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a b s t r a c t

The National University of Ireland in Galway established a Master in Science (MSc.) program in medical
physics in 2002. The course was designed to be 90 ECTS1 credits and of one calendar year duration. From
the outset the MSc. was designed to be part of an overall medical physics training program. MSc. pro-
grams are now widely used as part of the training and education of medical physicists. There is however
paucity of data on the effectiveness of such courses and the purpose of the study reported here is to
provide information on one particular MSc. course in medical physics. This is relevant to medical
physicists who are involved in the development and running of medical physics training programs. The
study used as methodology the Kirkpatrick levels of professional training. It was conducted through an
online survey, both from students who graduated from the course and from students who were in the
process of completing the course.

The survey proved to be an effective way to determine attributes of modules such as learning out-
comes, knowledge imparted, quality of teaching materials and others. The survey proved to be
remarkably able to demonstrate interventions in the individual course modules. Although the course was
shown to be effective in the imparting of the knowledge required to become a qualified medical physicist
several areas for improvement were identified. These are mainly in the areas of increased practical
experience and in course delivery.

� 2013 Associazione Italiana di Fisica Medica. Published by Elsevier Ltd. All rights reserved.
Introduction

The systematic and widespread employment of large numbers
of physicists in health services worldwide originated with the
introduction of megavoltage teletherapy in clinical practice after
word war 2. For the first time, hospitals were able to provide
effective cancer treatment at a moderate cost. During the devel-
opment of this therapy it became obvious that safe and efficient
treatment with these devices could not take place without appro-
priate physics support. This was, for instance, recognized in Canada
where the then Atomic Energy Control Board insisted, from the
early 1950s onwards, on the presence of trained medical physicists
wherever a high energy treatment unit was installed [1]. This lead
to a significant increase in the number of medical physicists
employed. A parallel increase in the number of physicists in diag-
nostic imaging occurred with the advent of Computed Tomography
and Magnetic Resonance Imaging. Up to quite recently, the training
of medical physicists was rather ad-hoc. Following a basic degree in
derputten@gmail.com.
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physics (often augmented by research degrees e either MSc. or
PhD.) it was in essence an “apprentice based” training program
without formal qualifications or validations. Apprentice systems in
one shape or another have been around for a very long period of
time. They have been socially accepted and have in the past been
effective in transferring skills from one generation to the next [2].
As society has become more complex and the pace of change of
technology is ever increasing the limitations of an apprentice based
training program have become evident. Several of these limitations
are illustrated in Table 1. The need for a more structured training
model which can cope with a rapidly changing technological world
has lead to a considerable evolution in the training and education to
become a medical physicist. This has been driven on the one hand
by the recognition that structured training is more effective in
imparting knowledge and can do so in a short period of time and on
the other hand by the increasing demands from society for evi-
dence of qualifications [3].

The training of medical physicists requires the acquisition of a
body of knowledge and the skills and competences to apply this
knowledge in clinical practice. Although there are different ways
that can be used to achieve this, they all impart knowledge
(commonly based on lectures) as well as skills based, practical
clinical training. Masters programs are typically used to confer a
by Elsevier Ltd. All rights reserved.
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Table 1
Several disadvantages of traditional Master e apprentice based model for training.

� Master is an individual known for technical skills but who often has little or
no pedagogical training or knowledge;

� Master knowledge will often be quite dated by the time apprentice is trained,
resulting in obsolete or irrelevant training of apprentice;

� Training system is often unstructured and time consuming;
� Modern medical physics is too complex to be taught by a single individual/

Table 2
Overview Syllabus MSc. in Medical Physics NUI Galway indicating the individual
modules. Method of delivery: L ¼ lectures; P ¼ practicals; SDL ¼ self directed
learning with assignments; CW: computer workshop; WS ¼ workshop.

