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Introduction: Regulation and education of the professionals administering radiotherapy treatments in
the linear accelerator varies across the EU. However, how different programme characteristics affect the
level of competency of these professionals has never been studied before. This study also aimed to assess
which are the least and most developed competencies in radiotherapy across the EU.
Methods: An online questionnaire was distributed to academic staff teaching radiotherapy across the EU.
Staff were asked to identify the characteristics of the course programmes and to classify the level of
competency of graduates regarding linear accelerator tasks.
Results: Fifty respondents from 19 EU countries answered the questionnaire. The least developed
competency theme was pharmacology followed by equipment quality assurance and management and
leadership. The most developed competency was positioning and immobilisation, followed by radiotherapy
treatment delivery and professional and ethical practice. Some competencies are developed at the same
level across EU countries, while others vary considerably between member-states. Longer programmes,
with more placements, and larger proportions of radiotherapy in the programme showed significant
increase in the development of some competencies. Longer placements in skills labs was correlated with
a decrease in competency.
Conclusion: There is no harmonisation of radiotherapy eduction across the EU and the differences in
programme characteristics are reflected in differences in competency levels of radiotherapy radiogra-
phers. This may hinder movement of professionals and create disparities in the level of care offered
across the EU.
Implications for practice: Longer programmes, with longer clinical practice and adequate proportion of
radiotherapy in the course are essential to ensure that these professionals are competent at similar levels
across the EU and to ensure patient safety.
© 2020 The College of Radiographers. Published by Elsevier Ltd. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The most common role of the therapeutic radiographer (TR) is
the administration of Radiotherapy (RT) using a linear accelerator
(linac). This is one of the most critical responsibilities of these
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professionals since errors have a significant impact on patient
outcomes, resulting in a decrease in tumour control and an increase
in patients' side-effects.1,2

However, roles and competencies of the TR vary across the EU3

since neither the profession4 nor the education is harmonised
across Europe.5e9 Although literature acknowledges the influence
of course characteristics in competency level,3 there is a gap in
knowledge regarding the extent of this relationship.

The definition of “competency” varies across the literature.10,11

Since the scope is to study these competencies in the EU context,
the definition provided by the Recommendation of the European
Parliament and of the Council on the establishment of the European
open access article under the CC BY-NC-ND license (http://creativecommons.org/
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Qualifications Framework (EQF) for lifelong learning12 was used,
which states that competency is the “ability to perform a task
autonomously and take responsibility for it”.

Having a good understanding of TRs' education in the EU is
important because TRs can register to practise in anymember-state
if they comply with minimum requirements determined by the EC/
2005/36 directive,13 such as similar academic level and same
“professional qualifications”. However, the required “qualifica-
tions” to practise are not established in the same way across
member states: only a few countries specify the necessary com-
petencies for practice.4 Therefore, recognition of qualifications is
often based on the most fundamental characteristics of the courses
such as academic level, duration of the programmes or which
specialisms the graduate covered in the programme. Since, in most
countries, competencies are not a criterion used to assess if the TR
meets the requisites to practise,4 TRs may be able to move within
the EU even though they may not have developed the same com-
petencies. This discrepancy led the researchers to analyse if courses
that seem similar (for instance, with the same academic level and
specialisms) are also identical in other course characteristics and
competencies.

Multiple international reference documents14e17 are used in the
design of education programmes to train RT professionals, how-
ever, the implementation of these guidelines and their impact on
the competency level of the graduates has never been published.
Another study18 performed a thematic analysis of relevant litera-
ture to create a list of the TR competencies applicable to the linac,
yet, the study did not specify at what level graduates across the EU
develop these competencies. In the current study, the term “grad-
uate” refers to a person who successfully completes a course pro-
gramme, irrespective of the academic level.

Given all the knowledge gaps identified above, this study aimed
to assess the relationship between the characteristics of education
programmes across the EU and competencies developed by the
graduate TR working in the linear accelerator. The following ob-
jectives were defined: i) describe the characteristics of RTeducation
programmes across the EU, ii) identify the level of development of
linear accelerator competencies in European education pro-
grammes; iii) evaluate the effect of course characteristics on the
competency levels developed.

Understanding the characteristics of RT education programmes
and identifying which features most influence the competency
levels, allows decision-makers to use evidence when designing the
education programmes. This will also enable education institutions
to improve their programmes, ultimately resulting in improved
care to RT patients. It is also critical to identify which competencies
are less developed between countries to close these gaps and
subsequently, facilitate movement of TRs across Europe and
improve patient care.

This study was developed as part of the SAFE EUROPE project
aiming to study the education and movement of TRs in the EU. This
European-funded research project included partners from different
backgrounds (education institutions, professional organisations
and an oncology hospital) from four countries (Malta, Poland,
Portugal, the United Kingdom) and a European-wide professional
organisation.

Methods

A quantitative cross-sectional study using an anonymous online
questionnaire was deemed appropriate to achieve the aims of this
study.19e22 The questionnaire was distributed to academic staff
teaching RT across the EU.

