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Introduction: The use of artificial intelligence (Al) in medical imaging and radiotherapy
has been met with both scepticism and excitement. However, clinical integration of Al
is already well-underway. Many authors have recently reported on the Al knowledge
and perceptions of radiologists/medical staff and students however there is a paucity of
information regarding radiographers. Published literature agrees that Al is likely to have
significant impact on radiology practice. As radiographers are at the forefront of radiology
service delivery, an awareness of the current level of their perceived knowledge, skills, and
confidence in Al is essential to identify any educational needs necessary for successful
adoption into practice.

Aim: The aim of this survey was to determine the perceived knowledge, skills, and
confidence in Al amongst UK radiographers and highlight priorities for educational
provisions to support a digital healthcare ecosystem.

Methods: A survey was created on Qualtrics® and promoted via social media
(Twitter®/LinkedIn®). This survey was open to all UK radiographers, including students
and retired radiographers. Participants were recruited by convenience, snowball
sampling. Demographic information was gathered as well as data on the perceived,
self-reported, knowledge, skills, and confidence in Al of respondents. Insight into what
the participants understand by the term “Al” was gained by means of a free text response.
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There is enough training on Al currently available for
radiographers.
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FIGURE 5 | Perception of Al training availability for radiographers.
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FIGURE 6 | Perception of ‘adequacy of radiographers’ Al training for clinical implementation.

Perception of Skill Acquisition in Al Clinical
Applications

An aggregate of responses in the disagree categories (somewhat
disagree, disagree, and strongly disagree) and agree categories
(somewhat agree, agree, and strongly agree) from respondents
in both professions indicate that they did not feel they had
developed skill in Al with “disagree” in diagnostic radiography
being higher than “agree” (54.2 vs. 30.3%). This is similar to the
radiotherapy responses (50.8 vs. 27.7%) (Figure 7).

Future Training Content and Format on
Al-Enabled Technologies

To determine the type of training and education requirements
needed in radiography, two questions were asked. One question

sought to gather information on the content of any training—
what topic areas radiographers felt should be included in any
training delivered, and another question on how or in what
format this training might be best delivered in.

Topic Areas Needed for Training

Most respondents from both professions indicated that they
were interested in learning about potential applications of Al
and AI technology, techniques, and terminology. Programming
and computer science and Al development and entrepreneurship
were not popular choices (Figure 8). The “other” option was
chosen by 16 respondents from the diagnostic radiography
cohort and mostly included comments suggesting uncertainty

Frontiers in Digital Health | www.frontiersin.org

11

November 2021 | Volume 3 | Article 739327



Rainey et al. Al-Related Survey of UK Radiographers
| consider myself to have developed/learned some skill in Al.
25.0
21.8 21.8
20.0 20.0
20.0
xX
15.0
10.6 10.8
10.0
5.0 3.1
1.1
0.0 —
Strongly agree Agree Somewhat Neither agree Somewhat Disagree Strongly
agree nor disagree disagree disagree

FIGURE 7 | Perceptions of having developed/learned some skill in Al.
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What topics should be included in pre and post registration radiography
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around what should be included. Two comments suggested that
it is too early to consider any education in Al

Training Format Preferences

Most respondents indicated that training would be best
delivered as part of a preregistration degree programme. E-
learning/webinars and study days also received a high proportion
of the total responses. All options were selected by some
respondents (minimum respondent frequency n = 92 counts)
(Figure 9). Eight diagnostic radiography respondents selected

the “other” option. Suggestions included; annual CPD days for
qualified staff and summer schools for pre and post registration
radiographers to allow time for this training to take place in an
already busy academic year.

COMPARISONS

Ordinal vs. Ordinal Comparisons
A selection of ranked variables (ordinal data) were compared
using Spearman’s rho (rs) and Kendall’s tau (v) to identify
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any correlations. The results are presented in full in
Supplementary Table 2. There was only one combination
of variables which produced statistically significant results in
both professions i.e., the relationship between highest level of
academic qualification and understanding of AI on a scale of
0-10, where a medium strength positive correlation was found
in both professions (54). Sub-group analysis revealed that for
both the diagnostic and therapeutic responses, there was a
general downward trend in the lower rating of confidence (i.e.,
scoring 0-3) as level of academic qualification increased, with
the reverse apparent for the higher ratings of confidence (ie.,
score of 7-10), i.e., as level of highest academic achievement
increased, the number of respondents reporting higher levels
of confidence increased. This data is presented in full in
Supplementary Tables 3-6.