Delivery method ECTS

� Fundamentals of radiation dosimetry L þ P 5
� Clinical instrumentation L 6
� Occupational hygiene SDL 5
� Medical imaging SDL 10
� Physics of radiation therapy L þ P 10
� Medical informatics and statistics L þ CW 5
� Anatomy L þ P 5
� Physiology L 5
� Hospital and radiation safety incl. workshops

- Principles of radiation safety
- Patient dosimetry and shielding
- Quality assurance in radiology
- Risk and safety management in medicine
- Laser and NIR safety

11
WS
WS þ P
WS þ P
WS
WS

� Research project (duration 4e5 months) 28
Total course content 90
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qualification on the practical application of knowledge for problem
solving. This, combined with the advantage of a University awarded
qualification has made masters programs in medical physics now
generally accepted as a pre-condition of the path to become a
clinically qualified and adequately experienced medical physicist
(QMP). For example, the IAEA in a series of documents that describe
the clinical training of medical physicists, states that the QMP shall
have, amongst other, appropriate qualifications in medical physics
at the post-graduate level [4e6]. Also EFOMP recommended (Policy
Statement No.12) a master program as one component of a medical
physics education program, which also includes clinical skills
training and a comprehensive system of continuous professional
development (CPD) [7]. These recommendations have been
implemented for radiotherapy, radiology and nuclear medicine [8e
10]. As the aim of such courses is the provision of the knowledge
required to function as a clinical medical physicist, it is important
that these programs deliver what they aim to do. Professional
bodies have set standards and provided support in the develop-
ment of MSc. courses through a process of accreditation. Examples
of this are the accreditation programs of the Institute of Physics and
Engineering in Medicine in the UK [11] and the Commission on the
Accreditation of Medical Physics Education Programs in North
America [12]. Although these organizations lay out standards to
which the MSc. programs must comply with, there is however very
little literature on the evaluation of the effectiveness of such pro-
grams. In fact, there is a paucity of literature on the evaluation of
the effectiveness of professional MSc. programs and of MSc. pro-
grams in medical physics in particular. The report presented here
aims to provide such an analysis. A preliminary version of this
paper was presented as a poster at the EMPEC 2011 conference in
Dublin.

MSc. in Medical Physics, National University of Ireland, Galway

In 2002, the National University of Ireland, Galway initiated a
master of science program in medical physics. This course was
designed to provide the theoretical basis for a career in medical
physics. The need for the course was based on an anticipated in-
crease in need for medical physicists due to a proposed expansion
of radiotherapy and medical imaging services in the Republic of
Ireland. From the outset, the coursewas designed for a one calendar
year duration, which was, at the time, the only such course in the
country.

Outline of course

The course design was based on the requirements of the Insti-
tute of Physics and Engineering in Medicine (IPEM) for accredita-
tion of programs as suitable for the entry in the UK program for
training in medical physics [11]. The IPEM requirements were
chosen as it was anticipated that a considerable number of grad-
uates would go to the UK to complete their clinical training there.
The IPEM requirements are inclusion of anatomy, physiology &
pathology, radiation, engineering & general safety & quality
management, professional topics and introduction to scientific
principles & research skills [11]. It was from the outset decided to
concentrate the Galway course on the use of radiation in medicine
and Table 2 shows the overview of syllabus of the MSc. program.
The relative student load is indicated through the use of the Eu-
ropean credit transfer system (ECTS) where each credit represents
between 25 and 30 h of student effort [13]. Total course duration is
one calendar year (September to September).

From the outset course delivery is through a mixture of con-
ventional lectures, self-directed learning and interactive work-
shops. Over the period of the evaluation (2002e2011) several
changes were made to the course. Firstly, from 2004 onwards, a
week long course on risk and safety management was introduced.
This was based on a similar course that had been developed in
Eindhoven University of Technology. This module introduced stu-
dents to formal risk and safety management theory and tools. At
the same time a module on practical radiotherapy treatment
planning was introduced utilizing the PLUNC� treatment planning
system [14]. Around the same time an electronic learning envi-
ronment was introduced (Blackboard�) and currently, the entire
lecture content of the course is available through this medium.
Finally, during 2010 additional changes were made. The occupa-
tional hygiene course changed from a lecture delivered program to
self directed learning. The anatomy module now includes an
extensive pathology laboratory experience (including dissection)
and finally, an extensive practical laboratory in radiation science
and radiation therapy was introduced.