Due to the lack of a database of RT education programmes,
extensive sampling and probabilistic sampling was not possible.
Please cite this article as: Couto JG et al., Evaluation of radiotherapy educat
on the linear accelerator, Radiography, https://doi.org/10.1016/j.radi.2020
Convenience sampling was undertaken using multiple strategies to
maximise the dissemination of the study. The SAFE EUROPE project
partners23 distributed the questionnaire through email to their
members, through social media and on the consortium's webpage
between April and September 2019.
Questionnaire design

The first part of the survey inquired about the characteristics of
the education programmes (Table 1). Closed-ended questions were
designed for ease of data analysis; however, an option to submit
“other” answers was available in all relevant questions and re-
spondents could provide additional comments in every section of
the questionnaire.

In the second part, the respondents were asked to score how
competent graduates are at the end of the programme. They were
invited to rate 63 competencies related to the linac, organised
under 14 competency dimensions18 (Table 1). The selection of the
competencies was based on an analysis of the literature, results
from previous research performed by this research team18 and
feedback from expert partners within the SAFE EUROPE project.

The respondents were asked to classify each competency be-
tween 1 (competency not developed in the programme) and 7
(competent) based on their experience and perception. Re-
spondents were also provided with the definition of competency
described above.

Three experts in RT educationwere invited to assess the content
validity of the questionnaire. They were asked to classify each item
(scale from 1 to 4) with regards to their relevance to the study aims.
An Item Content Validity Index (I-CVI) of 1 was obtained for all
items on the questionnaire showing that the experts agree that the
items were relevant to the study aims.24e28

For the classification of the competency level, a 7-point Likert
scale was chosen as it provides a more refined scale to measure the
intensity of a rating evaluation when compared with a 5-point
scale.29e31 Four academic staff from two higher-education in-
stitutions were asked to answer the questionnaire, and the Inter-
Class Correlation (ICC) was calculated using a two-way random,
single rater and absolute agreement model. This test assessed if one
member of academic staff would reliably represent the perception
across one institution and if the answers of these raters could be
generalised to the entire population (European academics).32 ICCs
of .788 (p < 0.001) and .536 (p < 0.001), and a Cronbach's alpha
coefficients of .880 and .706 were achieved, for each institution.32

These tests showed that there was a slight variation between re-
spondents from the same institution when rating the competency
levels. However, these values reflect a moderate to good inter-rater
reliability.32,33 Also, having multiple respondents from the same
country further minimises the impact of subjective perception by
the respondents.34,35
Statistical analysis of the data

The following hypotheses were tested using different statisti-
cal tests. Friedman's test was used to compare competency levels
between dimensions (the Wilcoxon signed-rank tests with Bon-
ferroni correction was conducted as a post hoc test). The
KruskaleWallis tests were used to compare competency levels
between groups with different course characteristics (the Dunn's
test with Bonferroni correction was used as a post hoc test). The
Spearman's rank correlation test was used to measure the
strength of the relationship between course characteristics and
competency scores. For all statistical tests, a .05 level of signifi-
cance level was adopted.
ion across the EU and the impact on graduates' competencies working
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Table 1
Variables studied in this research project.

Course Characteristics Competency dimensions

Academic level 1 Radiation safety
Specialisms 2 File verification
Duration of the programme 3 Positioning and immobilisation
Duration of placement (all

specialisms)
4 Radiotherapy treatment delivery

Duration of RT-specific placement 5 Image verification of patient setup
Proportion of course dedicated to

RT
6 Equipment quality assurance

Proportion of placement dedicated
to RT

7 Professional and ethical practice

Proportion of RT placement in skill
labs

8 Patient care

Guidelines used in the design of the
course

9 Pharmacology

Regulation of learning outcomes 10 Research and education
Requirement of registration to

practice
11 Quality and risk management

12 Management and leadership
13 Decision making
14 Teamwork and multidisciplinarity
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Ethical considerations

Ethical permission for the study was granted by the Institute of
Nursing and Health Research Ethics Committee at Ulster University,
Belfast. A participant information sheet was provided. Neither the
participant's name nor the institution was asked in the question-
naire, ensuring anonymity, and data was stored in password-
protected or locked places. To avoid coercion, recruitment was
performed by the SAFE EUROPE partners and social media. No harm
was caused to the participants nor researchers.
Results

A total of 73 responses were obtained. Twenty-three responses
were excluded because they were from non-EU countries, did not
include RT in their course, or the respondents were not RT lecturers
or head-of-department in the education programmes. Therefore, a
Table 2
Total respondents by country.

Country Number of respondents

Austria 1
Belgium 1
Denmark 1
Estonia 1
Finland 1
France 1
Germany 3
Greece 1
Italya 3
Latviaa 2
Lithuaniaa 2
Malta 2
The Netherlandsa 5
Polandb 10
Portugal 6
Slovakia 1
Slovenia 2
Sweden 1
United Kingdom 7
TOTAL 50 respondents

19 countries
25 course structures

a Two different course structures.
b three different course structures.

Please cite this article as: Couto JG et al., Evaluation of radiotherapy educat
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total of 50 valid responses were analysed, representing 19 EU
member-states. Some respondents identified different course
structures inside the same country (Table 2). These programmes
with different structures allow graduates to practise RT but have
different academic levels, specialisms or programme duration.
Since the UK was an EU member-state at the time of the data
collection, it was included in the data analysis.

Characteristics of radiotherapy education programmes across EU
countries

Based on the responding countries, a picture of the education
characteristics across the EU is presented here. For countries with
more than one programme structure, these were analysed inde-
pendently since the respondents referred to these programmes
separately, resulting in a total of 25 entries (Table 2).