In the diagnostic radiography responses, there was also
a significant positive relationship between highest level of
academic qualification and confidence in AI terminology (rs
= 0.151, v = 0.218, n = 271, p = 0.05), but this was not
the case in the radiotherapy cohort. Further analysis of the
groups reveals that very few respondents across all categories are
very confident, or confident enough and a general downward
trend in the “not confident at all” selection, i.e., as level of
highest academic qualification increased, from undergraduate to
Ph.D./Ed.D./D.Prof. or equivalent, the proportion of respondents
indicating that they were “not confident at all,” decreased
(Supplementary Table 7).

Additionally, a significant, medium strength positive
association (rs = 0.417, v = 0.313, n = 71, p = 0.01) was found
in the radiotherapy responses between age and understanding
of AI (scale 0-10) and respondents’ years experience and
understanding of AI (scale 0-10) (rs = 0.437, v = 0.332, n =
70, p = 0.01). This was not mirrored in the data obtained from
the diagnostic radiography responses (Supplementary Table 2).

Visual analysis of the subgroup data indicates that, there was a
general downward trend in the lower rating of confidence (i.e.,
scoring 0-3) as both age category and years practising increased,
with the exception of the 55-65 years age group, as demonstrated
fully in Supplementary Tables 8-11.

There was no significant correlation in any of the
other comparisons.

Nominal vs. Ordinal Comparisons

There were no associations found between variables in the
majority of tests, presented in full in Supplementary Table 12.
There were four tests in diagnostic radiography and three
tests in radiotherapy which showed a significant relationship
between variables.

In both professions there was a statistically relationship
between gender and the confidence in Al terminology, with a
medium and large magnitudes in diagnostic radiography and
therapeutic radiography, respectively.

Additionally, in diagnostic radiography, the “likelihood Chi-
squared test” showed a significant relationship between:

(i) gender and confidence in using AI technologies a
medium association strength, where male respondent
report greater perceived confidence than females
(Supplementary Table 12),

gender and confidence in the terminology of AI with a
medium association strength, where male respondent
report greater perceived than females
(Supplementary Table 12),

radiographers’ role and their perceptions of the adequacy
of training available, with a medium association
strength, where perceptions of adequacy of training
was lowest in the student radiographer responses
(Supplementary Table 12), and

(ii)
confidence

(iii)
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(iv) UK region and confidence in Al terminology with a
small association strength, with no apparent pattern
(Supplementary Table 12).

In radiotherapy, significant relationships were found to
exist between:

(i) gender and understanding of AI with large association
strength, where male respondent report greater perceptions
of understanding than females (Supplementary Table 12),
gender and confidence in the terminology of Al, where
male respondent report greater perceived confidence than
females (likelihood ratio with a large association strength;
Supplementary Table 12),

radiographers’ role and understanding of AI with large
association strength, where perceptions of understanding
was lowest in the student radiographer responses
(Supplementary Table 12).

(ii)

(iii)

DISCUSSION

The focus of this survey was to establish a “snapshot” of
UK radiographers’ perceived knowledge, skills and confidence
in Al and to establish the specific detail of the educational
need and preferences of this workforce, in line with AI
radiography guidance and priorities (43). Furthermore, as an
exploratory study it would help provide direction for future
targeted AI research projects in the under-researched field
of radiography.

