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Abstract

Medical imaging is undergoing constant change, which has accelerated with the advent
of digital imaging technology. Commonly cited benefits of digital systems include:
reduced repeat examinations, image manipulation, and image transmission to multiple
locations. However, there are concerns that Medical Imaging Technologists’ (MITs)
knowledge of this technology is questionable and that MITs are becoming deskilled,
due to over reliance on the equipment. Despite this, there seems to be limited

research on the impact the introduction of digital technology has had on MITs.

This study used a sequential exploratory mixed methods research design to consider
how the introduction and ongoing use of digital imaging technology has affected MITs
in Aotearoa NZ. Phase One drew on Interpretive Description and used semi-structured
interviews to explore MITs’ personal experiences of the introduction and ongoing use
of digital technology, and its perceived impact on practice. The interview findings were
used in the development of a survey for Phase Two. Phase Two used a cross-sectional
survey to describe and identify factors influencing MITs” knowledge and understanding
of digital imaging and its application, as well as their perceived competence in using

digital technology.

The overarching finding was that the introduction of digital imaging had created a
major shift in MIT clinical practice, principally due to the significance of the transition
being underestimated, which influenced the educative processes adopted. In turn, this
led to a theory-practice gap. Despite the cited benefits of digital imaging technology,
some of the underlying complexities and tensions that exist within medical imaging
practice, were exacerbated through its introduction. For example: decision making
around repeat imaging and whether an increased patient dose outweighs any potential
risk to the patient; the limited time MITs have to build rapport with patients; and high
occupational stress in MITs. Ultimately these appeared to contribute to a potentially

negative impact on quality care provision.
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Chapter 1 Introduction

1.1 Introduction

This thesis presents an exploratory sequential mixed methods study exploring how the
introduction of digital technology and its ongoing use in planar radiography?, has
impacted on Medical Imaging Technologists (MITs) and their clinical practice. An MIT is
responsible for producing high-quality diagnostic images with the minimum radiation
dose to the patient (The New Zealand Medical Radiation Technologists Board, 2018).
These images are used to assist in the diagnosis of injury or disease. Radiographic
images are essentially a series of differing intensity values governed by physical tissue
characteristics, which can be affected by physiological or pathological changes
(Toennies, 2017). While there has been research on digital imaging technology, this
has primarily focused on its benefits and drawbacks. Benefits identified have included
increased speed, efficiency, and reduced patient radiation dose due to reduced repeat
imaging (Mettler et al., 2003; Moore, 2016; Wani et al., 2019). Cited disadvantages
have included the risk of increased patient radiation dose which may be associated
with a lack of MIT knowledge (A. K. Jones, Heintz, et al., 2015). To date, there do not
seem to have been any studies exploring how MITs experienced the introduction of
this technology. Furthermore, no studies have investigated the introduction of digital
technology within the New Zealand (NZ) MIT population. It is envisaged that the
findings from this study may have the potential to influence how future technological

innovations are introduced within the medical imaging environment.

This chapter will outline: the background to the study; the legislative and regulatory
requirements for MITs working in New Zealand; and the research focus. My position

within the context of the research will also be discussed.

1.2 Background to the study
The use of diagnostic imaging procedures has risen rapidly since the 1970s and is
partially attributed to the introduction of Computerised Tomography (CT) and digital

imaging modalities. In 2008, it was estimated that 3.6 billion diagnostic x-ray

L Planar (or plain film imaging) utilises x-rays to pass through a patient onto to a detector, to produce a
2-dimensional representation of the patient’s anatomy.



examinations were undertaken annually across the globe, reflecting an increase of
approximately 50% since 1996 (The United Nations Scientific Committee on the Effects
of Atomic Radiation, 2010). The medical use of radiation is now the second largest
contributor to the total population radiation dose globally (The United Nations
Scientific Committee on the Effects of Atomic Radiation). While much of this may be
due to increased use of high dose techniques such as CT, all radiation exposure from
medical imaging needs to be controlled, monitored and regularly reviewed due to its

potentially harmful effects (Uniyal et al., 2017).

Medical imaging has undergone consistent change following Roentgen’s initial
discovery of x-rays in 1895. These changes have accelerated with the advent of CT,
magnetic resonance imaging (MRI), interventional radiology and dual modality (hybrid)
scanning such as positron emission tomography (PET) with CT. This has had a
significant impact on the way disease is diagnosed (Margulis & Sunshine, 2000) not
only through specialised imaging modalities but also with the introduction of digital
imaging in general or planar (two-dimensional) imaging. Planar digital imaging began in
the 1980’s and was a major change, given that for the previous one hundred years,
images had been produced using the interaction of x-ray photons emitted from a
patient onto a photographic plate or film-screen (F-S) cassette (Fridell, 2011). Although
plate technology had changed in the interim from handmade glass plates to factory
made cassettes (Haus & Cullinan, 1989; Schaetzing, 2005), the creation of the final
image still relied on a piece of film being developed through a photographic process to
visualise the latent (invisible) image. Namely, the film underwent a three-staged cycle
of development, fixing and drying. At the end of this process, the films’ appearance
enabled MITs to determine whether the correct exposure factors had been selected
(Campbell et al., 2019). In digital imaging, the latent image is created as a set of digital
data and processed for viewing through the use of computer algorithms (Fauber,
2016). In 2007, Vano described the introduction of digital imaging as potentially
representing “the greatest technological advance in medical imaging over the last

decade” (Vano, 2007, p. 4216).

Current digital imaging systems include direct/indirect flat panel digital radiography
(FPDR) and computed radiography (CR). CR systems were frequently the first systems

to be deployed in medical imaging departments, predominantly due to cost



3
considerations and the minimal changes required to existing F-S systems (Rivetti et al.,
2010). For example, an FPDR installation process may require an imaging room to be
out of operation for two weeks and can cost anything from US $200,000 -$450,000
(Loria, 2017). Nevertheless, as equipment is being scheduled for replacement, CR
systems are being phased out in preference for FPDR systems. Major considerations
for the replacement process are that FPDR systems are more efficient, faster and
require less radiation dose to the patient than CR systems (Loria, 2017). Commonly
cited benefits of digital systems include: the wide exposure latitude? (limiting the need
for repeat examinations from inaccurate exposure choices), time savings, image
manipulation and image transmission to multiple locations via Picture Archiving and

Communication Systems (PACS)? (Andria et al., 2016).

Nevertheless, apart from the cost implications, significant drawbacks have been
highlighted. In 2007, these were documented to include concerns about a lack of
knowledge and understanding of electronic soft copy displays of radiographic images
for both MITs and radiologists (Vano, 2007). The “lack of consistent feedback to
technologists concerning the use of optimal acquisition techniques” plus the wider
exposure latitude, may lead to an increase in patient radiation dose (Williams et al.,

2007, p.374). The risk of patient overexposure was also highlighted by Vano (2007):

While digital techniques have the potential to reduce patient doses,
they also have the potential to significantly increase them.
Experience has shown that as many radiology departments have
transitioned to digital equipment, patient doses have not reduced
but have increased measurably. If careful attention is not paid to the
radiation protection issues of digital radiology, patient doses will
increase significantly and without concurrent benefit (p. 4216).

While it could be argued that 14 years on, this should no longer be a cause for concern,
issues highlighted in 2007 remain problematic (Alsleem et al., 2019; Seeram et al.,
2015). The issue of “exposure creep”, defined as unintended over exposure of the
patient to radiation (Mothiram et al., 2014) has been well documented in the

literature. More recent studies have highlighted that exposure creep continues to be a

2 The exposure latitude is the measure of the range of exposures that may be recorded as a series of
usefully distinguishable densities on a receptor. The wider the latitude, the greater the range of object
densities visualised.

3 Defined as a computer system designed for digital imaging that can receive, store, distribute and
display digital images.



4
concern associated with digital imaging practice (Dalah, 2020; Hayre, 2016; S. Lewis et
al., 2019a; McFadden et al., 2018). “Collimation creep”, due to MITs irradiating larger
areas of patient tissue than necessary, has also been identified as a concern following
the introduction of FPDR (Alsleem et al., 2019; Eaton, 2018). Despite the number of
studies which highlight and discuss the benefits and drawbacks of digital imaging
systems, the impact of this technology on medical imaging practice from the MIT

perspective does not seem to have been explored.

1.3 NZ legislative and regulatory requirements

In New Zealand, the use of radiological equipment is governed by The Radiation Safety
Act (2016), which replaced The Radiation Protection Act 1965 and the Radiation
Protection Regulations 1982 (Radiation Safety Act 2016). The Act applies to any
irradiating equipment and clearly defines the need to comply with “fundamental
requirements”, which include protecting people from the adverse effects of radiation
(Radiation Safety Act 2016, s. 1). According to the Ministry of Health (2018) an MIT is a
“health practitioner with specialist education and training in medical radiation
technology who is competent to perform radiological procedures on delegation from a
radiation practitioner” (p. 2). Competency includes ensuring patient radiation dose is
“as low as reasonably achievable, taking into account economic, social and
environmental factors” (Radiation Safety Act 2016, s. 1). This is known as the ALARA
principle and falls within the radiation protection tenet of optimisation, an
internationally adopted concept (International Commission on Radiological Protection,
2007). Optimisation is defined by the International Atomic Energy Agency (IAEA) as the
production of a diagnostic patient outcome, using the lowest radiation dose possible
(International Atomic Energy Agency, 2015). Aspects of clinical practice which
influence radiation dose relate to equipment design and the protocols adopted within
the imaging department (Seeram et al., 2013). The use of an appropriate quality
assurance process is one way in which equipment functionality and department
protocols may be evaluated, maintained or improved (Valentin, 2004). The employer is
responsible for the introduction and ongoing audit of quality assurance processes
(Ministry of Health, 2018), while the operator influences patient dose when selecting

the projection and its associated technical parameters (Valentin, 2004). As such,



optimisation is governed by equipment manufacturers, the employer, and the

equipment operator.

MITs are also expected to adhere to the two other key principles of radiation
protection i.e. justification and dose limitation. Justification incorporates the ethical
principle of beneficence, in that irradiating an individual is only justifiable if there is a
benefit to that individual, through diagnosis or treatment planning, or there are
significant benefits to the population through health screening, or for research
purposes (International Atomic Energy Agency, 2009). Justification requires MITs to
determine whether the benefits of a radiation exposure outweigh any potential risks
to the patient. This is achieved through evaluating the information on the imaging
request form and the patients’ clinical indications, prior to exposure (Vom & Williams,
2017). Dose limits are used in relation to the public or the occupational exposure of
workers, not patients (Streffer, 2007) and therefore will not be considered further
within my thesis, as | am not exploring how digital technology has influenced radiation
exposure to these two groups. In summary, patient radiation protection is
encapsulated through justification - the benefit should outweigh the risk in every
exposure; and optimisation - the exposure must be as low as reasonably achievable

while maintaining image quality (Seeram et al., 2013).