Entry requirements for the MSc. program are a 2nd class honors
undergraduate degree in the physical sciences or equivalent. In
addition, for those students for which English is not their native
language, they also need to pass the university requirements of a
minimum of 6.0 on the IELTS score [15]. Finally, a total of 115 stu-
dents were enrolled over period 2002e2010, with 102 students
graduated. Of these graduates, 77% are currently involved in med-
ical physics (either full-time employment, in an official traineeship
or Ph.D. studies).

During the period in which this evaluation took place, the
course was in its’ 10th year. It is obviously good practice to review
any educational program after such a long period. In addition, the
IPEM Training scheme is being modified. Finally, the Irish Health
Service Executive has commenced a training program that is
accredited by the Committee on Accreditation of Medical Physicists
Education Programs CAMPEP [12]. This accreditation requires
recognition of associated academic programs [3]. All these events
make an evaluation of the program necessary.
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Methodology of evaluation

As graduates from the course are scattered across the globe it
was not feasible to conduct extensive oral interviews in person.
Instead, it was decided to conduct an electronic survey on-line. This
survey was constructed using the (freeware) Google Docs� system.
The survey consisted of 94 questions. Answers could be given from
dropdownmenus, rating scales (5 discrete points) and free text. The
survey was submitted to all individuals that had enrolled in the
MSc. from 2002 till 2009. Responses were anonymous. A total of 91
answers were received which is response rate of 88%. The answers
to the survey questions were automatically uploaded in a spread-
sheet following submission. Subsequent analysis was then per-
formed using Microsoft Excel�.

The questionnaire was divided in a number of sections. The first
section asked respondents general questions on their background
and educational level prior to enrolling in the MSc. course. This
included questions regarding possible previous work experience and
the reason for studying in Galway. The second part asked general
questions regarding course content and their student experience in
Galway as well as their post MSc. work experience (if any). It also
included specific questions about the usefulness of the course in
general and on individual modules in particular in their chosen
career. The final part of the questionnaire asked specific questions on
the delivery of the individual modules that constitute the overall
MSc. program. These questions are reproduced in Table 3.

The purpose of the MSc. in medical physics is to provide the
theoretical component of a training program for a professional
career in medical physics. A standard for the evaluation of profes-
sional training programs is the methodology proposed by Kirkpa-
trick [16], which uses a four level evaluation process. The
Kirkpatrick model has been around for over 30 years as a standard
tomeasure the effectiveness of training programs. Level 1 evaluates
the reactions of the participants to the training; level 2 assesses the
extent of learning which has taken place; level 3 measures the
extent of behavioral change which occurred in the participants due
to the training (is the knowledge being used?) and level 4 evaluates
the effect of training on the organization in which the participant
works. The Kirkpatrick model was chosen, as it would appear to fit
the requirements for the evaluation of a professional training
program such as that required for medical physicists. Nevertheless,
this model was developed over 30 years ago and its relevance today
has been questioned (see Discussion).

Results

From the outset it must be stated that the results presented here
are in essence the subjective opinions of the respondents to the
Table 3
Part IV of survey questionnaire, questions asked regarding each course module. Also
shown is rating scale (1-5 score).

� The learning outcomes of the module
were clearly stated:

Not at all e very well

� The learning experience provided by
the lecturer was:

Very poor e highly stimulating

� The teaching materials contributed
to the overall learning experience
of this topic:

Very poor e excellent

� Feedback on progress was provided: Not at all e very well
� The evaluation of the module was

fair and appropriate:
Not at all e very well

� The physical facilities provided for
this module were:

Poor, inappropriate e excellent

� The knowledge imparted in this
module has been:

Completely useless e very useful

� Additional Comments: Free text response
survey. As such any quantitative data that is reported here must be
considered with some caution.