Main characteristics: academic level, specialisms and programme
duration

The majority of programmes are bachelor's degrees (EQF6)
(Fig. 1), most of which are dual-qualification programmes (imaging
and radiotherapy). A minority of countries identified the existence
of RT-only programmes (UK and Italy). Portugal recognised that the
programme changed from RT-only to dual-qualification in 2014.
Italian respondents identified the presence of both dual-
qualification and RT-only programmes. While in two countries,
the bachelor's degree includes radiotherapy, imaging and electro-
physiology (France and Poland).

Only two programmes were identified as having an EQF level
lower than 6: Germany has a dual-qualification programme at
EQF4, and Poland offers a programme in radiotherapy, imaging and
electrophysiology at EQF5.

Regarding postgraduation programmes, one RT-only pro-
gramme with the duration of a single semester was identified in
Sweden. This course was identified as suitable for nurses or diag-
nostic radiographers. Poland has a 2-year dual-qualification MSc,
which allows graduates to practise RT. However, some Polish re-
spondents identified that a total of 5 years are required to practise,
which includes a BSc followed by an MSc (represented as “EQF
6 þ 7” in the graphs).

Most EQF6 courses have a 3-year duration. However, pro-
grammes with 3.5-year or 4-year duration exist (Fig. 2). Although
the course duration seems different between academic levels, a
statistical difference was not observed (H(2) ¼ 3.393, p ¼ 0.183).
Themost prolonged programme duration corresponds to the Polish
model of BSc followed by MSc; the shortest term refers to the
Swedish postgraduation course.

Duration of clinical placement (including all specialisms)
Across the responding countries, the average placement dura-

tion (including all specialisms) was 1179 h (SD ¼ 721.8). Regarding
EQF6 programmes, the average is 1200 h of clinical placement
(SD ¼ 757.9). RT-only programmes have a lower average of clinical
placement duration (845 h), followed by dual-qualification pro-
grammes (1186 h). Programmes that havemore specialisms include
longer placement duration (2100 h) (Fig. 3). Despite the difference
in mean placement duration between RT-only programmes and
those with other specialisms, this was not statistically significant
(H(2) ¼ .442, p ¼ 0.506).

The EQF4 programme has a longer duration of clinical place-
ment (1645 h) than the average of the bachelor's degrees (1200 h)
while the clinical placement in the EQF5 programme was the
shortest of all academic levels (450 h). Although the “EQF 6 þ 7”
programme corresponds to a total of 5 years, it has 1106 h of clinical
placement which is shorter than the bachelor's degrees. The
ion across the EU and the impact on graduates' competencies working
.08.010



Figure 1. Academic level and specialisms included in the education programmes in RT across European countries.

Figure 2. Duration of course programmes (according to academic level).

J.G. Couto et al. / Radiography xxx (xxxx) xxx4
duration of clinical placement was not statistically different be-
tween academic levels (H(2) ¼ .058, p ¼ 0.972).

Proportion of course dedicated to radiotherapy
The average percentage of the programme devoted to radio-

therapy subjects across the responding countries is 31%. As ex-
pected, RT-only programmes have a very high proportion of the
programme dedicated to RT with an average of 88% of the pro-
gramme dedicated to this specialism (Fig. 4). However, in courses
that include other specialisms, the amount of the programme
Please cite this article as: Couto JG et al., Evaluation of radiotherapy educat
on the linear accelerator, Radiography, https://doi.org/10.1016/j.radi.2020
devoted to RT drops considerably (average of 25%). The average
workload dedicated to RT is statistically higher in RT-only pro-
grammes when compared with programmes that include other
specialisms (H(1) ¼ 7.935, p ¼ 0.005).

Regarding dual-qualification courses at EQF6 level, the average
percentage of RT in the programme is only 24%. In one country, the
proportion of workload was less than 10% even though the course
allows the graduate to practise RT. On the other hand, some dual-
qualification courses can have up to 60% of the programme dedi-
cated to RT. No statistical difference was found between countries
with different academic levels (H(2) ¼ 2.202, p ¼ 0.333).

Proportion of clinical placement in radiotherapy
RT-only programmes have a high proportion of clinical place-

ment dedicated to this specialism, with an average of 94% of the
placement in this specialism (Fig. 5).

Dual-qualification programmes (radiotherapy and imaging)
tend to dedicate a higher proportion of the clinical placement to
imaging. On average, courses with other specialisms besides RT,
only devote 27% of the clinical placement to RT. The mean pro-
portion of the placement in RT is statistically higher in RT-only
courses than courses that include other specialisms
(H(1) ¼ 8.052, p ¼ 0.005).

Although the majority of the dual-qualification EQF6 pro-
grammes (11 out of 17) have a proportion of RT placement lower
than 30%, there are a few courses with higher percentages of
placement dedicated to RT. One of these dual-qualification courses
has more than 70% of clinical placement dedicated to RT.