Overall, MITs are expected to have high levels of knowledge related to justification,
optimisation, and the practical aspects of minimising patient dose, including awareness
of typical doses from diagnostic imaging procedures (Ministry of Health, 2018). A high
level of knowledge is defined as “detailed knowledge and understanding sufficient to
be able to educate others” (Ministry of Health, 2018, p. 33). Education and
competence standards for NZ MITs are set by the New Zealand Medical Radiation
Technologists Board (NZMRTB). The MIT regulatory body was established under the
Health Practitioners Competence Assurance Act 2003. Under the Act, the NZMRTB has
a duty to protect the public by ensuring MITs are competent and fit to practise, and is
supported through the setting of competence standards (New Zealand Medical
Radiation Technologists Board, 2018). The competence standards outline the minimum
level of knowledge, skills and professional qualities required to practise in NZ. They are
designed to be used by multiple users, including the public; education and continuing

professional development (CPD) providers; and practitioners (in preparation for
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registration or practising certificate renewal). MIT practitioners are expected to utilise
the standards, and self-reflection, to determine individual learning needs to maintain
the required competencies for their scope of practice (New Zealand Medical Radiation
Technologists Board). Moreover, the NZMRTB stipulates the practitioner is required to
keep a verifiable record which logs their CPD hours, activities and learnings (The New
Zealand Medical Radiation Technologists Board, n.d.-a). In each year, 20% of
practitioner CPD records are audited by the Board (The New Zealand Medical Radiation

Technologists Board, n.d.-b).

It is therefore clear that there are both legislative and regulatory requirements for
MITs to ensure their knowledge is up to date and that they have the necessary

knowledge and skills to practise safely.

1.4 My position within the research

| qualified as a medical imaging practitioner in the United Kingdom (UK). | have many
years of clinical experience and for the last 18 years my work has been in medical
imaging education. This has given me professional disciplinary knowledge and insight
which | have been able to bring to this study. | have also personally experienced the
introduction of digital technology. During my clinical practice, change was experienced
and evident through the evolution of the technology. For example, in my early career,
MRI was a concept rather than a reality. Initially it had been predicted that MRI would
only be useful for imaging the brain and the spinal cord. There was no suggestion in
the early 1980’s MRI would prove useful for soft tissue imaging. But today it is used to
diagnose disease or injury in a number of areas such as the cardiac, breast, abdominal

and musculoskeletal systems (Rao et al., 2015).

In terms of image production, | have experienced a move from wet developing® in the
late 1970s to the introduction of FPDR in 2007. My experiences of different image
capture techniques are exemplified in Figure 1 below. This illustrates the number of
changes | have experienced within one area of medical imaging practice i.e. planar

radiography.

4 A manual process requiring the operator to submerge the film into chemical baths. Taking
approximately 1 hour to produce a dry image ready for review (Bushong, 2017).
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(McKnight, 2004, p. 353)

As a clinical practitioner, the level of education | received when transitioning from F-S

(or analogue imaging) to CR was minimal. While fewer repeat images were required

(due to incorrect exposure factor choice) initially | was repeating images, as were my

colleagues, due to key content missed in the training sessions. | also found | was using

increased milliampere-seconds (mAs) levels, compared to F-S systems, to produce

diagnostic images, potentially resulting in increased patient radiation dose. | voiced my

concerns to the senior staff. The response was yes, higher mAs values were now

necessary, but as doses were lower than national recommended dose reference levels®

(DRLs) I

should not be concerned. | had trained as a Radiation Protection Supervisor in

a previous workplace and had lectured on radiation protection and quality assurance. |

therefore found the response to my concerns to be both unsatisfactory and

disconcerting. Shortly afterwards | started work as a medical imaging lecturer. Studying

theories of learning and teaching made me aware that the training | received when

>The establishment of diagnostic reference levels are used as a tool for optimising the radiation dose
delivered to patients during diagnostic and/or therapeutic procedures. The Medical Exposure Directive

(1999) defines DRLs as: “dose levels in medical radiodiagnostic practices or, in the case of radio-

pharmaceuticals, levels of activity, for typical examinations for groups of standard-sized patients or

standard phantoms for broadly defined types of equipment. These levels are expected not to be

exceeded for standard procedures when good and normal practice regarding diagnostic and technical

performance is applied."

Retrieved 1%t April 2019, from: https://ec.europa.eu/energy/sites/ener/files/documents/109_en.pdf



transitioning to digital imaging did not reflect these. | was subsequently offered a

senior lecturer role in New Zealand and emigrated.

Over time, as more research was published related to the use of digital technology and
in particular, concerns about the way MITs were using it, | wondered why this might
be. Furthermore, while issues had been brought to the fore, there seemed to be little
discussion about potential causes and solutions. | was concerned about the potential
impact the introduction of digital technology had on the quality of patient care.
Additionally, it seemed to me the MIT voices and their experiences and perspectives
were missing from the literature. It was from these ideas that my research design

evolved.

While | recognised my experiences in the UK were subjective and socially constructed
and therefore may not reflect the NZ context of medical imaging practice, | was aware
there was a risk my personal views would have undue influence in the study.
Therefore, it was vital for me to focus on the experiences of my participants and the
information they provided during the research process. To aid me, | used a reflective
journal throughout to illuminate my preconceptions and consider how my
professional, background and personal assumptions might influence each stage.
Discussion with colleagues and presentation of my initial findings at an Auckland MIT
study day also supported my reflexivity and aligns with Gough’s recommendations in

demonstrating personal reflexivity (Gough, 2003).

1.5 Research aim, questions, and methodological approach
As indicated above, | wanted to uncover how NZ MITs had experienced the transition
to digital imaging technology. Moreover, | was interested in exploring their knowledge

of the digital imaging systems they used.

The overall aim of this thesis was to answer the following research question: “How has
the introduction and ongoing use of digital imaging technology affected MITs in
Aotearoa NZ?” To gain an in-depth understanding of this topic, the aim was

subdivided, to:

1. Explore MITs’ personal experiences of the introduction and ongoing use of

digital technology, and its perceived impact on practice.
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2. Describe and identify factors relating to MITs” knowledge and understanding of
digital imaging and its application, as well as their perceived competence in

using digital technology.

A mixed methods approach was selected to allow me to explore MITs’ perceptions,
and investigate factors influencing their clinical practice. A single research approach
would not have provided sufficient opportunity to explore both areas. The research
objectives were met through different research questions and determined the use of a
sequential exploratory mixed methods design (described and justified in detail in
Chapter 3). For the first, qualitative phase of this study, the guiding research question

was:

“What are the experiences and perceptions of MITs regarding the introduction and

ongoing use of digital imaging technology?”

This was facilitated through interviewing ten MITs using a semi-structured interview
approach. The following indicative questions were used, with additional prompts to

further explore the responses:

1. Could you tell me about the first time you worked with digital imaging
equipment?

2. Canyou tell me about your experience of ongoing use of this technology in your
practice?

3. How do you think your practice has changed as a result of using this technology?

4. From your perspective, what are the benefits/challenges of utilising this
equipment?

5. From your experience, what knowledge/professional development
opportunities are needed to ensure safe and effective use of digital technology
in your practice environment?

6. How do you currently manage your continuing professional development in this

area of practice?

Interpretive Description was used to analyse the data and create themes and

subthemes. These supported the creation of a survey for the second quantitative
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phase of the study. In this phase, forty nine MITs were surveyed to answer the

following research questions:

1. “What knowledge, understanding and perceived competence do MITs have
regarding digital technology and its application?”
2. “What factors are related MITs’ knowledge of and perceived competence in

the use of digital technology?”

To address these research questions, they were broken down into more specific

objectives as follows:
1. Inrelation to clinical practice, do MITs understand:

a) how digital systems respond to different levels of radiation exposure?
b) how different functionalities of the equipment influence best practice?

c) whether their practice is meeting the ALARA principle?

2. What factors are related to MITs’ knowledge and understanding of the practical

application of digital technology? It was hypothesised that:

a) MITs who learnt about FPDR or CR in their undergraduate programme would
demonstrate higher levels of digital technology knowledge

b) MITs who had received training in FPDR or CR technologies would
demonstrate higher levels of digital technology knowledge

c) MITs who spend more time using FPDR or CR equipment on a weekly basis

would demonstrate higher levels of digital technology knowledge.

3. What factors are related NZ MITs’ perceived competence using digital
technology? The aim was to describe MITs’ self-perceived competencies in the
use of digital technology, and identify whether sociodemographic characteristics

or context specific factors were associated with feelings of competency.

This was assessed using a self-ranked competency scale relating to MIT clinical practice
and utilisation of digital technology. A competency scale was selected as it reflects an
individual’s self-rated feelings of ability and is linked to feelings of self-confidence

(Takase et al., 2015).
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1.6 Thesis structure
The thesis is comprised of nine chapters. This chapter has introduced the thesis, and

has outlined its background and the research question. My personal context within the

research has been disclosed.

Chapter 2 presents a review of the current research on the introduction and use of
digital technology in medical imaging practice. Current gaps in the literature which

support the aims of this study are identified.

Chapter 3 introduces the research methodology used to answer my research question.
The mixed methods approach is outlined and a rationale provided for the choices

made, based on the research aims and the stance of the researcher.

Chapter 4 covers the methods undertaken in both phases of the research. It includes:
participant sampling and recruitment; survey design; data collection and analysis
procedures; how rigour, credibility and trustworthiness were maintained; and the

ethical considerations employed.

Chapter 5 introduces the findings from Phase One of the study, namely the themes

and subthemes identified through Interpretive Description of the interview data.

Chapter 6 discusses the main findings from Phase One with reference back to existing

literature and the research questions.

Chapter 7 presents the findings from Phase Two of the survey. The results from the
statistical analysis of the survey data, include sample characteristics; bivariate and

multivariate analyses; and regression modelling.

Chapter 8 considers the main findings from the descriptive and inferential statistical

analyses undertaken in Phase Two, discussed in the context of published literature.