Some results are shown graphically in Figs. 1e5. Figure 1 relates
to the nature of the students that entered the MSc. program. The
data indicates that a considerable cohort of entrants to the course
(30e40%) do this after several years in the workforce well past
obtaining their undergraduate degree. 24% of respondents in fact
stated that they had permanent posts prior to enrolling in the MSc.
program. The fact that there is considerable interest in an MSc. in
medical physics for students, who had already embarked on a
different career, has significant implications for any proposed
changes to the course in the future. The reason why individuals
would want to study medical physics are equally divided between
scientific interest, beneficence (the wish to do good) and attractive
career prospects (Fig. 2) It should be noted that the interest in “good
career prospects” (e.g. good salary and job security) is not pre-
dominant. This remained the case even after the start of the current
economic recession. This is surprising and indicates that a consid-
erable number of students enter medical physics because of both
the scientific challenges posed by the field and the wish to work in
an emotionally satisfying career (Fig. 3).

Of interest to the university is the reason why students choose
Galway as their place of study. This is shown in Fig. 4. Several
reasons are given but both course content and the fact that the
course had external accreditation featured prominently.

With respect to the overall structure and content of the course,
most respondents (64%) were happy with the overall content and
topics, with 29% complaining of it being too general and the
remainder 7% considering the course to be too specific.When asked
what should be changed, respondents considered that gaining
practical experience was the most important change to implement.
Interestingly, the Fundamentals of radiation dosimetry module was
considered by a large number of students as suitable for deletion as
a taught module yet the majority of respondents strongly sup-
ported this topic as one that should have a significant practical
Figure 1. Interval (in years) between completion of undergraduate degree and start of
MSc. in Medical Physics in Galway. Vertical Axis: number of students for which in-
formation was available.



Figure 2. Reasons given for studying Medical Physics (Note: respondents could give
more than one answer).

Figure 4. Reasons given to choose Galway for study.
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component. Students were asked a few general questions about the
learning environment and facilities in Galway. A summary of the
answers to these questions is given in Table 4.

The final component of the survey concerned itself with aspects
of the individual modules of the course (Table 2). Table 5 shows
survey data for all modules of the course for the last full year of the
survey (students graduated in 2011). The data in the table is based
on 16 respondents and shows average score of topic with accom-
panying standard deviation. Although the open form comments are
not shown, their general content reinforced the conclusions noted
elsewhere such as need for practical work, workshops and the use
of self directed learning.

Figure 5aed shows important aspects of several of the core
modules of the course as a function of time, from the start of the
program to the finish of the survey. Only four modules are shown:
Fundamentals of radiation dosimetry, Physics of radiotherapy,
Medical imaging and the research project. In case of the first three
both the clarity of the learning outcomes and the knowledge
imparted are shown (as perceived by the students) and in case of
the project both project aims and experience gained are shown.

Finally, Fig. 6 shows responses by the students on the usefulness
of several modules in their subsequent career. This is indicated on a
scale from 1 to 5, with 1 being useless and 5 being essential. The
modules were Fundamentals of radiation dosimetry, Physics of
radiotherapy, Medical imaging, Clinical instrumentation and Hos-
pital safety. The answers above deal with Kirkpatrick level 1 and 2
evaluation of training programs and indicate the experience the
students achieved and the effectiveness of the learning.