Perceived Knowledge, Understanding, and

Confidence

Although a large proportion of both professions indicated
that they understood Al in general, further specific responses
from both professions made it clear that respondents were
not very confident when using AI technologies. There was
also a lack of understanding of the specific terminologies used
in modern Al, such as “algorithms,” “deep learning, “data
mining,” “over-fitting,” and “neural networks” (Figure 1). This
may indicate that, perhaps, initial reported “confidence” was
surrounding AI in general rather than AI in radiography
and modern Al Abuzaid et al. (35) surveyed radiographers
and radiologists in the United Arab Emirates (UAE) and
found that 40% of respondents were not familiar with
Al and a further 30% had merely a basic understanding.
Other studies also report that there is a general lack of
understanding of AI amongst radiologists (58, 59). The
knowledge and understanding of AI at this level of detail is
essential when engaging with literature around modern Al
(60). Many applications of Al in medicine are currently in
the development stage and therefore it is imperative for all
clinicians to understand the literature in order to have a critical
appreciation of the “potentials, pitfalls, and risks” of proposed
technology as we move into the inevitable implementation
phase (6).

Level of Skill and Importance of Education

and Training

A barrier to clinicians’ confidence and understanding may be the
dearth of education on the subject, with many radiographers in
both diagnostic and therapeutic radiography stating that they do
not consider themselves to have any skill in AL Botwe et al. (36)
conducted a survey of African radiographers on their perception
of Al in diagnostic imaging and reported that 82.2% of 151
respondents felt that a lack of knowledge will be a significant
barrier to the implementation of AI in the clinical setting.
This is supported by the responses from our survey indicating
that very few respondents felt that they were well-trained to
implement Al and new technologies in the clinical setting and
why both professions overwhelmingly agree that there is not
enough education and training available in AI for radiographers
(Figure 5). Abuzaid et al. (35) further support this in their survey
of radiographers and radiologists in the UAEs, reporting that
74.5% of radiographers and radiologists responding to their
survey had not studied Al as part of their degree, that 73.9%
indicating that the availability of education and training will be
a barrier to the implementation of Al and that 68.6% of clinical
staff lack even a basic understanding of the technology.

As radiography is an evidence-based, applied science
profession our day-to-day learning is supported formally, and
informally, through our clinical placement and later on clinical
roles (61). This is evidenced by the number of respondents,
who reported that, despite not always having been formally
trained, they did have some skill in Al, indicating that they had
to seek out their own learning (Figure 2) and that AT has started
to permeate radiography practise. Abuzaid et al. (35) concur,
with 39.9% of respondents to their survey being self-taught in
Al Radiographers tend to learn to work with the tools which
are introduced into the clinical setting, perhaps without the
time or resources to fully understand the technology (62). This
may have implications when newer, more complex forms of Al
are introduced, which need to be approached more critically
due to complex systems architectures and whose method of
decision making are not so humanly interpretable (2, 15, 38).
Being in position to know the theory behind the practise will
enable healthcare professionals and radiographers to query, flag,
escalate, and troubleshoot concerns in the functionality of Al
ecosystems and intervene, as and when needed, with human
intelligence, for the safety of the patients.

Suggestions for the Type and Format of Al

Learning

The radiographers responding to the survey indicate they wish
to have education on potential AI applications, technology
(technique and terminology), patient centeredness with Al,
AT ethics, Al standards (quality assurance and control), and
workflow improvements. These are areas which, perhaps, the
workforce foresees or even witnesses as being the most impacted
by AI (63). These may also be the areas that radiographers
feel they can more easily relate to, and grasp given their
training at level 6 (Bachelor’s level) to allow for a smoother
transition into a new field. Other proposed topics included
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applied machine learning, programming and computer science,
and Al development/entrepreneurship, although these subject
choices were less popular. The above list of topics is similar to
those identified in the literature as important for inclusion in
Al curricula, although it is also suggested that a more flexible
curriculum should be offered to best suit the students™ interest
and current developments in the field (64, 65). A minority (2.5%)
of respondents across both professions indicated that they had
received training as part of a CPD programme in a higher
education setting. This could lead to some national or global
disparity and variability in the type and standard of education
being delivered in AI knowledge in the future (35) and could
impact speed and quality of Al adoption and implementation
as well as job satisfaction. The development of a standardised or
recommended AI curriculum, as suggested for radiology trainees,
may provide a solution for this (16, 58, 59).

