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ABSTRACT

Introduction: MRI is highly physics based yet no research-based inventory of physics learning outcomes
specific to MRI radiographers was found in the literature. The purpose of this study was the development
of such an inventory using a multi-stakeholder, multi-disciplinary approach (as advised by the WHO) and
which would support a previously published competence profile.
Methods: The inventory was developed in two phases:
Phase 1: Development of an initial version of the learning outcomes inventory required to be able to
deliver the competences via an analysis of textbooks and literature and validated by a small (n = 3)
expert advisory group
Phase 2: Final validation carried out via a bigger (n = 15) international group of subject matter experts
(SMEs). Consensus was achieved via a dichotomous web-based questionnaire.
Results: At 70% level of consensus the expert group validated an inventory of biomedical physics learning
outcomes consisting of 281 knowledge and skill statements. It is subdivided into two sections: ‘funda-
mental’ physics learning outcomes which are generic to all competences and ‘additional’ physics learning
outcomes specific to each individual competence.
Conclusion: The process used is sufficiently generic to be easily adapted to the development of physics
learning outcome inventories in other specialties of radiography and for other healthcare professions
whose work involves highly technological medical devices. As a result of this study, the current MRI
curriculum would need to be revised as it was not based on a formal systematic research process and
many learning outcomes are in fact missing.

© 2019 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.

Introduction

management, coordination of the facility and research.' This
context requires radiographers to have sufficient biomedical

Radiographers have an important role in magnetic resonance
imaging (MRI) service provision. Together with radiologists and
medical physicists they are responsible for the planning and
execution of routine and complex procedures, education of pa-
tients, informing the public and healthcare professionals about
MRI procedures, carrying out quality assurance, safety and risk
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physics knowledge and skills and was the major drive to develop
and validate an inventory of MRI biomedical imaging physics
learning outcomes.> > Given the limited time for continuous
professional development (CPD) activities in busy MRI centres,
well considered choice of learning outcomes is of particular
importance.! Developing CPD curricular content in a systematic
and multi-disciplinary research based manner helps ensure that
the curriculum design process leads to learning outcomes which
would be directly relevant to clinical practice and with a high
level of validity evidence.®’ Therefore, a validated inventory of
learning outcomes can:
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1. Inform MRI managers of the biomedical physics knowledge and
skills required of radiographers before planning new MRI
services.

2. Help curriculum developers ensure more research based and
clinically relevant learning outcomes.

3 Assist competence assessment organizations improve the
assessment of knowledge and skills that shape lifelong learning

Purpose

The researcher sought to develop a comprehensive inventory of
biomedical imaging physics knowledge and skill learning outcomes
that would support the competences required by current and
future MRI radiographers to operate MRI scanners in an effective,
safe and efficient manner and participate fully in the multidisci-
plinary MRI environment.!

Methodology

A 5-step strategy based on a multistakeholder expert consensus
as recommended by the World Health Organization® was used to
develop and validate the MRI physics learning outcome inventory.
Fig. 1 explains the rationale behind the sequencing of the steps
leading to the development of the inventory.

The results of the first four steps have already been published
and involved the developing and validating of a 2020 competence
profile for MRI radiographers for Malta' based on a forecasted
future service profile’ and an optimized patient pathway.'” The
consensus building techniques used were Delphi and Nominal
Group Technique. A survey of competence profiles from the major

native English speaking countries (United Kingdom, Ireland, New
Zealand, Australia, United States of America and Canada) was car-
ried out to identify elements of good practice in existing compe-
tence profiles.!! These countries were chosen as their educational
provision and role development is relatively advanced and related
documentation is often well-developed, does not require trans-
lation and easily available.'?

Step 5 consisted of two phases:

Phase 1: Development of an initial version of the biomedical
imaging physics learning outcomes inventory underpinning the
competence profile via an analysis of textbooks and literature and
the advice of the advisory board (AB) purposely set up for this
study. The members consisted of one consultant radiologist, one
medical physicist and one radiographer. All had more than 10 years
of experience in MRI, education and research.