Chapter 9 merges findings from both phases, identifies key overarching findings and
discusses the key contribution to knowledge. Recommendations for clinical practice,
education and future research based on the research findings are discussed, as well

the strengths and limitations of each component.
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1.7 Summary

This chapter has provided the background to my research. It has introduced the
overarching research aim, questions and methodology used. | have shared my position
and starting point for this research. Finally, an outline of the thesis structure has been

provided.

In the following chapter, | expand on the background to the study through a critical

literature review.
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Chapter 2 Literature Review

2.1 Introduction

In this chapter, | provide a review of the published literature relating to the
introduction and use of digital technology in medical imaging practice. | also briefly
introduce key historical turning points in the emergence of the profession, and discuss

key technical aspects pertinent to the medical imaging practice.

Several objectives were achieved through undertaking a critical literature review. It
enabled me to appraise the existing literature, deepening my understanding of the
topic. This helped me to identify existing themes plus potential gaps in the research

and supported the development of my research question, aims and objectives.

2.2 Search process

Prior to undertaking the literature search, | used the SPIDER (Sample, Phenomenon of
Interest, Design, Evaluation, Research type) search tool to highlight the key elements
of my research question and help support an effective and efficient search process.
The SPIDER tool has been developed from the PICO (Population, Intervention,
Comparison, Outcome) tool, and is considered a beneficial search strategy tool for

qualitative and mixed-methods studies (Cooke et al., 2012).

My initial literature search used databases located in the Medical Imaging Subject
Guide on the Unitec library website. These were EBSCOhost; Informit; ProQuest;
ScienceDirect; and Scopus. | searched the databases using key words or phrases which
included but were not limited to: ‘competence’; ‘computed radiography’; ‘diagnostic
radiography’; ‘digital technology’; ‘dose creep’; ‘education’; ‘evidence-based practice’;
‘exposure creep’; ‘flat panel digital radiography’; ‘healthcare’; ‘image quality’;
‘knowledge’; ‘medical imaging’; ‘patient safety’; ‘quality assurance’; ‘radiation
protection’; ‘technology’; ‘training’. Abbreviated terms such as ‘radiograph*’ and
‘radiol*’ were used to produce articles related to radiographers, radiography,

radiology, and radiologists.

The terms were searched for in the articles’ title, abstract or keywords. The sensitivity

and specificity of my search process was enhanced using Boolean operators such as
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‘AND’, ‘OR’, and ‘NOT’, as they allowed me to broaden or narrow the search as

required (Bettany-Saltikov, 2016).

Papers were included if they were full text peer-reviewed journal articles, published
from 1995 and written in English. A large number of articles which met these inclusion
criteria were produced, and reading these enabled me to establish and filter out those
not directly related to my research question. As part of the critical review process,
papers relevant to my research question were analysed from different perspectives
(Bolderston, 2008). Factors | considered included: the methodologies employed; the
aim and objectives of the article and whether these were met; congruency between
the methods, results, and discussion sections; key findings, strengths, and limitations;
plus, any evidence of contentious issues. These were mapped out in a review matrix,
enabling me to organise the literature into common themes while providing additional

insight into this area of research.

The literature search process was supported and strengthened through review of the
in-text citations, references, and citation lists. Results were reviewed and organised
through using key headings such as “challenges” and “introduction” and “healthcare”.
As my study progressed, | updated my search terms to encompass new knowledge of
the subject matter. These included: ‘collimation creep’; ‘information technology’;
‘automation’; | also established an auto alert process to capture new literature as

became available.

The critical literature review indicated several factors which may be influential during
the transition to and ongoing use of digital technology. These were: medical imaging as
a profession; medical imaging practice; the impact of digital technology; and budgetary

constraints.

2.3 Medical imaging as a profession

2.3.1 Historical influences

Decker & Iphofen (2005) commented that in the United Kingdom, knowledge
associated with the development of radiography as a profession has been dominated
by evidence from other professions, such as physics and radiology, rather than its own.

This may be due to it not being a specialist area in its own right initially. For example,
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historically there were various groups who took an interest in x-rays, such as doctors,
photographers, pharmacists, and electrical engineers. Decker & Iphofen asserted the
patriarchal dominance of the medical profession and the reductionism of radiography
to a “technical skill contributed to the ‘master—servant’ relationship of radiology and
radiography” (p. 264). This was evident in 1896, when the “science of radiology”
separated from the physical processes required to produce images, thereby
distinguishing the role of the medical profession from the technicians who were
responsible for image production. Furthermore, the focus on technology (rather than
the patient) within medical imaging has been attributed to: a) the hierarchical nature
of radiography and b) the power differential between radiologists and MITs (Ferris,

2005)

It could be suggested the subordination of radiography in Britain was inevitable
following the passing of the Medical Act 1858, thirty-seven years prior to the discovery
of x-rays (as cited by Larkin, 1978). The Medical Act, designed to regulate qualifications
of medical and surgical practitioners, allowed the medical profession to effectively
“monitor and inhibit the development of autonomous and private practice and was
able to ensure that advances in medical knowledge and technique did not create
further para-medical occupations, which... could challenge an existing role and

authority structure” (Larkin, 1978, p. 846).

In the 1920’s the technicians sought legal status by applying to the Board of Trade.
Their application was sent to other interested parties including the General Medical
Council (GMC). Concerns were raised by the GMC in relation to the reporting of
images. Their arguments supporting the division of labour between technicians and
radiologists, predominantly centred on patient welfare, despite the fact that “medical
professional knowledge of the specialism was questionable” (Larkin, 1978, p.851).The
technicians producing radiographic images were generally recognised as being more
knowledgeable about imaging than the medical profession. This was because radiology
was a new field of expertise, and postgraduate medical training had only been recently
introduced. Nevertheless, the Board of Trade acquiesced to the GMC and approved
the technicians’ application, subject to the following proviso: that technicians could
only accept patients for radiographic examination under the direction and supervision

of a qualified medical practitioner. Furthermore, any additional amendments to the
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radiography application were to be reviewed by the GMC. The role division and the
sociological recognition that medicine was a discipline® over and above the technical
skills and abilities associated with radiography, culminated in a resolution issued at the
behest of the GMC in 1924. The resolution released by the recently formed Society of

Radiographers in the UK, decreed:

"

.. no non-medical member shall accept patients for radiography,
radioscopic or therapeutic work except under the direction and
supervision of a qualified medical practitioner. Neither shall any such
member make any report or diagnosis on any radiographic or screen
examination” (Jordan, 1995 as cited in Sarah Lewis et al., 2008, p.91).

When the declaration was subsequently adopted by several other counties, including
Australia and New Zealand, it ensured continuing dominance of the medical profession
over radiography internationally. However, it should also be noted the right and
authority of the medical profession to diagnose and treat patients has ensured
continued dominance over multiple health-related professions, not just radiography

(Freidson, 1974).

Professional recognition of radiography in the UK was finally achieved in the early
1960’s with state registration, creation of a code of conduct and “the development of
its own body of knowledge base, previously influenced by medicine, physics and
nursing” (Decker & Iphofen, 2005, p. 264). However, the controlling influence of
medicine over radiography was not confined to the UK and remains evident within
current clinical practice. S. J. Lewis et al. (2008) in their grounded theory study
determined the power of the medical profession continues to be demonstrated
through “...economic, political, sociological and intellectual channels...” (p. 91).
Furthermore, dominance in the workplace is maintained by controlling and restricting
allied health professionals’ autonomy via the division of labour; thereby ensuring and
maintaining medicine’s central position as the “paradigm profession” (p. 91). The
authors added that continued domination is achieved by “subordination, limitation
and exclusion” (p. 91), with subordination the principal form of domination within the
health professions. Subordinate professions are those who have their work regulated

and supervised by doctors, for example, radiography and nursing.

8 A specialised branch of knowledge usually studied in higher education.
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The effects of subordination were highlighted by MITs feeling inferior to medical
practitioners, including radiologists. This in turn resulted in reduced morale, and
emphasised the lack of professional autonomy (S. J. Lewis et al., 2008). Although this
study was undertaken within Australia, there are very clear links to radiography
practice within New Zealand, not only in terms of the public and private health
systems but also because radiography practice in both NZ and Australia is influenced
by the Royal Australian and New Zealand College of Radiologists (RANZCR) who is
responsible for issuing practice standards and guidelines in relation to the safety and

quality of radiology services.

RANZCR’s stance on the roles of radiologists and MITs was reiterated in 2018, when
they confirmed radiologists are team leaders who provide guidance to MITs to ensure
the correct imaging procedures are undertaken, appearing to reflect a belief MITs
continue to be subservient to radiologists. This was further indicated by statements
indicating MIT role extension to include commenting or reporting on radiographic
images, is not supported (RANZCR, 2018, p. 4-5), despite MITs undertaking these
duties in countries such as the UK with the endorsement of the College of
Radiographers (The College of Radiographers, 2013) and the Royal College of
Radiologists (The Royal College of Radiologists, 2011). In the UK, reporting MITs have
been shown to benefit the imaging department through increased efficiency (Price,
2001; Woznitza, 2014) and have supported radiologists by freeing them to focus on

complex imaging procedures (Culpan et al., 2019).

RANZCR’s 2018 position has been highlighted as creating a clinical barrier to Australian
MITs extending their practice due to a lack of radiologist support, which is exacerbated
due to a lack of post-graduate educational and Continuous Professional Development
(CPD) opportunities (A. Murphy et al., 2019). As indicated by RANZCR, radiologists
consider themselves to be at the top of the medical imaging department hierarchy.
Within private practice, radiologist dominance is further evidenced through practice
ownership and therefore resource allocation and budgetary decisions (Jain, 2014;

Rosenkrantz et al., 2017).

It is possible that the historical medical dominance of the medical imaging profession is

ensuring a continued focus on technology within medical imaging practice.
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Furthermore, it could be argued that medical dominance continues to affect current
decisions relating to resource allocation, especially in relation to MIT in-service and

post-graduate training, as well as other professional development opportunities.

2.3.2 Medical imaging education

The Society of Radiographers in the UK was founded in 1920 by two radiologists,
highlighting again the link to the medical profession and its dominance of the allied
professions. Membership was open to anyone who could demonstrate a minimum
level of ten years continuous employment in an x-ray or electro-therapeutic’
department of an approved hospital. In 1921, a syllabus was developed and
membership became subject to successful completion of an examination and the
award of a diploma. In 1923 several hospitals were inspected and became recognised
training schools. In 1937, the Board of Medical Auxiliaries was established for
professional registration. The Cope Report, published in 1951, recommended the
creation of a statutory council to maintain a register of all medical auxiliaries who were
qualified to work in the NHS. This was implemented via The Professions
Supplementary to Medicine Act, 1960, and became compulsory for radiographers in
1962. In the 1970s the extension of the Diploma training for MITs from two to three

years was enacted (Society And College of Radiographers, n.d.).