The respondents indicate that the best place for any
Al training was in the pre-registration setting. This aligns
with the proposed changes to the HCPC Standards of
Proficiency (radiographers) which highlight the necessity for all
radiographers to have an awareness of both the principles of
AL and of the methods of assessment of performance of any
AT algorithm (41). If accepted, these changes would make it
essential that all HCPC registrants and aspiring registrants have
this knowledge, and therefore this learning must be front-loaded
in the radiography education, in both the pre-registration as
well as post-registration stages. The Topol review (40) supports
this by recommending that training in digital technologies
and computer science should be integrated into undergraduate
education for health care professionals. A systematic review
by Schuur et al. (16) examines training opportunities in AI
for radiologists and found that there was an overwhelming
prevalence of short courses offered, rather than those integrated
fully into curricula, with education providers only involved in
a limited capacity. Interestingly this is not fully supported in
the results from our study which found that, although the
respondents indicated they did not receive specific training in
Al, there was a statistically significant relationship between the
level of highest academic qualification and understanding of AL
This suggests that the higher the level of academic qualification,
the greater the perception of understanding in Al In the absence
of specific Al training, this may be simply due to the way which
postgraduate students are required to develop transferable skills
as fully independent learners and the encouragement of those
studying for higher academic qualifications to become agents
of change and therefore actively investigate current and future
developments (such as Al) for clinical practise themselves (66).

Gender, Age, Qualification, and Role
Correlations in Artificial Intelligence for
Radiographers

The results from the analysis of the nominal data indicated that
there is a relationship between gender and confidence in using
Al terminology across both professions. Further exploration into
the reason for this relationship were investigated from the cross
tabulations of the likelihood ratios. This found that, on the whole,
the observed values (responses) from the male respondents

were higher than the expected values for “confident” and “very
confident” and the female respondents were generally the reverse.

The reason for this is unclear, although it should be noted
that there were fewer male respondents than female in both
professions (approximately 1:3 male:female respondents from
both professions, which is representative of the workforce gender
distribution). Studies indicate that Al and computer science are
male dominated fields (67), with only 18% of authors at Al
conferences are considered female and that in general, females
are less confident in using technology than males (68). This
may be an issue for the radiography workforce, where there is
a much greater proportion of females than males (57). This is
in contrast to the radiology workforce demographics, where 60%
of the workforce are male (69). According to the Dunner-Kruger
effect (64), self-reported confidence is no measure of competence.
A possible explanation for the lower confidence scores for women
in our study may be due to the gender confidence gap and the
tendency for women to think less favourably about their scientific
reasoning ability and underestimate their performance (65).

Studies suggest that while there remains a gap in female
perceived self-confidence in Al technology related terminology
and tasks, there is no difference in performance or accuracy
between genders (70). Kim Nilsson writes in “Forbes,” that, to
mitigate service inequalities, it is essential that those professionals
working in Al are representative of the population for which
the AI will be used (71). There therefore, may need to be
more targeted investigation into the causes for this disparity
to allow timely intervention in education, training, mentorship,
and representation before further integration of Al into this
female-dominated clinical setting.

The Digital Natives Report (72), a multi-generational survey
of over 1,000 UK business decision makers reported that Al is
used in the daily lives of those born after mid-1995, so-called
“Generation Z, the youngest participants in the survey. The
report also found that those in this age category have a hunger
for new technology and are comfortable using it. The findings
from our survey support this by the relationship found between
the diagnostic radiography respondents’ role and the perception
of adequacy of training available in AL The greatest discrepancy
between actual and expected responses, as determined by
the likelihood ratio, noted was in the student radiography
cohort, with three times as many responses than predicted
disagreeing with the statement “There is enough training on Al
currently available for radiographers.” Additionally, there was a
relationship found between role and understanding of AI (yes, no
and unsure responses available). Interrogation of the responses
would indicate that student therapeutic radiographers were more
likely than expected, based on the likelihood ratio, to respond
that they did not understand AI, and less likely to respond
“yes” (Supplementary Table 12). The young professionals, and
radiography students, of today are ready to embrace technology
and education providers and employers should be in a position
to maximise this potential.