Duration of the clinical placement in radiotherapy
The respondents provided data regarding the total number of

clinical hours and the proportion of this time that is dedicated to RT.
From this data, the researchers computed the number of hours in
RT placements (Fig. 6). The average number of hours was of 459 h
(SD ¼ 532.9)

RT-only courses have the highest average RT clinical practice
hours (771 h). Dual-qualification courses have a shorter RT place-
ment duration (439 h) with most of the dual-qualification pro-
grammes (7 out of 13) having less than 250 h of placement in RT.
Nevertheless, dual-qualification programmes can have as high as
ion across the EU and the impact on graduates' competencies working
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Figure 3. Duration of clinical placement in all specialisms (in hours) (according to academic level and specialisms).

Figure 4. Proportion of the programme dedicated to RT (according to academic level and specialisms).
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2114 h of clinical placement in RT. No statistical significance was
found between RT-only courses and course with other specialisms
(H(1) ¼ .217, p ¼ 0.642).

Proportion of radiotherapy placement delivered in skill labs
In average, 233 h (SD¼ 254 h) or 18% (SD¼ 16.2%) of the clinical

placement is delivered using skill labs. Although the tendency is to
have a low proportion of training in skills labs, this proportion can
be as high as 890 h or 60% of the clinical placement hours. The
percentage of clinical training in skill labs is similar across the
Please cite this article as: Couto JG et al., Evaluation of radiotherapy educat
on the linear accelerator, Radiography, https://doi.org/10.1016/j.radi.2020
course programmes (Fig. 7). No statistical differences were found
between RT-only courses and course with other specialisms
(H(1) ¼ .158, p ¼ 0.691).
Regulation of learning outcomes at the national level
In most countries, the learning outcomes are defined by law or

regulation (11 out of 16). Regarding registration, this was manda-
tory in 12 countries, not available in two countries, and optional in
two others. Three countries did not reply to these questions.
ion across the EU and the impact on graduates' competencies working
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Figure 5. Proportion of clinical placement in RT (according to academic level and specialisms).

Figure 6. Duration of clinical placement in RT (in hours) (according to academic level and specialisms).

J.G. Couto et al. / Radiography xxx (xxxx) xxx6
Least and most developed competencies across the EU
The Friedman test (X2(13) ¼ 131.86, p < 0.001) demonstrated

that some competencies are less developed than others (Fig. 8). The
pairwise comparisons showed that Pharmacology, Equipment qual-
ity assurance, Research and education, and Management and leader-
ship are significantly less developed than Teamwork and
multidisciplinarity, Professional and ethical practice, Radiotherapy
treatment delivery and Positioning and immobilisation (p< .05). Fig. 8
Please cite this article as: Couto JG et al., Evaluation of radiotherapy educat
on the linear accelerator, Radiography, https://doi.org/10.1016/j.radi.2020
also shows discrepancies in the level of development of the
different competency dimensions across the EU.

Comparison and correlation of competency level with course
characteristics across the EU

The replies from the 50 respondents were used to analyse the
effect of programme characteristics on the level of the competency
ion across the EU and the impact on graduates' competencies working
.08.010



Figure 7. Proportion of RT placement delivered on skill labs (according to academic level and specialisms).

Figure 8. Distribution of the competency scores across EU member states.
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dimensions. The results of the comparison and correlation tests are
shown below.
Academic level and specialisms
The competency level was compared between i) courses

with academic level below EQF6, ii) courses at EQF6 and iii)
courses higher than EQF6. The groups showed statistically
different levels of competency regarding Quality and risk man-
agement (H(2) ¼ 6.043, p ¼ 0.049). The post hoc test showed
that courses below EQF6 have a significantly lower competency
level (mean ¼ 3.778) when compared with courses above EQF6
Please cite this article as: Couto JG et al., Evaluation of radiotherapy educat
on the linear accelerator, Radiography, https://doi.org/10.1016/j.radi.2020
(mean ¼ 6.056) (z ¼ �21.167, p ¼ 0.042). The groups did not
show significant differences in any other competency
dimension.

The specialisms included in the programme seem to be associ-
ated with significantly different competency levels regarding File
verification (H(2) ¼ 6.057, p ¼ 0.048) and Equipment quality assur-
ance (H(2) ¼ 6.764, p ¼ 0.034). RT-only programmes
(mean ¼ 5.889) developed higher Equipment quality assurance
competency than dual-qualification programmes (mean ¼ 3.965)
(Z ¼ 13.194, p ¼ 0.044). The pairwise comparisons showed no
significance for the File verification dimension.
ion across the EU and the impact on graduates' competencies working
.08.010
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Duration of programme and placement (all specialisms)
The duration of the course programme and placement were

correlated with an increase in some competency scores (significant
results highlighted in Table 3). Figs. 9 and 10 show the relationship
between these course characteristics and the competency di-
mensions that have a significant correlation: a linear fit line was
plotted to better understand the relationship between the pro-
gramme characteristic and the competency level.
Proportion of the programme and placement dedicated to
radiotherapy

The proportion of the course and placement dedicated to RT
seems to correlate with an increase in several competency di-
mensions (significant correlations were highlighted in Table 3).
Figs. 11e13 illustrate the correlation between these characteristics
and the competency scores.

