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Appendix A - Participant information sheets and informed 
consent sheets 
Letter Seeking Permission from Institutions (public and private)

Research Project Title: ‘Development of an inventory of biomedical imaging physics learning outcomes for MRI 
radiographers in Malta’.

Objective 1: To develop a Service Portfolio for MRI services in Malta

Name of Researcher:  Joseph Castillo
Address of researcher: 133, Lobelia, St.Michael Street, Fgura, FGR1029
Contact number of researcher: 21667656, 99437290

Name of Supervisor: Prof Carmel J Caruana
Contact number of supervisor: 23401848

Dear  _________

I am a PhD student at the University of Malta conducting a research study the purpose of which is to develop an 
inventory of biomedical imaging physics learning outcomes which is specific to the MRI service needs and 
particular milieu of a network of radiographer-managed MRI units in Malta.  The potential benefits of this study are:

(a) for local healthcare services: since MRI physics learning outcomes are fundamental for image quality and 
patient / occupational safety the results of this study would improve the quality and outcomes of MRI exam to the 
satisfaction of the patient as an external customer and the referrer as an internal customer.

(b) for the radiography profession in Malta: to provide an inventory of biomedical imaging physics learning 
outcomes which would be used to develop the role of the radiographer in Malta. 

The first objective of the study would be to develop an MRI service portfolio through a series of interviews with 
representatives of the key stakeholders. The opinions of the participants would be used to generate statements for 
a Delphi process leading towards the development of a consensus document concerning MRI services in Malta 
with the same participants.

I am requesting permission to conduct the study at the Hospital. I have sought and gained permission from Dr 
Salvina Zrinzo, Dr Lina Janulova,  Ms Charmaine Attard and Ms Margaret Muscat (Manager Physiotherapy 
Services) to interview a number of participants regarding issues related to the MRI service. 

All information will be kept strictly confidential and participants will remain anonymous throughout the study and 
publication of results.  All participants will be given a letter of explanation and asked to sign a consent form. 
Participants will be advised that they have the right to withdraw from the study at any time and their data will not be 
included in the study

Approval will be requested by the University of Malta Ethics and Research Committee.
Whilst thanking you in advance I await your reply,

__________________ _________________ _____________
Joseph Castillo Date Signature

__________________ _________________ _____________
Prof Carmel J Caruana Date Signature

I give my consent for the following persons to participate in this study:

__________________ _________________ _____________
Name Surname Date Signature



Consent Form for Interview and Delphi

Research Project Title: ‘Development of an inventory of biomedical imaging physics learning outcomes for MRI 
radiographers in Malta’

Research: Objective 1 – Developing an MRI service portfolio

Researcher: Joseph Castillo, Manager Medical Imaging Services, Mater Dei Hospital Malta

Contact details: Phone: 99437290, email: joseph.castillo@gov.mt

I, (full name), __________________________________ give my consent to participate in the research study.

I understand that: 

1. My participation is voluntary. 

2. I will be asked to give opinions on issues related to the research and that these opinions will not result in any 
judgement of me. The researcher has explained to my satisfaction the purpose, procedures and possible risks 
involved.

3. I have the right to withdraw at any time without consequence. I agree that should I withdraw from the study, the 
data collected up to that point may be used by the researcher for the purposes described in the information sheet.

4. I may be asked to provide written justification for my response for purposes of clarity.

5. I will be kept informed of the results of each round of the questionnaire. 

6. Anonymity amongst panel members is assured. 

7. Confidentiality of all data gathered will be maintained during the analysis of the research.

8. The Delphi will be through the use of web-based questionnaire and again all data will be destroyed once the 
project is finished.

9. I will respect the confidentiality of the Delphi by not divulging anything that was discussed during the sessions 
outside the sessions.

10. I give permission to allow the researcher to anonymously quote what I have communicated to him in written or 
spoken presentations or publications. 

__________________ _________________ _____________
Name of Participant Date Signature

__________________ _________________ _____________
Joseph Castillo Date Signature

__________________ _________________ _____________
Prof Carmel Caruana Date Signature



Participants Information Sheet

Objective 1 – Developing an MRI service portfolio for Malta

08th April, 2013

Invitation to participate in a research study towards a Doctor of Philosophy

I am a PhD student at the University of Malta conducting a study titled ‘Development of an inventory of biomedical 
imaging physics learning outcomes for MRI radiographers in Malta’.

You are being invited to take part in this research study because as consultant radiologist / team leader / nurse / 
physician / vendor / physiotherapist you are considered an MRI stakeholder.  Before you decide it is important for 
you to understand why the research is being done and what it will involve.  Please take time to read the following 
information carefully and discuss it with others if you wish. Ask me if there is anything that is not clear or if you 
would like more information.  Take time to decide whether or not you wish to take part.

Purpose of the Study

The end purpose of this study is to develop an inventory of biomedical imaging physics learning outcomes which is 
specific to local MRI needs and to the particular milieu of a network of radiographer-managed MRI units in Malta.  
The potential benefits of this study are:

1. For local health policy: The results of this study would improve the quality and outcome of the MRI exam to 
the satisfaction of the patient as an external customer and the referrer as an internal customer.  This would 
certainly enhance the effectiveness of the medical imaging department as an organization.

2. For the local radiography profession: To the best of my knowledge, this study will be the first systematic and 
comprehensive study of MRI competence profile based on expertise and European framework.  The study has 
implications for the development of a local MRI competence profile, mandatory registration and CPD.

First objective of the study

The first objective of the study is to develop an MRI service portfolio through an interview followed by a Delphi 
process.  Other MRI stakeholders will be invited to take part in this study. The opinions and perceptions of the 
participants during an interview study held between November 2012 and January 2013 were used to develop a 
number of statements. These statements will be used in a Delphi technique to achieve the best agreement possible 
on a 2020 vision MRI services portfolio for Malta.

Voluntary Participation

It is up to you to decide whether or not to take part.  If you decide to take part please sign the consent form 
attached and return it to the researcher. If you decide to take part you are still free to withdraw at any time without 
giving a reason.  A decision to withdraw, or a decision not to take part will not affect you in any way.

Anonymity and confidentiality

There will be anonymity amongst panel members and the opinions of the panel will remain confidential throughout 
the study and when the results are made public. Participants will be coded with a number, known only by the 
researcher and no other person except the researcher will have access to the computer where all the data will be 
stored.

Complaints

If you have any complaints about the study or about any possible harm you might have suffered please feel free to 
contact my University supervisor Prof Carmel Caruana or head of the department Dr Paul Bezzina who will be able 
to answer any of your queries or complaints.

Ethical approval

Ethical approval from the University of Malta has been sought before conduction of this study.



Dissemination of results

The main purpose of the results of this study is to assist me as the researcher in obtaining a doctorate degree.  
Some of the results will be published in academic journals.  There will be no identification either directly or indirectly 
of any participants involved in the study.  If you wish you can obtain a copy of the published literature through the 
researcher.

Contacts for further Information

Research student: Joseph Castillo
Mater Dei Hospital, Malta
Email: joseph.castillo@gov.mt
Telephone: 21667656, 99437290

Research Supervisor: Prof Carmel J Caruana
Lecturer
Faculty of Health Sciences
University of Malta
Email: carmel.j.caruana@um.edu.mt
Telephone: 23401848

Head of Department: Dr Paul Bezzina
Faculty of Health Sciences
University of Malta
Email: paul.bezzina@um.edu.mt
Telephone:
You will be given a copy of the information sheet and a signed consent form to keep

Thank you in advance for participating in this study

Yours sincerely

Joseph Castillo



Letter Seeking Permission from Institutions

Research Project Title:  ‘Development of an inventory of biomedical imaging physics learning outcomes for MRI 
radiographers in Malta’.

Objective 2: To develop and optimize an MRI care pathway in Malta

Name of Researcher:  Joseph Castillo
Address of researcher: 133, Lobelia, St.Michael Street, Fgura, FGR1029
Contact number of researcher: 21667656, 99437290, 25456773

Name of Supervisor: Prof Carmel J Caruana
Contact number of supervisor: 23401848

Dear Dr _______________

As you are aware from previous correspondence I am a PhD student at the University of Malta conducting a 
research study the purpose of which is to develop an inventory of biomedical imaging physics learning outcomes 
which is specific to MRI radiographer role development needs in Malta.  

Following on from the first objective whereby a 2020 vision of the MRI service portfolio for Malta is being developed 
through consensus by a panel of MRI experts the focus now shifts to the development of internal processes and
decisions that leads to operational excellence.

The second objective of this study is to develop and optimize a care pathway for MRI in Malta utilizing a nominal 
group technique with representatives from health care management.  

I am requesting permission to invite a number of professionals in healthcare management to participate in this 
study.   The study would involve one NGT session that is carried out during normal working hours.  The NGT would 
focus on the service concept and the key activities necessary for better outcomes, reduced costs and shorter cycle 
times.

All information will be kept strictly confidential and participants will remain anonymous throughout the study and 
publication of results.  All participants will be given a letter of explanation and asked to sign a consent form. 
Participants will be advised that they have the right to withdraw from the study at any time and their data will not be 
included in the study

Approval is required by the University of Malta Ethics and Research Committee.

Whilst thanking you in advance I await your reply,

__________________ _________________
Joseph Castillo Date

__________________ _________________
Prof Carmel J Caruana Date

I give my permission to invite members of the MHEC healthcare management practising in various institutions:

________________________ _________________
Name Surname Date



Participants Information Sheet

Objective 2 – Developing an MRI care pathway for Malta

30th June 2013

Invitation to participate in a research study towards a Doctor of Philosophy

I am a PhD student at the University of Malta conducting a study titled ‘Development of an inventory of biomedical 
imaging physics learning outcomes for MRI radiographers in Malta’. 

You are being invited to take part in this research study because as a healthcare professional in healthcare 
management you are considered an important stakeholder who either interact daily with or influence the 
development of MRI practice.  Before you decide it is important for you to understand why the research is being 
done and what it will involve.  Please take time to read the following information carefully and discuss it with others 
if you wish. Please feel free to ask me if there is anything that is not clear or if you would like more information.  
Take time to decide whether or not you wish to take part.

Purpose of the Study

The end purpose of this study is to develop an inventory of biomedical imaging physics learning outcomes which is 
specific to local MRI needs and to the particular milieu of a network of radiographer-managed MRI units in Malta.  
The potential benefits of this study are:

(a) For local health policy: The results of this study would improve the quality and outcome of the MRI 
exam to the satisfaction of the patient as an external customer and the referrer as an internal customer.  
This would certainly enhance the effectiveness of the medical imaging department as an organization.

(b) For the local radiography profession: To the best of my knowledge, this study will be the first systematic 
and comprehensive study of MRI competence profile based on expertise and European framework.  The 
study has implications for the development of a local MRI competence profile, mandatory registration 
and CPD.

First objective of the study

The first objective of the study was to develop an MRI service portfolio through an interview followed by a Delphi 
process.  Other MRI stakeholders were invited to take part in this study. Their opinions and perceptions led to the 
development of a 2020 MRI service portfolio.

Second objective of the study – your participation

The second objective of the study is to develop an MRI care pathwat, the focus of which would centre about the 
service concept and key activities leading to better outcomes, reduced costs and shorter cycle times. A nominal 
group technique will be utilized to achieve this objective.  The Nominal Group Technique (NGT), is a qualitative 
method of data collection, used to guide group meetings to arrive to a consensus on the identification of key 
problems, in the development of solutions or decision making.

The meeting venue and date will be communicated to you in the coming days.  The NGT session is expected to 
last approx 2 hours.

Voluntary Participation

It is up to you to decide whether or not to take part.  If you decide to take part please confirm your participation via 
a returned email. If you decide to take part you are still free to withdraw at any time without giving a reason.  A 
decision to withdraw, or a decision not to take part will not affect you in any way.

Confidentiality

The opinions of the panel will remain confidential throughout the main study and when the results are made public. 
Participants will be coded with a number, known only by the researcher and no other person except the researcher 
will have access to the computer where all the data will be stored.



Complaints

If you have any complaints about the study or about any possible harm you might have suffered please feel free to 
contact my University supervisor Dr Carmel Caruana or head of the department Dr Paul Bezzina who will be able 
to answer any of your queries or complaints.

Ethical approval

Ethical approval from the University of Malta has been sought before conduction of this study.

Dissemination of results

The main purpose of the results of this study is to assist me as the researcher in obtaining a doctorate degree.  
Some of the results will be published in academic journals.  There will be no identification either directly or indirectly 
of any participants involved in the study.  If you wish you can obtain a copy of the published literature through the 
researcher.

Contacts for further Information

Research student: Joseph Castillo
Mater Dei Hospital, Malta
Email: joseph.castillo@gov.mt
Telephone: 21667656, 99437290

Research Supervisor: Prof Carmel J Caruana
Lecturer
Faculty of Health Sciences
University of Malta
Email: carmel.j.caruana@um.edu.mt
Telephone: 23401848

Head of Department: Dr Paul Bezzina
Faculty of Health Sciences
University of Malta
Email: paul.bezzina@um.edu.mt
Telephone:
You will be given a copy of the information sheet and a signed consent form to keep

Thank you in advance for participating in this study

Yours sincerely

Joseph Castillo



Consent Form for NGT – Objective 2

Research Project Title: ‘Development of an inventory of biomedical imaging physics learning outcomes for MRI 
radiographers in Malta’.

Objective 2: To develop and optimize an MRI care pathway.

Researcher: Joseph Castillo, Manager Medical Imaging Services, Mater Dei Hospital Malta

Contact details: Phone: 99437290, email: joseph.castillo@gov.mt

Name of Supervisor: Prof Carmel J Caruana
Contact number of supervisor: 23401848

I, (full name), __________________________________ give my consent to participate in the research study.

I understand that: 

1. My participation is voluntary. 

2. I will be asked to give opinions on issues related to the research and that these opinions will not result in any 
judgement of me. The researcher has explained to my satisfaction the purpose, procedures and possible risks 
involved.

3. I have the right to withdraw at any time without consequence. I agree that should I withdraw from the study, the 
data collected up to that point may be used by the researcher for the purposes described in the information sheet.

4. I may be asked to provide clarifications for my responses.

5. Confidentiality of all data gathered will be maintained during the analysis and publication of the research.

6. The session will be audio-recorded and I have been assured that these recordings will be destroyed once the 
project is finished. 

7. I give permission to allow the researcher to anonymously quote what I have communicated to him in written or 
spoken presentations or publications. 

__________________ _________________ _____________
Name of Participant Date Signature

__________________ _________________ _____________
Joseph Castillo Date Signature

__________________ _________________ _____________
Prof Carmel J Caruana Date Signature





Hi Jo
You have a green light. Just use a link on your email to redirect 
interested participants. 

Cheers
Ben

On 18/06/2013, at 4:53 AM, "Joseph Castillo" <josecast@melita.com>
wrote:

> Hi Ben,
>
> Hope you are well.  I am doing a PhD project and would like to use 
the list serve to ask for some clarification on MRI competences. The 
respondent's confidentiality will be guaranteed.
>
> Thanks for your support
>
> Joe Castillo
> Malta
> <Letter seeking permission from institutions for list serve Ben 
Kennedy.docx>



Participants Information Sheet

Objective 3 – Comparative analysis of existing competence profiles, qualifications, certification frameworks for MRI 
radiographers in the major English-speaking countries

30th June 2013

Invitation to participate in a research study towards a Doctor of Philosophy

I am PhD student at the University of Malta conducting a study titled ‘Development of an inventory of biomedical 
imaging physics learning outcomes for MRI radiographers in Malta’. 

You are being invited to take part in this research study because as a healthcare professional in healthcare 
management you are considered an important stakeholder who either interact daily with or influence the 
development of MRI practice.  Before you decide it is important for you to understand why the research is being 
done and what it will involve.  Please take time to read the following information carefully.  Please feel free to ask 
me if there is anything that is not clear or if you would like more information.  Take time to decide whether or not 
you wish to take part.

Purpose of the Study

The end purpose of this study is to develop an inventory of biomedical imaging physics learning outcomes which is 
specific to local MRI needs and to the particular milieu of a network of radiographer-managed MRI units in Malta.  
The potential benefits of this study are:

For local health policy: The results of this study would improve the quality and outcome of the MRI exam to the 
satisfaction of the patient as an external customer and the referrer as an internal customer.  This would certainly 
enhance the effectiveness of the medical imaging department as an organization.

For the local radiography profession: To the best of my knowledge, this study will be the first systematic and 
comprehensive study of MRI competence profile based on expertise and European framework.  The study has 
implications for the development of a local MRI competence profile, mandatory registration and CPD.

Third objective of the study – your participation

The third objective of the study is to do a comparative study of existing competence profiles, qualifications and 
certification frameworks for MRI radiographers in the major English speaking countries.  Your participation in this 
study is to answer questions in order to clarify certain aspects that are unavailable in the public domains such as 
the context in which the above are being used, how they were developed and what changes are expected in the 
future.  

Voluntary Participation

It is up to you to decide whether or not to take part.  

If you decide to take part please confirm your participation via a returned email. If you decide to take part you are 
still free to withdraw at any time without giving a reason.  A decision to withdraw, or a decision not to take part will 
not affect you in any way.

Confidentiality

The opinions of the panel will remain confidential throughout the main study and when the results are made public. 
Participants will be coded with a number, known only by the researcher and no other person except the researcher 
will have access to the computer where all the data will be stored.

Complaints

If you have any complaints about the study or about any possible harm you might have suffered please feel free to 
contact my University supervisor Prof Carmel Caruana or head of the department Dr Paul Bezzina who will be able 
to answer any of your queries or complaints.



Ethical approval

Ethical approval from the University of Malta has been sought before conduction of this study.

Dissemination of results

The main purpose of the results of this study is to assist me as the researcher in obtaining a doctorate degree.  
Some of the results will be published in academic journals.  There will be no identification either directly or indirectly 
of any participants involved in the study.  If you wish you can obtain a copy of the published literature through the 
researcher.

Contacts for further Information

Research student: Joseph Castillo
Mater Dei Hospital, Malta
Email: joseph.castillo@gov.mt
Telephone: 21667656, 99437290

Research Supervisor: Prof Carmel J Caruana
Lecturer
Faculty of Health Sciences
University of Malta
Email: carmel.j.caruana@um.edu.mt
Telephone: 23401848

Head of Department: Dr Paul Bezzina
Faculty of Health Sciences
University of Malta
Email: paul.bezzina@um.edu.mt
Telephone:
You will be given a copy of the information sheet and a signed consent form to keep

Thank you in advance for participating in this study

Yours sincerely

Joseph Castillo



Dear participant, 

The aim of this web based questionnaire is to investigate the present state of MRI education in 
English speaking countries across the world. This questionnaire should only take about 30 
minutes to complete. 

Benefits of the study: 

You will be contributing to the development of a competence profile and learning outcomes for 
MRI radiographers in Malta. 

Confidentiality: 

Your responses will be kept completely confidential. You will be assigned a participant number 
and only the participant number will appear in the dissertation. Only the researcher will see your 
individual survey responses. The responses will be stored electronically in a password protected 
folder. No hard copies will be kept. Following data collection and publication of the results all data 
will be destroyed. 

Right to withdraw at any time: 

Your participation is voluntary. You are free to withdraw your participation from this study at any 
time without penalty. If you do not want to continue, you can simply leave this website. 

If you do not click on the "submit" button at the end of the survey, your answers and participation 
will not be recorded. 

Contact information: 

If you have concerns or questions about this study, please contact Joseph Castillo at 
joseph.castillo@gov.mt or the PhD project supervisor Dr Carmel J Caruana at 
carmel.j.caruana@um.edu.mt. 

Consent to participate: 

. 

 

If you  your email address in the space provided within 
the demographic section. 

 

Thank you. 

Joseph Castillo



Letter Seeking Permission from Institutions

Research Project Title:  ‘Development of an inventory of biomedical imaging physics learning outcomes for MRI 
radiographers in Malta’.

Objective 4: To develop and validate a competence profile, qualification and certification 
framework for MRI radiographers in Malta

Name of Researcher:  Joseph Castillo
Address of researcher: 133, Lobelia, St.Michael Street, Fgura, FGR1029
Contact number of researcher: 21667656, 99437290, 25456773

Name of Supervisor: Prof Carmel J Caruana
Contact number of supervisor: 23401848

Dear Dr 

Following on from the first three objectives whereby a 2020 vision of the MRI service portfolio for Malta, an MRI 
Clinical Care Pathway were developed and a comparative study of competence frameworks was carried out, the 
focus now shifts to the development and validation of a competence profile, qualification and certification 
frameworks for MRI Radiographers in Malta.