Discussion

As mentioned in the methodology section, the Kirkpatrick
model was chosen to evaluate the effectiveness of the course.
Figure 3. Relative importance (0 ¼ not important at all, 1 ¼ only thing which matters)
of perceived career opportunities to study medical physics.
Assessment of Levels 1, 2 and to a lesser degree level 3 of the
Kirkpatrick evaluation model could take place through the survey.
The only level that could not be readily ascertained is level 4, as this
would have required a survey of employers and workplaces. This
proved difficult to do within the time frame of this investigation
and will be the subject of a future study. Although the Kirkpatrick
model is one of the fewmodels inwidespread use in the evaluation
of educational courses, it is now over 30 years old and there is
considerable critique of it as to its relevance in modern educational
practice [17,18]. However, alternative models are scarce. One such
model proposes to measure return of investment (ROI) as a mea-
sure of training effectiveness in an organization [17]. It is difficult to
see how that would work in a health care environment. Other
criticisms are that it is too simple to take account of the myriad of
variables, in both trainees and trainers and the cultural environ-
ment inwhich the training takes place, to have relevance or to have
conclusions drawn in one place transferred to another. Neverthe-
less, as stated, the model has been in existence for a while and has
been applied taking due notice of the caveats expressed above. The
survey gives a good indication of the effect of the MSc. on the in-
dividual students with respect to Kirkpatrick level 1 and 2. Kirk-
patrick level 3 aims to measure behavioral change in the
participants. This is not applicable to an MSc. course as the in-
dividuals on the course are rarely employed in the organization. It is
interpreted here as how the acquired knowledge is of use in the
graduate’s career. The evaluation presented here demonstrates that
the MSc. in Medical Physics successfully imparts knowledge ac-
cording to Kirkpatrick level 1 and 2. Both the students’ experience
in Galway and their perception of the level, depth and extent of
learning that they acquired were positive. It is difficult to draw firm
conclusions regarding Kirkpatrick level 3 (how the knowledge is
used in graduate’s career). Figure 6 provides a pointer to this. Here,
respondents indicate the respective usefulness of a number of the
individual modules in their subsequent careers. This question was
only relevant to those individuals who were working in medical
physics or similar careers. The figure seems to indicate that the
course materials are very useful in their career. With respect to
Kirkpatrick Level 4 (impact of a course graduate in his/her work-
place) this is difficult to assess without conducting a survey of
employers. However, some indication can be found in the fact that
of the students involved over the period, 82% are employed in
medical physics or are pursuing a PhD in medical physics or a
related topic. This would seem to indicate that the course should
be considered successful according to Kirkpatrick level 4. Never-
theless, the impact of these individuals on the organization in
which they are employed and the role played by the MSc. that they
completed must be something which should be evaluated by a
separate survey of employers.
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Figure 5. Learning Outcomes and Knowledge Imparted for Modules of Radiation Dosimetry, Radiotherapy and Medical Imaging. Project aims and Experience gained for Research
Projects. Also indicated (arrows) are interventions in individual modules. 5a: change of lecturers, 5b: Extensive access to radiotherapy equipment during department commis-
sioning, 5c: introduction of viva examinations.
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The reason for studying in Galway is of course of interest to local
university management but some aspects have awider significance
to similar programs elsewhere. It is clear from the survey that both
appropriateness of course content as well as external accreditation
are amongst the most important factors that govern a student’s
choice. The rationale for studyingmedical physics is equally divided
between scientific interest and beneficence. It is interesting and
somewhat surprising to note that economic factors (exemplified by
perceived career opportunities) seem to play less of a role, even as
economic circumstances deteriorated! This is further confirmed by
the fact that 45% of student intake had prior work experience and of
these, 56% had permanent positions prior to enrollment. In other
words, approximately 25% of entrants to the MSc. course either
took leave or resigned from permanent jobs in order to start the
MSc. in medical physics.

Table 5 shows the evaluation of all modules for one year of the
course (2010e2011 academic year). This shows that all modules
Table 4
General rating of MSc. course (Rating on 1-5 score with 1 very poor and 5 excellent;
also indicated is standard deviation).

� The overall climate for learning: 4.04 � 0.72
� The course facilities were: 3.54 � 0.91
� The library facilities were: 3.64 � 0.90
� Overall rating of learning experience in Galway: 4.04 � 0.75
score well (over 2.5) which indicates a positive learning experience.
Nevertheless, the data does indicate that there is room for
improvement in several of the courses. Although subjective in na-
ture, the data does confirm some of the anecdotal comments made
by students over the year.

In the past (and prior to the survey being conducted) changes
were made to the course. These changes were based on subjective
observations by teaching staff as well as comments by students. To
review possible effects of these changes on the learning experience,
two fundamental aspects of four of the core modules of the course,
respectively Fundamentals of radiation dosimetry, Physics of radio-
therapy, Medical imaging and the research project were evaluated
over the duration of the course’s existence. These are learning out-
comes (blue (in web version) diamonds) and knowledge imparted
(red (in web version) squares) for taught modules (Fig. 5aec) and
project aims and experience gained for the research project (Fig. 5d).