From the data collected, it seems that the proportion of RT
clinical placement delivered in skills labs correlates negatively with
competency scores in Pharmacology (r ¼ �.300, p ¼ 0.045). The
correlation between these variables can be seen in Fig. 14.
Table 3
Correlation between course characteristics and the competency score (significant results

Programme
duration

Duration of
clinical
placement

1 Radiation safetyrowhead rs e.010 .392
p .948 .017
N 49 37

2 File verificationrowhead rs .070 .414
p .635 .012
N 48 36

3 Positioning and immobilisationrowhead rs e.035 .235
p .811 .161
N 49 37

4 Radiotherapy treatment deliveryrowhead rs .053 .402
p .719 .015
N 48 36

5 Image verification of patient setuprowhead rs .198 .370
p .173 .024
N 49 37

6 Equipment quality assurancerowhead rs e.021 .326
p .887 .049
N 49 37

7 Professional and ethical practicerowhead rs .113 .264
p .446 .115
N 48 37

8 Patient carerowhead rs .017 .231
p .907 .169
N 48 37

9 Pharmacologyrowhead rs e.092 .048
p .542 .785
N 46 35

10 Research and educationrowhead rs .327 .098
p .023 .563
N 48 37

11 Quality and risk managementrowhead rs .292 .071
p .044 .677
N 48 37

12 Management and leadershiprowhead rs .299 e.124
p .039 .466
N 48 37

13 Decision makingrowhead rs .374 .071
p .010 .680
N 47 36

14 Teamwork and multidisciplinarityrowhead rs .166 .118
p .259 .485
N 48 37

Please cite this article as: Couto JG et al., Evaluation of radiotherapy educat
on the linear accelerator, Radiography, https://doi.org/10.1016/j.radi.2020
Regulation and design of learning objectives
Registration to practise seems to affect various competency di-

mensions significantly. Table 4 shows the mean scores according to
the registration process. Post hoc tests were run, and the pairwise
comparison of the groups showed that courses from countries where
there is no registration have lower competency levels regarding
Positioning and immobilisation, Radiotherapy treatment delivery, Image
verification of patient setup, Equipment quality assurance, Professional
and ethical practice, Research and education, Quality and risk manage-
ment, Management and leadership and Teamwork and multi-
disciplinarity when compared with mandatory registration, optional
or both (p< 0.05). In addition,mandatory registration showedhigher
Pharmacology competency levels when compared with programmes
in countries with optional registration (Z ¼ 16.081, p ¼ 0.006).

Thirty-eight programmes included competencies in their
learning objectives, while ten of the respondents stated that the
learning objectives do not include competencies. Nevertheless, it
seems that including the competencies in the learning objectives
does not affect the competency level perceived by the respondents
(p > 0.05). Programmes from countries where the learning out-
comes are defined by the national regulation (n ¼ 34) also did not
highlighted).

Proportion of
programme
dedicated to RT

Proportion of
clinical
placement
dedicated to RT

Duration of
clinical
placement
dedicated to RT

Proportion of
RT clinical
placement on
skills lab

.485 .444 .434 .170

.000 .001 .007 .249
49 50 37 48
.544 .489 .564 .112
.000 .000 .000 .453
48 49 36 47
.435 .474 .353 .058
.002 .001 .032 .696
49 50 37 48
.565 .569 .552 .062
.000 .000 .000 .678
48 49 36 47
.011 .074 .268 e.091
.941 .608 .109 .539
49 50 37 48
.538 .487 .474 .263
.000 .000 .003 .071
49 50 37 48
.425 .457 .476 e.073
.003 .001 .003 .625
48 49 37 47
.378 .364 .322 .007
.007 .010 .052 .961
49 49 37 47
.107 .114 .095 e.300
.472 .447 .586 .045
47 47 35 45
.119 .163 .244 .017
.414 .262 .145 .911
49 49 37 47
.246 .251 .229 .062
.089 .082 .174 .679
49 49 37 47
.080 .111 e.029 .139
.583 .450 .863 .352
49 49 37 47
.154 .212 .166 .053
.295 .147 .333 .727
48 48 36 46
.153 .246 .246 .036
.294 .088 .142 .812
49 49 37 47
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Figure 9. Bivariate scatter plot of programme duration (in years) with competency scores that showed significant correlations. The linear fit line is also shown.

Figure 10. Bivariate scatter plot of Placement duration (in hours) with competency scores that showed significant correlation. The linear fit line is also shown.
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show any significant difference from those who do not (n ¼ 13)
(p > 0.05).

Regarding which guidelines are followed in the course design,
most respondents stated that they followed at least one interna-
tional guideline (24 out of 36) and from these, most programmes
follow the European Federation of Radiographer Societies (EFRS)
(n ¼ 18) and the European SocieTy for Radiotherapy and Oncology
(ESTRO) guidelines (n ¼ 14).
Please cite this article as: Couto JG et al., Evaluation of radiotherapy educat
on the linear accelerator, Radiography, https://doi.org/10.1016/j.radi.2020
Programmes that use at least one international guideline
showed significantly higher levels of development for some
competency dimensions (Table 5). Further analysis was per-
formed to assess how the use of each of the documents mentioned
in the questionnaire14e17 relate to competency level. It was
observed that courses that use EFRS14 and ESTRO15 reference
documents have higher levels of development for certain com-
petency dimensions (Table 6). The use of IAEA16 or HENRE17
ion across the EU and the impact on graduates' competencies working
.08.010



Figure 11. Bivariate scatter plot of the proportion of curriculum dedicated to RT with competency scores that showed statistically significant correlation. The linear fit line is also
shown.