I am requesting permission to invite one of the lecturers within the Radiography Division to participate in this study.   
The study would involve filling up a number of Likert statements to validate the competence profile, qualification 
and certification frameworks.  There may be the possibility that the participant will be interviewed to clarify issues 
raised during the survey.

All information will be kept strictly confidential and participant will remain anonymous throughout the study and 
publication of results.  Participant will be given a letter of explanation and asked to sign a consent form. Participant 
will be advised that he has the right to withdraw from the study at any time and the data will not be included in the 
study

Approval is required by the University of Malta Ethics and Research Committee.

Whilst thanking you in advance I await your reply,

__________________ _________________
Joseph Castillo Date

__________________ _________________
Prof Carmel J Caruana Date

I give my permission to invite members of the Medical Imaging management.

________________________ _________________
Name Surname Date



Participants Information Sheet

Objective 4 – To develop and validate a competence profile, qualification and certification framework for MRI 
radiographers in Malta

Invitation to participate in a research study towards a Doctor of Philosophy

I am a PhD student at the University of Malta conducting a study titled ‘Development of an inventory of biomedical 
imaging physics learning outcomes for MRI radiographers in Malta’. 

You are being invited to take part in this research study because as a healthcare professional in healthcare 
management you are considered an important stakeholder who either interact daily with or influence the 
development of MRI practice.  Before you decide it is important for you to understand why the research is being 
done and what it will involve.  Please take time to read the following information carefully.  Please feel free to ask 
me if there is anything that is not clear or if you would like more information.  Take time to decide whether or not 
you wish to take part.

Purpose of the Study

The end purpose of this study is to develop an inventory of biomedical imaging physics learning outcomes which is 
specific to local MRI needs and to the particular milieu of a network of radiographer-managed MRI units in Malta.  
The potential benefits of this study are:

For local health policy: The results of this study would improve the quality and outcome of the MRI exam to the 
satisfaction of the patient as an external customer and the referrer as an internal customer.  This would certainly 
enhance the effectiveness of the medical imaging department as an organization.

For the local radiography profession: To the best of my knowledge, this study will be the first systematic and 
comprehensive study of MRI competence profile based on expertise and European framework.  The study has 
implications for the development of a local MRI competence profile, mandatory registration and CPD.

Fourth objective of the study – your participation

The fourth objective of the study is to to develop and validate a competence profile, qualification and certification 
framework for MRI radiographers in Malta.  The competence profile, and qualification / certification frameworks will 
be developed from data obtained in objectives 1, 2 and 3.  Your participation in this study is to validate the 
competence profile and frameworks.

For your information objective 1 was to develop a 2020 vision of the MRI service portfolio for Malta; objective 2 was 
to develop a MRI care pathway for adults undergoing MRI in Malta and objective 3 was a comparative study of 
existing competence profiles, qualification / certification frameworks for MRI radiographers in the major English 
speaking countries and Europe.

Voluntary Participation

It is up to you to decide whether or not to take part.  

If you decide to take part please confirm your participation via a returned email. If you decide to take part you are 
still free to withdraw at any time without giving a reason.  A decision to withdraw, or a decision not to take part will 
not affect you in any way.

Confidentiality

The opinions of the panel will remain confidential throughout the main study and when the results are made public. 
Participants will be coded with a number, known only by the researcher and no other person except the researcher 
will have access to the computer where all the data will be stored.

Complaints



If you have any complaints about the study or about any possible harm you might have suffered please feel free to 
contact my University supervisor Prof Carmel Caruana who will be able to answer any of your queries or 
complaints.

Ethical approval

Ethical approval from the University of Malta has been sought before conduction of this study.

Dissemination of results

The main purpose of the results of this study is to assist me as the researcher in obtaining a doctorate degree.  
Some of the results will be published in academic journals.  There will be no identification either directly or indirectly 
of any participants involved in the study.  If you wish you can obtain a copy of the published literature through the 
researcher.

Contacts for further Information

Research student: Joseph Castillo
Mater Dei Hospital, Malta
Email: joseph.castillo@gov.mt
Telephone: 21667656, 99437290

Research Supervisor: Prof Carmel J Caruana
Lecturer
Faculty of Health Sciences
University of Malta
Email: carmel.j.caruana@um.edu.mt
Telephone: 23401848

Thank you in advance for participating in this study

Yours sincerely

Joseph Castillo



Participant Information for objective 4 sent via email 
Dear Participant, 

I am a PhD student at the University of Malta conducting a study titled ‘Development of an 
inventory of biomedical imaging physics learning outcomes for MRI radiographers in Malta’.  

The objective of this survey is to validate a competence profile for MRI radiographers in 
Malta.  The competence profile, was developed from data obtained in objectives 1, 2 and 3.  Your 
participation in this study is to validate the competence profile. 

For your information in objective 1 an MRI service portfolio for Malta was developed; in objective 
2 an MRI care pathway for adults undergoing MRI in Malta was optimized and in objective 3 a 
comparative study of existing competence profiles for MRI radiographers in the major English 
speaking countries was carried out in order to find elements of good practice. 

This survey consists of a Competence Profile made up of 7 Key activities 
https://www.surveymonkey.com/s/KMYPJYV 

It should only take about 40 minutes to complete. 

If you are using the attached hardcopy version please return the questionnaire to the researcher 
via email or at the following address: 
Joseph Castillo 
133, St.Michael Street 
Fgura FGR1029 
or contact me to arrange collection 

Voluntary Participation 

It is up to you to decide whether or not to take part.   

If you decide to take part you are still free to withdraw at any time without giving a reason.  A 
decision to withdraw, or a decision not to take part will not affect you in any way. 

Confidentiality 

The opinions will remain confidential throughout the main study and when the results are made 
public. Participants will be coded with a number, known only by the researcher and no other 
person except the researcher will have access to the computer where all the data will be stored. 

Complaints 

 
If you have concerns or questions about this study, please contact Joseph Castillo at 
josecast@melita.com or the PhD project supervisor Prof Carmel J Caruana at 
carmel.j.caruana@um.edu.mt. 

Ethical approval 

Ethical approval from the University of Malta has been sought before conduction of this study. 

Dissemination of results 

The main purpose of the results of this study is to assist me as the researcher in obtaining a 
doctorate degree.  Some of the results will be published in academic journals.  There will be no 
identification either directly or indirectly of any participants involved in the study.  If you wish 
you can obtain a copy of the published literature through the researcher. 

Contacts for further Information 

Research student: Joseph Castillo 



Mater Dei Hospital, Malta 
Email: joseph.castillo@gov.mt 
Telephone: 21667656, 99437290 
  

Research Supervisor: Prof Carmel J Caruana 
Faculty of Health Sciences 
University of Malta 
Email: carmel.j.caruana@um.edu.mt 
Telephone: 23401848 
 Thank you in advance for participating in this study 
 Yours sincerely 
  

Joseph Castillo 



Consent Form for participation – Objective 4

Research Project Title: ‘Development of an inventory of biomedical imaging physics learning outcomes for MRI 
radiographers in Malta’.

Objective 4: to validate a competence profile for MRI radiographers in Malta

Researcher: Joseph Castillo, Manager Medical Imaging Services, Mater Dei Hospital Malta

Contact details: Phone: 99437290, email: joseph.castillo@gov.mt; josecast@melita.com 

Name of Supervisor: Prof Carmel J Caruana
Contact number of supervisor: 23401848

I, (full name), __________________________________ give my consent to participate in the research study.

I understand that: 

1. My participation is voluntary. 

2. I will be asked to give opinions on issues related to the research and that these opinions will not result in any 
judgement of me. The researcher has explained to my satisfaction the purpose, procedures and possible risks 
involved.

3. I have the right to withdraw at any time without consequence. I agree that should I withdraw from the study, the 
data collected up to that point may be used by the researcher for the purposes described in the information sheet.

4. I may be asked to provide clarifications for my responses.

5. Confidentiality of all data gathered will be maintained during the analysis and publication of the research.

6. I give permission to allow the researcher to anonymously quote what I have communicated to him in written or 
spoken presentations or publications. 

__________________ _________________ _____________
Name of Participant Date Signature

__________________ _________________ _____________
Joseph Castillo Date Signature

__________________ _________________ _____________
Prof  Carmel J Caruana Date Signature



Letter Seeking Permission from Institutions

Research Project Title:  ‘Development of an inventory of biomedical imaging physics learning outcomes for MRI 
radiographers in Malta’.

Name of Researcher:  Joseph Castillo
Address of researcher: 133, Lobelia, St.Michael Street, Fgura, FGR1029
Contact number of researcher: 21667656, 99437290, 25456773

Name of Supervisor: Prof Carmel J Caruana
Contact number of supervisor: 23401848

Dear 

Following on from the first four objectives whereby a competence profile for MRI radiographers has been 
developed the focus now shifts on to the main objective of the PhD project - to develop and validate 
comprehensive inventory of biomedical imaging physics learning outcomes to support the certification of MRI 
radiographers in Malta.

I am requesting permission to invite medical physicists and radiologists to participate in the study.   The study 
would involve answer a number of Likert statements to validate an inventory of biomedical imaging physics learning 
outcomes.  There may be the possibility that the participant will be interviewed to clarify issues raised during the 
survey. 

All information will be kept strictly confidential and participant will remain anonymous throughout the study and 
publication of results.  Participant will be given a letter of explanation and asked to consent to participate. 
Participant will be advised that he/she has the right to withdraw from the study at any time and the data will not be 
included in the study

Approval is required by the University of Malta Ethics and Research Committee.

Whilst thanking you in advance I await your reply,

__________________ _________________
Joseph Castillo Date

__________________ _________________
Prof Carmel J Caruana Date

I give my permission to invite medical physicists and radiologists to participate in this study.

________________________ _________________
Name Surname Date



Participants Information Sheet

Objective 5 – To develop and validate an inventory of biomedical imaging physics learning outcomes for MRI 
radiographers in Malta

Invitation to participate in a research study towards a Doctor of Philosophy

I am a PhD student at the University of Malta conducting a study titled ‘Development of an inventory of biomedical 
imaging physics learning outcomes for MRI radiographers in Malta’. 

You are being invited to take part in this research study because as a healthcare professional involved in MRI you 
are considered an important stakeholder.  Before you decide it is important for you to understand why the research 
is being done and what it will involve.  Please take time to read the following information carefully.  Please feel free 
to ask me if there is anything that is not clear or if you would like more information.  Take time to decide whether or 
not you wish to take part.

Purpose of the Study

The end purpose of this study is to develop an inventory of biomedical imaging physics learning outcomes which is 
specific to local MRI needs and to the particular milieu of a network of radiographer-managed MRI units in Malta.  
The potential benefits of this study are:

For local health policy: The results of this study would improve the quality and outcome of the MRI exam to the 
satisfaction of the patient as an external customer and the referrer as an internal customer.  This would certainly 
enhance the effectiveness of the medical imaging department as an organization.

For the local radiography profession: To the best of my knowledge, this study will be the first systematic and 
comprehensive inventory of biomedical imaging physics learning outcomes specific for Maltese MRI radiographers.  
The study has implications for the development of a certification process leading to a speciality in MRI radiography.

Fifth objective of the study – your participation

1. The fifth objective of the study is to to develop and validate an inventory of biomedical imaging physics 
learning outcomes for MRI radiographers in Malta using a Delphi process.    Your participation in this 
study is to validate the inventory of learning outcomes that would be necessary and sufficient to support 
the list of competences (competence profile) for MRI radiographers in Malta developed in a previous 
phase of the project .

The previous objectives of the project were as follows: objective 1 was to develop a 2020 vision of the MRI service 
portfolio for Malta; objective 2 was to develop a MRI care pathway for patients undergoing MRI in Malta, objective 3 
was a comparative study of MRI qualification and certification frameworks amongst English-speaking countries and 
objective 4 was to develop and validate a competence profile (a list of competences) for MRI radiographers in 
Malta.

The Delphi process will be repeated until consensus is achieved.  Delphi studies are often stopped when in 
interquartile range of 1.0 or less is attained on the greater majority of the statements.  This cut off will also be used 
for this study.

Voluntary Participation

It is up to you to decide whether or not to take part.  

If you decide to take part please confirm your participation via a returned email. If you decide to take part you are 
still free to withdraw at any time without giving a reason.  A decision to withdraw, or a decision not to take part will 
not affect you in any way.



Confidentiality

The opinions of the panel will remain confidential throughout the main study and when the results are made public. 
Participants will be coded with a number, known only by the researcher and no other person except the researcher 
will have access to the computer where all the data will be stored.

Complaints

If you have any complaints about the study or about any possible harm you might have suffered please feel free to 
contact my University supervisor Prof Carmel Caruana who will be able to answer any of your queries or 
complaints.

Ethical approval

Ethical approval from the University of Malta has been sought before conduction of this study.

Dissemination of results

The main purpose of the results of this study is to assist me as the researcher in obtaining a doctorate degree.  
Some of the results will be published in academic journals.  There will be no identification either directly or indirectly 
of any participants involved in the study.  If you wish you can obtain a copy of the published literature through the 
researcher.

Contacts for further Information

Research student: Joseph Castillo
Mater Dei Hospital, Malta
Email: joseph.castillo@gov.mt
Telephone: 21667656, 99437290

Research Supervisor: Prof. Carmel J Caruana
Department of Medical PhysicsFaculty of Health Sciences
University of Malta
Email: carmel.j.caruana@um.edu.mt
Telephone: 23401848

Thank you in advance for participating in this study

Yours sincerely

Joseph Castillo



Dear participant, 

The aim of this questionnaire is to validate MRI physics learning outcomes for MRI radiographers 
in Malta. This questionnaire should only take about 60 minutes to complete.  Although desirable 
there is no need to complete the whole questionnaire in one session 

Benefits of the study: 

You will be contributing to the development of MRI Physics learning outcomes for MRI 
radiographers in Malta. 

Confidentiality: 

Your responses will be kept completely confidential. You will be assigned a participant number 
and only the participant number will appear in the dissertation. Only the researcher will see your 
individual survey responses. The responses will be stored electronically in a password protected 
folder. No hard copies will be kept. Following data collection and publication of the results all data 
will be destroyed. 

Right to withdraw at any time: 

Your participation is voluntary. You are free to withdraw your participation from this study at any 
time without penalty. If you do not want to continue, you can simply leave this website. 

Please return the questionnaire to the researcher at the following address: 

Joseph Castillo 
Medical Imaging Department 
Mater Dei Hospital 
 
Contact information: 

If you have concerns or questions about this study, please contact Joseph Castillo at 
joseph.castillo@gov.mt or the PhD project supervisor Prof Carmel J Caruana at 
carmel.j.caruana@um.edu.mt. 

Consent to participate: 

By participating in the survey, we acknowledge that you have read this information and have 
consented to participate and contribute to this research. 

If you wish a summary of the results please leave your email address in the space provided within 
the demographic section. 

 

Thank you. 

Joseph Castillo 



Appendix B – Semi-structured interview tool used in Objective 
1  









Appendix C – Second round Delphi web-based questionnaire 
used in Objective 1 































Appendix D – NGT User Guide Version 5 used in Objective 2 

The Meeting Venue 
The meeting venue may be at a leading hotel. The room will be set up with tables in a U-shape, with a 
flip chart at the open end of the U. Managerial and patient contact group members would be seated 
alternately for enhanced interaction between the two groups. 

Supplies 

Flip chart, a roll of masking tape, a pack of index cards (approx 8 cards per person), one large felt-tip 
pen for marking on flip chart, and paper and pencil for each participant. 

Opening Statement 
The statement will clarify member roles and group objectives and includes a warm welcome, a 
statement of the importance of the task, the importance of each member's contribution, and an 
indication of how the group's output will be used.  The core values guiding the project will also be 
explained to the participants. 

Outline what has been achieved so far and the purpose of this study. Read out the consent form 
emphasizing confidentiality and the right to retire from the session. 

the MRI service 

CONDUCTING THE SESSION 

The main objective of the NGT meeting is to have group members write key ideas silently and 
independently. This is done to: 

Provide:  

A. adequate time for thinking and reflection 
B. social facilitation from seeing others working on the same task 
C. sufficient time for generation of ideas 
D. the benefit of remaining problem-centred 

Avoid:  

A. interruptions  
B. competition, status pressures, and conformity pressures 
C. choosing between ideas prematurely 

To accomplish this step, the researcher will:  

Present the questions to the group in written form. 
Verbally read the question to the group. 
Direct the group to write ideas in brief phrases or statements. 
Ask the group to work silently and independently. 

Round-Robin Recording of Ideas 

Draw a circle representing the cycle of service on the flip chart. Record the ideas of group members on 
a flip chart visible to the entire group. In this context round-robin recording refers to the process of 
asking for one idea from one member at a time. The researcher writes the idea of a group member on 
the flip chart and then proceeds to ask for one idea from the next group member, and so on. 



Action: 

1. Number and record each idea on the cycle of service. 
2. Allow a person to "pass" if they have no new ideas (but allow them to re-enter later, if they 

wish). 
3. Record ideas as rapidly as possible. 
4. Record ideas in the exact words of the group member. 
5. Make the entire list of ideas visible to the entire group. 
6. Allow only a listing of ideas, not a discussion or debate. 

Discuss each idea in turn for the purpose of clarification. Advantages of this step include:  

Avoids focusing unduly on any one idea or subset of ideas. 
Provides an opportunity for clarification and elimination of misunderstanding. 
Provides an opportunity to present the logic behind an idea or disagreement. 
Allows for recording of differences of opinion without undue argumentation. 

PRELIMINARY VOTE ON THE MOST IMPORTANT POSITIVE EXPERIENCES 

The purpose of this step is to aggregate the judgments of individual members to determine the 
relative importance of individual items. The procedure is as follows:  

Step 1 

Each participant selects the ten most important items from the list of statements and record 
(1 to 10) them separately on a worksheet or index card. 

Step 2 

The ranking for each individual statement are summed to give a total score. 

 IDENTIFY THE RESOURCES NECESSARY TO DELIVER A POSITIVE EXPERIENCE 

The top 15 statements are presented to the group for discussion.  Facilitator only intervenes to direct 
focus. 

Participants then individually rank the most important 10 issues.  This time a weighting is assigned to 
each item 100 is highest weighting and 1 is the least.   

The final list of 10 ranked statements are presented. 

   

(g) FINAL DISCUSION 

A brief discussion is held after the group sees the ratings of the entire group. This discussion focuses 
on those ideas that were most highly rated during the preliminary vote and again concentrates on 
clarification of the issues.  



Appendix E - Web based questionnaire used in Objective 3 

 

 



 

 



 

 



 

 



 

 



 



 

 

 



 



Appendix F - list of textbook and articles used to develop 
knowledge and skill statements used in Objective 5 









Appendix G – Initial inventory of physics learning outcome with professional group responses 





















































Appendix H – Example SPSS printout of Fischer’s Exact Test 







Appendix I - Copies of main publications and the award 
winning presentation arising from or related to this research. 



The changing concept of competence and categorisation of learning
outcomes in Europe: Implications for the design of higher education radiography
curricula at the European level

Joseph Castillo a,*, Carmel J. Caruana b, David Wainwright c

aMedical Imaging Department, Mater Dei Hospital, Msida, Malta
bBiomedical Physics, Faculty of Health Sciences, University of Malta, Msida, Malta
cWork, Health and Wellbeing Research Group, University of Bath, Claverton Down, Bath BA2 7AY, UK

a r t i c l e i n f o

Article history:
Received 19 November 2010
Received in revised form
22 December 2010
Accepted 28 December 2010
Available online xxx

Keywords:
Competence
Competency
Curriculum development
Learning outcomes
Qualification frameworks
Radiography competences

a b s t r a c t

The Bologna process has made the qualifications framework of the European Higher Educational Area
based on three cycles and on learning outcomes central to curriculum development in higher education
in Europe. The Tuning Educational Structures in Europe project recommended that learning outcomes be
expressed in terms of competences. The expression of educational programme learning outcomes as
inventories of competences has since become the norm at the European level. However, the more recent
European Qualifications Framework for lifelong learning utilises a tripartite set of categories of learning
outcomes, namely, knowledge, skills and competence. In addition, the definition of competence used
though overlapping with that used by Tuning, is however not identical. This article reviews and discusses
the changing definition of the concept of competence and changes in categorisation of learning outcomes
in Europe and their potential impact on curriculum development in radiography at the European level. It
is proposed that the shift in the definition of competence and in the categorisation of learning outcomes
should be taken into account in the formulation of new European curricula or the updating of present
ones so that they may reference in a more direct manner to the levels of the European Qualifications
Framework.

� 2011 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.