Phase 2: Final validation of the biomedical imaging learning
outcomes inventory via an international group of subject matter
experts (SMEs) consisting of 5 radiographers, 5 radiologists and 5
medical physicists.

A comprehensive list of MRI textbooks and peer reviewed arti-
cles that explained MRI physics was used to develop an initial
blueprint of the physics knowledge and skills required for each of
the MRI competences. The content was expressed in short phrases
ensuring that the wording and level of detail reflected the purpose
of the knowledge or skill statement and were meaningful even to
an outside reviewer.

Since a substantial number of knowledge and skill statements
were common to all competences the inventory was divided into
two sections:

Section 1: FUNDAMENTAL physics knowledge and skills which
were GENERIC TO ALL COMPETENCES and

STEP 3

ANALYSIS of existing competence profiles, qualification and certification frameworks
for MRI radiographers in the major English-speaking countries with an emphasis

on competence profiles and good practice.

This is necessary as it would give an indication of any competence profiles available
internationally plus elements of good practice in developing such profiles

OPTIMIZATION of the care pathway for MRI services in Malta.

This is necessary as the future competence profile and hence physics knowledge
and skills learning needs of MRI radiographers will also be heavily influenced

by the patient care pathway in MRI.

STEP 1
service provision.

DHDHDQ)

DEVELOPMENT and VALIDATION of a 2020 vision of the MRI service portfolio for Malta.
This is necessary as the future competence profile and hence physics knowledge and skills
learning needs of MRI radiographers should be determined largely by the envisaged future

Figure 1. The five-step strategy to develop and validate an inventory of biomedical imaging physics learning outcomes.
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Section 2: ADDITIONAL physics knowledge and skills SPECIFIC to
each INDIVIDUAL competence.Whereas the fundamental knowl-
edge and skills are expected to be acquired by all MRI practitioners
independently of their particular competence responsibilities, the
additional knowledge and skills would be those associated with the
subset of competences from the competence profile which he/she
is expected to deliver.

The advisory board was asked to assess each item in the initial
inventory for

(i) appropriateness and accuracy of content and possible
redundancy,
(ii) being essential as opposed to simply desirable, and
(iii) clarity.®

A dichotomous scale (1 = not essential, 2 = essential) was used
in both phases. In the case of phase 1 the Content Validity Index
(CVI) was used to estimate the validity of the items.'* Owing to the
large number of knowledge and skill learning outcomes only
statements with a minimum CVI approval rating of 67% (i.e., at least
2 out of three experts in favour) were included in the final blue-
print. The advisory board was also asked to suggest additions or
deletions and provide an overall evaluation of the blueprint, with
attention paid to comprehensiveness (whether the inventory
adequately covers the domain content i.e., all the competences in
the competence profile) and clarity hence ensuring face validity."”
The researcher proceeded in the creation of serial drafts based on
the feedback of the advisory board. In total, there were 7 revisions
which resulted in an inventory containing 324 knowledge and skill
statements.

Final validation of the learning outcomes inventory was carried
out by a larger (n = 15) consensus group of subject matter experts
(SMEs). A purposive sampling approach was used in the selection of
participants, since it was desirable to source participants with
sufficient experience and knowledge. Morse'® and Hsu and San-
ford'” indicate the following criteria for recruiting experts suitable
to a study: the participant must have knowledge and experience of
the phenomenon under scrutiny, they must have the capacity to
express themselves, and must be willing to participate in the study.
Purposive sampling is believed to enhance the trustworthiness of a
study.'®

Panel members were identified based on qualification and their
clinical and research expertise in MRI. A minimum of 10 SMEs are
recommended to yield acceptably consistent responses and to
avoid chance agreement.'” In this study a panel of 15 international
SMEs (5 radiographers, 5 radiologists and 5 medical physicists)
participated in the final validation exercise which was carried out
as an anonymous web-based survey. For recruitment, a “snowball”
strategy was used based on the personal contacts of the advisory
board members, who in turn proposed other suitable candidates in
their professional settings.?’

