things that I’d rather do than work toward improving the

environment

These items measure pro-environmental concern and were adopted without
modification from: Ellen PS. Do we know what we need to know? Objective and
subjective knowledge effects on pro-ecological behaviors. Journal of Business

Research. 1994 May 1;30(1):43-52.

e | think of myself as someone who is very concerned with environmental issues

¢ | think of myself as an environmentally friendly consumer

¢ | would not want my family or friends to think of me as someone who is
concerned about environmental issues

e | would be embarrassed to be seen as having an environmentally friendly

lifestyle

These items measure pro-environmental identity and were adopted without
modification from: Whitmarsh L, O’Neill S. Green identity, green living? The role of pro-
environmental self-identity in determining consistency across diverse pro-
environmental behaviours. Journal of Environmental Psychology. 2010 Sep

1;30(3):305-14.
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Knowledge of Environmental Sustainability in Dentistry

All items to measure ‘knowledge of environmental sustainability in dentistry’ were

developed de novo due to an absence of previous research items.
5-option single best answer questions.
The single best strategy to make dentistry more environmentally sustainable is:

e Recycle more single-use plastics

e Perform minimally invasive procedures
e Focus on the prevention of oral diseases
e Use eco-friendly materials

e Stop usingdental amalgam

Which option is the most significant contributor to the environmental impacts of

dentistry and oral healthcare:

e Waste production from the dental surgery

e Energy and water consumption during treatment

e Nitrous oxide release from inhalation sedation delivery
e Patient travel and staff commute to the dental surgery

e Procuring/buying materials, clinical items and equipment

Which of the following most accurately reflects the use of single-use plastics (SUPs) in

dentistry:

e Cross-infection control policies encourage the use of SUPs in dentistry

e SUPs are not necessary and can be avoided in all areas of clinical practice
e SUPscan be recycled with appropriate waste segregation streams

e The use of SUPs in dentistry facilitates a circular economy

e SUPs are more environmentally sustainable than most reusable alternatives
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What is the primary concern associated with the use of amalgam fillings?

e High energy consumption during production
e Less conservative tooth preparation

e Release of mercury into the environment

e Risks of harm to human health

e Generation of non-biodegradable waste

What is the primary environmental benefit of using digital radiography in dentistry?

e Reduced water consumption
e Elimination of chemical waste
e Reduced single-use plastics

e Lowerenergy usage

e Decreased paper waste
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