A positive correlation between respondents’ age and perceived
confidence in Al and years practising and perceived confidence
in Al was found in the radiotherapy responses, indicating that
those in the younger age categories and those with fewer years’
experience felt less confident in AI, which to some extent
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contradicts the literature referenced above. This may be due to
progressively greater exposure to new technologies in the clinical
setting over time (61). Also a positive correlation was found
between confidence on AI tems and applications and highest
academic degree, which suggests the need for a customised
approach to Al learning provisions for different healthcare
practitioners depending on the level of their prior knowledge,
as expected.

Finally, a correlation was also found between diagnostic
radiographers’ UK region and confidence in the terminology of
Al, although interrogation of the crosstabulation revealed no
apparent pattern (Supplementary Table 12).

LIMITATIONS AND FUTURE RESEARCH

This exploratory study gathered responses from a diverse sample
of diagnostic and therapeutic radiographers, focussing on the
UK radiography workforce. The male to female ratio (1:3)
and diagnostic-to-therapeutic radiographers ratio (4:1) within
the survey are representative of the actual UK radiography
workforce. However, given that the survey employs convenience
sampling (53), the results cannot be generalisable to the wider
UK radiography population. This might relate to selection bias
in relation to IT literacy and interest and knowledge of Al as
the participants were invited from the professional networks of
the co-authors, many of which are established academics and
researchers in the AI field. In reality the results of this work
may possibly underestimate the lack of knowledge, skills, and
confidence about Al as the respondents may come from settings
of more established Al cultures and environments. However,
convenience sampling remains an inexpensive sampling method
for hard-to-reach populations (53). The sample size and sampling
method is also comparable with similar studies in the field of
radiography in other countries (34, 35).

Limited free response information was obtained as many of
the questions required Likert-scale or closed type responses.
The team is planning focus groups with purposive sampling to
understand in greater depth the educational need and challenges
faced with the upcoming integration of clinical AL

The study is exploratory in nature to set the basis for future
studies; hence a hypothesis was not used but an explicit aim
with objectives was stated alluding to workforce readiness for
AT adoption.

Finally, the survey instrument used did not employ a validated
knowledge, skills, confidence scale as the team wished to
contextualise and customise the survey to the priorities and
needs of the workforce and validated questionnaires do not
offer that flexibility; instead survey questions were developed by
professional experts to get the information required to inform
practise change in educational provisions in the near future.

It is hoped that this study will provide some useful material for
future studies to build on.

CONCLUSION

The results from this survey demonstrate that the UK
radiography workforce is not yet knowledgeable, appropriately

skilled, confident, or sufficiently educated for full integration
of modern Al into the clinical setting. Some of the workforce
are resorting to educating themselves on Al using short courses
online but there is a need to prioritise formalised education
and mentoring at all levels of the profession. This should not
discriminate against those who do not have or do not wish to
have postgraduate qualifications but also should allow flexibility
by availability of postgraduate and CPD provisions for those
who wish to keep abreast of technological developments after
graduation. Radiographers, as integral to patient care and as
direct consumers of Al technologies, need to be educated to
critically embrace the emerging technologies, to ensure optimal
patient care and outcomes and to be able to lead the way toward
an Al-enabled future in health care.

Radiographers are usually the first and, many times, the only
point of patient contact in medical imaging or radiotherapy
service. Consequently, an imperative exists for all radiographers
to be part of the conversation as equal members in the
decision making and co-designers of any new Al technological
developments in the clinical setting. In order to appropriately
engage in these conversations, we need to have a workforce where
all feel confident and adequately educated to be able to have a
critical appreciation of the technology, its capabilities, challenges,
and risks. This should come naturally for the radiography
workforce, which has been traditionally trained on the interface
between technological innovation and patient care. This does
not mean that radiographers need to become computer science
experts; but it does mean that they should be in position to safely
and expertly apply Al solutions in clinical practise, be able to
meaningfully appraise, interpret, and apply the evidence from
literature for the benefit of their patients and collaborate in the
design of new Al solutions addressing clinical challenges. With
this realised, the radiographic profession would in a position to
procure, use, and validate the most clinically useful AI tools for
the context and patient population within which they operate,
and additionally, influence the system interfaces to allow for
optimal integration into current workflows.
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