The diagrams clearly show the effect of interventions. The
course Fundamentals of radiation dosimetry was taught by a single
lecturer up to 2008 and no laboratory practice was provided. Since
2008e2009 a multitude of lecturers now provide the course,
clearly improving “knowledge imparted”. In 2011 a comprehensive
laboratory exercise was developed for both Fundamentals of radi-
ation dosimetry and Physics of radiotherapy. However, this came
too late to be included in the survey. However, the effect of practical
experience can clearly be seen in the module Physics of
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Figure 6. Perceived Usefulness of individual course modules in subsequent medical
physics careers. Topics: 1: Fundamentals of Radiation Therapy, 2: Physics of Radio-
therapy, 3: Medical Imaging, 4: Clinical Instrumentation, 5: Hospital Safety. (Score:
0 ¼ completely useless; 5 ¼ essential).
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radiotherapy. University Hospital Galway only acquired radio-
therapy during the academic year 2004e2005 with clinical oper-
ations only started in April 2005. The students in that year had
practically unlimited access to the treatment machines whilst they
were being commissioned. The diagram clearly shows that this free
access was of great benefit to the students in the transfer of
knowledge. However, this was an exceptional circumstance that is
unlikely to be repeated in the future. Access to clinical systems is
difficult due to high patient loads and it is likely that in the future
solutions need to be found in e-learning environments such as
virtual linear accelerators [19]. Finally, the imaging course intro-
duced in 2008e2009 oral examinations to augment the written
essays. This clarified learning outcomes and improved knowledge,
which is reflected in the score. It is of note that theMedical imaging
course also scored highly in “knowledge imparted”. This module is
the only one that is delivered through the concept of self directed
learning. Following introductory lectures, the students are given
the task to prepare essays and are subsequently examined on these
through short viva exams (one per sub-module) conducted by two
of the course staff. The concept of SDL appears to be very appealing
to the students and is also considered to be a highly effective
method of imparting knowledge to adult learners [20]. Anecdotally,
students mentioned that the series of viva interviews were very
helpful in preparing them for job interviews following graduation.

The training of medical physicists involves both the imparting of
theoretical knowledge but also the acquisition of technical and
clinical skills and competences. In a one year MSc. only a limited
amount of practical experience can be provided. This is through the
student participating in workshops and through the conduct of a
small research project. From the data it is obvious that the learning
experience for both of these improved as course faculty became
more experienced with project supervision. On the other hand,
increasing pressures of work on clinical staff (whichmostly provide
project supervision) and a large cohort of students during 2009 and
2010 led to a subsequent reduction in quality of the project work as
perceived by the students.

The students are well aware of the need to have clinical expe-
rience in order to compete in the job market and there was an
overwhelming request to increase the amount of practical experi-
ence during the course (88% vs. 12%). They also suggested what
should be dropped. Dosimetry was seen as a subject that could be
dropped from the formal taught lecture modules, but the same
students also deemed it important to gain practical experience in
this topic. Observations such as this provide some pointers to the
future development needs of the course.
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All courses improved somewhat in their overall score post 2009.
This coincided with the introduction of the Blackboard� electronic
learning environment. It is without doubt extremely convenient to
have all course materials in one location. Nevertheless, the current
use of the Blackboard� system is more akin to that of a convenient
file storage location and it would be interesting to survey students
when a more widespread and integrated use of Blackboard� is
made in the delivery of the course.

Conclusion

Although the MSc. in medical physics scores reasonably well
according to past students, the evaluation has pointed several de-
ficiencies and areas for improvement. These relate to lack of prac-
tical experience and on the need to improve knowledge imparted.
As discussed, since the completion of the survey, a comprehensive
practical laboratory practice has been developed that forms part of
the examinable component of the course. In view of the success of
self directed learning, it is felt that this is an area that can be
explored more. Finally, it is impractical to conduct surveys of the
depth and breadth as reported here on an annual basis. Never-
theless, regular surveys of students (possibly every 2e3 years)
should become an integral part of any course program.
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