The first radiography degree programme in the UK, was validated in 1989. However,
this did not occur without initial protests from within the medical imaging community.
Members argued that degree education was not required and would not reflect the
practical and technical skills required by MITs. Some factions within the Department of
Health, including the Chief Scientific Officer, also supported the argument against
degree education for MITs. The scientific officers wanted radiography to be
undertaken by “imaging technicians” (Price, 2009 p.70). The reasons for this are not
made explicit by Price, although it is perhaps not unreasonable to suggest this could be

associated with concerns over crossing professional boundaries and perceived threats

7 Initially electrotherapy was used as a means to treat “nervous ailments’ such as epilepsy and also to
provide rejuvenation to the body. Ueyama, T. (1997) Capital, profession and medical technology: The
electro-therapeutic institutes and the Royal College of Physicians, 1888-1922. Medical History, 41, 150-
181.

The connection to radiography is demonstrated by research in 1921, related to the theory of ionisation
and the production of x-ray tubes for radiotherapy. Price, R. (2010) A focus on history: Ninety years of
age and still going strong. Radiography, 16 (1), 1-2.
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to the status quo. Although the changes discussed relate to radiography within the UK,
these were also reflected in other countries such as Aotearoa New Zealand and
Australia. In addition, the changes in radiography education provision followed a path
very similar to that experienced in other healthcare professions. Namely, in the early
part of the 20t century, students underwent an apprenticeship, learning from experts.
This was followed by a professional qualification delivered outside of the higher
education system. This in turn, was followed by the incorporation of training into
higher education with recognised academic awards. For example, in the UK, following
initial degree validation in 1989 “radiography became a graduate profession by 1993”
(Price, 20093, e.67).

Learning has been defined as not just the acquisition of knowledge, but also the
application of knowledge through a change in behaviour (Cameron & Green, 2004).
Therefore, one would expect effective training to allow the recipient to gain
understanding of theoretical and practical concepts, and subsequently apply them in
practice. This would apply equally to undergraduate (UG) and postgraduate (PG)
degrees as well as continuing professional development. Sein et al. (2001) highlighted
that a set or series of skills are not enough, specifying a hierarchy of knowledge is
required to develop an effective training process which allows participants to develop

as responsible and autonomous learners.

Johnston et al. (2010) specified that UG education is sufficient to produce MITs who
can use medical imaging equipment safely. Detailed in-service education is then
required periodically to maintain skills and prevent lax attitudes and behaviours from
developing. Johnson et al. also indicated that the provision of specific and
comprehensive training is essential when new technology is introduced into the

imaging department.

Anecdotally, MIT training tends draw on a cascade process, in which an application
specialist spends time with key staff explaining the functionality and operating
systems. These staff members are then responsible for training the rest of the
department. While this approach may be cost-effective and allows for an informal
approach to be adopted (Bax, 2002), there is the potential for misinformation or

critical gaps to occur (Suzuki, 2008). Furthermore, this type of training does not
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consider learning styles, relevant pedagogical theories, or require post-training
evaluation, thereby limiting its effectiveness (Bragg et al., 2005; A. Brown, 2004; Eraut
et al., 2004).

It has been recognised that within health education in particular, tacit knowledge
created by experience and “action-learning” is more likely to lead to critical thinking
and innovation. Training needs to be flexible, highly adaptable, practice-based and
person-centred to utilise and transform tacit knowledge into explicit knowledge (Bevan
& Fairman, 2014). To produce professionals who are able to resolve complex
situations, and be reflexive and responsive, health education models are needed to
meet their needs and those of the communities they serve (Feo, 2008). As such it has
been argued that training should consider the individual learning needs of the learners
(Holloway et al., 2018). It is not clear whether a cascade training approach would be
able to meet these requirements. Additional concerns around cascade training include:
the potential for surface learning; skills and knowledge are prioritised over values and
attitudes; a potential lack of standardisation; dependence on the knowledge of the
application specialist; training time is not protected (Davis & Lovegrove, 2016; Eraut,

2004; Hayes, 2000; Kennedy, 2005).

MIT education has moved from an “apprenticeship” based model of training focused
on acquiring practical and technical skills, to a degree based model designed to
support theoretical, experiential, and reflective learning. There seems to be limited
research around the focus of cascade and applications training during the transition to
digital technology and whether this influenced the knowledge, understanding and

perceived competencies MITs have in relation to this technology.

2.3.3 Evidence-based practice

MITs are expected to utilise evidence-based research to support their clinical practice,
and in many countries (including New Zealand, Australia, UK and America) mandatory
CPD is needed to maintain a practising certificate and registration with the regulatory
body (The New Zealand Medical Radiation Technologists Board, 2018). Nonetheless,
there have been several concerns cited in relation to the mandating of CPD, which are
considered to negatively affect its usefulness. Barriers to learning include external

commitments, competing priorities and a lack of support from employers (Henwood &
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Flinton, 2012). In addition, Henwood and Flinton noted that MITs do not perceive any
personal gain from undertaking CPD, which is reinforced when CPD is mandated,

suggesting MITs could be demonstrating an apathetic approach towards CPD.

Sim & Radloff (2009) claimed that apathy within the radiography profession, could be
due to a relatively low public profile and radiography still emerging as a profession.
Furthermore, apathy has led to MITs undertaking CPD purely to maintain clinical
competence and meet the requirements of their regulatory bodies. The authors argue
this has resulted in MITs who are protocol led and lacking in critical thinking, which in
turn, has adversely affected motivation and the desire and ability to learn, thereby

creating a concatenation of events.

The notion of apathy is supported by Yielder & Davis (2009) who stated the issue is
compounded when combined with a lack of functional autonomy. This may be related
to underlying low self-esteem, apathy, and resistance to change evident in the culture
of the radiography profession. Yielder & Davis contend that the control and
subsequent effects of subordination continue to influence the attitudes of MITs i.e.
they feel subservient and inferior to radiologists. Nursing and radiography students
have been “socialised to value obedience, respect for authority and loyalty to the
team” (Yielder & Davis, 2009, p.248) and their ability to be accepted into and remain
part of the healthcare team, is dependent on them recognising this level of
subordination. Palmer & Short (2000) claim this has been compounded by women
dominating the allied health professions. It is evident that current issues within the

profession continue to be inextricably linked to its historical influences.

Sim & Radloff (2009) asserted that a workplace culture which promulgates conformity
and does not encourage staff to question and explore clinical practice, frequently
results in staff who are demotivated particularly in relation to lifelong learning. It has
been argued, that although employers may provide in-house training for staff to keep
up to date with equipment changes, it is unable to produce behavioural change and

therefore the impact on clinical practice is minimal (Di Michele et al., 2020).

The difficulty in changing medical imaging clinical practice, was also discussed by Joyce

& O’Leary (2014). They examined why research demonstrating an increased Source to
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Image Receptor Distance (SID)® reduces patient dose had not been widely
implemented. An area of research which would seem to be highly relevant for MIT
practise. The authors determined that introducing new ways of working in a clinical
environment requires an evidence-based practice approach to working. However, this

is currently not the case within radiography.

Integration of evidence-based practice within medical imaging has been problematic
(Di Michele et al., 2020), although issues such as being nonresponsive to new theory
are not restricted to medical imaging (Nilsen et al., 2017). Research awareness through
an appreciation of research methodologies; the ability to critically evaluate research
outputs; combined with an understanding of their significance have been suggested as
precursors for the successful integration of evidence-based practice in medical imaging

(Ahonen & Liikanen, 2010).

In 2001, Nixon highlighted the issues associated with radiography being considered to
be “semi-professional as much of its knowledge base was built on research undertaken
by medical practitioners and physicists, rather than by MITs” (p. 31). He contended
that to be considered professionals, MITs needed to develop research skills. Hafslund
et al. (2008) specified that MITs need to take responsibility for determining whether to
utilise new techniques in their practice, continuing that being more research aware

would support this.

Mandating research, as well as CPD, was another suggestion to produce a profession
which uses an evidence-based approach to healthcare (Reeves, 2008). This argument
does not consider the negative implications of a mandatory approach as previously
discussed. Reeves' suggestion to mandate research could be construed as somewhat
ideologically flawed, given the findings of Joyce & O’Leary (2014) and Henwood &
Flinton (2012) and the impact of medical dominance, apathy, and workplace culture on

the radiography profession.

Combining adaptive learning and developmental learning has been identified as an

alternative approach to support the integration of evidence-based practice (Nilsen et

8 Definition of SID: the distance between the focal spot on the target of an x-ray tube and the image
receptor as measured along the beam. Retrieved, 7! June 2015:
http://medical-dictionary.thefreedictionary.com/source-to-image-receptor+distance.
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al., 2017). In this scenario, adaptive learning creates a situation where the use of
evidence-based practice is habituated, so that the accessing, critique, and utilisation of
research becomes a normal part of clinical practice. Developmental learning
predominantly utilises reflection to identify subconscious assumptions and patterns of
behaviour. In combination, the individual is able to acquire and utilise evidence-based
practice skills while identifying and discarding previously learnt beliefs or behaviours
which may impede the implementation of new research based knowledge (Nilsen et
al.). It is therefore essential for trainers to consider how pre-existing knowledge and
attitudes may hamper the adoption of new learning. Furthermore, successful
implementation of evidence-based practice, is dependent on sufficient training,
resources, and time allocation (Nilsen et al.). Unfortunately, cited barriers to medical
imaging research and evidence-based practice continue to include time pressures,

workload demands, a lack of resources, and workplace culture (Brettle, 2020).

It does not seem unreasonable to propose the issues highlighted in relation to apathy
within the medical imaging profession, and difficulties in embedding evidence-based
practice (EBP), may have influenced the transition to and ongoing use of digital

technology within medical imaging.