Once panel members were identified, a cover letter explaining
the goals of the project was sent via email. The cover letter included
a link to the web based survey and consent to participate.

Again owing to the large number of learning outcome state-
ments (324) the survey did not consider various levels of agree-
ment and consensus based on an extended Likert scale but a
dichotomous scale with 2 levels of agreement only — agree/
disagree. The use of a dichotomous scale when the purpose of the
consensus method is to seek convergence of opinions on the final
product, is common for large inventories.”! %>

The level of consensus used by different researchers for inclu-
sion of a particular learning outcome in the final version of an in-
ventory is quite variable. Von der Gracht’* recommends to base
consensus on an accepted standard, such as political voting systems

(e.g. simple majority, two-thirds majority). Stemler®® states that a
typical guideline for evaluating the level of consensus is that of 70%
or greater. Some researchers use a ‘75% or greater’ participant
consensus cut-off point.>"?>> Masud et al.*° in developing a Euro-
pean curriculum for geriatric undergraduate medicine chose a 100%
level of consensus. However, this is rare and only really appropriate
for small inventories and when many consensus iterations are
possible. For this study, the researcher chose 70% as the level of
consensus for the final version of the inventory. This value was
chosen to ensure that there is a right balance between avoiding an
overlong inventory whilst avoiding losing knowledge and skills
learning outcomes considered important by the advisory board.
However, versions of the inventory at 80% and 90% levels of
consensus were also considered. These can be utilised if CPD time is
not sufficient to deliver the full 70% level of consensus inventory.
Approval to carry out this research was obtained from the Univer-
sity of Malta Research Ethics Committee, Malta (proposal no 004/
2016).

Results

The final version of the inventory at the 70% level of consensus is
shown in Supplementary Table 1. Supplementary Table 2, provided
supplementary online material shows an analysis of the knowledge
and skills statements lost at the 70% version by profession including
researcher's comments. A high level of consensus within a given
profession (4 or 5 Yes out of a possible maximum of 5) is highlighted
as green, while low level of consensus (1Y or 2Y) is highlighted as
red. Medium level of consensus (3Y) is highlighted as orange. Me-
dians were calculated to assess overall similarities and differences
between professions with regard to the inventory as a whole.

Discussion

The primary objective of this study was to reach consensus on
the biomedical imaging physics learning outcomes required by MRI
radiographers. Starting with a published list of MRI competences
developed in an earlier study (itself based on a forecasting of ser-
vice needs, analysis of the patient pathway and elements of good
practice in existing competence profiles), this study involved a
systematic research-based process of learning outcome develop-
ment and validation aimed at supporting that competence profile.
This is one of the hallmarks of authentic curriculum development
as outlined by Lee et al.?” and Totte, Huyghe and Verhagen.?® For a
relatively new content domain such as physics for MRI radiogra-
phers, formulation of learning outcomes presents an important
challenge. The researchers believe that this is the first time that an
inventory of physics learning outcomes for MRI radiographers has
been developed using such a comprehensive, systematic, multi-
stakeholder, research-based collaboration and the process can be
useful in other domains and in the case of other health care pro-
fessions who use advanced physics based healthcare technologies.

Validation by consensus by multi-disciplinary groups was
emphasized at every step of the process. The forecasted service
portfolio, clinical care pathway and competence profile were also
developed by consensus with multistakeholder groups. The physics
inventory itself was also validated by a multi-disciplinary group of
SMEs. The web based survey method can be an important source of
validity evidence in medical imaging education providing an
acceptable solution to the problem of geographical distances. In
addition, because the survey is anonymous, there is less risk that
strong personalities bias the input from other colleagues or that a
group from any institution dominates the debate.