Introduction

The rapid advances in technology, shortage of radiologists,
changes in healthcare policies and continuous professional
development (CPD) requirements have had an impact on radi-
ography education in most countries where the profession is
sufficiently well developed.1e9 In addition, in Europe, curriculum
developers are expected to structure educational programmes so
as to facilitate student and worker mobility. A prerequisite for all
this would be the development of qualification and curricular
frameworks based on European recommendations. European
thematic networks have aligned their curriculum development
with the recommendations of the European Higher Education
Area (EHEA) qualifications framework (QF-EHEA) which is based
on three levels (called ‘cycles’) and on agreed learning outcomes
expressed as competences as recommended by the Tuning
Educational Structures in Europe project.10e12 However, the more
recent European Qualifications Framework (EQF) for lifelong

learning utilises a tripartite set of categories of learning
outcomes, namely, knowledge, skills and competence. In addi-
tion, the definition of competence used in the EQF though very
much overlapping with that used by Tuning is not identical. This
article reviews the changes in the definition of the concept of
competence and the categorisation of learning outcomes in
Europe and their potential impact on the design of curriculum
documents in higher education (HE) at the European level. The
authors put forward recommendations for radiography curric-
ulum developers.

Materials and methods

Information was searched for in the English language databases
Medline, Web of Knowledge, Embase and Cinahl using the key
words: ‘learning outcomes’, ‘competence’, ‘radiography education’,
‘European higher education area’, ‘Bologna process’, and ‘qualifi-
cations frameworks’. Important sources of information regarding
European recommendations were the official websites for educa-
tion and training of the European Commission,13 the Bologna
Process14 and Tuning.15
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The concept of competence: variable definition and
terminology

The concept of competence is derived from the Latin competens,
whichmeans capable or qualified.16White17 is credited with having
introduced the term to describe those personality characteristics
associated with superior performance and high motivation.
McClelland18 followed this approach and developed tests to predict
competence as opposed to intelligence. Since then several defini-
tions and approaches to the concept of competence have been
proposed and there is a general lack of consensus over the meaning
and use of the term.19e22 To add to the ambiguity, articles in the
educational literature present two spellings of the word, namely,
‘competence’ and ‘competency’ offering the same meaning to each
with their respective plurals ‘competences’ and ‘competencies’

readily interchangeable. The first form of the word is in general
used in the EHEA and Tuning documentation and the second in
documentation from the US, Canada, Australia and New Zealand.20

Some authors and organisations from the professional literature
propose a distinction between ‘competence’ and ‘competency’. For
example, the Chartered Institute of Personnel and Development
(UK) offers the following distinction23:

“Competency is now generally defined as the behaviours that
employees must have, or must acquire, to input into a situation in
order to achieve high levels of performance, while competence
relates to a system of minimum standards or is demonstrated by
performance and outputs”

Woodruffe24 provides a similar distinction:

“A competency is the set of behaviour patterns that the incumbent
needs to bring to a position in order to perform its tasks and
functions with competence”

The inference here is that ‘competency’ is a level of behavioural
excellence to aspire to, whilst ‘competence’ is simply a statement of
minimum observable performance which is considered acceptable.

Rowe25 makes a distinction between behaviours that are
cognitively based and those that reflect personal values. In the
cognitive category Rowe includes problem solving, decision-
making, strategic thinking, and working with information whilst
personal values include honesty, integrity, commitment and
courage. Delamere le Deist and Winterton suggested an over-
arching framework in which cognitive, functional, social and meta-
competences are combined and viewed in holistic terms so that
a combination of competences is something more than the sum of
the individual competences.21,26

In Europe, the various definitions of competence found in the
research literature and other educational documents from UK,
France and Germany were used by the Bologna Working Group in
Europe to suggest that competence includes:

(i) cognitive competence involving theuse of theoryand concepts,
as well as informal tacit knowledge gained experientially,

(ii) functional competence (skills or know-how) referring to those
activities that a person should be able to do when functioning
in a given area of work, learning or social activity,

(iii) personal competence involving knowing how to conduct
oneself in a specific situation, and

(iv) ethical competence involving the possession of certain
personal and professional values.10

In a later document leading to the EQF recommendations, the
terminology was simplified: ‘cognitive competence’ was termed
‘knowledge’, functional competence was termed ‘skills’ and per-
sonal and ethical competenceswere combined into a single category

termed ‘wider competences’. The wider competences included
autonomy and responsibility, learning competence, communication
and social competence and professional and vocational compe-
tence.27 However in the final EQF recommendations the term ‘wider
competence’ was dropped in favour of the simpler term ‘compe-
tence’. The definition of competence in the EQF places emphasis on
the terms ‘responsibility’ and ‘autonomy’ which reflects the impor-
tance of these concepts in work and study situations in which prac-
titioners assume responsibility in an autonomous manner for their
professional practice and also for their own learning.28e30

Practical approaches to competence

Gonczi31 describes three practical approaches to competence.
The first approach is referred to as task-based, functional or
behaviourist where tasks are broken down into discrete behaviours
that can be observed and assessed. In this way, the task becomes
synonymous with the competence and is usually defined as,
something a person should be able to do.32 Its focus is more on
objectively observable performance than on knowledge and it is
concerned more with what people can demonstrate rather than
with what they know.33 This approach which is favoured by
employers19,21 has been criticisedbyhealthprofessions educators as
being too reductionist, ignores the complexity of performing in real
world situations and reduces the role of professional judgement in
quality performance.34 In addition, there is a concern that the
humanistic aspects of care such as empathy will be eclipsed by the
strictly technical aspects of healthcare which are easier to observe,
demonstrate and assess.35 The second approach refers to generic
competences and concentrates on psychological and per-
sonality attributes of the practitioner that are crucial to effective
performance. Generic competences such as critical thinking and
problem-solving skills are transferable to different situations and
professional work. However, doubts have been raised as towhether
certain generic competences can be assessed effectively.36 The third
approach is a marriage between the functionalist and generic
approaches applied to the context inwhich theyare employed. Thus,
complex combinations of knowledge, skills, values and attitudes are
utilised to understand particular situations in which professionals
may find themselves. This holistic view shifts the emphasis from
specific observable tasks towards the purpose of the work or
educational activity.37,38 This outlook has been adopted by many
radiography institutions where the assessment of radiography
competences is designed to encompass all the above facets of
competence as students progress through their studies.39e42

The European Higher Education Area Qualifications
Framework (QF-EHEA)

The Bologna process seeks to create a European Higher Educa-
tion Area (EHEA), harmonise European qualifications, foster the
mobility of workers and students, the employability of graduates
and assist the future development of Europe. Amongst the central
features of the process is the structuring of higher educational
qualifications based on three levels called ‘cycles’ (1st cycle Bach-
elor, 2nd cycle Masters and 3rd cycle Doctorate). The ‘Tuning
Educational Structures in Europe’ programme is a university driven
project, which aims to offer a concrete approach to implementing
the Bologna agreement at the HE level and in particular subject
areas such as Radiography. Tuning requires educational institutions
to promote student-centred curriculum development based on
agreed cycle learning outcomes expressed in terms of compe-
tences.12 Although learning outcomes are formulated by staff these
should be designed from the point of view of the student. It is
indeed this feature that distinguishes learning outcomes from
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conventional teaching objectives which are written from the point
of view of the teaching staff. Learning outcomes are to be acquired
by the student (this is implied by the word ‘learning’ in ‘learning
outcome’) and their acquisition by the student facilitated by the
academic/clinical staff. The EQ-EHEA recognises only one type of
learning outcome which is ‘competence’. This explains why in
Tuning documents ‘learning outcomes’ and ‘competences’ are often
seen as synonymous. These competences are to be determined
through the involvement of all stakeholders. Competence is defined
by Tuning as “a dynamic concept that integrates knowledge, skills,
abilities, values and attitudes, the development of which enables
the learner to perform effectively, to be able to recognise and
respond to change and to treat service users appropriately”.43 This
definition indicates that the project leaders were aiming at the
holistic approach to competence described by Gonczi.37 The Tuning
leaders proposed that competences be classified in two categories
namely Generic and Subject Specific. Generic competences are
defined by Tuning as those skills which are transferable across
professions and which are considered to be particularly important
to employability and citizenship whilst subject specific compe-
tences are specific to particular professions.12 The Generic compe-
tences are further subdivided into three types namely
instrumental, interpersonal and systemic whereas the Subject
Specific competences can be divided into subcategories as decided
by the different professions.

To address the problem of variability of radiography education
in Europe and its impact onmobility the Higher Education Network
for Radiography in Europe (HENRE)44 has published an inventory of
agreed Generic and Subject Specific competences for the first cycle
of radiography (diagnostic and therapy) education.43 HENRE did
not develop any Generic or Subject Specific competences for the
second and third cycles. However, Caruana and Plasek,45 did
develop inventories for the imaging physics component of radiog-
raphy education (including inventories for the second and third
cycle) in conjunction with HENRE.

The European Qualification Framework for lifelong learning

In 2006, the European Commission launched the European
Qualifications Framework for lifelong learning.11 The EQF is
organised into eight levels that span the whole spectrum of
education from basic to doctoral level.46 The EQF builds on the
successful policy goals of the EHEA, such as the consistency in the
design of qualifications and extends it to all levels of education. In
the EQF the first cycle of the EHEA (Bachelor) is classified at level 6,
the second cycle (Master) at level 7 whilst the third cycle
(Doctorate) is at level 8. It is hence important to note that it is
possible to develop programmes which are compatible with both
qualification frameworks. It should be noted that that HE pro-
grammes are only one means of reaching levels 6e8 and the EQF
recognises (in the spirit of lifelong learning) that these levels can
also be reached through informal and non-formal learning. By 2012
each EU member state is required to develop its own national
qualification framework (NQF) in accordance with national legis-
lation and practice and reference it to the EQF. Three countries
(Malta, Ireland and UK) have referenced their NQF to the EQF.47e51

The EQF recognises three types of learning outcomes for each
level namely knowledge, skill and competence learning outcomes.
This is in contrast to the single category ‘competences’ of the QF-
EHEA.52 In the EQF, knowledge is defined as “The outcome of the
assimilation of information through learning. Knowledge is the body of
facts, principles, theories and practices that is related to a field of work
or study. In the context of the European Qualifications Framework,
knowledge is described as theoretical and/or factual”; skill is defined
as “the ability to apply knowledge and use know-how to complete tasksTa

b
le

1
Th

e
le
ar
n
in
g
ou

tc
om

e
d
es
cr
ip
to
rs

fo
r
le
ve

ls
6e

8
of

th
e
Eu

ro
p
ea

n
Q
u
al
ifi
ca
ti
on

Fr
am

ew
or
k.

K
no

w
le
dg

e
In

th
e
co

n
te
xt

of
EQ

F,
kn

ow
le
d
ge

is
d
es
cr
ib
ed

as
th
eo

re
ti
ca
l
an

d
/o
r
fa
ct
u
al

Sk
ill
s
In

th
e
co

n
te
xt

of
EQ

F,
sk
ill
s
ar
e
d
es
cr
ib
ed

as
co

gn
it
iv
e(
in
vo

lv
in
g
th
e
u
se

of
lo
gi
ca
l,
in
tu
it
iv
e

an
d
cr
ea

ti
ve

th
in
ki
n
g)

an
d
p
ra
ct
ic
al

(i
n
vo

lv
in
g

m
an

u
al

d
ex

te
ri
ty

an
d
th
e
u
se

of
m
et
h
od

s,
m
at
er
ia
ls
,t
oo

ls
an

d
in
st
ru
m
en

ts

Co
m
pe

te
nc

e
In

th
e
co

n
te
xt

of
EQ

F,
co

m
p
et
en

ce
is

d
es
cr
ib
ed

in
te
rm

s
of

re
sp

on
si
bi
lit
y
an

d
au

to
n
om

y

Le
ve
l6

(e
.g
.,
fi
rs
t
cy

cl
e
of

th
e
Q
F-
EH

EA
,B

ac
h
el
or
)

A
d
va

n
ce
d
kn

ow
le
d
ge

of
a
fi
el
d
of

w
or
k
or

st
u
d
y,

in
vo

lv
in
g
a
cr
it
ic
al

u
n
d
er
st
an

d
in
g
of

th
eo

ri
es

an
d
p
ri
n
ci
p
le
s

A
d
va

n
ce
d
sk
ill
s,
d
em

on
st
ra
ti
n
g
m
as
te
ry

an
d

in
n
ov

at
io
n
,r
eq

u
ir
ed

to
so
lv
e
co

m
p
le
x
an

d
u
n
p
re
d
ic
ta
bl
e
p
ro
bl
em

s
in

a
sp

ec
ia
lis

ed
fi
el
d

of
w
or
k
or

st
u
d
y

M
an

ag
e
co

m
p
le
x
te
ch

n
ic
al

or
p
ro
fe
ss
io
n
al

ac
ti
vi
ti
es

or
p
ro
je
ct
s,
ta
ki
n
g
re
sp

on
si
bi
lit
y
fo
r
d
ec
is
io
n
-m

ak
in
g

in
u
n
p
re
d
ic
ta
bl
e
w
or
k
or

st
u
d
y
co

n
te
xt
s;

ta
ke

re
sp

on
si
bi
lit
y
fo
r
m
an

ag
in
g
p
ro
fe
ss
io
n
al

d
ev

el
op

m
en

t
of

in
d
iv
id
u
al
s
an

d
gr
ou

p
s

Le
ve
l7

(e
.g
.,
se
co

n
d
cy

cl
e
of

th
e
Q
F-
EH

EA
,M

as
te
r)

H
ig
h
ly

sp
ec
ia
lis

ed
kn

ow
le
d
ge

,s
om

e
of

w
h
ic
h
is

at
th
e
fo
re
fr
on

t
of

kn
ow

le
d
ge

in
a
fi
el
d
of

w
or
k

or
st
u
d
y,

as
th
e
ba

si
s
fo
r
or
ig
in
al

th
in
ki
n
g

an
d
/o
r
re
se
ar
ch

;
cr
it
ic
al

aw
ar
en

es
s
of

kn
ow

le
d
ge

is
su

es
in

a
fi
el
d
an

d
at

th
e
in
te
rf
ac
e
be

tw
ee

n
d
if
fe
re
n
t
fi
el
d
s

Sp
ec
ia
lis

ed
p
ro
bl
em

-s
ol
vi
n
g
sk
ill
s
re
qu

ir
ed

in
re
se
ar
ch

an
d
/o
r
in
n
ov

at
io
n
in

or
d
er

to
d
ev

el
op

n
ew

kn
ow

le
d
ge

an
d
p
ro
ce
d
u
re
s
an

d
to

in
te
gr
at
e

kn
ow

le
d
ge

fr
om

d
if
fe
re
n
t
fi
el
d

M
an

ag
e
an

d
tr
an

sf
or
m

w
or
k
or

st
u
d
y
co

n
te
xt
s
th
at

ar
e
co

m
p
le
x,

u
n
p
re
d
ic
ta
bl
e
an

d
re
qu

ir
e
n
ew

st
ra
te
gi
c

ap
p
ro
ac
h
es
;
ta
ke

re
sp

on
si
bi
lit
y
fo
r
co

n
tr
ib
u
ti
n
g
to

p
ro
fe
ss
io
n
al

kn
ow

le
d
ge

an
d
p
ra
ct
ic
e
an

d
/o
r
fo
r

re
vi
ew

in
g
th
e
st
ra
te
gi
c
p
er
fo
rm

an
ce

of
te
am

s

Le
ve
l8

(e
.g
.,
th
ir
d
cy

cl
e
of

th
e
Q
F-
EH

EA
,D

oc
to
ra
te
)

K
n
ow

le
d
ge

at
th
e
m
os
t
ad

va
n
ce
d
fr
on

ti
er

of
a
fi
el
d
of

w
or
k
or

st
u
d
y
an

d
at

th
e
in
te
rf
ac
e

be
tw

ee
n
fi
el
d
s

Th
e
m
os
t
ad

va
n
ce
d
an

d
sp

ec
ia
lis

ed
sk
ill
s
an

d
te
ch

n
iq
u
es
,i
n
cl
u
d
in
g
sy
n
th
es
is

an
d
ev

al
u
at
io
n
,

re
qu

ir
ed

to
so
lv
e
cr
it
ic
al

p
ro
bl
em

s
in

re
se
ar
ch

an
d
/o
r
in
n
ov

at
io
n
an

d
to

ex
te
n
d
an

d
re
d
efi

n
e

ex
is
ti
n
g
kn

ow
le
d
ge

or
p
ro
fe
ss
io
n
al

p
ra
ct
ic
e

D
em

on
st
ra
te

su
bs

ta
n
ti
al

au
th
or
it
y,

in
n
ov

at
io
n
,

au
to
n
om

y,
sc
h
ol
ar
ly

an
d
p
ro
fe
ss
io
n
al

in
te
gr
it
y

an
d
su

st
ai
n
ed

co
m
m
it
m
en

t
to

th
e
d
ev

el
op

m
en

t
of

n
ew

id
ea

s
or

p
ro
ce
ss
es

at
th
e
fo
re
fr
on

t
of

w
or
k

or
st
u
d
y
co

n
te
xt
s
in
cl
u
d
in
g
re
se
ar
ch

J. Castillo et al. / Radiography xxx (2011) 1e5 3

Please cite this article in press as: Castillo J, et al., The changing concept of competence and categorisation of learning outcomes in Europe:
Implications for the design of higher education radiography curricula at the European level, Radiography (2011), doi:10.1016/j.radi.2010.12.008



and solve problems. In the context of the European Qualifications
Framework, skills are described as cognitive (involving the use of
logical, intuitive and creative thinking) or practical (involving manual
dexterity and the use of methods, materials, tools and instruments)”;
competence is defined as “the proven ability to use knowledge, skills
and personal, social and/or methodological abilities, in work or study
situations and in professional and personal development. In the context
of the EQF, competence is described in terms of responsibility and
autonomy”. Table 1 shows the descriptors for the knowledge, skills
and competence learning outcomes at each of levels 6e8.

Consequences of the adoption of the EQF for radiography
education

The major significance of the EQF is that finally the educational
community in Europe has a single set of agreed definitions and
categorisation of learning outcomes to use in curriculum develop-
ment at the European level (and the national level if so desired). This
will go a longway towards reducing the uncertainty arising from the
confusing plurality of definitions and approaches to competence to
be found in the literature. In addition, the categorisation of learning
outcomes into knowledge, skills and competence means that all of
these categories of learning outcomes will be given their due
importance. On the other hand it does imply that European curric-
ular documents such as the HENRE Tuning Template for Radiog-
raphy53 and those of Caruana and Plasek45which are based solely on
competences need to be partially rewritten so that they may refer-
ence in a more direct manner to the knowledge-skills-competence
approach of the EQF. Learning outcomes of programmes such as the
EuropeanMasters Programme inMedical Imaging (EMPIMI) project
(which does refer to the EQF in its documentation)54 will also need
to be partially re-formulated.

One of the aims of the EQF is to bridge the gap between voca-
tional education & training (VET) and HE.55,56 Since not all Euro-
pean countries require radiographers to be qualified at HE level
such a link would help bring Radiography in Europe into an all
graduate profession. Through use of the EQF level descriptors,
radiography curriculum developers in such states can develop link
programmes from level 5 (VET) to level 6 (HE), thus enabling
learners to make the transition from VET to HE. This can be ach-
ieved partially through recognition of the non-formal and informal
learning which candidates would have acquired through experi-
ential learning and CPD activities. Indeed, a detailed European
profile of the radiography profession based on the EQF would make
the recognition of non-formal and informal learning much easier.
The general issue of transition from VET to HE requires research if
present difficulties are to be overcome.51,56

The adoption of a European general radiography curriculum
basedon theEQFby the radiographyprofession can also facilitate the
recognitionof cross-border radiographyqualifications on thebasis of
“coordination ofminimum training conditions” as recommended by
European Directive 2005/36/EC.57 Paragraph 29 of the preamble to
the directive states that: “Where a national and European-level
professional organisation or association for a regulated profession
makes a reasoned request for specific provisions for the recognition
of qualifications on the basis of coordination of minimum training
conditions, the Commission shall assess the appropriateness of
adopting a proposal for the amendment of this Directive”.

Conclusion and recommendations

The plethora of definitions attributed to the concept of compe-
tence and the various classifications of learning outcomes have in
the past created difficulties for curriculum developers. The EC
recommendations contained in the EQF for lifelong learning have

helped to reduce the ambiguity. Curriculum developers can use the
EQF recommendations to create robust curricular documents,
which would facilitate mobility for students and professionals
across Europe. It is suggested that:

� A detailed competence profile for European radiography be
developed which is referenced directly to EQF levels and which
would help bridge the gap between VETand HE in states where
radiography education is not yet totally HE based.