Figure 12. Bivariate scatter plot of the proportion of clinical placement dedicated to RT with competency scores that showed statistically significant correlation. The linear fit line is
also shown.
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recommendations did not significantly influence the compe-
tencies scores (p > 0.05).

Discussion

Uniformity of radiotherapy education in the EU (or lack thereof)

Some level of harmonisation can be observed since the majority
of countries seem to offer dual-qualification programmes at EQF
level 6 with a duration between 3 and 4 years, corroborating pre-
vious studies.6,7,36 These similarities facilitate movement between
EUcountries since these are the characteristics most often verified
before granting recognition of qualifications abroad.4,13 However,
not all member-states offer programmes with these characteristics:
the programmes vary between 1 semester and 5 years in duration;
Please cite this article as: Couto JG et al., Evaluation of radiotherapy educat
on the linear accelerator, Radiography, https://doi.org/10.1016/j.radi.2020
EQF level between 4 and 7; and programmes can be either dedi-
cated to radiotherapy; dual-qualifications (imaging and radio-
therapy); or even include additional specialisms (such as
electrophysiology).

In addition, programmes which, at face value, may seem similar
(same academic level, programme duration and specialisms) pre-
sented considerable variation in terms of duration of clinical
placement, the proportion of the programme and of clinical
placement dedicated to RT, duration of RT-specific placement and
the use of skill labs. As such, an appropriate comparison of pro-
grammes (such as for the recognition of qualifications abroad)must
include the assessment of more than just the academic level,
duration and specialisms. Even though some countries have a very
comprehensive process of verifying foreign graduates' applications,
with an extensive list of criteria for registration, this does not
ion across the EU and the impact on graduates' competencies working
.08.010



Figure 13. Bivariate scatter plot of the duration of RT placement with competency scores that showed statistically significant correlation. The linear fit line is also shown.

Figure 14. Bivariate scatter plot of the proportion of RT placement delivered in skills labs with Pharmacology competency scores. The linear fit line is also shown.
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happen in all EU countries4; therefore, the competencies developed
may not match those practised in the destination country.

The lack of homogeneity was also evident in terms of the
competency level. Even though some competency dimensions
seem to be well developed across member-states, in other di-
mensions, the competency can be fully developed in one country
and not developed at all in others. Even though this disparity is
more evident in non-technical competencies (such as Management
and leadership), it was also observed in technical competencies
(such as Equipment quality assurance and Image verification of pa-
tient setup). These results showed that some competencies identi-
fied in the literature as being the responsibility of the TRs18 are not
Please cite this article as: Couto JG et al., Evaluation of radiotherapy educat
on the linear accelerator, Radiography, https://doi.org/10.1016/j.radi.2020
fully developed across the EU. As such, these disparities have the
potential to become an issue when movement occurs, and further
research should be performed.

Harmonisation of education would ensure that graduates are
prepared to practise the profession safely and competently in any
other country. EU member states may benefit of harmonisation in
education inmanyways: professionals canmove from countrieswith
a surplus of TRs to countrieswith lackof theseprofessionals; the same
level of care may be offered to patients irrespective of the country;
sharingof educational resources between countries; faster evaluation
of foreignapplications for registration in theprofession;patient safety
when TRs move to a different member state, amongst others.
ion across the EU and the impact on graduates' competencies working
.08.010



Table 4
Mean competency score according to the country's registration process (significant results highlighted in bold).

There is no registration
at national level (n ¼ 7)

Registration at national level
is mandatory (n ¼ 33)

Registration is
optional (n ¼ 7)

Kruskal Wallis

Mean Mean Mean

1 Radiation safetyrowhead 5.143 6.056 6.095 H(2) ¼ 2.580 p ¼ 0.275
2 File verificationrowhead 4.190 5.844 6.333 H(2) ¼ 3.417 p ¼ 0.181
3 Positioning and immobilisationrowhead 5.071 6.606 6.786 H(2) ¼ 7.779 p ¼ 0.020
4 Radiotherapy treatment deliveryrowhead 5.057 6.613 6.857 H(2) ¼ 6.610 p ¼ 0.037
5 Image verification of patient setuprowhead 4.476 5.934 6.738 H(2) ¼ 7.951 p ¼ 0.019
6 Equipment quality assurancerowhead 2.536 4.735 4.893 H(2) ¼ 6.317 p ¼ 0.043
7 Professional and ethical practicerowhead 4.733 6.467 6.343 H(2) ¼ 10.603 p ¼ 0.005
8 Patient carerowhead 4.457 6.113 6.311 H(2) ¼ 4.842 p ¼ 0.089
9 Pharmacologyrowhead 2.714 3.118 1.000 H(2) ¼ 10.014 p ¼ 0.007
10 Research and educationrowhead 2.679 4.703 5.595 H(2) ¼ 9.158 p ¼ 0.010
11 Quality and risk managementrowhead 3.619 5.459 5.952 H(2) ¼ 8.518 p ¼ 0.014
12 Management and leadershiprowhead 2.893 4.422 5.714 H(2) ¼ 6.347 p ¼ 0.042
13 Decision makingrowhead 4.357 5.266 5.786 H(2) ¼ 3.301 p ¼ 0.192
14 Teamwork and multidisciplinarityrowhead 4.607 5.969 6.571 H(2) ¼ 8.027 p ¼ 0.018

Table 5
Mean competency score according to the use of international reference documents (significant results highlighted in bold).