The consensus method of validation has its advantages but also
its weaknesses. At very stringent levels of consensus (e.g., 90%
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levels of consensus and higher) knowledge and skills that may be
considered important by a large number of the participants may
end up eliminated. At the other extreme, setting very low
consensus thresholds would lead to inordinately large inventories
which would not be deliverable in the CPD time available. With this
in mind, the researcher chose 70% as the cut-off criterion for level of
consensus for the final suggested version of the inventory. At 70%
level of consensus, the expert group rejected 35 knowledge and 8
skill statements which in total amount to 13%, of the initial blue-
print inventory.

Consensus at the 70% level was obtained for the complete set of
Fundamental MRI Physics learning outcomes bar one with the ex-
perts commenting that at this level radiographers should also
demonstrate basic knowledge of Diffusion Weighted Imaging
(DWI) and Susceptibility Weighted Imaging (SWI), daily quality
control (QC), and explain and identify the various types of artefacts.
This confirmed that the knowledge and skills in this section were
indeed generic to all competences and could be used as an intro-
ductory course for radiographers starting their MRI careers.

Of note is that the majority of statements that were rejected in
the Image Acquisition key activity all focused on advanced appli-
cations specifically Diffusion Tensor Imaging, Time-intensity
curves, Spectroscopy, Kinematic Imaging, ultrashort TE, Spin
labelling imaging and MRI-PET. This could mean that knowledge
and skills about procedures which currently are not yet routine
practice were being side-lined in favour of focusing more on
knowledge and skills required for the more common techniques.
The comments from medical physicists also indicated that the
underlying physics concepts are too technical, and participants
commented that they are not really necessary for radiographers to
know particularly given the fact that radiographers have other
subject areas on top of physics. ‘Some of the topics here are very
advanced and/or specialised I don't think necessary for the radiogra-
pher (medical physicist, personal communication, 23" March 2017) °,
‘These are very advanced topics. I would only expect the radiographer
to be conversant with practical aspects (medical physicist, personal
communication, 22" March, 2017). Other statements which
referred to generation and analysis of time—intensity curves, MR
spectroscopy metabolites maps, liver iron maps, fat in liver were
also rejected with comments suggesting that radiographers should
not be involved in analysis ‘... produce but not analyse, be aware if it
does not look correct- (radiologist, personal communication 3 April,
2017)’ and ‘display and be able to discriminate between good quality
from bad but not to analyse the study (radiologist, personal commu-
nication, 12" April, 2017).

There was only one competence the knowledge and skills of
which were totally rejected by radiographers. This was related to
facility management specifically about knowledge of MRI physics
terminology to liaise with medical physicists in the development of
referral guidelines and learning outcomes. The only comment was
that ‘radiographers should focus on the patients imaging experience as
opposed to the before and after the journey (radiographer, personal
communication, 30" March 2017). Another comment was that
‘Referral guidelines are clinically based and the liaison is more appro-
priate to be with radiologists rather than medical physicists (radiogra-
pher, personal communication, 10™ May, 2017). These comments
seem to indicate that participants expected the radiographer as
focusing on the image production rather than playing a key role at
the interface between patient and technology, or being the pivot
between referrers, patients and radiologists as identified in a work-
shop on the implementation of referral guidelines.’® The comments
from radiographers and radiologists also indicate that some partici-
pants do not appreciate sufficiently the clinical contribution of
medical physicists. This is quite surprising because the design of
guidelines should involve multidisciplinary collaboration.?®

Interestingly, regarding the statements rejected at this level of
consensus (70%), if one considers the inventory in its totality and
compares the medians of the number of participants opting for a
yes by professional group, less radiographers (median = 3) and
Medical Physicists (median = 3) than Radiologists (median = 4)
agreed with statements pointing to the possibility that radiologists
expect a higher level of physics knowledge and skills from
radiographers.