� The learning outcomes contained within the HENRE Tuning
Template for undergraduate radiography and those of the
EMPIMI Master’s programme are partially rewritten to reflect
the knowledge, skills and competence approach of the EQF
and the modified definition of competence formulated by
the EQF.
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ABSTRACT

Purpose: The Council for the Professions Complementary to Med-
icine in Malta recently published a draft document regarding the
introduction of mandatory continuing professional development

(CPD) for radiographers. This study explored the attitudes and mo-
tivators of Maltese radiographers prior to the implementation of
mandatory CPD in order to provide the necessary information
required by management to develop CPD successfully. Concept

maps are used as part of a methodology to analyse qualitative data.

Methods: All radiographers working in the National Health Service

were invited to complete an anonymous web-based questionnaire.

Results: The study showed that participants generally had a positive
attitude towards CPD but were concerned about the mandatory
aspect. The participants were mostly motivated by increasing profes-
sional knowledge, updating existing qualifications, and enhancing

the status of the profession as a whole. Radiographers identified
several difficulties with respect to CPD participation, such as lack
of funding, lack of management support, and not enough local

CPD opportunities. CPD participation was also negatively influ-
enced by family commitments.

Conclusion: The study showed that the majority of radiographers
were self-motivated to engage in CPD activities, but there were
some concerns. Based on these results, the authors suggest recom-

mendations for allaying apprehension and producing the necessary
conditions for a successful mandatory CPD scheme.

R�ESUM�E

Objet: Le Council of Professions Complimentary to Medicine
(CPCM) de la R�epublique de Malte a publi�e r�ecemment une
�ebauche sur la mise en place de la formation professionnelle continue

(FPC) obligatoire pour les technologues en radiologie. L’�etude
examine les r�eactions et les motivations des technologues en radiolo-
gie du pays avant l’implantation de la FPC obligatoire pour recueillir
les donn�ees n�ecessaires �a la direction qui souhaite instaurer une FPC

obligatoire r�eussie. On a utilis�e les cartes conceptuelles dans la
m�ethodologie d’analyse des donn�ees qualitatives.

M�ethode: Tous les technologues en radiologie des services de sant�e
nationaux ont �et�e invit�es �a r�epondre sans s’identifier �a un question-
naire affich�e sur le Web.

R�esultats: L’�etude a d�emontr�e que les participants se montraient plu-
tôt positifs �a l’�egard de la FPC, mais qu’ils s’inqui�etaient qu’on la

rende obligatoire. Ils �etaient avant tout motiv�es par l’augmentation
des connaissances professionnelles, la mise �a niveau des comp�etences
et la hausse g�en�erale du niveau de la profession. Parmi les difficult�es
cit�ees par les technologues en radiologie au sujet de la participation �a
la FPC, citons le manque de fonds, le manque d’appui de la direc-
tion, le manque de formations r�egionales. La participation �a la

FPC est aussi rendue difficile par les obligations familiales.

Conclusion: L’�etude a d�emontr�e que lamajorit�e des technologues en ra-
diologie�etaient motiv�es�a participer�a des activit�es de FPC, mais que cer-
taines inqui�etudes �etaient pr�esentes. �A partir des r�esultats obtenus, les
auteurs ont formul�e des recommandations pour dissiper l’appr�ehension
et produire les conditions n�ecessaires �a une FPC obligatoire r�eussie.

Introduction

Continuing professional development (CPD) provides a
vehicle for professionals to maintain and develop their
knowledge, skills, and competences (KSC) [1], where

‘‘competences’’ includes the attributes of responsibility and
autonomy in work and study situations as defined in the
European Qualification Framework [2]. This implies that
practitioners should assume responsibility in an autonomous
manner for their professional practice and also for their
own learning [3, 4]. A CPD program should be developed
by individuals or groups of professionals through a learning
needs self-assessment and implemented along the continuum
of lifelong learning [5]. CPD signifies a process of continuous
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improvement, initiated at the entry level to the profession and
leading to an expert level in order to better serve society [6]
and to improve their employability [7]. Health care profes-
sionals’ autonomy and engagement in setting their own
learning agenda is what differentiates CPD from continuous
education [8], where learning outcomes and educational activ-
ities are planned by others. Although the autonomous partic-
ipation in CPD has a voluntary aspect that may be interpreted
by some health professionals as a personal decision to partic-
ipate in or not, health professional councils lay down stan-
dards of practice in which members are to ‘‘embrace
continuing education for optimal patient care, public educa-
tion and enhanced knowledge and technical competence’’
[9]. The delivery of health care is concerned with quality
and accountability. As health care organizations strive to
develop their service portfolios, employees with direct
customer contact must be endowed with the necessary compe-
tences to interact with their clients and technology. Often a
new service fails because personnel have not been properly
trained to sell and deliver the service [10].

In 2005, the United Kingdom became the first European
country to introduce mandatory CPD participation as a
prerequisite for radiographers to maintain registration.
A preceding voluntary program that had been running for
a number of years provided the Health Professions Council
and the Society of Radiographers–United Kingdom with
enough data to identify those resources that were necessary
for a successful mandatory CPD process. Subsequently, the
Health Professions Council set up a unique CPD framework
based on standards to be achieved through amixture of learning
activities relevant to current and future practice, personal
contribution to practice and service development, and assessed
through a written portfolio of evidence. In addition, acknowl-
edging that there are several approaches to CPD, the Health
Professions Council determined that the portfolio of evidence
should not be based on a specific number of credits or hours
but the creation of a portfolio of reflective writing [11, 12].

On a Europe-wide level, the published literature on CPD
within radiography is scarce and a comprehensive survey of
the literature only identified one publication of note [13].
This study showed that the majority of European radiogra-
phers were in favor of CPD and introduced the possibility of
a common Europe-wide CPD passport for radiography practi-
tioners. Such a passport could be linked to a detailed European
competence profile referenced directly to the European Qual-
ification Framework. However, this study focussed only on the
requirements necessary for the implementation of CPD in
Europe, and the authors did not investigate the attitudes and
motivators of European radiographers vis-�a-vis mandatory
CPD as a health policy for the maintenance of national regis-
tration. A study comparing UK radiographers with those in
New Zealand indicated an ambivalent attitude to the imple-
mentation of mandatory CPD among UK radiographers [14].

In late 2010, the Council for the Professions Comple-
mentary to Medicine (CPCM) in Malta published a draft
document proposing mandatory CPD for radiographers

and other health care professionals. In this draft, the CPCM
recommended that radiographers be required to acquire a
minimum of 45 CPD credits over a period of 3 years.
These credits were to be selected from an approved list of ac-
tivities from different categories, which included publication,
self-directed learning, attendance at organized educational
programs, and other professional activities (Society of Medical
Radiographers–Malta, personal communication; email to
J. Castillo, December 2010).

The great majority of radiographers in Malta work in the
National Health Service (NHS), which includes two general
hospitals, one oncology hospital, and four small health centres
equipped with x-ray units. These radiologic services carry out
210,000 investigations per year and are coordinated through
the medical imaging department located in the greater of
the two general hospitals. Although this department does
not have its own official CPD unit to monitor the KSC
and learning needs of radiographers, evidence from the
Society of Medical Radiographers–Malta and the Malta
Magnetic Resonance Radiographers Group websites suggests
that Maltese radiographers do participate in the CPD activ-
ities organized by these organizations. With the introduction
of mandatory CPD, Maltese radiographers will be faced
with the responsibility of identifying their learning needs
and of planning their own professional development in a
more structured way.

The aim of this study was to assess the situation regarding
CPD attendance, attitudes and motivators among Maltese
radiographers with respect to mandatory CPD prior to its im-
plementation. The study would provide the Medical Imaging
Department management with information to create commu-
nities of practice that would act as incubators for the develop-
ment of staff expertise to a level consonant with the service
quality targets of the organization [15, 16].

Methodology

The project was deemed to be a staff survey, and permis-
sion to conduct the study was sought from the Clinical
Chair for Medical Imaging Services in Malta. The Manager
for Medical Imaging Services was informed of the research
project. A covering letter accompanied the questionnaire
and assured participants that all responses would be treated
with confidentiality and anonymity.

Design

A survey research strategy was adopted using a web-based
questionnaire to collect data. This electronic collection of
data was important to guarantee anonymity and confiden-
tially; this was particularly important so as to avoid response
bias as the author holds a managerial position within
the Medical Imaging Department. The survey began in
December 2010 and was completed in January 2011.

A published questionnaire used in a similar study for
nurses [5] was modified to be directed to radiographers. The
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questionnaire consisted of sections addressing demographic
data, occupational data, participation in and attitudes to
CPD activities, and intrinsic/extrinsic motivators influencing
participants’ willingness to participate in CPD. The latter
consisted of a list of 14 motivational statements to which a
5-point Likert-type scale was attached (ranging from ‘‘strongly
disagree’’ to ‘‘strongly agree’’). Respondents had to indicate
whether each of the factors influenced their degree of participa-
tion in CPD. Participants were also queried regarding
their awareness of the process of lifelong learning (LLL) and
its relationship to CPD.

Sample

All 124 radiographers employed in all grades within the
Maltese NHS were sent an email explaining the purpose of
the study and providing them with a link to the web-based
questionnaire. Radiographers with a temporary working status
were excluded as their expectations may have differed with
regards to CPD.

Data Analysis

Quantitative data were analysed using the statistical features
provided by Excel 2007. A Cronbach’s alpha coefficient test es-
tablished internal consistency (a ¼ 0.93) for the motivator
statements. Qualitative data from open-ended questions were
analysed using concept maps. Concept maps have been used
as a strategy to deal with the methodological challenges of qual-
itative research [17]. A concept map can be used to frame a
research project, reduce qualitative data, analyse themes and in-
terconnections in a study, and present findings [18]. ‘‘A
concept map is a schematic device for representing a set of
concept meanings embedded in a framework of propositions’’
([19], p15). Concept maps are created with the broader, more
inclusive concepts at the top of the hierarchy, connecting
through linking words with other concepts that can be sub-
sumed. Concept maps are an important strategy in qualitative
inquiry because they help the researcher focus on meaning. The
maps allow the researcher to see participants’ meaning as well as
the connections that participants discuss across concepts or
bodies of knowledge. Additionally, the maps support re-
searchers in their attempts to make sure that qualitative data
are embedded in a particular context.

Concept maps also can be used as a strategy to search out
and analyse themes in qualitative research [20]. To identify
these overarching themes, the researcher has to identify inter-
connections between concepts. If the researcher is searching
for specific interconnections, a concept map can be created
from the transcripts that demonstrate these connections. For
example, in one study on how professionals learn, the
researcher was looking for the connections participants
made between what they learned in formal continuing educa-
tion programs and their professional practice [21]. Concept
maps can also be used to help create a category or coding
scheme in qualitative research. After the maps are created
from each interview or observation, the researcher can
go through them looking for levels of hierarchy,

interconnections, and repeated concepts. These items then
may indicate emerging themes [18].

The major disadvantage of using concept maps in qualita-
tive work seems to be their complexity. The maps can be diffi-
cult to read for participants unfamiliar with the format, and
the linkages may be harder to see as the maps get more and
more complex. Additionally, the complexity at times makes
it difficult for the reader to determine which concepts are of
critical importance and which are of secondary importance.
Because of this complexity, it is most often necessary to use
other data analysis strategies in conjunction with the maps.

Concept maps in this study were used to reduce the qual-
itative data so as to facilitate the process of understanding key
ideas (see Figure 1). They were also used as an efficient way of
presenting findings. The concept maps provided an insight
into the radiographers’ perceptions of CPD and lifelong
learning and whether they have developed the necessary values
and attitudes required to promote this development.

Results

A total of 71 complete responses were returned, giving a
response rate of 57%.

Demographic Profile

The data reveal a young radiography community, where
53% are between 20 and 29 years old and 29% between 30
and 39 years. As regards gender, the sample in the study
was fairly balanced between males (45%) and females (55%).

The majority of the group are single (including divorced,
separated, widowed) (63%), whereas 37% are married
(including living with a partner). Participants having children
comprised 30%. In addition, 69% of the respondents had
followed an undergraduate degree program in radiography
leading to professional registration. A modest group of radio-
graphers (21%) had also followed postgraduate courses.

Occupational Profile

Radiographers in Malta work on a triple shift system
(morning 07:30 AM–2:30 PM, afternoon 2:30 PM–7:30
PM, night 7:30 PM–07:30 AM of the following day). Half
of the participants (50%) work morning shift only, while
the rest rotate between shifts. Cross-tabulating by gender
and type of shift indicated that 62% of the men work on
the rotating shift system and 71% of the women work on a
morning shift-only basis.

Furthermore, 66% and 32% of the respondents work in
hospitals and local health centres, respectively. A small num-
ber of radiographers (18%) also do part-time work in private
health settings.

CPD Participation

It was found that 63% of the respondents had participated
in some form of CPD during the previous year (2010). Cross
tabulating participation in CPD and working on a rotating
shift basis or working morning shifts only indicates that those
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who work on a rotating shift engaged less (29%) in CPD ac-
tivity than those who work mornings only (68%).

Cross tabulating CPD participation against marital status
(Table 1) and having children (Table 2) indicated that
CPD participation was not unduly negatively influenced
by marital status but was negatively influenced by family
commitments.

Respondents who attended CPD activities were also asked
to state the type of event. The majority participated in local
CPD activities organized by the Society of Radiographers of
Malta, the Malta Magnetic Resonance Radiographers Group,
the Faculty of Health Sciences of the University of Malta, the
national Centre for Development Research and Training [22],
and the Malta Institute of Medical Education (Table 3). Only
nine had attended conferences abroad.

Radiographers were queried with regard to the amount of
free time they were willing to spend on CPD and whether
they have enough CPD opportunities. The group was closely
split between those who are willing to spend 1 to 5 hours a
month (49%) and those who were ready to spend between

6 and 10 hours a month (40%). Further, 11% were unde-
cided. The majority of radiographers (79%) did not feel
that there were enough CPD activities.

Motivational Factors

The responses on the Likert-type scale attached to the
motivational statements (Table 4) were scored in order to
obtain mean values in the following manner: 1 ¼ strongly
disagree, 2 ¼ disagree, 3 ¼ uncertain, 4 ¼ agree, 5 ¼ strongly
agree. Increasing professional knowledge, to update my
existing qualifications, and to increase the status of the profes-
sion as a whole were rated as providing most motivation.
To achieve a higher educational qualification because of
a previous unsatisfactory education and completing a CPD
course without study leave were rated as the least motivational
factors.

The Meaning of Lifelong Learning and CPD

Participants were asked for their interpretation of both
CPD and LLL to determine whether the motivational factors

Figure 1. Concept map: Radiographers’ perception of continuing professional development.

Table 1

Participation in Continuing Professional Development Activities against

Marital Status

Participation

in CPD

Single (Including Divorced,

Separated, or Widowed)

Married/Living

with Partner

Totals

Yes 26 19 45 (63%)

No 14 12 26 (37%)

Table 2

Participation in CPD Activities against Presence of Children

Participation in CPD Children No Children Totals

Yes 11 33 44 (62%)

No 10 17 27 (38%)

CPD, continuing professional development.
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were relevant to the concepts of LLL and CPD. Concepts
maps were used to collate all the responses into one map.
Colour was used to highlight the major concepts. With
regard to LLL, the radiographers’ responses could be catego-
rized according to three overarching themes: continuous
learning on a personal level to improve self-development,
updating of skills and knowledge to improve professional sta-
tus, and daily experiential learning through formal and
informal learning (Figure 2).

Radiographers’ responses to the question ‘‘what do you un-
derstand by the term CPD’’ were categorized on five emerging
themes. It was described as a management tool effectively used
to share information and implement changes. It was referred
to as specific subject learning related to one’s profession that is
either organized formally at university or informally by the
medical imaging department. It was also seen as a require-
ment by profession and society to ensure that members
update their knowledge and introduce innovations. CPD
was also viewed as an academic infrastructure, part of lifelong
learning related to improving professional knowledge, skills,
and competences (Figure 3).

Discussion

Response Rate

It is accepted that questionnaires in the behavioural sci-
ences generally have a response rate of approximately 56%
[24]. In a population where each participant has a work-
related email account, as in the case of Maltese radiographers
employed in the NHS, a web survey application can achieve a
comparable response rate to that of a surface mail question-
naire [25]. This study obtained a 57% response rate, which
is considered an adequate response.

Constraints to CPD Participation

In a similar study investigating radiographers’ attitude to
CPD before the implementation of mandatory CPD in the
United Kingdom and New Zealand, a general ambivalent
attitude towards CPD was reported. The causes included
barriers such as lack of career structures, inadequate funding
or salary, lack of time for CPD during office hours, remote-
ness, staff shortages, and busy workloads [14]. These barriers
were common to other studies involving other health care
professionals [26, 27].

This study reports similar findings and foresees that
releasing a number of radiographers for CPD activities could
be a logistical challenge for managers especially if the oppor-
tunities for CPD activities available throughout the year are
not increased. The constraints such as lack of time and sup-
port experienced by radiographers who have participated in
CPD have been highlighted through a number of comments.

I agree with CPD, however if it is compulsory then manage-

ment should provide with an infrastructure which assists
radiographers in achieving CPDdthat is time during work-
ing hours in order to undertake CPD activities. Imaging

teams have to adapt to this reality whilst management and
HR have to support this good cause. More opportunities
for everyone in varied CPD activities is also important.
CPD can also be part of a performance appraisal programme

for radiographers.

Table 3

Frequency of Attendance at CPD Events

CPD Activity Event Organizer Responses

Conference abroad Various 9

MRI in practice course [23] MMRRG 18

IV therapy FHS 8

Forensic lecture FHS 4

Local academic onference SMR-M 7

MSc/postgraduate courses FHS 5

Management CDRT 3

Basic life support FHS 2

Ultrasound (eFAST) FHS 8

Others Various 8

CDRT, Centre for Development Research and Training; CPD,

continuing professional development; eFAST, extended focused assess-

ment with sonography for trauma; FHS, Faculty of Health Sciences;

IV, intravenous; MMRG, Malta Magnetic Resonance Radiographers

Group; SMR-M, Society of Medical Radiographers–Malta.

Table 4

Mean and Mode Values for Motivational Factors

Answer Options Rating Average Mode Response Count

To fulfill statutory requirements to maintain registration. 3.35 4 68

I will take up a CPD course if partially funded by my employer. 3.90 4 67

I am prepared to pay for my CPD courses. 2.88 3 67

I am willing to complete a course for my CPD without study leave. 2.51 2 68

I am willing to complete a course for my CPD with partial study leave. 3.44 4 66

To obtain a further qualification in order to apply for promotion. 3.78 4 67

To update my existing qualifications. 4.31 5 68

To achieve a higher educational qualification due to previous unsatisfactory education. 2.74 2 68

I want to demonstrate that I am professionally competent. 3.98 4 66

To increase my professional knowledge. 4.61 5 69

To increase my self-esteem. 3.54 4 67

To prevent myself from becoming bored. 2.96 4 67

To increase the status of the practitioner. 3.87 4 68

To increase the status of the profession as a whole. 4.18 5 68

CPD, continuing professional development.
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Our department should organise CPD courses as in other
health professions and motivate the Radiographers to attend

these courses through incentives. The department should
allow time for its personnel to attend. Another good incentive
could be better access to literature.

There definitely should be support for each professional,

equallydboth financially and with arrangements from man-
agement in order to allow/help workers carry out their further
education. I believe that it is in management’s own interest to
provide means for their employees to carry out CPD.

Although CPD, whether mandatory or voluntary, is seen
as a fundamental professional responsibility of the individual
as laid down by the code of practice, these comments indicate
that radiographers would like to see management share the
responsibility and commitment for CPD. As funding remains
one of the major obstacles blocking access to and motivation
towards CPD, employers should cultivate a learning environ-
ment for CPDd and in so doing, accept partial responsibility
for the financial outlay [28]. However, it is not just manage-
ment that needs to have its role in CPD defined. The registra-
tion body, the professional society, and the Faculty of Health
Science of the University of Malta all have roles to play in

CPD. This shared responsibility could be achieved by setting
up a dedicated CPD unit with the remit of ensuring that the
learning needs of Maltese radiographers and their professional
development plans as agreed by employers and as provided by
educators are congruent with the requirements of the CPCM
and the professional bodies [29]. Since the majority of radiog-
raphers in Malta are located within one hospital, a commu-
nity of practice or a learning organization approach would
be the way forward for meeting the expectations of both pa-
tients and radiographers. The community of practice would
require a manager with leadership skills who works with indi-
viduals to foster a collegial culture that values change and
looks at failures as an opportunity to learn and improve [30].