2.3.4 Medical imaging culture

The concept of culture is complex and subject to numerous definitions, although it has
the power to significantly influence change processes and whether they are successful.
The concept of culture can be broken down into three elements i.e. organisation,
individual and practice perspectives (Watling et al., 2020). The organisational
component illustrates the values of the organisation and its employees. In this way,
the culture of an organisation exhibits multiplicity, in that it is made up of several
subcultures which influence its function. For example, within the District Health Board
(DHB) environment different professional cultures exist in both clinical and nonclinical
areas. Professional cultures have a direct influence on the practice perspective. The
practice perspective reflects the potential for change, for example through research or
new technology. It also encapsulates the way content, the environment, and timing
influence outcomes (Watling et al.). Within professional cultures, there will be
employees with individual cultural values, made up of many different components and

experiences. These will govern the attitudes and behaviours displayed by the individual
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(Karahanna et al., 2005). It has been postulated that international influences (such as
ethnicity or religion) and national cultural concepts, affect people’s values whereas
practice is more likely to be affected by organisational and professional cultures
(Karahanna et al.). The level of influence of these three different elements is
contingent on the type of behaviour being evaluated. For example, in behaviours
which are task-focused or linked to competencies, the dominating components are
likely to be from organisational or professional cultures (Karahanna et al.).
Organisational and professional cultures are therefore likely to have influenced the
way in which digital technology has been introduced and utilised within the medical
imaging environment. Organisational culture strongly influences the attitudes,
behaviour and beliefs of its employees (Karahanna et al.). Therefore, it has a
recognisable effect on learning and development, with a culture of collaboration and
support required at a team and management level, as pre-requisites in supporting
learning and change (Tynjala, 2008). More specifically, organisational culture has been
shown to play an important role in the way educational strategies are introduced and
whether they are successful (Watling et al.), thus supporting the claim that
organisational values and existing workplace practices, significantly influence whether
new technology is successfully adopted (Ingebrigtsen et al., 2014; Karahanna et al.,

2005).

Hayre et al. (2017) highlighted there is a risk that poor practice may become a
culturally accepted behaviour, especially if MITs do not feel they have sufficient FPDR
knowledge and therefore are more reliant on the technology. Reliance on technology
in a protocol driven environment, reduces opportunities for critical thinking and
reflection (Sim & Radloff, 2009) and creates a focus on conformity (Vom & Williams,
2017). While there are some benefits to conforming e.g. radiation protection best
practice standards, there are drawbacks. This is particularly evident when challenging
previously accepted practices or introducing change through innovation or EBP for

example (Strudwick, 2011; Vom & Williams, 2017).

The need to conform is prevalent within medical imaging and has been influenced by
professional and historical influences (Sim & Radloff, 2009). Conformity therefore
forms a part of medical imaging professional or occupational culture. Occupational

culture has been defined as being created through individuals closely identifying with
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their occupation (Pilz, 2009). Conformity and a resistance to change in MITs was also
identified by Strudwick (2011), particularly in an environment where the underlying
culture was one of blame. The need to conform also had the potential to influence
attitudes towards learning, CPD and research, as Strudwick identified MITs
demonstrated the accepted cultural norm of ambivalence towards these activities.
However, another dimension to medical imaging occupational culture, is that MITs
view their images as cultural artefacts, taking personal ownership of the images they
create (Strudwick, 2014). The author identified that MITs were aware of the quality of
their work. However, they could be defensive when they felt their work was under
scrutiny and considered a negative reflection of their performance. Strudwick (2014)
continued that MITs are unusual, in that there are very few health professions where a
tangible artefact is created following the interaction with a patient. A feeling of
ownership was produced as MITs saw themselves as image creators and the
production of the image was their main focus. Strudwick added this might lead to a

perceived emphasis on the technical aspects of the role.

It could be proposed that if Strudwick’s (2014) assumption about the technical aspects
of medical imaging is accurate, the need to understand the functionality of imaging
equipment should be a leading driver in medical imaging CPD. Furthermore, the use of
excess exposure would seem to be contradictory, as it could reduce the aesthetic
appeal of the resultant image. However, it could be argued that if MITs are aware that
insufficient exposure will lead to a substandard image, the decision to select higher
exposure factors could be happening at a subconscious level in an attempt to produce
the ideal image. This suggestion supports the findings of Warren-Forward et al. (2007),
who found that both radiologists and MITs preferred the image quality of over-
exposed images when they are automatically rescaled®, which subsequently may

translate into habitual unnecessary overexposure of patients.

It is clear that medical imaging occupational culture is complex and that the successful

deployment and utilisation of digital technology is likely to be influenced by this

9 Automatic rescaling is the process by which the computer ensures consistent image brightness is
achieved, despite overexposure or underexposure of the image receptor.



26
culture. For example, medical imaging culture can result in numerous barriers to

learning, ultimately affecting decision-making, and shaping clinical practice.

2.4 Medical imaging clinical practice

2.4.1 Image quality and radiation dose

Within medical imaging there is no single overarching definition of image quality (Shet
et al., 2011). This is partly because image quality is determined by both objective and
subjective means. Subjectivity in radiology is created due to the personal
interpretation of the resultant image predominantly by the MIT and the radiologist.
This interpretation may be affected by factors such as individual and social cognition;
representative and availability heuristics; confirmation bias; plus, inattentional
blindness (Buckle et al., 2013; Christensen, 2005b, 2005a; Drew et al., 2013). In an
attempt to encapsulate the term “image quality”, Seeram (2019, p.188), states “at its
broadest sense, a quality image is one that which makes accurate diagnosis possible”
and is clearly linked to the image’s diagnostic quality. It is important to recognise
image quality may be influenced at any stage within the entire imaging chain, as loss of
electronic information at any point will result in image degradation (Butt et al., 2012).
Fundamentally, digital image quality is determined by the relationship between noise

and contrast.

Noise

Noise may be either electronic or quantum noise. Electronic noise is inherent within
the imaging system and is not influenced by the MIT. Quantum noise or quantum
mottlel® is influenced by the number of x-ray photons!? that exit the patient and
subsequently interact with the detector. The higher the number of photons the patient
is exposed to, the greater the radiation dose received by the patient. This is principally
determined by the mAs setting. Therefore, the mAs selected by the MIT will determine
the level of quantum noise present on the image. A low exposure (mAs) technique will
produce a low signal to noise ratio (i.e. more noise) than a high exposure technique

which results in more photons reaching the detector and a higher signal to noise ratio.

10 Defined as variations in optical density on a radiographic image.
11 Small discrete bundles of energy also known as quanta with no mass or electric charge.
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The latter scenario will produce a better image than the first, but with an increased

radiation dose to the patient (Seeram, 2019).

Optimisation of patient radiation exposure while maintaining image quality, continues
to be explored following the introduction of digital technology. The risk of increased
patient dose is because a high dose of radiation reaching the image receptor will not
detract from image quality and may improve it; whereas, a lower dose may create an
image with reduced quality due to increased noise levels. Therefore, MITs may select
higher exposure factors than required, as there would be no adverse effect on image
quality (Honey & Hogg, 2012). Although Automatic Exposure Devices (AEDs)*? may be
available, there remains an expectation that MITs are capable of determining the
correct exposure factors for their patients (Balogun, 2021; The New Zealand Medical

Radiation Technologists Board, 2018)

Contrast and Contrast Resolution

The contrast on a digital radiographic image, i.e. the ability to differentiate between
different anatomical structures, is influenced by the region of interest; the quality of
the x-ray beam; the image receptor characteristics; and the computer processing
system. The contrast resolution refers to the ability to distinguish between two objects
with similar subject contrast, for example differentiation between the abdominal

organs.

The visibility of anatomical structures/detail, i.e. the contrast (or difference) in a signal,
is governed by the amount of noise within the image. A large amount of noise may
obscure key diagnostic information (Decoster et al., 2015). Therefore, factors which
influence whether an image is deemed to be diagnostic include: noise; contrast

resolution; detective quantum efficiency (DQE)*3; spatial resolution'4; and artefacts.

2 The purpose of the AED is to deliver consistent, reproducible exposures across a wide range of patient
habitus, diseases and tube potentials.

13 Defined as the ratio of the squared image signal-to-noise ratio to the number of incident x-ray
photons, the DQE describes how efficiently a system translates incident x-ray photons into useful signal
(relative to noise) within an image. Ranger, N.T., Samei, E., Dobbins, J.T., & Ravin, C.E. (2007)
Assessment of Detective Quantum Efficiency: Intercomparison of a Recently Introduced International
Standard with Prior Methods. Radiology. 243(3) pp. 785-795

14 The spatial resolution relates to the smallest object that can be detected on an image
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The levels of noise, the contrast to noise ratio (CNR), and to some extent, the DQE are

influenced by the exposure selections made by the MIT for example:

e the tube voltage predominantly affects the x-ray beam quality (kilovoltage [kV]);
e the tube current, the quantity of x-ray photons produced (milliamperes); and
e the exposure time is related to the time during which x-ray photons are emitted

(seconds).

As the CNR is related to the contrast from the area of interest and the image
background (A. K. Jones, Ansell, et al., 2015), it is a significant factor when evaluating
image quality, because it governs the ability to visualise anatomical structures as well
as subtle variations in contrast (Hampel & Pascoal, 2018). Since noise is influenced by
mAs selection, and kV choice determines the contrast detectability on the image, the
contrast to noise ratio is clearly affected by the exposure choices made by the MIT.
The DQE of digital systems is kV dependent and many have higher dose efficiency
capabilities at lower kV ranges. Consequently, a lower kV selection by the MIT should
produce a higher signal to noise ratio and therefore a better quality image (Uffmann &

Schaefer-Prokop, 2009).

Determining correct exposure factor selection

A central tenet for all radiography is the ALARA principle (International Atomic Energy
Agency, 2011). Namely, every radiation exposure carries a risk, which increases with
dose. Therefore, it is imperative the lowest amount of radiation required to produce a

high-quality diagnostic image should always be utilised.

The effective dose a patient receives is predominantly governed through the exposure
factors each MIT selects. A small single centre quantitative study in Ireland, evaluated
MIT exposure choice selection for virtual patients with differing body mass indices
(Darcy et al., 2015). The authors reviewed two key criteria MITs consider prior to
irradiating a patient: the anatomical area to be exposed; plus, the thickness of the
patient. Darcy et al. concluded there were significant differences in exposure choice
selection for three of the radiographic examinations evaluated, which correlated with

the age and/or the experience of the MIT.
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Older MITs and those with more experience selected higher mAs values for one
shoulder projection, but lower mAs values for the two lumbar spine projections. The
authors were unable to suggest why these differences occurred but advised further
research was warranted. Consideration that the lumbar spine would constitute a
radiosensitive area of the body was not discussed in the article and could be one
possible explanation. Nevertheless, Darcy et al. (2015) found inconsistencies in the
MITs exposure choices resulted in variable doses being received by patients of an
equivalent size, which was concerning. Variation in exposure choice selection was
thought to be linked to MIT visualisation of the patient (Darcy et al.) but has also been
linked to other variables including patient obesity (Kasprzyk et al., 2020). Difficulties in
accurately assessing exposure choice to suit patient body habitus is an issue MITs have
long faced and one predominantly overcome following the introduction of digital

imaging due to its wide exposure latitude.