Conclusion

A comprehensive and validated inventory of MRI biomedical
imaging physics learning outcomes has been developed using data
originating from the local MRI setting and using a formal multi-
professional research process. Content validation by consensus
was central and was further strengthened through the collabora-
tion from an international panel of experts, having equal repre-
sentation from the three professions directly involved in the MRI
service. The inventory of learning outcomes was divided into two
sections — ‘Fundamental’ biomedical imaging physics generic to all
competences and ‘Additional’ biomedical imaging physics specific
to each individual competence. The fundamental biomedical
physics set of learning outcomes achieved a high content valida-
tion indicating that it could be used on its own as an introductory
CPD to entry level radiographers in MRI. The Fundamental physics
learning outcomes could ideally be included in the undergraduate
radiography curriculum. Image Acquisition learning outcomes
related to some less frequently used advanced applications were
rejected at the 70% level of consensus. The comparative results
between the three professions, in general indicate that medical
physicists and radiologists are more open towards inter-
professional collaboration than radiographers. It is important to
note that although this study targeted physics knowledge and skill
learning outcomes for MRI radiographers and in a particular
context from a methodological perspective the process used to
develop and validate the learning outcomes inventory is suffi-
ciently generic to be easily adapted to the development of curric-
ular content for other healthcare professions which make use of
physics based complex technologies.

Conflict of interest statement

None.

Acknowledgements

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.radi.2019.01.002.

References

1. Castillo J, Caruana C, Morgan P, Westbrook C, Mizzi A. Validation of a compe-
tence profile for MR radiographers using a formal research process. Eur
Congress Radiol 2016. https://doi.org/10.1594/ecr2016/B-0149.

2. Caruana (], Plasek J. An inventory of biomedical imaging physics elements-of-
competence for diagnostic radiography education in Europe. Radiography
2006;12(3):189—202. https://doi.org/10.1016/j.radi.2005.07.005.

. Dendy PP, Heaton B. Physics for diagnostic radiology. CRC press; 2011.

. Woodward P. MRI for technologists. The McGraw-Hill Companies; 2000. p. 480.

. Bushong SC. Radiologic science for technologists-E-book: physics, biology, and
protection. Elsevier Health Sciences; 2013.

w oW


https://doi.org/10.1016/j.radi.2019.01.002
https://doi.org/10.1594/ecr2016/B-0149
https://doi.org/10.1016/j.radi.2005.07.005
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref3
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref4
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref5
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref5

206

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

J. Castillo et al. / Radiography 25 (2019) 202—206

Tombleson P, Fox RA, Dacre JA. Defining the content for the objective struc-
tured clinical examination component of the professional and linguistic as-
sessments board examination: development of a blueprint. Med Educ
2000;34(7):566—72.

. Shumway JM, Harden RM. AMEE Guide No. 25: the assessment of learning

outcomes for the competent and reflective physician. Med Teach 2003;25(6):
569—84.

. World Health Organization. Quality of care: a process for making strategic choices

in health systems. Geneva: World Health Organization; 2006.

. Castillo J, Caruana C, Morgan P, Westbrook C. Radiographer managers and service

development: a Delphi study to determine an MRI service portfolio for year 2020.
Radiography 2015;21(1):e21—7. https://doi.org/10.1016/j.radi.2014.09.003.
Castillo J, Caruana C, Morgan P, Westbrook C. Optimizing a magnetic resonance
care pathway: a strategy for radiography managers. Radiography 2015;21(1):
e€29-33. https://doi.org/10.1016/j.radi.2014.09.002.

Castillo J, Caruana C, Morgan P, Westbrook C, Mizzi A. An international survey
of MRI qualification and certification frameworks with an emphasis on iden-
tifying elements of good practice. Radiography 2017;23(1):e8—13.

Cowling C. A global overview of the changing roles of radiographers. Radiog-
raphy 2008;14(Supplement 1):28—32.

Parsian N, Am TD. Developing and validating a questionnaire to measure
spirituality: a psychometric process. Glob J Health Sci 2009;1(1):2.

Lynn MR. Determination and quantification of content validity. Nurs Res
1986;35(6):382—6.

Grant JS, Davis LL. Selection and use of content experts for instrument devel-
opment. Res Nurs Health 1997;20(3):269—74.

Morse JM. Developing QHR. Qual Health Res 1994;4(4):347—8. https://doi.org/
10.1177/104973239400400401.