Radiographers who were employed on a shift basis work-
ing morning, afternoon, and night duties participated less
than those who worked morning duties only. Lack of time
was highlighted in the comments above as the major reason
to participate less in CPD; however, this could also have
happened because CPD activities are not planned to cater
for those who work on shift. Repeating CPD lectures over
different time periods would make it possible for all radiogra-
phers within the NHS to attend. Another possible avenue is
online learning. In contrast to the study by Palarm et al

Figure 2. Concept map of radiographers’ understanding of lifelong learning.
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[31], all workers working on rotating shifts in this study
participated in CPD activities, indicating that flexible work-
ing hours may lead to a significant increase in CPD
participation.

The majority of the radiographers (75%) were of the
opinion that the spectrum of available CPD activities specific
to radiography was quite narrow. However, radiographers
may also be imposing restrictions on themselves as informal
learning was not mentioned by any of the participants as
an opportunity of learning activity for CPD. This misconcep-
tion, that CPD is simply attending an event or a formal
course [32], needs to be addressed as there are numerous ac-
tivities that can be done by an individual without incurring
any expenses except for some protected time by management.
Participation in multidisciplinary meetings, journal clubs, or
serving on professional committees are examples of informal
learning activities [33]. This is probably because the majority
of radiographers do not have reflective thinking and writing
skills, the courses for which were only introduced recently
in undergraduate radiography programs [34]. Therefore, it
may be easier to develop a portfolio with a list of certificates
obtained from formal education than evidence from informal
activities that might require some short reflective essay. On
the other hand, informal learning is considered by radiogra-
phers as a requirement to fulfill lifelong learning activity
but one that is not necessarily specific to medical imaging
practice.

Simsen et al [35] found a significant relationship among
nurses from Hong Kong between marital status and educa-
tional level, with married nurses more likely to continue their
study and choose generalist courses than single nurses. On the
other hand, recent studies [36, 37] found no relationship
between marital status and educational qualification in their
studies among Australian allied health care professionals and
Welsh registered nurses. In this study, no relationship was
found between marital status and CPD participation. Is this
the result of cultural differences, type of profession, or a direct
influence of modern practices? Further study is needed to
explain the different findings.

Although marital status did not affect CPD participation,
family commitments and shift work negatively influenced
CPD participation. This was also noted in other studies
among various health professionals [38–40]. Health care
organization administrators should take note of this barrier
and strive to create a climate in which all health professionals
irrespective of their status are able to participate in CPD
activities [41, 42].

Motivation for CPD Participation

Although the motivators for participation in any CPD
activity are complex and diverse, there is an agreement among
the key stakeholders. Policy makers’ motivators are similar to
those of professional bodies and to some extent employers.
Professionals and policy makers emphasize that health care

Figure 3. Concept map: Radiographers’ understanding of continuing professional development.
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professionals have a duty towards the public to keep their
KSC up to date, while management literature suggests that
the provision of CPD opportunities encourages the retention
of health care professionals [43–45]. The setup of a learning
organization, where a group of people are continuously devel-
oping their KSC, would lead to competence shifts [15, 16]
that could either be sustainable as a result of technical inno-
vation or disruptive as a result of some external market pres-
sure that might require a move from one competence to an
entirely different new competence. Examples of this compe-
tence shift within radiography are imaging interpretation
and intravenous therapy resulting from the shortage of
radiologists.

Research investigating motivators to CPD participation
report that intrinsic motivators such as level of personal moti-
vation, the need to improve professional knowledge and skills,
and the desire to increase professional competence were the
foremost motivators among the different health care profes-
sions [5, 34, 46, 47]. The real benefit of intrinsic motivators
over a period of time is sustained participation and transfer to
practice. However, intrinsic motivators could prevail over
extrinsic motivators such as mandatory CPD or the possibility
of promotion, which may not lead to sustained enthusiasm
for CPD or application to practice. It is argued that whenever
an external reward is offered for behaviour, the motivation is
not bound as tightly to the behaviour. Consequently, forcing
adults to undertake learning will not guarantee that learning
has indeed contributed to professional and service develop-
ment [30].

What is interesting in this study is that the results demon-
strated that radiographers were generally internally motivated
towards CPD. The concept map in Figure 1 indicates that
there are a lot more positive concepts towards CPD (grey)
than there are negative ones (black). The concept map also
features a number of incentives (yellow) that were mentioned
by radiographers as likely to improve CPD participation. This
augurs well for the Maltese radiography profession and would
aid in its endeavours to avoid professional obsolescence where
current competence may no longer be sufficient for effective
performance [30]. Another motivating factor that featured
prominently in the results was ‘‘increasing professional
competence’’ highlighting the strong association between
the desire for competence enhancement and CPD. However,
in this study, the external motivator of obtaining further qual-
ification to apply for promotion was also high. This idea that
acquiring a qualification will result in promotion is a miscon-
ception that is attributed in part to a strong competition for
the few senior posts among a large community of young ra-
diographers all working with the same employer and the
lack of other job opportunities in radiography outside the
local NHS. This attitude is also fueled by the fact that sectoral
trade union agreements promote those who obtain university
degrees such as master’s degrees to a higher salary scale. This
needs to be revisited (renegotiated) because promotion deci-
sions should be dependent on the individual’s job-specific
and general skills based on continuous skill development

and training and not the number of qualifications [48].
This concept merits further investigation.

On the other hand, completing a CPD course without
study leave and doing CPD to avoid boredom or to increase
self-esteem were the least motivational factors. Doing CPD as
a statutory requirement to maintain registration was also not
seen as a motivational factor. This was further highlighted
with the following comments:

Employer should support CPD during working hours as this
enhances the development of the employee and not penalizes
her through loss of leave or time in lieu.

I think the employer should at least provide study leave even if
unpaid for the CPD courses of the employees.

CPD should not be associated with our registration. Certain
radiographers already find it hard to cope as it is so it should
not be obligatory. I agree that there should be an incentive,

such as promotion; but it shouldn’t have anything to do
with one’s registration. Blackmailing people is not an incen-
tive for CPD!

CPD should not be accompanied by enforced extensive study-
ing. Work/family balance should be maintained. Time off
from work should be incorporated in CPD planning other-

wise time dedicated to family/leisure will be eroded.

I agree with CPD however if it is compulsory then manage-

ment have to provide an infrastucture which assists radiogra-
phers in achieving CPDdthat means time during working
hours in order to undertake CPD activities. Teams have to
adapt for this reality while management and HR have to sup-

port this good cause. If not resistance to change will push
CPD out. More opportunities for everyone in varied CPD ac-
tivities is also important. CPD can also be part of a perfor-

mance appraisal programme for radiographers.

Employers should provide funding and study leave to
encourage staff to attend CPD activities. However, care should

be taken in areas were there are severe shortages of staff.

The above difficulties were the main reasons why partici-
pants prefer that CPD participation should not be made
mandatory. Therefore, in order to increase participation in
the CPD program, some form of support should be available
from the employer and professional groups. It was also
mentioned that for CPD to be worthwhile there should be
a variety of activities that address local needs rather than
copying verbatim what is happening abroad. As one partici-
pant stated,

I think that overall mandatory CPD is a very good thing if
introduced properly. What works in one country doesn’t
mean that it is going to work in Malta. There should be a

wide variety of CPD activities that the individuals can do to
maintain registration. This is important as not everyone has
the time and money to attend CPD courses. I think that
the employers should support all the employees to fulfill
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CPD requirements. Although the government is providing
money for CPD activities, I think that there is too much bu-

reaucracy in obtaining this money. It took me 3 years to get
the CPD money. Also the money is definitely not sufficient
in areas where there is no training available in Malta.

The Meaning of LLL and CPD

In Ryan’s study [5], participants acknowledged that LLL
was a combination of general experiences that helped partici-
pants to identify their strengths and weakness through reflec-
tion. In this study, the open-ended responses clearly showed
that radiographers make a clear distinction between LLL as
a generic process of ongoing learning and CPD as a specific
process for professional development related to radiography.
Although radiographers mentioned experiential learning as
an opportunity towards LLL, it is apparent that learning
through reflection is not included in the radiographers’ range
of learning methodologies. This is probably the result of not
practicing reflective thinking during their undergraduate edu-
cation or because portfolios for which reflective commentary
is a necessary requirement are not yet being used. This may
change with the introduction of mandatory CPD, which is
expected to be assessed by a portfolio of evidence.

Conclusion and Recommendations

This study has provided new knowledge for the radiog-
raphy profession in Malta. The majority of radiographers
were self-motivated to engage in CPD activities since CPD
provides a method for increasing their knowledge, improves
their existing skills, and enhances professional competence.
The majority of the participants do not see participation in
CPD as a statutory requirement or an important motivational
factor. Formal and structured CPD activities are given much
credit and valued more than informal learning. Reflective
learning and writing is not practiced. The main constraints
experienced by the radiographers were lack of CPD opportu-
nities, funding, and support from management.

It is the opinion of the researchers that radiographers,
employers, and the professional groups (Society of Medical
Radiographers–Malta and Malta Magnetic Resonance
Radiographers Group) should work together to increase op-
portunities for CPD as no stakeholder can take sole responsi-
bility for the delivery of a successful CPD program. The
authors recommend that if CPD is to become mandatory,
regulations should be laid down making employers share joint
responsibility for the setting up of CPD structures within the
workplace. Medical imaging departments (through their
human resources sections) must strive to enhance learning
in the workplace through learning approaches such as experi-
ential learning [49], communities of practice [50, 51],
learning organizations [52], and online learning, among
others. Encouragement through incentives, such as study leave
and protected time to organize lectures during office hours,
may increase participation in a mandatory CPD program.
The authors query whether the mandatory CPD scheme

based on a number of formal learning activities is the best
way for such a relatively small group of radiographers who
are mostly employed in a single hospital. Instead, the authors
suggest a mandatory CPD scheme based on a portfolio of ev-
idence that addresses a set of standards that are relevant to the
individual health professional and the medical imaging ser-
vices in Malta. This would lead to greater flexibility in the
content and timing of CPD activities.
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a b s t r a c t

Purpose: As high quality CPD courses become increasingly expensive and time off for radiographers
progressively limited, it is important that CPD content be aligned to forecasted service portfolio devel-
opment. When such a portfolio has not been developed locally the CPD planner should carry out an own
forecasting exercise. The purpose of the study was to develop a 2020 MRI service portfolio using a Delphi
study.
Methods and materials: MRI stakeholder experts participated in a first Delphi round based on semi-
structured interviews. The interviews were analysed thematically leading to a series of statements for
a second Delphi round. Level of agreement was assessed as the median value on a 6 point Likert scale
ranging from 1 (complete disagreement) to 6 (complete agreement), the level of consensus was assessed
using the interquartile range (IQR). Consensus was defined as IQR � 1.
Results: Very strong agreement and consensus (median 6, IQR � 1) was obtained for maintaining current
service catalogue and introduction of breast biopsies, cardiac studies, ISO standards, referral guidelines,
and departmental policies aligned to EU regulations. Strong agreement and consensus (median 5,
IQR � 1) was obtained for introduction of tumour assessment, tractography, elastography, enterography.
The level of consensus was low (IQR � 1) regarding research, 3T MRI, outsourcing, prostate screening and
certification for MRI referral privileges.
Conclusion: The multi stakeholder approach adopted ensured that the proposed service portfolio would
be suitable for local healthcare needs. Although the methodology has been applied to MRI it could easily
be adapted to any imaging modality.

© 2014 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.

Introduction

Magnetic Resonance Imaging (MRI) is now a leading imaging
modality; new applications are constantly being introduced whilst
the number of patient examinations is ever on the increase.1e5

Since 2008, MRI utilization rates in Malta have increased by 96%
with new requests contributing towards an ever increasing waiting
list.6,7 The need for high quality continuous professional develop-
ment (CPD) for local MRI radiographers is therefore expected to
become acute over the next years.

This study forms part of a wider project on CPD for MRI senior
radiographers in Malta. Underpinning the focus of the study is a
situation most radiographer managers will recognise: high quality
CPD courses are becoming increasingly expensive and time off for
radiographers progressively limited owing to higher workloads. In
such circumstances, it is important that CPD time is optimized by
ensuring that content reflects more closely the specific learning
needs of the particular group of radiographers for whom it is
designed and the particular healthcare needs of the local popula-
tion.8 CPD content should be aligned to the forecasted future
development of the local service portfolio the radiographers would
be expected to deliver (‘service portfolio’ refers to the range of
services envisaged to be offered by the service). When such a ser-
vice portfolio has not been sufficiently developed locally it is
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important that the CPD planner carries out an own forecasting
exercise to assess what the service would likely look like on the
target date (in this case 2020).

Initial literature review and correspondence with international
colleagues indicated that the way services are developed varies
widely. One approach involves the development of international or
country-wide guidelines set up by groups of experts. Unfortunately,
such guidelines often take too long to be formulated and dissemi-
nated and frequently require extensive adaptation for use at the
local level where service development and device procurement
decisions ultimately need to be taken.9e11 On the other hand, in the
case of smaller institutions, decision making is sometimes based on
individual physician subjective preference or be excessively vendor
influenced. This may lead to decisions which do not always support
closely the healthcare needs of local patients.12e14

The issue of the direction service portfolio development should
take represents a formidable challenge to departmental managers,
however, it also offers opportunities for research. This article pre-
sents one possible way forward that avoids the pitfalls of the two
aforementioned approaches. This study therefore answers the
question: how may a radiography manager guided by a patient
oriented and inter-professional/multi-stakeholder philosophy and
who is faced with a need for forecasting of service development
tackle the situation? The authors propose a methodology based on
a multi-stakeholder and inter-professional Delphi group. Although
themethodology has been applied toMRI it could easily be adapted
to any imaging modality.

Service portfolio

Fig. 1 depicts the service portfolio model that guided the study
and is a simplified version of that proposed by Brailsford and
Vissers.15 A well-defined service portfolio helps stakeholders un-
derstand the services that are/may be offered and hence promotes
communication and consensus among stakeholders. A well-
managed service portfolio ensures that existing services are
maintained and not negatively impacted when any new function-
ality or service is introduced16; it enables institutions to allocate
resources to identified healthcare needs, thereby enabling a more
effective and efficient service.

Method

The research technique chosen was the Delphi technique as it is
suitable when idea generation and exploration, forecasting and

expert judgment are indispensable.17e19 The technique is well
established in healthcare and educational research and the search
word ‘Delphi’ in Pubmed currently gives close to five thousand hits.
The researcher sought to gather opinions from a purposive sample
of key stakeholder experts (n ¼ 17) that make the most use of the
MRI services. The panel included experts in healthcare policy,
diagnostic radiology, imaging unit management, orthopaedics,
neurology, medical physics, MRI industry and patient advocates.
Gillham20 refers to this approach as the ‘elite interview’. A focus
group or a nominal group technique could have been employed in
collecting the data. However, considering the diversity of pro-
fessions and grade levels within the group, the Delphi was most
suitable as it ensures maximum participant autonomy and the
possibility of opinion modification following successive Delphi
rounds.21e23 The main limitations of Delphi are the wide variation
in what is regarded as consensus and the fact that it may be too
time consuming for participants, risking participant attrition be-
tween successive rounds.23 In this study the effects of the former
limitation were minimized by using objective quantifiable criteria:
median for level of agreement/disagreement and inter-quartile
range (IQR) for extent of consensus.24 The criterion for consensus
was an IQR less or equal to 1 which is stringent. The latter limitation
was addressed by utilizing individual interviews for the first round
of the Delphi. Interviews increase participation and the use of face
to face interviewing is especially appropriate with participants in
leadership positions whose time may be very limited.25 Although
the respondents were known to the researcher, they were kept
anonymous to each other. The anonymity of the experts would
prevent the dominance of the strongest and most eloquent
speakers therefore enabling the study to be informed by the views
of the less confident speakers. Ethical approval was granted by the
research ethics committee of the University of Malta.

Delphi first round

The first round of the Delphi was carried out through semi-
structured interviews to provide maximum opportunity for idea
generation and elaboration.26 The interview tool was based on the
service portfolio model shown above and was divided into 4 sec-
tions. Section 1 focused on the interviewee's role in MRI and po-
tential influence on the MRI service portfolio; section 2 focused on
the service catalogue with a list of services that are presently
available or ready for implementation; sections 3 and 4 were
respectively dedicated to services in the pipeline and those prone
to possible sidelining.

A letter of invitation to participants provided an information
sheet and consent form. The participants were provided with the
interview questions in advance so that they might reflect on the
issues prior to being interviewed. Questions were sequenced to
lead the discussion towards the key questions of the study.27 The
subsequent qualitative analytical process used was based on Braun
and Clarke's six phase framework.28 Concept maps were created for
each interviewee using CMAPTOOLS29 and subsequently analysed
by one researcher for levels of hierarchy, interconnections and
repeated concepts to identify emerging themes and elaborate on
those previously identified from the literature.8,30 Each map was
sent to the respective participant for correction and verification. An
example of a concept map generated during the project can be
found in Fig. 2.

Delphi second round

A web based second-round questionnaire was based on the
themes generated in the first round. The second round of the Delphi
study was conceived as a consensus seeking round in whichFigure 1. Model of the service portfolio guiding the research study.
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participants were asked to register their level of agreement/
disagreement with a list of close-ended statements generated from
first round data. The following Likert scale was used:
1 ¼ completely disagree, 2 ¼ generally disagree, 3 ¼ slightly
disagree, 4 ¼ slightly agree, 5 ¼ generally agree, 6 ¼ completely
agree. No neutral (‘neither agree nor disagree’) point was used as
suggested by Beaudin31 but each participant was given the option
to comment on each statement.

Results

The response rate in the first round was 65% (n ¼ 11). Non re-
spondents in the first round were re-invited to participate in the
second round. The response rate in the second round increased to
88% (n ¼ 15). The composition of the expert panel for the second
round is shown in Table 1. Since the non-respondents in the first
round did not have additional comments it was considered that the
second round questionnaire included all views to their satisfaction.
Each expert in the panel had more than 9 years of experience in
MRI.

The coding process as described by Nvivo 10 (www.
qsrinternational.com) was carried immediately after the first
round interviews. This resulted in 216 references which were
grouped into nodes which later became the themes. The final list of
themes was:

� staff and public education
� research
� current procedures
� technical expertise
� future services and technology
� legislation, quality and safety considerations
� accessibility to patients and non-medical referrers
� retired services

These themes guided the development of the statements for the
second round questionnaire.

The tool with corresponding results for the second round of the
Delphi is shown in Table 2. The measures of level of agreement/
disagreement with the statement and consensus were the median
and IQR respectively.25,32,33 Delphi studies are often stopped
when an IQR of 1.0 or less is attained on the greater majority of the
probed statements.34 In this study 90% of the statements achieved
an IQR of 1.0 or less following the second round. The Delphi was
therefore stopped at that stage. All statements achieved a high
level of agreement: 26 statements achieved a median of 6, 15
statements a median of 5. In terms of level of consensus, 3 ach-
ieved an IQR of 0 (total consensus), 33 statements resulted in an
IQR of between 0.1 and 1.0 (high to medium level of consensus)
and 5 an IQR higher than 1.0 (medium to low consensus, these are

shown shaded in the table). The distribution of responses for each
statement was checked for unimodality before calculation of
median and IQR.25

Discussion

The results of the Delphi are discussed individually below by
theme. Numbers in brackets refer respectively to statement num-
ber, corresponding median and corresponding IQR.

Staff and public education

MRI education in Malta includes an MSc Radiography (MRI) of
the University of Malta and an MSc Medical Physics which in-
cludes MRI for physicists majoring in Diagnostic and Interven-
tional Radiology. Radiologists follow the programme of the Royal
College of Radiologists (UK). Participants strongly agreed that the
present MRI educational provision to all professions should be
quality assured (23, 6.0, 1.0) and that it be widened to include MD
and non-MD referrers (21 ,5.0, 1.0). MRI legislation education
should be also made available to all healthcare professionals (25,
6.0, 0.5). This is crucial owing to the highly debated 2004/40/EC
directive on minimum and health and safety requirements during
work carried out in electromagnetic fields. The European Com-
mission issued a call for tender for good practice guidance on MRI
safety.35 Public education also registered high agreement and
consensus (20, 6.0, 1.0) with many of the participants suggesting
ways how to achieve this: “I think that if we use the same model as
that used in the healthcare fair we would reach many people” (Di-
rector of company).

Research

Participants confirmed that very little research is being carried
save some MSc projects by radiographers. Although participants
were generally in favour of research, the level of consensus was low
(24, 5.0, 2.0). The high IQR resulted from the low level of enthu-
siasm for research by the private sector. This was expected as in the
present circumstances research does not lead to profit locally.
However all participants reiterated that they would support all
requests from individuals or group of healthcare professionals to
carry out research.