The difficulties associated with exposure choice selection are compounded when one
considers that common practical decision-making tools used by MITs in clinical
practice, such as the 15% rule’®, are based on F-S technology, which operates in a
completely different way to digital systems. As such these tools may no longer be
accurate or relevant in a clinical environment where digital imaging systems are the
norm (Ching et al., 2014). For example, F-S systems require a fixed dose to be received
by the cassette. However digital systems do not, due to their ability to manipulate the

image through post exposure processing algorithms (A. K. Jones, Ansell, et al., 2015).

In their study on paediatric extremity imaging, A.K. Jones, Ansell et al. (2015)
determined previously published guidelines on the use of high tube potentials (> 60kV)
coupled with additional copper tube filtration to reduce paediatric dose, may no
longer be appropriate. This was partially due to the CNR being affected by kV selection
and in this case, the low inherent contrast in paediatric bony anatomy. Image quality in
paediatric imaging could therefore be improved through a reduced tube potential of
40kV and the removal of additional copper filtration (A. K. Jones, Ansell, et al.). This

recommendation may produce a dilemma for MITs, as it seems to contradict

15 The 15% rule describes the relationship between kV and mAs i.e. increasing or decreasing the kV by
15% has the same effect as doubling or halving the mAs. It is predominantly used to support image
quality in patients with pathologies in which manipulation of kV or mAs may be beneficial e.g. reducing
kV by 15% for patients with osteoporosis, due to reduced bone density.
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previously accepted good practice that a high tube potential and low mAs results in a

lower radiation burden for the patient (Moey & Shazli, 2018).

Hampel & Pascoal (2018) identified the use of a higher tube potential (55kV) and the
use of 0.1mm copper tube filtration, produces effective CNR values in paediatric
imaging. They recommended individual departments should optimise each system to
ensure image quality needs are met, while minimising patient dose. Interestingly, an
American study seemed to expand on this by indicating it was the responsibility of the
radiologist to determine the exposure choices made by the MIT to ensure image
quality (Huda & Abrahams, 2015). It is clear there remains conflicting evidence
regarding the approaches MITs should take in exposure choice selection to support

image quality factors such as the CNR.

The ability of digital imaging to reduce patient radiation exposure is partly due to a
wide exposure latitude, which is more accommodating of incorrect MIT exposure
choices than traditional film-screen systems. This has reduced the need for MITs to
appreciate how their exposure choices influence the resultant image (Walker et al.,
2011). The increased DQE of digital technology, compared to F-S, also allows for a
reduced patient radiation dose (Seeram, 2019). However, there is the potential to
increase patient radiation exposure, with MITs sometimes unaware they have
overexposed the patient (Uffmann & Schaefer-Prokop, 2009). Unlike F-S systems,
where exposure errors are immediately apparent through the developed film
appearing too dark or too light, digital images are automatically enhanced by the

computer system.

Patient exposure can be evaluated in practice by reviewing the exposure indicator (El)
(Moore et al., 2012). The El is displayed on the image and checked to see if it lies
within the “acceptable range”, as designated by the manufacturer. The El is generally
calculated from the mean image signal and the main function is to allow ongoing
comparison of operational functionality at one site. However, unless the MIT is
knowledgeable and has confidence in the manufacturer’s El value, there is a danger
the MIT would be unaware the exposure choice had been incorrect (Erenstein et al.,
2020; Seeram et al., 2015; Takaki et al., 2016). An over exposed radiograph may

therefore appear to meet the acceptance criteria for that examination and be sent to
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the reporting clinician for diagnosis. Additionally, the relationship between the
exposure to the image receptor and the digitised grayscale appearance of the final
product is difficult to establish. Thus, it can prove extremely difficult to identify an
overexposed image. Furthermore, overexposed images may be preferred by
radiologists due to the reduced noise levels when compared to appropriately exposed
images (A. K. Jones, Ansell, et al., 2015). Worryingly, it has been reported that a
diagnostic image can be produced with an overexposure by as much as 500% (Moore

et al.).

Conversely, underexposure of more than 100% can result in an increase in a specific
type of image noise known as quantum mottle (Butler et al., 2010). Quantum mottle
specifically relates to the number of x-ray photons, which exit the patient and form the
image on the detector. Quantum mottle detracts from diagnostic information gleaned
from the radiograph, due to the fluctuations in density it produces. Although the
patient’s anatomy may be demonstrated, a repeat exposure is generally required, due
to the spatial resolution being compromised. Consequently, there is a risk that higher
than required exposures are used, to ensure quantum mottle and repeat examinations
are avoided (Mothiram et al., 2014). The need to determine exposure on digital images
was highlighted by Workman & Cowan (1992), when they suggested the sensitivity
indicator on laser images could have potential in this regard. Even though almost 30
years have passed since this issue was raised, there remains a level of uncertainty in

the literature as to how to ensure MITs understand the significance of this issue.

It has also been recognized the El is limited in its ability to demonstrate patient dose,
as it only represents the radiation received by the image receptor. Other problems
include El variability due to: collimation; centring; body habitus; gender; size of image
receptor; and source to receptor distance (Mothiram et al., 2014). In addition,
computerised radiography (CR) equipment manufacturers’ recommended El values
may be set at higher levels than required to produce a clinically diagnostic image. To
overcome this, it was recommended that CR manufacturers reassess their El values
(Peters & Brennan, 2002). MITs should also ensure they are using an optimised El level
to reduce patient dose, rather than relying on manufacturer’s recommendations. This
supports the work of Butler et al. (2010) who undertook an experimental study to

assess whether El values vary in consistency in CR and FPDR systems, their reasoning
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being that El numbers are an effective feedback tool when determining correct
exposure selection. Anthropomorphic phantoms?® were utilised and a clear description
of the methodology was given. Butler et al. exposed the phantoms twenty times for
each projection and body system. Why this figure was selected, was not stated. One
interesting finding was that despite a consistent set of exposure factors being used,
the El values varied so much, they falsely implied double the radiation dose had been
received by the detector. This was demonstrated by an increase in the El from 1.88 to
2.21, as a logarithmic function this would normally suggest that radiation delivered to
the receptor (and therefore the patient) was doubled. However, as the exposure
settings had remained constant this could not be the case. This demonstrated that El
values can be unreliable in CR systems. There was no fluctuation demonstrated in

FPDR systems, but the authors did not discuss why this might be the case.

Despite the known issues linked with using a non-standardised El as a means to
calculate dose, research continues to be produced which advocates this approach.
Silva & Yoshimura (2014) undertook an experimental study relating the El to exit and
entrance doses for chest radiographs using a phantom. Despite the statement that the
study was experimental, the number of exposures was not cited and dosimeters were
placed “approximately” (p. 272). These factors make it impossible to repeat the

experiment and call into question the reliability of the findings.

Another major issue with El systems is they are manufacturer specific, which can lead
to confusion among users. It was believed the introduction of a new standardised El
would lead to improved quality and dose optimisation (Seibert & Morin, 2011). The
standardised El compares the exposure to the image receptor to a target El value. Any
variation from the target value is plotted using a deviation index (DI). The Dl is
designed to give immediate feedback to the MIT as to whether exposure is correct or
not. The DI provides a negative value (-) for an underexposed image, zero for a
correctly exposed image and a positive value (+) for an overexposed projection (Moore
et al., 2012). A DI of +3 indicates a 100% overexposure, meaning the detector received

double the optimal exposure for the examination. A DI of -3 indicates an

16 Anthropomorphic phantoms are traditionally used to calculate potential radiation doses. They are
constructed to mimic human anatomy and the body’s radiation attenuation characteristics.
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underexposure of 50% (Gudjonsdottir et al., 2021). The International Electrotechnical
Commission predicted this approach would allow appropriate adjustment to exposure
factors for repeat images, as well as giving an indication of dose to the image receptor
consequently identifying exposure creep (International Electrotechnical Commission,
2008; A. K. Jones, Heintz, et al., 2015). Using a target El and patient thickness
measurements, Zhang et al. (2013) calculated specific exposures in a randomised
control study on 180 children. They concluded that using patient weight and height
allowed for accurate exposure factor setting and achieved target El values. Thereby,

reducing radiation dose in children undergoing chest, abdomen, and pelvis imaging.

The research demonstrates that there remains a level of confusion within radiography
as to the role of the El and its relationship to radiation dose. This is important, as
despite the existence of national dose reference levels, MITs have ultimate control as
to how much radiation dose each patient in their care receives. That is, MITs could
potentially overexpose every patient and still be within the dose reference tolerance
limits for the patients’ examinations (Johnston et al., 2010). Mothiram et al. (2014)
determined that it is the professional responsibility of MITs to ensure they understand
radiographic equipment and that it is used according to the ALARA principle, which
reflects the competencies expected of NZ MITs (The New Zealand Medical Radiation
Technologists Board, 2018). A number of authors have suggested that further research
and MIT education about the relationship between El and dose, and dose optimisation
is essential for digital imaging systems (Davidson & Sim, 2008; Mothiram et al., 2014;
Tonkopi et al., 2012).

2.5 The impact of digital technology

Change is being driven globally in medical imaging due to: health sector reforms; cost
savings and the need to improve quality outcomes; skills shortages; and new medical
interventions as well as technological innovations (Cowling, 2008). Increased efficiency
and improved patient outcomes have been cited as benefits associated with the
introduction of FPDR systems in particular (Gardner et al., 2014; Lehnert et al., 2011;
Moodley & Moodley, 2015). To ensure quality outcomes, it is essential that MITs have
a good understanding of digital technology (Gillan et al., 2015; Uffmann & Schaefer-
Prokop, 2009). However, there are concerns that this knowledge is questionable and

that MITs are becoming deskilled, due to over-reliance on the equipment (Mothiram et
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al., 2014). This is supported by Rogers et al. (2010) who highlighted a lack of training,
perceived ability, support, and a fear of new technology impacted on MITs’ abilities to

utilise digital equipment effectively.