The course follows at least
one reference document (n ¼ 24)

The course does not follow any
reference document (n ¼ 12)

Kruskal Wallis

Mean Mean

1 Radiation safetyrowhead 6.146 5.833 H(1) ¼ .783 p ¼ 0.376
2 File verificationrowhead 5.764 4.917 H(1) ¼ .649 p ¼ 0.420
3 Positioning and immobilisationrowhead 6.542 6.125 H(1) ¼ .354 p ¼ 0.552
4 Radiotherapy treatment deliveryrowhead 6.558 5.900 H(1) ¼ 1.308 p ¼ 0.253
5 Image verification of patient setuprowhead 6.160 4.889 H(1) ¼ 9.036 p ¼ 0.003
6 Equipment quality assurancerowhead 4.115 4.125 H(1) ¼ .000 p ¼ 0.987
7 Professional and ethical practicerowhead 6.274 5.683 H(1) ¼ .485 p ¼ 0.486
8 Patient carerowhead 6.089 4.954 H(1) ¼ 4.292 p ¼ 0.038
9 Pharmacologyrowhead 3.097 2.139 H(1) ¼ .312 p ¼ 0.576
10 Research and educationrowhead 4.986 3.229 H(1) ¼ 5.889 p ¼ 0.015
11 Quality and risk managementrowhead 5.619 4.083 H(1) ¼ 6.292 p ¼ 0.012
12 Management and leadershiprowhead 5.073 3.000 H(1) ¼ 7.479 p ¼ 0.006
13 Decision makingrowhead 5.833 4.125 H(1) ¼ 6.227 p ¼ 0.013
14 Teamwork and multidisciplinarityrowhead 6.115 5.375 H(1) ¼ 2.166 p ¼ 0.141
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However, harmonisation limits the production of new
knowledge and development, since all graduates would exit with
the same set of abilities and expertise.37 Additionally, the pro-
grammes may not be in tune with the actual needs of the society,
since the needs vary between countries.37,38 Also, changes in
education often faces resistance by stakeholders in education
whilst stakeholders in clinical practice may be resistant to
changes in education since these often bring about changes in
the profession.39
Factors associated with the level of graduates' competency in linear
accelerator tasks

Most course characteristics showed an association with gradu-
ates' competency level regarding linear accelerator tasks. However,
the different features of the programmes seem to be related to
different competency dimensions. Programmes with higher aca-
demic levels and longer programme durations were associated
with better developed non-technical competencies (such as Quality
and risk management). In addition, more extended programmes
showed improved Research and education competency, agreeing
with previous literature which suggested that there is a relation-
ship between education programmes duration and research com-
petency level.40,41 Also, Fig. 9 showed the impact that programme
duration has in Research and education competency level.

On the other hand, the results suggest that more extended
clinical placement (general and RT-specific) and a more substantial
Please cite this article as: Couto JG et al., Evaluation of radiotherapy educat
on the linear accelerator, Radiography, https://doi.org/10.1016/j.radi.2020
proportion of RT in the educational programme allow the graduates
to develop better technical competencies related to the linac (such
as Equipment quality assurance or Patient care). The bivariate plots
(Figs. 9e14) depict examples of the influence of these factors on
different competencies. These figures also show that even for sig-
nificant correlations, the impact of the various programme char-
acteristics is not the same.

Since very few countries offer courses with academic levels
different from EQF6 and specialisms other than dual-qualification,
it may be challenging to see statistical significance even if there is
a difference. RT-only programmes only showed statistically higher
levels of competency in Equipment quality assurance. However,
these programmes also presented a statistically higher proportion
of the curriculum and placement devoted to RT, which are corre-
lated with increase development of other technical competencies.

There was a lack of prior research on the relationship between
linac-specific competencies and training at the undergraduate
level. However, the existing literature agrees that adequate training
is of utmost importance to develop image verification compe-
tencies.42,43 This particular subject, is possibly more discussed in
scientific publications because the role of TRs in this task is not yet
well established.

This study also demonstrated that courses with a large pro-
portion of the clinical training in skill labs have a lower develop-
ment of Pharmacology competencies. A possible explanation is that
simulation may reduce the contact with actual clinical practice,
suggesting that pharmacology applied to radiotherapy may be
ion across the EU and the impact on graduates' competencies working
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Table 6
Mean competency score according to whether the programme uses EFRS's and ESTRO's benchmarking document in the course design.

The course follows EFRS's reference
document (n ¼ 18)

The course does not follow EFRS's reference
document (n ¼ 18)

Mean Mean

5 Image verification of patient setuprowhead 6.278 5.194 H(1) ¼ 7.410 p ¼ 0.006
8 Patient carerowhead 6.254 5.168 H(1) ¼ 5.449 p ¼ 0.020
10 Research and educationrowhead 5.134 3.667 H(1) ¼ 4.398 p ¼ 0.036
11 Quality and risk managementrowhead 5.780 4.435 H(1) ¼ 5.518 p ¼ 0.019

The course follows ESTRO's reference
document (n ¼ 14)

The course does not follow ESTRO's reference
document (n ¼ 22)

Mean Mean

10 Research and educationrowhead 5.304 3.826 H(1) ¼ 4.911 p ¼ 0.027
12 Management and leadershiprowhead 5.607 3.602 H(1) ¼ 7.792 p ¼ 0.005
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mostly learned in clinical practice. Even though ample literature
shows the learning benefits of simulated training,44,45 there is also
literature which agrees, that despite the benefits of simulation,
there is no improvement in learning.46

The current educational paradigm is that course objectives
should be defined in terms of learning outcomes (instead of
teaching objectives).47e51 The EQF for lifelong learning recom-
mends that the competencies should be defined in the learning
outcomes, reflecting responsibility and autonomy in the tasks
performed.12 However, the results showed that neither the inclu-
sion of competencies in the learning objectives nor the regulation
of the learning outcomes at the national level affects the compe-
tency level of graduates. However, the lack of registration to prac-
tise significantly affects the development of both technical and
non-technical competencies.