Current procedures

The results indicate that participants still consider MRI as the
gold standard for patients who require neurosurgical or ortho-
paedic operations as well as those who require neurological in-
vestigations (2, 6.0, 1.0; 4, 6.0, 0.0; 8, 6.0, 0.5; 14,6.0, 0.5). Clinicians
expect that requests for MRI services are going to increase further:
“We need MRI services and our requests are going to increase” (Or-
thopaedic surgeon).

Technical expertise

The group highlighted the importance of utilizing protocols that
address specific clinical questions rather one protocol fits all (17,
5.0, 1.0). Magnet time is expensive and additional sequences and
unnecessarily long scanning times are undesirable.36 “Yes definitely
for example if a haemangioma can be diagnosed with just two se-
quences then we should stop there. Same applies to brain. Obviously
that would involve either the presence of a radiologist or that decision
has to be delegated to senior radiographers” (Radiologist). Other
participants suggested augmented roles for radiographers and
medical physicists in quality assurance programmes (25, 6.0, 0.5),

Table 1
List of participants in second round.

Participants Number of
participants

Surgeons (Neuro and orthopaedic) 2
Radiologists 2
Neurologist 1
Managers (Radiography,

medical physics, physiotherapy)
3

Policy maker at Ministry for Health 1
Patient advocates 2
Director of company importing

medical imaging equipment
4

Total 15
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in serving as interlocutors between patients/referrers and the MRI
unit (20, 6.0, 1.0) and in a patient and occupational safety37,38:

Future services and technology

Introduction of MR tractography, elastography, dynamic MRI for
patellar tracking, DWI for non-cerebral work, MRI enterography,
oncology planning andMRI-PET received amedian of 5.0 and IQR of
1.0; Cardiac MRI achieved a higher level of agreement (32, 6.0, 1.0).
There was less consensus on the introduction of 3T and prostate
cancer screening (IQR ¼ 2.0, 1.5 resp.). This is quite surprising
because prostate cancer detection and characterization has
benefited from the introduction of 3T MRI scanners, improved DWI
sequences with fewer artifacts, better image-processing methods
and MRI guided biopsy.39e43 In addition Ahmed et al.44 reiterate
that the use of MRI before biopsy can serve as a screening tool in
men with raised serum prostate-specific antigen and lowers costs

by reducing biopsies. This result is likely to have been influenced by
the fact that the sample size did not include any general surgeons.

Legislation, quality and safety considerations

ISO accreditation, safety, referral guidelines and adherence to EU
legislation had a high level of agreement (statements 19, 25, 26, 41
all with a median of 6.0) and the highest level of consensus (IQR of
0.5, 0.5, 0.0 and 0.0 resp.). Referral guidelines on making the best
use of an MRI Department should be available and if used appro-
priately would reducewaiting times.45,46 Picano47 notes that a third
of radiological investigations are totally or partially inappropriate
and suggests that referrers should be required to have a radiological
driving licence: “I think in the right context there is an important role
for non MD referrals typically what comes to mind is referrals by
physiotherapists and general practitioners however I say this with a
degree of apprehensiveness” (Radiologist).

Table 2
Statements for the second round of the Delphi with corresponding median and IQR values.

Statement no Statement Median IQR

MRI service catalogue
1 Demographic information e e

2 Neurology MRI including diffusion weighted imaging should continue to
form part of the service catalogue.

6.0 1.0

3 Body MRI should continue to form part of the service catalogue. 6.0 1.0
4 Musculoskeletal MRI should continue to form part of the service catalogue 6.0 0.0
5 Vascular MRI should continue to form part of the service catalogue 6.0 1.0
6 Breast MRI should continue to form part of the service catalogue 6.0 1.0
7 MR cholangiopancreatography (MRCP) should continue to form part of the service catalogue. 6.0 1.0
8 MR neurography (e.g Brachial plexus) should continue to form part of the service catalogue. 6.0 0.5
9 MRI prostate imaging should continue to form part of the service catalogue. 6.0 1.0
10 MRI female pelvis should continue to form part of the service catalogue. 6.0 1.0
11 Paediatric MRI should continue to form part of the service catalogue 6.0 1.0
12 MRI with general anaesthesia should continue to form part of the service catalogue 6.0 0.5
13 MR arthrography should continue to form part of the service catalogue. 6.0 1.0
14 MRI planning for Deep Brain Stimulation should continue to form part of the service catalogue. 6.0 0.5
15 On call services should continue to be provided on a 24/7 basis. 6.0 1.0
16 Outsourcing should only be considered after all other options in reducing the waiting time have failed. 5.0 2.0
MRI service pipeline by 2020
17 Information on the diagnostic utility of different pulse sequences in the various areas of healthcare

should be provided to healthcare professionals.
5.0 1.0

18 Information on MRI legislation should be provided to all healthcare professionals. 6.0 1.0
19 Evidence based referral guidelines should be made available to all MRI stakeholders. 6.0 0.5
20 Information about the strengths, limitations and safety of MRI should be made available to the general public. 6.0 1.0
21 MRI courses should be developed for MD and non-MD referrers. 5.0 1.0
22 All referrers should be certified in MRI referral before being granted MRI referring privileges. 5.0 1.5
23 MRI education to all professions involved in MRI should be quality assured. 6.0 1.0
24 All professions involved with MRI should participate in research 5.0 2.0
25 Local MRI departmental regulations and procedures should be constantly updated to any

EU legislation and documentation.
6.0 0.5

26 Referral guidelines would be used to prioritize accessibility to services. 6.0 0.0
27 Standard operating procedures regulating non-MD referrals would be needed as non-MD

referrals will become more common.
6.0 1.0

28 MR tractography (MRI of neural tracts of the brain) should form part of the MRI service catalogue 5.0 1.0
29 3T Imaging should form part of the MRI Service catalogue. 5.0 2.0
30 MRI guided biopsy of the breast should form part of the MRI service catalogue. 6.0 1.0
31 Diffusion weighted imaging for non cerebral work should form part of the MRI service catalogue. 5.0 1.0
32 Cardiac MRI should form part of the MRI service catalogue. 6.0 1.0
33 Breast MRI as a screening tool for family screening should form part of the MRI service catalogue. 5.0 1.0
34 Oncology planning with MRI fusion imaging should form part of the MRI service catalogue. 5.0 1.0
35 MRI-PET should form part of the MRI service portfolio. 5.0 1.0
36 Elastography imaging which is used for evaluating liver cirrhosis should form part of the MRI service catalogue 5.0 1.0
37 Dynamic MRI for patellar tracking should form part of the MRI service catalogue. 5.0 1.0
38 MRI enterography (small intestine imaging) should form part of the MRI service catalogue. 5.0 1.0
39 Prostate MRI as a screening tool should form part of the MRI service catalogue. 5.0 1.5
40 Assessment of change in tumour burden as a measure of treatment response or tumour progression

should form part of the MRI service portfolio.
5.0 0.5

41 The quality and safety of the MRI service should be ISO assured. 6.0 0.0
MRI services to be sidelined
42 Given the present level provision of MRI services none of the present services should be sidelined. 6.0 1.0
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Accessibility for patients and non-medical referrers

Participants reported that if the education of non-MD pro-
fessionals becomes broader then there is the possibility that certain
routine examinations such as lumbar MRI could be requested by
non-MD: “Specialized nurses could request MRI spine.… if you have
someone who spends two years in this field he/she will eventually
learn who requires an MRI and who doesn't …” (Neurosurgeon). MRI
referral by non-physicians such as extended scope physiotherapists
is now becoming more common48,49 and recent studies have
shown that with higher education non-MD practitioners can be
cost effective whilst making the best use of MRI scanners.48,50,51

However, there was low consensus among participants on
whether all referrers should be certified in MRI education before
being granted referral privileges (22, 5.0, 1.5). The non-MD experts
in the panel reiterated that although health care practice in Malta is
moving in this direction, more education is required and the
establishment of evidence based referral criteria is a must (27, 6.0,
1.0). Participants were of the impression that although at the local
general hospital only consultant clinicians are permitted to request
MRIs, in reality the requesting privileges were often delegated to
junior doctors “Well I am under the impression it should be the
consultant clinicians but I am also aware that this privilege is often
delegated to junior doctors. I am not sure whether this is good practice
but I am told that it is allowed in our institution and basically this does
give rise to some confusion” (Radiologist). In the private setting the
mix of referrers is dictated by private insurance schemes. By
default, insurance policy dictates that MRI scans be referred by a
consultant; as a result 70% of the requests in the private setting
originate from consultants. On the other hand in the case of self-
funded patients 15% are referred by general practitioners, 10% by
non-MD and 5% are self-referred. The latter category of patients is
still required to be seen by a consultant radiologist attending at a
private clinic. Self-referrals are not accepted at the local general
hospital even though participants commented that they do meet
patients who demand MRI scans. Although MRI accessibility has
improved there seem to be differences in referral policies between
states. An Italian study suggests that MRI can be requested by
general practitioners; in Australia, accessibility has been made
available to general practitioners. Perhaps widening further the
accessibility to MRI at the local general hospital and private setting
to general practitioners would alleviate the waiting time if referral
guidelines are implemented and quality education to general
practitioners implemented.52,53

The majority of participants working at the local public hospital
agreed that outsourcing should only be considered after all avail-
able options have been exhausted. Experts reported that from
experience outsourcing does not necessarily need to control over
costs, customer satisfaction and assurance of quality and standards
of care. It was also mentioned that outsourcing should only be
considered if the financial implications are advantageous with
respect to buying a further magnet at the public hospital. Experts
from the private sector have reported that their institutions arewell
placed to address the increasing requests through private-public
partnership. This difference between experts working in the pub-
lic hospital and those coming from the private sector was man-
ifested in the low level of consensus (16, 5.0, 2.0).

Retired services

The participants agreed that no service from the current list of
available procedures should be sidelined (42, 6.0. 1.0). One partic-
ipant however commented with some caution that shoulder MRI
imaging is expected to decrease as ultrasound takes over. ‘Shoulder
ultrasound is operator dependent as well. I don't think we could do

without MRI although I think that if we excel in ultrasound we could
reduce MR shoulder request’ (Orthopaedic surgeon). The fact that no
services are expected to decrease has operational implications to
radiographer managers as they address increase in demands and
waiting lists. As a direct result of this research the public hospital in
Malta has successfully introduced twilight initiatives whereby ex-
tra MRI sessions are carried out during the night (9:00pm and
2:00am) and very early in the morning (5:00am till 7:00am). In
addition to this the hospital administration has procured another
MRI magnet which will be installed in November 2014 and started
discussions to upgrade the current magnet. Ministry for Health also
signed a limited public private partnership scheme whereby some
patients could be scanned in the private health sector.

Strengths and weakness of the study

A qualitative methodology involving experts from different
backgrounds was employed using MRI as an exemplar for many
other imaging modalities. The study involved a relatively small but
usual number of participants which were purposely selected for a
Delphi technique. The sample did not include general surgeons
because at the time of the study requests from this group of re-
ferrers were low. The exclusion of this groupwas a limitation of this
study, but which was however minimised by the inclusion of ra-
diologists. Caution is therefore required in generalising the results
to other hospitals or similar imaging modalities.

There is an absence of research concerning the development of
service portfolio for Magnetic Resonance Imaging Departments and
this study offers guidance to management of medical imaging
services. Although Delphi studies are time consuming, specifically
when the instrument of a Delphi study consists of a large number of
statements, electronic technology (web based questionnaires as
used in this study) provides an opportunity for managers to more
easily employ the Delphi process by taking advantages of the
storage, processing, speed of transmission capabilities of com-
puters, the potential for rapid feedback and analysis.19,33 Delphi
study is useful for long term forecasting and so it is not expected to
be used frequently by medical imaging managers. However man-
agers utilizing this method of consensus would require research
skills specifically qualitative analysis.23

Conclusion

This study has proposed a research based methodology for the
development of a proposed MRI service portfolio for Malta which
avoids the potential pitfalls of low relevance to local healthcare
needs and/or subjectivity of other methods presently in use. The
results highlight important current issues related to research and
education, ISO certification of MRI quality and safety, the devel-
opment of MRI referral guidelines and the updating of local MRI
policies and procedures with respect to EU legislation. The study
has given the necessary background to introduce new initiatives.
The authors believe that this is the first published article con-
cerning a systematic approach to forecasting an MRI service
portfolio.
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a b s t r a c t

Purpose: This study reports the optimization of a local MR care pathway. A search of the literature did
not result in any studies regarding the optimization of MRI care pathways through a formal research
process. Discussions with international MR radiographers indicated that such development is often
carried out using informal methods that are highly dependent on local conditions, that are rarely re-
ported in the public domain and the validities of which are therefore not open to scrutiny; in addition,
care pathways need to be specific to local healthcare needs and culture. In this study, the authors propose
a formal documented methodology for developing a local MRI care pathway based on the well-
established nominal group technique.
Methods and materials: A nominal group technique was conducted amongst a multi-professional panel.
Results: 14 participants accepted the invitation to participate: an executive from the principal public
general hospital, a manager from the national Ministry for Health, a service development manager from
the allied healthcare professional sector, 2 senior physiotherapists, 3 nursing officers, 3 MRI radiogra-
phers, 2 medical physicists, 1 radiologist. Ten optimization related issues were identified and ranked in
order of decreasing importance. Highest ranking scores were assigned to patient safety, education of
referrers and use of quality criteria. The NGT method also brought forward novel themes in particular the
need for a radiographer's technical report and the need for referrers to indicate pain levels of patients.
Conclusion: The design of an MR care pathway was successfully optimized using a collaborative multi-
stakeholder approach.

© 2014 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.

Introduction

At the MRI unit level, service quality is contingent on the design
of the care pathway through which the MRI service is delivered and
experienced by patients.1,2 Hence, an optimized care pathway
design is crucial for the attainment of an effective, safe and efficient
service.3 This study reports the optimization of such a local care
pathway as initially perceived and developed by the researchers
and based on input from local and international colleagues.

A search of the literature did not result in any studies regarding the
optimization of MRI care pathways through a formal research
process. Discussions with international MR radiographers indicated
that such development is often carried out using informal methods
that are highly dependent on local conditions, that are rarely re-
ported in the public domain and the validities of which are there-
fore not open to scrutiny; in addition, care pathways need to be
specific to local healthcare needs and culture. In this study, the
authors propose a formal documented methodology for developing
a local MRI care pathway based on the well-established nominal
group technique (NGT). The study forms part of a wider study on
continuous professional development for senior radiographers in
Malta; the optimized pathway will provide input to curriculum
development.
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The European Pathway Association (http://www.e-p-a.org) de-
fines a care pathway as: “A complex intervention for the mutual
decision making and organization of predictable care for a well-
defined group of patients during a well-defined period. Defining
characteristics of pathways include: an explicit statement of the
goals and key elements of care based on evidence, best practice and
patient expectations; the facilitations of the communication and
coordination of roles, and sequencing the activities of the multi-
disciplinary care team, patients and their relatives; the documen-
tation, monitoring, and evaluation of variances and outcomes; and
the identification of relevant resources”. This study focuses on the
“the facilitations of the communication and coordination of roles,
and sequencing the activities of the multidisciplinary care team”.
The design of clinical care pathways combines a variety of methods
from the quality improvement and operational research literature.
Such literature indicates that a critical characteristic to consider
with respect to the sequencing of activities of the multidisciplinary
care team is the coordination model required. Vanhaecht et al.4

describe three different coordination models: chain, hub and web
models. Chainmodels are used for relatively highly predictable care
processes with a high level of agreement between the team
members. Hub models are used for less predictable processes; in
this model key persons will lead the organization of the care pro-
cess and chain models are used for the more predictable sub-

processes. Web models are used for highly unpredictable, com-
plex processes.4 Diagnostic radiology would fit the hub model
whilst the MRI care pathway sub-process fits a chain model which
permits elements of flexibility as where practice involves a mix of
routine and non-routine tasks (as in an MRI setting), employees
need to be able to take initiatives in response to incidental findings
or to optimize processes beyond the confines of standard operating
procedures.5

Method

Various techniques for the development of the care pathway
were considered. A survey of the literature revealed that multi-
stakeholder processes require consensus techniques such as the
Delphi, nominal group or focus group techniques.6e8 Four impor-
tant practical issues were taken into consideration before deciding
on the most appropriate technique to use: the approach needed to
involve as many of theMRI stakeholders as possible, it needed to be
based on a consensus building approach, it needed to ensure that
all participants could voice their opinions freely, and finally be
efficient in terms of time. These are the defining characteristics and
strengths of the NGT technique. NGT methods gather a number of
specifically invited experts, commonly 10e15, for a structured
meeting on a specific subject.9 The purpose of the NGT technique is
to generate ideas, which are then discussed and ranked by the
group.10 The group is highly controlled, with discussion occurring
only in the later stages of the process. A facilitator guides and
controls the meeting by collecting ideas from participants, as
opposed to leading the discussion.11 The work of the facilitator is
usually complemented by one or two other individuals acting as
note-takers and co-ordinators of activities. The technique aims to
avoid the known pitfalls of group interviews where some partici-
pants can be silent or feel intimidated in the presence of more
articulate and dominant personalities. In NGT all members have an
equal opportunity to contribute.11 The nominal group technique as
described byWainwright et al.12 was adopted for this study. To kick-
start the process an initial model of the MR care pathway for adults
was developed by the researchers with the help of a small multi-
disciplinary group consisting of an MRI radiographer, radiologist
and medical physicist and forwarded to the invited participants.
This ensured that the participants focus on the actual pathway
during the NGT process proper. The NGT method used in this study
is summarized in Table 1. The process in this study took approxi-
mately 2 h and generated quantitative rankings of key optimization
related issues.

17 participants, representing radiologists, radiographers, man-
agement, medical physicists, policy makers, physiotherapists and
nurses working in orthopaedics, neurosurgery and neurology were
selected. The intention was to create a balanced representation of
expertise from various sectors of professionals working in collab-
oration. Ideally the group of participants should also have included
patient representatives. Unfortunately patient associations are still
very much in their infancy in Malta, hence nurses who have
themselves been MRI patients or had close family members
referred for MRI were chosen to act as patient advocates. This had
the added advantage that bias resulting from power inequalities
between patients and healthcare professionals was avoided.14 Since
conduction of the NGT session in a clinical setting may influence
participant responses, the sessionwas carried out at a leading hotel.
The process was recorded and transcribed verbatim to ensure that
no data were lost and to provide a documented record of the pro-
ceedings. Ethical approval was received from the ethics committee
of the University of Malta. All participants were provided with in-
formation regarding the study and consent was obtained before the
start of the NGT.

Table 1
The NGT method used in the study.

Step Comment

1. Introductory statement The initial care pathway model was
projected on a screen and participants
requested to confirm or otherwise whether
it was suitable to kickstart the process or
whether amajor modificationwas required.
A set of guiding questions was also
presented.

2. Initial generation of issues
individually

Participants were asked to silently list
issues on the paper provided.

3. Round-robin listing of ideas The participants were asked to articulate
briefly each issue until all issues were
exhausted. Issues were recorded on a flip-
chart.

4. Clarification of issues The group was then asked to consider each
item on the list to ensure common
understanding. No items were omitted or
merged so that all ideas were given their
due importance.13

5. Generation of individual top
10 lists

The participants were asked to individually
select and prioritize the 10 issues that they
felt were most important and record them
on a worksheet.

6. Rating of issues according to
relative importance

The worksheets were collected, and the
issues and rankings noted.

7. Time out and icebreaker The rankings for each individual issue were
summed to give a total score.

8. Group discuss of most
important issues

The top 15 issues were presented to the
group for discussion with the facilitator
only intervening to ensure focus. These
were condensed to 10 issues.

9. Final ranking of issues Participants were asked to individually rank
the 10 issues in order of importance. This
time the participants assigned a weighting
to each item, with the most important issue
receiving a weighting of 100 and the least
important a weighting of 1. The eight
remaining issues were given a weighting
between 1 and 100.

10. Conclusion The final list of 10 ranked issues was
presented for final discussion. Participants
were thanked for their participation and
subsequently informed of the findings.
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Results

14 participants accepted the invitation to participate: an exec-
utive from the principal public general hospital, a manager from the
national Ministry for Health, a service development manager from
the allied healthcare professional sector, 2 senior physiotherapists,
3 nursing officers, 3 MRI radiographers, 2 medical physicists, 1
radiologist. The final ten optimization related issues in order of
decreasing importance as determined by the ranking scores
assigned by the participants are shown in Table 2.