Other studies have indicated training approaches should reflect individual learning
needs (Floyd et al., 2015) and that Picture Archiving And Communication Systems
(PACS) have influenced the way MITs work, specifically in regard to communication
with radiologists, image processing and quality assurance (Larsson et al., 2006).
Lundvall et al. (2014) found that specialised MITs experienced the production of
radiographic images as an “autonomous professional area” (p. 51), which could reflect
confidence in their roles and role expansion. This supported the findings of Niemi &
Paasivaara (2007) who commented that technology was seen both as a challenge and
also an opportunity for role expansion. Challenges include the changed nature of work
with the move from analogue film systems to digital imaging systems, mastery of new
technology following rapid changes, and taking on responsibilities previously
undertaken by radiologists (Campbell et al., 2019; Frost & Sullivan, 2009; Moore,
2016). These challenges could lead to a reduction in both professional confidence and

feelings of autonomy.

Professional confidence relies on the individual not only understanding their role and
scope of practice but also the capability to demonstrate those skills and abilities
(Holland et al., 2012). The authors expand on this concept by stating that professional
confidence is inextricably linked to competence and professional identity. Professional
confidence is initiated at undergraduate level and needs nurturing, as it takes time to
develop. It is transient in nature and can be lost due to stress, anxiety and during
periods of transition. Professional confidence levels can be lost when contradictory
information is delivered and/or staff feel they have no control over the environment in
which they are working. The researchers highlighted the need for ongoing educational
strategies combined with working in a supportive environment, if professional
confidence is to be developed and maintained. Capper (2008) suggested that
professional confidence is also linked to competence in undertaking specific tasks.
Based on Capper and Holland et al’s findings it could be proposed that rapid

technological changes, in conjunction with varied education initiatives and
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contradictory information, may lead to a loss of professional confidence within the

medical imaging profession.

Prud’homme (2010) stated increasing use of high technology equipment in the 20t"
century, resulted in a stronger demarcation and division of work within healthcare. He

III

added that the division between the “professional” who undertakes diagnosis and
treatment of patients and the “technician” whose role is to focus on the equipment,
had increased. He defined a healthcare professional as someone who assesses the
patient’s issues and determines what actions need to take place. While his work
primarily related to hearing prosthetists and respiratory technicians, it could equally be
applied to MITs. In Europe the term “Radiographer” is used in written English, to refer
to staff with similar roles within diagnostic radiology, radiotherapy, and nuclear

medicine. However, outside of Europe the term “technician” or “technologist” is used

to reflect the predominantly technological nature of the role (Andersson, 2012).

In 2012/2013 the term “Medical Radiation Technologist” was changed to “Medical
Imaging Technologist” in New Zealand, to encompass imaging modalities that do not
use radiation to produce the images (The New Zealand Medical Radiation
Technologists Board, 2013). This would have been an ideal opportunity to re-evaluate
the use of the word technologist. However, there is no evidence to suggest this was
undertaken. Interestingly, the Medical Radiation Practice Board of Australia uses the
term “Medical Radiation Practitioner” which also encompasses the titles
“Radiographer” and “Medical Imaging Technologist” (The Medical Radiation Practice
Board of Australia, 2012).

Prud’homme (2010) concluded:

At the opposite of such self-sustained, professional autonomy would
be the technician, bound to machines that perform a predefined set of
tasks. For this reason, the spread of technology has traditionally been
associated with proletarianization, and machines described as vehicles
for the deskilling of workers and the general “degradation” of work. In
healthcare, technicians and other immediate operators of machines
lack the opportunity to perform abstract, decisional operations like
diagnosis and thus lack access to the privileged status of professional

(p. 76).
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This highlights that the increasing use of technology may have a negative effect on the
ability of MITs to act autonomously. Consequently, creating another barrier to

achieving professional status.

It is feasible to suggest possible links between the roles MITs undertake, professional
nomenclature, professional confidence, and perceptions of professionalism. These
could impact on clinical practice in a number of ways, not least those discussed by S. J.
Lewis et al. (2008). Although Australian medical imaging practitioners are expected to
adhere to a Code of Conduct which clearly outlines “standards of ethical behaviour and
professional conduct” (The Medical Radiation Practice Board of Australia, 2014, p.5), S.
J. Lewis et al. found their participants demonstrated a predominantly negative attitude
towards ethical conduct, which was amplified by a lack of professional identity and
subordination to medical practitioners. One reported impact on clinical practice was
that the radiographers felt unable to question the need for certain radiographic
examinations, which led them to undertaking procedures against their better
judgment (S. J. Lewis et al.). It could be surmised that there is a potential link between
this experience and the possibility that a “small” increase in patient radiation (through
inappropriate imaging requests) was considered unimportant. It could be suggested
that similar issues such as a lack of professional identity and feelings of subordination

may also exist within the NZ medical imaging workforce.

The introduction of new technology, as well as changing the way in which healthcare
staff work (Fridell et al., 2011; Lundvall et al., 2015), also provides an opportunity to
revaluate inter and intra-professional working and professional identity (Korica &
Molloy, 2010). The impact on feelings of autonomy within medical imaging has been
described as variable (Aarts et al., 2017). Diminished autonomy has been linked to
reduced decision making as a result of technological innovation (Ferris, 2009; Hayre,
2016). Whereas increased feelings of autonomy may be attributed to areas where
MITs have assumed additional responsibility (Andersson et al., 2017; Larsson et al.,
2006). Much of the research in this regard has been undertaken in Northern Europe
and may not reflect the Aotearoa NZ context due to the differing ways the professions
have evolved. Furthermore, Korica & Molloy (2010) identified that as new technology
becomes embedded into practice, professional identities are formulated and change

over time. As previously indicated professional identity is linked to professional



37
confidence and competence, while training and educational approaches are areas
which may impact on confidence and ultimately performance (Holland et al., 2012).
MIT clinical competency is specifically related to patient safety, quality and minimising
healthcare costs (Altolub et al., 2018). Although MIT practice has been reviewed in a
number of studies, these have not been specifically related to the introduction and use

of digital imaging equipment nor the NZ setting.

Despite the volume of research associated with the technical issues linked to the
introduction of digital technology, for example, the fluctuation in El readings for CR
systems, plus manufacturers over-estimation of required El values, there seems to be
little associated with the impact it has had on the staff. However, A. Brown (2004) in a
gualitative study, identified that MITs experienced stress due to an increasingly
complex work environment where changing patterns of work and the range of tasks
required have increased, combined with increasing technical and information

technology (IT) skill demands and the need for an expanded knowledge base.

The ability to manage change effectively is important not only in terms of supporting
the change process (R. D. C. Kumar, 2013) but also to reduce the types of stress
indicated by A. Brown (2004). Additionally, specific measures are required for the
successful implementation of new technology within the healthcare sector (Ashtari &
Bellamy, 2019). A dominant factor in the successful adoption of new technology is that
the change process should consider the influences of organisational power and
control, which are considered more significant in the process than any overriding

technical issues (Ashtari & Bellamy, 2019; Chetley & Vincent, 2003).

2.5.1 Change theory

People react to change in different ways in the context of change. Some find it
stressful, while others enjoy the challenges it brings, such as the opportunity to gain
new knowledge and understanding and improve clinical practice and/or professional
standing (A. Brown, 2004). Change was highlighted as a significant stressor for MITs in
a study by Verrier & Harvey-Lloyd (2010), and was related to a lack of information
about practical aspects of the change and a lack of consultation or opportunity for
discussion. There are several factors which influence how an individual responds to

change. These include:



38

e Whether the change is created internally (within the individual) or externally
imposed e.g. the introduction of digital imaging equipment into an imaging
department.

e Who benefits from the change e.g. the employer, the employee, the patients,
the shareholders.

e How the organisation has previously introduced change, combined with the
expertise and resources it has to manage the change process effectively.

e The personality type and motivating factors of the individuals affected by the
change.

e How the individuals have experienced and reacted to change in the past

(Cameron & Green, 2004).

It is not only these factors which influence change but also the way in which it is
implemented. Schein’s model of transformative change specified that there are three
phases that need to occur for change to be successful: 1) create the motivation to
change (unfreeze); 2) learn and utilise new concepts (move); and 3) incorporate new
concepts and meanings through internalisation (refreeze). He claimed that each
individual experiencing change would feel learning anxiety initially. This is related to
the potential of failing when trying to learn something new. Survival anxiety follows
learning anxiety. Survival anxiety relates to the pressures associated with change and
can be illustrated by a fear of getting left behind if the individual does not change. As
such, learning anxiety is considered to be a restraining force and survival anxiety a

driving force to change (Cameron & Green, 2004).

Schein (2002) identified that leaders need to reduce learning anxiety, rather than
increase survival anxiety, to support transformative changes. In terms of educative
processes, learning anxiety can be reduced by: formal training; the learner being
involved; feedback; consistent systems and structures; and support groups (Cameron
& Green, 2004). Therefore, the way change is communicated, supported, and
identified will impact on whether it is successful. Success is governed by approaches at
both an organisational and individual level (Abdekhoda & Salih, 2017; Loudon, 2012).
One way in which the introduction of digital technology in medical imaging can be
evaluated is through the application of change management theory. Utilisation of

change management theory within radiology has been identified as a beneficial
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process and one which can support the integration of evidence-based practice (Munn

et al., 2020; Rajiah & Bhargava, 2017).

The literature does not seem to have explored how MITs experienced the transition to
digital technology and whether this influenced their knowledge and perceived

competencies in using digital technology in their practice.

2.6 Budgetary constraints

Within the Organisation for Economic Co-operation and Development (OECD) member
countries, radiology services are provided in state funded public hospitals as well as in
private radiology practices. However, the way in which governments fund the public
sector and the level of private practice varies from country to country. For example, in
New Zealand, within the private sector a “fee for service” approach is used. Fees are
obtained directly from patients or through reimbursement from insurance companies
or the Accident Compensation Scheme (ACC). No fault compensation as provided by

ACC is unique to New Zealand.

Reduced budgets can have a negative impact on staff morale and job satisfaction. In
addition, it is recognised that staff training programmes, which are traditionally
supported within the annual budget, are often one of the first casualties of a budget
cutting round (Gardner et al., 2014; Owens, 2006). Given the financial constraints
faced by organisations, it is important that cost effectiveness and quality of training
provision are considered. However, economic evaluations of the benefits of training
and CPD are rarely undertaken (C. A. Brown et al., 2002). Nevertheless, the need to
ensure that MITs receive regular updates was highlighted by Gardner et al. (2014):
“Budgets for educational seminars for all employees, but more specifically radiologic
technologists, are important for compliance of radiation protection practices” (p. 116).
They also found that larger employers were more likely to offer departmental
procedures training and radiation safety education than smaller companies. It is not
surprising therefore, that larger hospitals have a higher compliance with radiation
safety requirements (Slechta & Reagan, 2008). While Gardner et al.'s literature review
did not specifically relate to the use of digital technology, it is possible to postulate
that poor radiation protection processes could transfer to the inappropriate use of

digital equipment. The authors concluded their research with the comment that MITs
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should be given educational opportunities to ensure compliance with radiation safety
requirements, regardless of budget levels. How this can be achieved and the potential

implications were not specified.