The use of international reference guidelines for the design of the
course curriculum improves both technical (such as Image verifica-
tion of patient setup) as well as non-technical competencies (such as
Decisionmaking), especially when reference documents produced by
EFRS and ESTRO are used. Research and education competencies are
also more developed in courses that follow these guidelines.

The results showed how programme characteristics influence
competency level. As such, besides hindering the movement of
professionals between countries, the differences in course charac-
teristics can arguably have an impact on the care that is provided to
RT patients. It is essential to highlight that these results do not aim
to identify which countries have less or more developed compe-
tencies since some countries show lower levels of specific compe-
tencies and higher levels of others. However, the misalignment
between EU countries with regards to the competency of TRs and
the potential to compromise patient safety, is crucial to note.
Further studies are recommended to assess this relationship.

In most countries, the professional regulatory body dictates
most course characteristics, while others are decided by the
educational institutions.4 As such, this study presents evidence that
can be used by these stakeholders to facilitate decision-making
when trying to achieve excellence in radiotherapy education.
Nevertheless, this data is vital for the whole professional commu-
nity, including TRs, employers, students, researchers, individuals
wishing to move across the EU, professional bodies or anyone
interested in these professional issues.
Limitations

Not all EU countries are represented in the study. The margin of
error is of 12.98% and including more countries would further
decrease this error. A margin of error could not be calculated for the
Please cite this article as: Couto JG et al., Evaluation of radiotherapy educat
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radiotherapy programmes since there is no information available
on how many programmes exist in the EU.

Whenever statistical tests are done, there is the possibility that
statistical significance can result from chance.When a high number
of tests are done, the probability that the p-value is above or below
the significance value (.05) due to chance increases. As such, values
close to .05 should be interpreted with care and further studies
would be useful to corroborate (or otherwise) these results.

Although it is expected that the academic staff of the pro-
grammes can provide accurate data, there may be some respon-
dent bias. Due to the nature of the data collected, respondents
may feel pressured to give more acceptable answers. The re-
searchers tried to minimise this effect by keeping the question-
naire anonymous.

Since this study focused on tasks related to the linac, the effect
on other roles in RT or specialisms was not assessed. However, it is
understood that specific changes, such as increasing the proportion
of RT in the programme, may reflect a decreased competency in
other areas, and these should be further studied.

Education is a very complex phenomenon, and it is acknowl-
edged that there may be other confounding factors that were not
assessed and may influence competency level such as the number
of RT academic staff in the education institution and their expertise,
the use of feedback from stakeholders in the programme design,
course entry requirements, amongst others. Also, the economic
implications of changing these characteristics were not assessed,
however, since the data was collected from existing programmes
across member-states, applying changes within the limits of the
data collected should be feasible.

The scope of this research was to study the competencies
developed during the education programmes. However, it is
acknowledged that training of TRs is a lifelong process and under-
developed competencies can be acquired after graduation.
Conclusion

This is the first study to investigate the impact of course char-
acteristics on development of radiotherapy competencies across
the EU. This study shows that most of the programmes training
radiotherapy professionals across the EU are 3 to 4-year, dual-
qualification programmes (in both radiotherapy and medical im-
aging) at EQF level 6. However, variations can be found: different
specialisms, such as RT-only or programmes that include electro-
physiology; different academic levels, from EQF level 4 to level 7;
and different durations, from one semester to five years. This
discrepancy is also significant in terms of duration of clinical
placement, the proportion of the programme dedicated to radio-
therapy and duration of RT-specific clinical placement.
ion across the EU and the impact on graduates' competencies working
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Ultimately, these differences in course structures manifested as
differences in competencies. Fundamental competency dimensions
in the linear accelerator (such as Radiotherapy treatment delivery,
Positioning and immobilisation and Professional and ethical practice)
seem to be developed at the highest level across the EU, however,
some others were very poorly developed (such as Pharmacology,
Equipment quality assurance and Research and education). Also, a
considerable variation between countries is observed in the level of
many competencies related to the linac.

It was found that some programme characteristics (such as the
academic level or duration of the programme) influence mostly
non-technical competencies. In contrast, technical competencies
depended on other features (such as specialisms in the programme,
duration of placement and proportion of programme dedicated to
RT). Interestingly, extensive use of skills labs showed a lower
competency level in Pharmacology.

The factors that affected the largest number of competency di-
mensions (both technical and non-technical) were the existence of
amandatory registration process at the national level and the use of
international guidelines in the design of the programme. Therefore,
both are recommended to be applied at the national and the in-
dividual programme level.
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