Hsu C-C, Sandford BA. The Delphi technique: making sense of consensus.
Practical Assess Res Eval 2007;12(10):1—8.

Morrow SL. Quality and trustworthiness in qualitative research in counseling
psychology. ] Counsel Psychol 2005;52(2):250.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Seo J, MacEntee M, Brondani M. The use of subject matter experts in validating
an oral health-related quality of life measure in Korean. Health Qual Life Out-
comes 2015;13:138. https://doi.org/10.1186/s12955-015-0335-0.

Atkinson R, Flint J. Accessing hidden and hard-to-reach populations: snowball
research strategies. Soc Res Update 2001;33(1):1—4.

Edgren G. Developing a competence-based core curriculum in biomedical
laboratory science: a Delphi study. Med Teach 2006;28(5):409—17. https://
doi.org/10.1080/01421590600711146.

Smesny T, Bellah KA. Best practices for teaching equine reproduction in an
online learning environment: a delphi study. Nacta | 2012;56(3):34—41.
Rocka TD, Morrish DG. Public School administrators' ratings of the biological
and physical science competencies needed by beginning agricultural science
instructors. Director 2010;1:2.

von der Gracht HA. Consensus measurement in Delphi studies: review and
implications for future quality assurance. Technol Forecast Soc Change
2012;79(8):1525—-36.

Stemler S. An overview of content analysis. Practical Assess Res Eval 2001;7(17):
137—46.

Masud T, Blundell A, Gordon AL, Mulpeter K, Roller R, Singler K, et al.
European undergraduate curriculum in geriatric medicine developed using
an international modified Delphi technique. Age Ageing 2014;43(5):
695—-702.

Lee A, Steketee C, Rogers G, Moran M. Towards a theoretical framework for
curriculum development in health professional education. Focus Health Prof
Edu : A Multi-discip | 2013;14(3):70—83.

Totté N, Huyghe S, Verhagen A. Building the curriculum in Higher Education: a
conceptual framework. 2013.

Remedios D, Hierath M, Ashford N, Bezzi M, Cavanagh P, Chateil J-F, et al.
Imaging referral guidelines in Europe: now and in the future—EC referral
guidelines workshop proceedings. Insights Imag 2014;5(1):9—13. https://
doi.org/10.1007/s13244-013-0299-8.


http://refhub.elsevier.com/S1078-8174(19)30002-1/sref6
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref6
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref6
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref6
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref6
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref7
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref7
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref7
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref7
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref8
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref8
https://doi.org/10.1016/j.radi.2014.09.003
https://doi.org/10.1016/j.radi.2014.09.002
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref11
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref11
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref11
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref11
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref12
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref12
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref12
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref13
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref13
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref14
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref14
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref14
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref15
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref15
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref15
https://doi.org/10.1177/104973239400400401
https://doi.org/10.1177/104973239400400401
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref17
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref17
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref17
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref18
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref18
https://doi.org/10.1186/s12955-015-0335-0
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref20
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref20
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref20
https://doi.org/10.1080/01421590600711146
https://doi.org/10.1080/01421590600711146
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref22
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref22
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref22
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref23
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref23
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref23
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref24
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref24
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref24
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref24
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref25
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref25
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref25
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref26
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref26
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref26
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref26
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref26
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref27
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref27
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref27
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref27
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref28
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref28
http://refhub.elsevier.com/S1078-8174(19)30002-1/sref28
https://doi.org/10.1007/s13244-013-0299-8
https://doi.org/10.1007/s13244-013-0299-8

	Development of an inventory of biomedical imaging physics learning outcomes for MRI radiographers
	Introduction
	Purpose
	Methodology
	Results
	Discussion
	Conclusion
	Conflict of interest statement
	Acknowledgements
	Appendix A. Supplementary data
	References