The group gave a strong affirmative answer when asked if the
model as presented by the researchers with the additional 10 issues
identified through the NGT was sufficient to form the basis of the
desired future MR care pathway. The resulting MR care pathway is
shown in Fig. 1. The pathway shows the patient's journey from
when he/she is referred for an MRI scan up to the follow-up visit to
the referrer. The numbers in brackets (1e10) in the diagram refer to
the NGT identified issues from Table 2 relevant to that particular
section of the pathway. The pathway is divided into various sub-
processes at which defined quality outcomes (indicated with an
‘O’ in the diagram) and associated criteria would need to be
inserted.

The following additional suggestions gleaned from the verbatim
transcript of the session and which would add further support for
the main issues of Table 2 were also incorporated into the care
pathway (indicated as (a)e(e) in the diagram):

a) Need for a mechanism to audit the appropriateness of re-
ferrals. “We need to answer the question: has the investigation
had an effect on patient management? We are all aware of the
high percentage of patients being referred simply because the
referrer has no other option e patients insist on an MRI even on
occasions when the referrer thinks it is inappropriate”

b) Need to educate radiographers on procedures to follow
following incidental findings: “although there is an electronic

feedback mechanism linking radiographers and radiologists this
is not always being utilized owing to the large throughput”

c) Importance of the introduction of a radiographers' technical
report: “Radiographers should issue a written technical report
in which they confirm that the quality of the images was suf-
ficient for diagnosis, and that safety criteria have been met and
to record any variance from the original care plan. This tech-
nical report would form the basis for audits…”

d) The use of social electronic media: “We should use social
electronic media for providing early explanation to patients on
what to expect during an MRI scan using social electronic
media”

e) The importance that the referrer qualifies pain levels of pa-
tients: “The referrer should qualify the region and level of pain
that the patient may be experiencing. This informationwould be
useful for radiographers to plan the procedure so that the most
important sequences are acquired first in relation to the clinical
question”

Discussion

The MR care pathway describes the tasks performed by the
variousmembers of the healthcare team and their interactions with
each other and the patient. The aim is to achieve the desired
defined quality outcomes at the various sections of the pathway.
The group highlighted 10 issues that should be integrated into the
initially proposed care pathway. These are listed in order of
decreasing importance in Table 2. The ‘remarks’ column in the same
table provides further explanation and discussion relative to the
literature. It is welcoming to note the importance given by the
participants to patient safety, education of referrers and use of
quality criteria. The group has identified the importance of
involving the referrers at an early stage, insisting that the latter are
knowledgeable about the care pathway, and that they have access

Table 2
Final ranking of the ten most important care pathway optimization related issues as determined by the participants.

Rank Items Remarks Ranking score

1 Safety check at referral stage. This will ensure that any contraindications related to metallic
implants are resolved at an early stage hence eliminating delays on
the day of the exam proper.15 Psychological issues that may affect
the procedure are brought to the attention of the MRI radiography
team in advance.16,17 This would permit specific anxiety reduction
protocols to be employed.

80

2 Education of referrers MRI education of referring clinicians is necessary to avoid
inappropriate requests and efficient use of MR facilities.18,19

78

3 Establish pre-determined objective quality criteria for evaluation
and monitoring at critical stages of the care pathway

Clinical criteria are a standard process adopted by all health care
organizations that espouse the principles of continuous quality
improvement.20e22

77

4 Define in terms of effectiveness, safety and efficiency themeaning of
‘quality’ for each sub-process of the care pathway.

This would ensure that patients receive effective care, in good time
and at fair cost.23 This should really be a precursor to issue 3.

76

5 Early explanation of the procedure to the patient before coming to
MRI

An early explanation of the procedure to alleviate anxiety, and
identify in advance those patients with claustrophobia is very
important.24,25

69

6 Establish local referral guidelines (appropriateness criteria) Referral guidelines to assist the referring clinician in choosing the
best imaging modality. This issue is a precursor to issue 2.19,26,27

66

7 Transparent prioritization guidelines Transparent prioritization guidelines to ensure urgent cases are
scheduled earlier and non-urgent cases are prioritized fairly and in a
transparent manner. System must be transparent so that clinicians
will not hinder its implementation and so that patients feel that
they have been respected.28

65

8 Knowledge of the care pathway by all stakeholders This would ensure that the care pathway is accepted by all
stakeholders and that any subsequent modifications are well
understood and accepted by the various stakeholders.29

55

9 Patient satisfaction surveys Patient satisfaction surveys are today considered as an
indispensable tool to provide client feedback for further
improvement of service quality.30,31

50

10 Urgency criteria for diagnostic results following the scan (flagging) In particular critical incidental findings need to be brought to
attention of referring clinicians immediately.32,33

37
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to transparent prioritization guidelines. This would reduce indi-
vidual barriers to the implementation of the pathway.29

Two important issues are the importance of referral and quality
criteria. The Institute of Medicine round table on quality of care
referred to underuse, overuse andmisuse of care as safety threats to
patients at both the individual and collective level.34 Only when
compilation, disclosure and evaluation of safety and quality in-
dicators with respect to previously established quality criteria, will
the quality of clinical practices be improved.35 In addition, evalu-
ation should focus not only on end clinical outcomes but also on
intermediate sub-processes36,37 as proposed in this study. It is
envisaged that audit tools in the form of checklists will be devel-
oped to evaluate key intermediate sub-process outcomes (marked
with an ‘O’ in the diagram) that have major impact on end patient
outcomes.38

The NGT raised issues that were novel. Most importantly for the
radiography profession, the group suggested the introduction of a
technical report by radiographers that together with the radiologist
diagnostic report would provide a more complete documentation
to the referrer and to management. This would certainly facilitate
the successful implementation of the pathway.39,40

Another novel theme raised by the patient advocates was the
importance of referrers indicating the level of pain experienced by
patients. This would permit radiographers to plan a safer and more
comfortable procedure for patients. This important suggestion
highlights the capacity of healthcare professionals to act on behalf

of patients, and the strength of the NGT method in bringing forth
previously unknown issues.

Prior information on the MRI procedure for patients should
make better use of interactive information technology. Information
about what patients should expect during an MRI procedure would
be an effective way of improving the workflow and quality of the
service. Although such information is not as widely available as is
desirable, social media are already being used by patients to liaise
with medical practitioners and acquire timely information.41 In
addition, web based clinical decision support systems could assist
referring clinicians with respect to referral criteria.27,42

The production of a prioritized list of issues may be seen as a
limitation given that the method involved focusing only on the top
10 issues and setting aside those of lower priority. However, this
limitation was addressed by asking all participants to silently
generate their own list of issues and thus ensure that all issues have
an equal probability of being placed on the discussion agenda. This
procedure avoided significant risk of loss of important data when
more assertive members of the group dominate effectively
excluding the views of others. One can expect a high level of con-
fidence that the group listed the most important items that should
be integrated in the pathway. In addition, the process of selection
and prioritization ensured that the issues which were most
important to the participants received the highest level of atten-
tion. Without this mechanism, there would have been the risk that
the discussion be dominated by one or two contentious issues.

Figure 1. Final MRI care pathway.
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Conclusion

This study started from amodel of the MR pathway as perceived
by the researchers. The pathway was then optimized through a
nominal group technique. Care pathways are widely believed to be
an important tool for ensuring the delivery of high quality,
evidence-based care. This paper has presented one example where
stakeholders with an interest in MRI and service development have
come together to optimize an MRI care pathway collaboratively.
The findings indicate that participants attached the highest
importance (rank score >70) to safety, referrer education and
defining quality criteria. The NGT method also brought forward
novel themes in particular the need for a radiographer's technical
report and the need for referrers to indicate pain levels of patients.
MRI radiographers in Malta now would need to acquire the addi-
tional knowledge, skills and competences required to deliver the
care pathway through a CPD programme with curriculum content
partly based on the care pathway identified in this study. The
pathway is considered as a living document, once the MRI radiog-
raphers are adequately prepared through CPD it will be imple-
mented, evaluated and if necessary revised in an iterative process.
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Table 1

Figure 1

 “We need to answer the question: has the inves-
tigation had an effect on patient management? We are 
all aware of the high percentage of patients being referred 
simply because the referrer has no other option - patients 
insist on an MRI even on occasions when the referrer thinks 
it is inappropriate.”

“Although there is an electronic 
feedback mechanism linking radiographers and radiolo-
gists this is not always being utilised owing to the large 
throughput.”

“Radiographers should issue a written tech-
nical report in which they confirm that the quality of the 
images was sufficient for diagnosis, and that safety criteria 

have been met and to record any variance from the orig-
inal care plan. This technical report would form the basis 
for audits….”  

“We should use social 
electronic media for providing early explanation to patients 
on what to expect during an MRI scan.”

“The referrer should qualify the region and level of 
pain that the patient may be experiencing. This informa-
tion would be useful for radiographers to plan the proce-
dure so that the most important sequences are acquired 
first in relation to the clinical question.”

2

Table 1. 



77 

©
Fo

r 
pe

rs
on

al
 a

nd
 p

ri
va

te
 u

se
 o

nl
y.

 R
ep

ro
du

ct
io

n 
m

us
t 

be
 p

er
m

it
te

d 
by

 t
he

 c
op

yr
ig

ht
 h

ol
de

r.
 E

m
ai

l t
o 

co
py

ri
g
ht

@
m

in
db

yt
e.

eu
.

refers patients

to Public Hospital

(8) All stakeholders aware 

about the clinical pathway

General Practitioner

Patient 0

Outcomes(  )

(3) Set benchmarks for all
processes with feedback
mechanism at each step

(4) Define quality
for each sub 
process of
the clinical 
pathway

(1) Include safety checklist 
(including Psychological
red flags)

(2) Provide Education to Referrers 
(pop up with reference to Referral 
Guidelines)

(6) Establish local Referral 
Guidelines based on RP118

Referrer to qualify pain levels 
experienced by patient (e)

(7) Transparent 
Prioritisation Guidelines

Audit of appropriateness of 
referrals (a)

Patient Assessment
Image Quality Criteria
SAR levels report
Clinical Indications 
Optimised sequences to 
address clinical 
question
Radiographer’s 
comments of incidental 
findings (b)

(3) Benchmarks for 

Quality Reports

(10) Defined 

Urgency Criteria 

(Flagging)

(9) Satisfaction 

Surveys

PATIENT
EXPERIENCE FORM

CONTROLLED
TECHNICAL
REPORT in RIS(c)

SAFETY
SCREENING
FORM

APPOINTMENT
LETTER

(6) APPROPRIATENESS/
(7) PRIORITISATION REPORT

REFERRAL FORM
(Request Form)

CLINICAL 
REPORT

TREATMENT 
NOTES

ReferrerRadiologistRadiographer

Before MRI Scan 

Radiologist

Medical Physicist
involvement in the 
development of 
quality criteria

After MRI Scan

Patient

Private Settings may 

accept GP referrals

(5) Provide early information 

with links to sensory 

information provided on 

ehealth web site (d)

Audit effectiveness
of MRI scan with
Patient Management

During or 

just after 

MRI Scan

0 0 0 0 0 0 0

Consultant

Referrer

Ref: Castillo J, Caruana CJ, Morgan P, Westbrook C (2014)

0

MR Care Pathway



79 

©
Fo

r 
pe

rs
on

al
 a

nd
 p

ri
va

te
 u

se
 o

nl
y.

 R
ep

ro
du

ct
io

n 
m

us
t 

be
 p

er
m

it
te

d 
by

 t
he

 c
op

yr
ig

ht
 h

ol
de

r.
 E

m
ai

l t
o 

co
py

ri
g
ht

@
m

in
db

yt
e.

eu
.

Barnes R, Lawton L, Briggs D (1994) Clinical benchmarking improves clinical 
paths: experience with coronary artery bypass grafting. Jt Comm J Qual Improv, 
20(5): 267-76.

Blachar A, Tal S, Mandel A et al. (2006) Preauthorization of CT and MRI exami-
nations: assessment of a managed care preauthorization program based on the 
ACR appropriateness criteria and the Royal College of Radiology guidelines. J Am 
Coll Radiol, 3(11): 851-9.

-
sion support in controlling inappropriate imaging.  J Am Coll Radiol, 8(1): 19-25.

Bolejko A, Sarvik C, Hagell P et al. (2008) Meeting patient information needs 
before magnetic resonance imaging: development and evaluation of an informa-
tion booklet. Journal of Radiology Nursing, 27(3): 96-102.

Busch HP (2010) [Benchmarking of radiological departments--starting point 
for successful process optimization] RoFo: Fortschritte auf dem Gebiete der 
Rontgenstrahlen und der Nuklearmedizin, 182(3): 221-8.

Med, 51(11): 1611-25.

Castillo J, Caruana CJ, Morgan PS et al. (2015) Optimizing a magnetic resonance 
care pathway: a strategy for radiography managers. Radiography, 21(1): e29-e33.

Cheah J (2000) Development and implementation of a clinical pathway pro-
gramme in an acute care general hospital in Singapore. Int J Qual Health Care, 
12(5): 403-12.

Corrigan JM (2005) Crossing the quality chasm.  In: Reid PP, Compton WD, 
Grossman JH, et al, eds. Building a better delivery system: a new engineering/
health care partnership. Washington, DC: National Academies Press.

Curtis JR, Cook DJ, Wall RJ et al. (2006) Intensive care unit quality improve-
ment: a" how-to" guide for the interdisciplinary team. Crit Care Med, 34(1): 211-8.

Emery DJ, Forster AJ, Shojania KG et al. (2009) Management of MRI wait lists 
in Canada. Healthc Policy, 4(3): 76-86.

European Society of Radiology (ESR) (2012) ESR guidelines for the communica-

European Society of Radiology (ESR) (2002) Benchmarking radiological services 
in Europe. [Accessed: 3 February 2016] Available from myesr.org/html/img/pool/

Benchmarking_radiological_services_in_Europe.pdf

Evans-Lacko SE, Jarrett M, McCrone P et al. (2008) Clinical pathways in psy-
chiatry. Br J Psychiatry, 193: 4-5.

Evans-Lacko S, Jarrett M, McCrone P et al. (2010) Facilitators and barriers to 
implementing clinical care pathways. BMC Health Serv Res, 10: 182.

Ferris NJ, Kavnoudias H, Thiel C et al. (2007) The 2005 Australian MRI safety 
survey. AJR Am J of Roentgenol, 188(5): 1388-94.

Ferris TG, Johnson SA, Backus M et al. (2009) Electronic results management in 
pediatric ambulatory care: qualitative assessment. Pediatrics, 123 Suppl 2: S85-91.

Greenhalgh T, Robert G, Bate P et al. (2004) How to spread good ideas. A sys-

innovations in health service delivery and organisation. Report for the National 
Co-ordinating centre for NHS Service Delivery and Organisation R & D (NCCSDO), 
1-426.

Grey SJ, Price G, Mathews A (2000) Reduction of anxiety during MR imaging: a 
controlled trial. Mag Reson Imaging, 18(3): 351-5.

Hawn C (2009) Take two aspirin and tweet me in the morning: how Twitter, 

28(2): 361-8.

Hutchings A, Raine R, Sanderson C et al. (2006) A comparison of formal con-
sensus methods used for developing clinical guidelines. J Health Serv Res Policy, 
11(4): 218-24.

Institute of Medicine (2001) Crossing the quality chasm: A new health system for 
the 21st century, Washington, DC: National Academies Press. 

Johnston R, Clark G (2005) Service operations management: improving service 
delivery. 2nd Edition, Pearson Education: Prentice Hall. 

Jones J, Hunter D (1995) Consensus methods for medical and health services 
research. BMJ, 311(7001): 376-80.

order entry and clinical decision support systems on medication safety: a system-
atic review. Arch Intern Med, 163(12): 1409-16.

Kitzinger J (1995) Qualitative research. Introducing focus groups. BMJ, 311(7000): 
299-302.

Lehnert BE, Bree RL (2010) Analysis of appropriateness of outpatient CT and MRI 
referred from primary care clinics at an academic medical center: how critical is the 
need for improved decision support? J Am Coll Radiol, 7(3): 192-7.

MacKenzie R, Sims C, Owens R et al. (1995) Patients' perceptions of magnetic 
resonance imaging. Clin Radiol, 50(3): 137-43.

Nelson CW, Niederberger J (1989) Patient satisfaction surveys: an opportunity 
for total quality improvement. Hosp Health Serv Adm, 35(3): 409-27.

Ponsignon F, Smart P, Maull R (2011) Service delivery system design: char-
acteristics and contingencies. International Journal of Operations & Production 
Management, 31(3): 324-49. 

Bus Rev, 82(6): 64-76.

Rosenthal DI, Weilburg JB, Schultz T et al. (2006) Radiology order entry with 
decision support: initial clinical experience. J Am Coll  Radiol, 3(10): 799-806.

Singh H, Arora HS, Vij MS et al. (2007) Communication outcomes of critical 

14(4): 459-66.

Törnqvist E, Månsson Å, Larsson EM et al.  (2006) It's like being in another world–
patients’ lived experience of magnetic resonance imaging. J Clin Nurs, 15(8): 954-61.

Vaartio-Rajalin H, Leino-Kilpi H (2011) Nurses as patient advocates in oncology 
care: activities based on literature. Clin J Oncol Nurs, 15(5): 526-32.

Vanhaecht K, Panella M, van Zelm R et al. (2010) An overview on the history and 
concept of care pathways as complex interventions. International Journal of Care 
Pathways, 14(10): 117-23. 

Vanhaecht K,  De Witte KD, Depreitere R et al. (2006) Clinical pathway audit 
tools: a systematic review. J Nurs Manag, 14(7): 529-37.

(7319): 948-9.

Ware GW (2003) Patient satisfaction surveys. Optometry, 74(10): 671-4.

Yazdanparast A, Manuj I, Swartz SM (2010) Co-creating logistics value: a ser-
vice-dominant logic perspective. International Journal of Logistics Management,  
21(3): 375-403.

  REFERENCES

Optimisation of an MRI care pathway by a multi-stakeholder expert group.

Introduction of a radiographer’s technical report as an assessment of image quality.

Establish quality criteria at each step of the pathway for audit purposes.



An international survey of MRI qualification and certification
frameworks with an emphasis on identifying elements of good
practice

J. Castillo a, *, C.J. Caruana b, P.S. Morgan c, C. Westbrook d, A. Mizzi e

a Mater Dei Hospital and Faculty of Health Sciences, University of Malta, Malta
b Medical Physics, Faculty of Health Sciences, University of Malta, Malta
c Medical Physics and Clinical Engineering, Nottingham University Hospitals, Nottingham, NG7 2UH, UK
d Faculty of Health, Social Care and Education, Anglia Ruskin University, Cambridge, UK
e Medical Imaging Department, Mater Dei Hospital, Malta

a r t i c l e i n f o

Article history:
Received 3 March 2016
Received in revised form
12 August 2016
Accepted 24 August 2016
Available online xxx

Keywords:
Magnetic resonance imaging
Education
Certification
Qualification
Competences

a b s t r a c t

The purpose of the study was to survey MRI qualification and certification frameworks in the major
English-speaking countries (Australia, New Zealand, US, Canada, UK, Ireland) with the aim of identifying
elements of good practice. The intention is to incorporate these elements in a national framework that
could be used in supporting an MRI specialist register. The study was conducted using document analysis
of MRI qualification and certification documents from these states with data triangulated through a web-
based questionnaire amongst an expert group of MRI radiographers (n ¼ 59) from the same states. Based
on the results of the study, recommendations have been put forward for those countries that are in the
process of developing such frameworks. The main recommendations include that a professional or
regulatory body externally accredits MRI programmes and that learning outcomes be based on an MRI
competence profile that addresses current and forecasted needs of the particular country. The MRI
competence profile should encompass a novice-to expert continuum and be referenced directly to a
national qualification framework. Ideally each level of expertise should be assessed and evidenced by a
portfolio of CPD activities, including clinical and management case studies appropriate to that level.

© 2016 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.

Introduction

Asmagnetic resonance imaging (MRI) hardware, techniques and
clinical applications expand there is a greater need for radiogra-
phers with a high level of expertise particularly at larger medical
centers offering a wide spectrum of both routine and complex
clinical studies and a possible element of research. This expertise
should be recognised through a formal national qualification and
certification process1,2 based on a competence profile3 which re-
flects the present and forecasted future national service portfolio
and MRI care pathway.4,5 Undergraduate radiography programmes
often include an MRI component but this is mostly limited to safety
screening and patient positioning for common routine procedures.6

Following qualification, entry level radiographers perform, under
supervision, routine non-complex procedures that do not require
advanced protocol modification with respect to individual patient
or pathology. Further training may be acquired through hands-on
practice provided in-house and continuing professional develop-
ment. Concern has been expressed that such activities are rarely
assessed formally and may be insufficient to confer sufficient
expertise.7e9 In 2012, the European Federation of Radiographer
Societies published a position paper (in response to Electromag-
netic Fields Directive 2004/40/EC)10 stating that it aims to develop
requirements for MRI qualification and certification. However, to
date no such European framework has been published. In such
absence of a European framework the major English-speaking
countries were surveyed with the purpose of identifying ele-
ments of good practice to guide the setting up of a national quali-
fication and certification framework. Owing to the variability in
meaning in the literature critical terms used in the study are
defined in Table 1 below.
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Materials and methods

The study was conducted using a documentary analysis15 of
MRI qualification and certification documents from the major
English speaking countries (Australia, New Zealand, US, Canada,
UK, Ireland). These countries were chosen as educational provi-
sion and/or role development is relatively advanced and related
documentation often well-developed and easily available.16

Documentary analysis is a research strategy often used in
educational research.17e19 Advantages of documentary analysis
are that documents provide records of present frameworks and
future proposals. Documents are often available in the public
domain and ethical issues are rarely problematic. Documents
were retrieved from official websites of regulatory authorities,
national and international professional societies, universities and
accreditation institutions. The main limitations of documentary
analysis are that documents may sometimes not be sufficiently
current20 and that the researcher may extract data that best
supports his/her own interpretation of the data.15,21 To reduce the
effect of the former limitation, websites were regularly rechecked
for updates and findings were double checked by triangulation
with information solicited through a web-based questionnaire
amongst a select group of MRI expert radiographers (n ¼ 59) from
the countries involved. The experts chosen were members of the
ISMRMwhowere involved in MRI education and/or MRI advanced
practice in their respective countries. When the level of agree-
ment between the two sources of data was considered insufficient
the issue was clarified further via direct email communication.
The questionnaire included 18 close-ended and 16 open-ended
questions on MRI qualifications, certification, competence pro-
files, registration and role of regulatory organisations. The ques-
tions were structured to strictly reflect the research objectives and
validated by a group of subject matter experts which included a
MR radiographer, consultant radiologist and a medical physicist
who had both clinical and pedagogical experience. Piloting of the
questionnaire was carried out with a small international group of
MR radiographers since it was intended for international partici-
pation. The questionnaire can be obtained from the first author or
viewed at https://www.surveymonkey.com/r/XKV8PV7. All re-
sponses were anonymised by setting the software to hide IP ad-
dresses. To reduce the effect of researcher bias a second
independent researcher was requested to re-analyse the docu-
mentary and questionnaire data. The final interpretation was sent
to a second group of independent MRI experts (n ¼ 6) from the
countries involved for validation. Approval to carry out the study
was obtained from the University of Malta Research Ethics Com-
mittee (proposal no 104/2013).

The data analysis focused on the following categories: MRI
qualifications (including programme accreditation), certification,

registration and competence profiles. Key sentences/phrases or
statements which were identified as descriptors related to each of
the above categories were highlighted in the text. Relevant data
were subsequently inserted into the corresponding categories and
checked for levels of hierarchy, interconnections and repetition. A
summary of the data can be found in Table 2. Table 3 gives details of
the types of institutions offering MRI programmes and details of
accreditation. The decision whether a particular practice consti-
tutes good practice or otherwise was based on whether the
particular practice is consonant with the spirit of the quality ori-
ented recommendations of the EQF (particularly Annex III which
deals specifically with quality.22

Findings

Qualifications

PGDip and Masters programme accreditation varies from one
country to another and may be provided by a national professional
society, health ministry, university, or national accreditation
agency. University or college based MRI programmes in Canada,
New Zealand, Australia and the US are externally accredited by
national accreditation bodies whilst in the case of the UK and
Ireland external accreditation is provided by professional societies.

The pre-requisite qualification to enter PGDip or Masters ed-
ucation programmes in MRI is generally a university undergrad-
uate degree or a higher undergraduate diploma in radiography.
Clinical entry requirements vary widely with some institutions
asking for post-registration MRI experience, whilst others (e.g.,
New Zealand, Ireland) do not and include a clinical component in
the programme proper. In all countries, teaching, supervision and
assessment is shared between university tutors, clinical in-
structors and qualified MRI radiographers. The assessment
includes a variable assortment of portfolios of evidence, assign-
ments, examinations and dissertation.

Certification, registration and competence profiles

Due to the diversity in certification frameworks, registration,
and competence the findings will be presented country by country.

Australia
To practice radiography in Australia one must graduate from an

accredited university programme in general radiography and then
enrol in 48 weeks of clinical supervised practice. Although un-
dergraduate programmes cover basic MRI physics, only limited
clinical MRI training is provided.24 The Australian Institute of
Radiography (AIR) therefore recommends that MRI practitioners
undergo specific training and supervised clinical experience. AIR

Table 1
Definitions used in this study.

Qualification An award by a competent body that formally recognises that an individual has achieved learning outcomes to a given standard.11,12 A
qualification can be academic (often awarded by a competent institution of higher education) or professional (normally awarded by a
competent professional body or public body).

Certification A formal process that leads to a recognition that an individual possesses the necessary academic and professional qualifications to be fit for
practice at a specific level of expertise.13,14

Registration A requirement for an individual to apply for and gain inclusion of one's name on a list of persons with a legal right to exercise a given
profession following certification.14

Competence the proven ability to use knowledge, skills and personal, social and/or methodological abilities, in work or study situations and in
professional and personal development described in terms of responsibility and autonomy.11,12

Competence profile An inventory of competences attached to a class of healthcare professionals, in this case, the MRI radiographer, at a specific level of
expertise.12

Programme accreditation A quality assurance process through which an education or training activity is officially evaluated against predetermined standards and
approved by relevant legislative or professional authorities external to the provider.12
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Table 2
Key findings from the analysis of documents and triangulation questionnaire.

Country Qualification Certification Registration MRI competence profile Notes

Australia PGDip and Masters
courses in MRI
available.

No formal certification specific to MRI. Entry-level radiographers registered by the
Medical Radiation Practice Board (MRPB)
following a degree in radiography.
The Australian Institute of Radiography (AIR)
maintains a non-compulsory register for MRI
radiographers. Two registration levels
available: Level 1 is based on a written test;
Level 2 requires clinical experience and CPD
portfolio.
PGDip or MSc not mandatory for registration.

No national MRI competence profile
exists.

AIR has published generic
professional standards referenced
to the Australian Qualification
Framework. MRPB issued a separate
inventory of ‘capability statements’

very similar to AIR but not specific
to MRI.

New
Zealand

PGDip in MRI available. Requirements for MRI certification are a BSc
in Medical Imaging and PGDip in MRI
combined with MRI experience. However,
those who do not have a PGDip in MRI can
submit any MRI qualification or any
qualification and experience in another
appropriate imaging modality but must sit
and pass a specific board registration
examination assessment (REA) in MRI.
If MRI qualification does not include a
clinical component one has to complete
3360 h of clinical MRI practice before the
REA.

MRI technologists are registered by the Medical
Radiation Technologists Board (MRTB). Two
levels of MRI registration are available -Trainee
and Full. Registration is compulsory and so is
annual re-registration.

National MRI competence profile exists
and includes three levels of expertise.
The competence profile is widely used
as a curriculum blueprint by tertiary
educational institutions.

Ongoing debate whether
qualification and certification
framework should be changed e

effectively to lower the
requirements to allow more
radiographers to practise MRI.

US Accredited MRI specific
undergraduate
academic programs
available.

Certification based on certification
examination run by state, ARRT or ARMRIT.
Additional certification may be required for
specific MRI applications e.g., cardiac MRI.

There are two pathways to acquire registration:
‘Post-primary’ available only to ‘radiologic
technologists’, and ‘primary’ open to non-
radiological technologists. Once MRI registered
registration must be maintained through a CPD
portfolio.

National MRI competence profile
developed by the American Society of
Radiologic Technologists (ASRT)

Detailed MRI syllabus developed by
ASRT, SMRT and AEIRS.

Canada MRI Diploma
programmes at
institutes of technology
or college available.

Radiation technologists are expected to
have completed an accredited MRI
programme from an institute of technology
or college and enrol inMRI CPD programs to
obtain and maintain certification. CAMRT
recognises two levels of MRI certification.
‘Discipline 1’ (only in Alberta) and
‘Discipline 2’ open to students who have
completed a medical imaging course.

Registration with CAMRT is based on a national
certification examination which is based on a
national competence profile.
MR Technologists expected to enrol in CPD.

CAMRT provides a national MRI specific
competence profile for entry level
practices but not for advanced practice.

Although no MRI competence
profile developed for experienced
technologists, CAMRT has
introduced ‘Best Practice
Guidelines’.

UK Several MRI MSc and
PGDip available.

No formal certification specific to MRI
available.

Radiographers are registered by the Health and
Care Professions Council. There is no separate
registration for MRI radiographers and post-
graduate qualification or certification in MRI is
not mandatory for employment.
Selected radiographers are asked to submit a
CPD portfolio.

Skills for Health had developed a
competence profile for MRI.

A generic education and career
framework developed by the SOR
serves as a guideline for
professional development at
various levels of expertise, however
none MRI specific.

Ireland MRI MSc and PGDip
available.

No formal certification specific to MRI
available.

Entry radiographers are registered by the
radiography registration board, but no separate
registration for MRI radiographers. No MRI
qualification or certification is mandated but
qualification is highly desirable and a
requirement for the post of ‘MRI clinical
specialist’.
Selected radiographers asked to submit a
portfolio of evidence showing they have
attained 60 CPD credits over 24 months.

No detailed MRI specific competence
profile exist.

‘Guidelines on Best Practice in MRI’
have been published by the Irish
Institute of Radiography and
Radiation Therapy (IIRRT) and
includes responsibilities expected
from the MRI clinical specialist and
the MRI radiographer.
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accredits two levels of post-qualification MRI certification: level 1
(basic) and level 2 (advanced).24,25 Although AIR maintains a
register of radiographers certified at both levels, this is voluntary,
and in practice no qualification or certification is required to
practice (Table 2). Public hospitals often require AIR certification
whereas private clinics do not.26 In the absence of a national MRI-
specific competence profile, some hospitals have developed their
own. In 2014, AIR launched an advanced practitioner pathway that
is referenced to the Australian Qualification Framework and
which incorporates the professional practice standards revised in
2013.27,28 However, the listed competences are generic and not
modality specific. The MRPB also issued an inventory of knowl-
edge, skills and ‘attributes’ necessary for practice but at entry
level.29

New Zealand
The “scope of practice and related qualifications” of the Medical

Radiation Technologists Board (MRTB) of New Zealand states that in
order to be certified and registered to work in MRI, radiographers
must have a first degree in radiography/medical imaging and a
PGDip in MRI from a New Zealand tertiary education provider that
is accredited and monitored by the MRTB.30 However, there is an
alternative pathway for registration e the REA (see Table 2),30 The
listing in the MRI register is compulsory and all radiographers must
take part in CPD. The competence profile is also used to provide
guidelines for tertiary institutions that are providing MRI pro-
grammes, to assist in the development of curricula and to monitor
programme delivery. It includes three skill levels31 but these levels
are not referenced to a national qualification framework. Skill level
1 (“can perform some parts of the skill satisfactorily but requires
guidance and/or supervision to perform the entire skill”) is not
referenced to any competence profile; level 2 (“can perform the
skill satisfactorily but requires guidance and/or supervision”) re-
quires only the acquisition of a small subset of competences; level 3
(“can perform the skill satisfactorily without guidance and/or su-
pervision”) requires the acquisition of the great majority of com-
petences. Annual re-certification is required and 10% of
radiographers are asked to submit a CPD portfolio as part of the
Board's audit process.

United States
Radiologic and MRI ‘technologists’ must be registered in some

states, but requirements vary by state. To become registered,
technologists must graduate from an accredited academic pro-
gram andmust pass a certification exam from the state or from the

American Registry of Radiologic Technologists (ARRT). To be
certified in MRI, two pathways are available (see Table 2). MRI
certification can be obtained by sitting an examination organised
either by the ARRT or the American Registry of MRI Technologists
(ARMRIT), after successfully following an accredited academic
programme in MRI. The content of both the ARMRIT and ARRT
certification examinations are based on a job analysis study
involving a large sample of MRI technologists32,33 and a formal
MRI curriculum development process by the American Society of
Radiologic Technologists (ASRT), the Section of Magnetic Reso-
nance Technologists (ISMRM-SMRT), and the Association of Edu-
cators in Imaging and Radiologic Sciences (AEIRS).34 The ARRT
certification is based on academic and professional qualifica-
tions35; following certification annual registration is maintained
by submitting a CPD portfolio based on 24 credits accrued over 2
years. Additional certification by a supervising physician may be
required for specific applications such as cardiac MRI.36 From
January 1, 2015, all primary pathway candidates for certification in
MRI were required to earn an academic degree for certification
(Table 2).37

Canada
In January 2014, the Canadian Association of Medical Radiologic

Technologists (CAMRT) published a newMRI competence profile to
be implemented in the May 2018 certification exams for entry level
MRI technologists, but not for more experienced practitioners.38

This profile is typically reviewed every five years and serves as a
blueprint for curriculum development. MRI certification is
mandatory and awarded by CAMRT based on a national certifica-
tion exam after the candidate completes an accredited educational
program in MRI. CAMRT recognises two levels of MRI diploma
programmes and students are eligible to work as MRI technologists
anywhere in Canada if they pass the CAMRT national exam. In the
provinces of Ontario, Nova Scotia and Alberta, onemust also belong
to the provincial regulatory college.39e41 Although CPD is not
mandatory for re-certification, it is expected. CAMRT has intro-
duced ‘Best Practice Guidelines’ to assist experienced practitioner
during decisionmaking for specific clinical circumstances including
safety (see summary in Table 2).42

United Kingdom
In the UK, Skills for Health, which is an independent council

within the National Health Service and representing a range of
healthcare employers, developed a national MRI competence pro-
file (‘occupational standards’) which cover key MRI activities.43,44

Table 3
Types of institutions offering MRI programmes and methods of programme accreditation.

Country Institutions offering MRI programmes Accreditation body

Australia Only University of Queensland offers MRI specific Masters programme.
Charles Sturt University and University of Sydney offer Masters
programmes in medical imaging sciences (with PGDip in MRI e exit
point only).

Medical Radiation Practice Accreditation Committee within the Medical
Radiation Practice Board of Australia (MRPB)

New Zealand Only University of Auckland offers an MRI programme (PGDip). Regulatory Authority for Medical Radiation Technologists under the
auspices of the Ministry of Health

US Universities and colleges Joint review commission on education in radiologic technology
(JRCERT) or by other accreditors that are in turn accredited by the
Council for Higher Education Accreditation (CHEA) or the US
Department of Education (USDE).

Canada Institutes of technology and colleges offers ‘Discipline 1’ and ‘Discipline
2’ diploma programmes.

Consortium of national and provincial organizations, colleges and
universities ensures requirements set by the Canadian Association of
Medical Radiological Technologists (CAMRT) and Canadian Medical
Association.

UK Several PGDip and Masters in MRI offered. College of Radiographers, Approval and Accreditation Board.23

Ireland University College Dublin (UCD) and Trinity College Dublin offer
postgraduate education (both PGDip and MSc) in MRI.

Only the UCD programme is accredited by IIRRT.
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These standards are not mandatory and not expressed in the
knowledge, skills, and competences format required by the Euro-
pean Qualification Framework (EQF)22 nor developed along a
novice-to-expert continuum.45,46 Although the Society of Radiog-
raphers has published an education and career framework to serve
as a guideline for generic professional development (and which
includes outcomes for the various levels of expertise),47 the docu-
ment falls short of defining the required specific knowledge, skills,
and competences and does not reference the EQF. The UK has
mandatory registration for all radiographers qualified in general
radiography via the Health and Care Professions Council (HCPC)
with a mandatory biennial re-registration based on the presenta-
tion of a portfolio of CPD activities within the radiographer's scope
of practice. This means that a selection of radiographers working in
MRI would need to present evidence of their experience inMRI (see
Table 2).48

Ireland
To practice radiography in Ireland one must graduate from an

accredited university and register with the radiographers' regis-
tration board of the Health & Social Care Professionals Council
(CORU).49 The Irish Institute of Radiography and Radiation Therapy
(IIRRT) has published a ‘Guidelines on Best Practice’ document50

which recommends that to work in MRI a radiographer should
either undertake a course of postgraduate education in MRI
approved by the IIRRT or be considered by the Radiography Service
Manager in consultation with the MRI clinical specialist radiogra-
pher (CSR). The latter must have at least 6 years' experience in MRI
and possess a postgraduate qualification inMRI at EQF level 7.50 The
CSR is responsible for day-to-day responsibility of the MRI
department including quality assurance, procurement and devel-
opment of imaging protocols. In the absence of the supervising
consultant radiologist the MRI CSR is deemed the responsible
person for all patient/staff safety issues.

The ‘Guidelines on Best Practice’ describes a comprehensive list
of professional responsibilities that are required by the MRI radi-
ographer to mainly ensure safety of the patient and staff within the
MRI environment50 however there is no reference to the EQF.22

Ireland has mandatory re-registration for all radiographers which
includes the presentation of a portfolio covering 60 CPD activities
within a 24-month cycle andwithin the radiographer's actual scope
of practice which could be MRI (see Table 2).51

Discussion

The study highlights similarities and differences in the qual-
ification and certification frameworks of MRI radiographers in
the major English speaking countries. Canada and New Zealand
have mandatory certification and registration based on national
MRI-specific competence profiles and a higher education quali-
fication obtained from an accredited centre. A similar trend has
been followed in the US since January 2015. In Australia, the AIR
offers a certification and registration pathway referenced to a
national qualification framework27 and to a set of generic pro-
fessional practices standards. However, these standards are not
mandatory for employment. The UK and Ireland do not offer MRI
specific certification and registration, but radiographers are
required to maintain a CPD portfolio that reflects their actual
scope of practice which could be MRI. The lack of mandatory
assessment in the UK has raised concerns regarding safety.7 In
Ireland, a postgraduate qualification and number of years of
experience is mandatory for the post of ‘MRI clinical specialist’.
The provision of mandatory postgraduate qualification in MRI,
from an accredited higher education institution (as opposed to
informal non-formally assessed training), together with a

specified number of years of supervised experience in MRI as
pre-requisites to certification would be considered elements of
good practice. If such postgraduate qualifications have a well-
defined scope they would facilitate comparability and hence
may contribute to improved mobility across national, regional,
and international boundaries.12 Programmes based on a national
competence profile that is in turn developed on an analysis of
practice,32 present and future national service portfolios and care
pathways4,5 is another important element of good practice.
Competence profiles can also be used by MR department man-
agers to support the development of their staff. For the individual
MRI professional the profile can be used as a self-assessment tool
to gauge own level of professional development. Canada and the
US each have an MRI competence profile, but unlike others
developed by other professions such as nursing,52 these are not
framed within a novice-to-expert continuum as suggested by
Dreyfus,45,53 Benner46 and Yielder.54 Having said this, the MRI-
specific competence profile in New Zealand is referenced to
three distinctive ‘skill levels’. However, a competence profile
based on a theoretical conceptual framework such as that of
Dreyfus, Benner and Yielder would be good practice. The utili-
zation of a clinical portfolio as in New Zealand, the UK, Ireland
and Australia would ensure that certification be based on evi-
dence.55 Another element of good practice is to ensure that the
competence profile is referenced to a national qualification
framework. The findings indicate that this was only proposed by
the AIR (Australia) and surprisingly was not adopted by the
Australian regulatory board. In the case of Europe, mobility may
be enhanced if national qualification and certification frame-
works are based on competence profiles and referenced to the
EQF. Certification would ideally be carried out by a nationally
accredited professional or regulatory body and would provide a
statement of fitness to practice at a particular level of expertise. A
separate MRI register maintained by a regulatory body as in the
US, Canada, and New Zealand is another element of good
practice.

Conclusion and recommendations

This paper has analysed MRI qualification and certification
frameworks including associated registration requirements and
competence profiles in the major English speaking countries and
identified elements of good practice. Some countries have well
established frameworks whilst in others such frameworks are
being developed and are a work in progress. Continuous update
of competence profiles is crucial, since service portfolios change
with time in response to the ever-changing needs of the
healthcare system. It is proposed that a professional or regulatory
body accredit MRI post-graduate academic and clinical pro-
grammes and that learning outcomes be based on an MRI
competence profile that addresses the current and forecasted
future needs of the particular country. The MRI competence
profile should be structured in a novice-to-expert continuum
format and should be referenced directly to a national qualifi-
cation and certification framework. Ideally each level of expertise
should be formally assessed and the clinical component evi-
denced by a portfolio of CPD activities which should include
clinical and managerial case studies appropriate to that partic-
ular level. MRI certification should be mandatory, managed by a
professional or regulatory body and lead to formal registration in
an MRI specialist register.
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