S. J. Lewis et al.'s (2008) qualitative study reflected some of the ongoing pressures
faced by MITs working in private practice, i.e. effectiveness is frequently measured in
terms of productivity and financial gain. One radiographer described private practices
as “pressure cookers” (p. 94), in relation to the need to get as many fee-paying
patients as possible examined during the day. One way this was achieved was by
radiographers taking “short cuts” (p. 94) by reducing the quality of patient care. The
authors found senior management and radiologists perpetuated this approach.
Although this research was undertaken in Australia, the concept is equally applicable
to Aotearoa New Zealand, particularly as many private radiology practices are owned
and managed by radiologists. One private provider in NZ reduced patients’
appointment times from 20 minutes to 15 minutes, thereby increasing patient
throughput. Not only did this affect staff, but it increased pressure on the patients to
ensure they were punctual for their appointments. If patients were more than five
minutes late, they had to be re-booked, as there was no longer any “slack in the
system” (Receptionist A, personal communication, May 28, 2015). This created further
difficulties as the radiography and reception staff frequently had to explain the policy
to angry and frustrated patients, reportedly reducing staff morale and motivation. It
could be suggested that there is a potential conflict of interest when a radiologist owns
a private practice in relation to the justification!’ of x-ray examinations. Namely there
is difficulty in maintaining an objective stance when evaluating the need for an
examination, when each radiographic procedure generates income. The emphasis on
financial gain highlighted by S. J. Lewis et al. (2008) could also influence whether
private providers are willing and able to provide staff education as they look to

increasing revenue.

7 The type of examination must be justified and every examination should result in a net benefit for the
individual or for the public health. The examination should be anticipated to influence the efficacy of the
decisions of the referring clinician with respect to diagnosis, patient management, treatment, and final
outcome...Justification also necessitates that a single person takes overall responsibility for the
examination. This person, normally a radiologist, should be trained and experienced in radiological
techniques and radiological protection (ICRP Publication 121, 2013)
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Another major concern is that training budget cuts and staff shortages (due to
moratoriums on staff replacement) make it difficult to release staff to attend
educational courses (Gibbs, 2011). Staff shortages and cost have also been
demonstrated as barriers to MITs undertaking CPD (Elshami et al., 2016). Although
issues around paying for CPD were not reflected in the work of Stagnitti et al. (2005),
who noted that despite differences in budget allocation for CPD between private and
public employers, most respondents were prepared to share CPD costs with their
employers. The differences in these outcomes could be due to the CPD requirements
for each of those countries. For example, Elshami et al’s (2016) study was undertaken
in the Sudan when MIT CPD was voluntary not mandatory, whereas, Stagnitti et al.
(2005) reviewed a number of healthcare professions in Australia for whom CPD was
mandated. Another budgetary consideration is that travel costs to attend training
events are a barrier, especially for MITs working in rural areas, including those in NZ
(Bwanga, 2020; Henwood & Flinton, 2012). While costs and staffing levels are potential
barriers to effective staff training, these are also affected by individual motivation and
the workplace culture (Elshami et al., 2016; Kanamu et al., 2017). Despite this, there
seems to be limited research as to whether budgetary constraints may have influenced
the introduction of digital technology and consequently the training and support staff

were offered.

2.7 Summary

This chapter has demonstrated that although the introduction of digital technology has
occurred over the last 25 years, there remains a level of confusion within the
radiography profession at a global level, in relation to the use of digital imaging
equipment. Some of this is at a foundational level of knowledge and understanding.
The need to ensure the profession has the correct educational training in this area is
paramount. However, there are multifactorial issues which impact on the ability to
produce effective training. Some of these issues relate to budgetary constraints, the
integration of evidence-based practice, and cultural influences. Underlying all these
factors are the historical influences associated with medical imaging, which continue to
dominate and affect current radiographic practice and the ability for MITs to be

considered as healthcare professionals.
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The literature has demonstrated that there is a need to investigate key topics
regarding digital technology such as factors which may have influenced MITs
knowledge, understanding, and perceived competencies in the application of this

technology in clinical practice.

In the next chapter, | describe the paradigm and methodology selected to answer my

research question.
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Chapter 3 Research Methodology

3.1 Introduction

In this chapter, | discuss the research methodology and methods used to answer my
research question: How has the introduction and ongoing use of digital imaging
technology affected MITs in Aotearoa NZ? The rationale for using a pragmatist
philosophy, plus a mixed methods research methodology, is included. My position
within the research is identified and an explanation of the research methodology is

included.

3.2 Research paradigms

The term “paradigm” was originally coined by Thomas Kuhn (Kuhn, 1962). Since then,
different meanings have been attached to it, but is generally understood to be a
human construction of a “set of beliefs or worldview” which identifies the reality of
the world and the place the individual has within it (Guba & Lincoln, 1994). Other
authors use alternative terminologies such as “research methodologies” or
“epistemologies and ontologies” (Creswell & Creswell, 2018. p. 5). Nevertheless, the
researcher’s worldview influences their thinking and the way in which they interpret
the world. It encompasses axiology; epistemology; ontology; and methodology. It
defines the philosophical assumptions of the researcher and underpins the research
process (Kivunja & Kuyini, 2017). As such, it will also determine the methods adopted

by the researcher (M. E. L. Brown & Duefias, 2020).

Axiology is related to the values of the researcher, the context of the study and its
potential value as well as the ethical issues to be considered (M. E. L. Brown & Dueiias,
2020). It includes the philosophical approach in decision making and a full appreciation
of human values and behaviours throughout the research process. The axiological
assumption is related to all of these aspects and whether they are made overt in the

research process (Creswell, 2007).

Epistemology is related to the process of gaining knowledge. It is based on what
knowledge is, how it may be acquired and communicated (Scotland, 2012). Crotty
(1998) identified three epistemological viewpoints: objectivism, constructionism, and

subjectivism. Objectivism proposes there is an objective truth that can be identified i.e.
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realities exist regardless of consciousness, thus, the researchers see themselves as
separate from the generation of knowledge. Constructionist understanding is created
through interactive human engagement with the world, in which the subject and the
object are inextricably interlinked. Subjectivist meaning is created from the ways in
which the subject dictates meaning onto the object i.e. the ways the individual sees

and interprets things.

Ontology considers the nature of existence and what is real. It incorporates an
understanding of knowledge, truth, and reality i.e. what constitutes the real world and
what can be learnt about it. For positivism this would equate to one verifiable reality,
whereas for the interpretive paradigm there are multiple constructed realities (Denzin

& Lincoln, 2011).

The methodology is the overarching strategy or plan as to how knowledge will be
gathered within the research study. It governs the choice of methods used for data

collection and analysis (Scotland, 2012).

The four major worldviews (paradigms) identified by (Creswell & Creswell, 2018) are
postpositivist, constructivist, pragmatist, and transformative. The choice of paradigm
and methodology selected for a research study is affected by a variety of factors,
which include the researcher’s worldview, the research focus, and the audience for
whom the study is written (Creswell, 2014). The usefulness of any paradigm is
dependent on the researcher being able to determine its ability to evaluate the
research area, more effectively than another. The epistemological standpoint of my

study was based on the pragmatic paradigm.

3.2.1 Pragmatism

Pragmatism was established principally from the work of Peirce, James, Mead and
Dewey (Creswell & Creswell, 2018). Pragmatists believe that knowledge is both
historically and socially constructed, however the value of that knowledge and how it
is “known”, is based on its ability to address context specific, practical questions.
Unlike Cartesian philosophy which argues truth from a known and certain standpoint,
pragmatism accepts that the evaluation and careful processing of errors can lead to
their identification and elimination in the future (Hannes & Lockwood, 2011). Thus, a

key feature of pragmatism is the contextualisation of knowledge, while the perceived
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benefits of that knowledge may change as the context differs. As such knowledge
cannot be viewed as generalisable, rather it can be utilised when encountering new
issues to review the problem and determine potential solutions (Long et al., 2018).

Due to the ability to incorporate both qualitative and quantitative research methods,

pragmatism is often claimed to be the paradigm of choice for mixed methods research.

It is important to acknowledge the classification of pragmatism as a paradigm, has
been disputed by some authors. For example, Denzin & Lincoln (2011) state that it
does not have any philosophical underpinning but rather focusses on the viewpoint
that meaning and truth cannot be determined prior to an experienced event. As such it
goes beyond the scope of a methodology. Additionally, the “neopragmatist” approach
of Rorty, Habermas and West is so entrenched in “interpretive, hermeneutic” (p. 246)
tradition that its compatibility with mixed methods research is refuted. Denzin &
Lincoln stipulate pragmatism is neither a paradigm nor a methodology. Similarly, Biesta
(2010) espoused that pragmatism should be viewed as a group of “philosophical tools”
(p. 3) to resolve research questions rather than providing the philosophical

underpinning of mixed methods research.

Morgan (2007) claims, however, that Kuhn’s original definition of a paradigm is open
to debate and could instead be considered as an epistemological stance and a shared
belief system. A number of authors consider that pragmatism meets the definition of a
paradigm, particularly when linked to Deweyan pragmatism (J. N. Hall, 2013; Johnson
& Onwuegbuzie, 2004; Morgan, 2014). This philosophical approach is to answer the
guestion what is “the nature of human experience?” (Morgan, 2014, p. 1048) through
research communities with common aims and goals (Hannes & Lockwood, 2011).
Therefore, the common arguments against the classification of pragmatism as a
paradigm, which include the researcher taking an a-paradigmatic stance (in which
paradigmatic viewpoints are ignored) or using the most expedient approach to the
research focus, are overcome with the utilisation of Deweyan pragmatism (J. N. Hall,

2013; R. Hall, 2013).

While there are many different versions of pragmatism, a key tenet is that it is
pluralistic and solution focused, wherein it attempts to find answers to real world

dilemmas by using a problem-centred approach (Creswell & Plano Clark, 2017).
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Furthermore, “pragmatic research is driven by anticipated consequences”
(Cherryholmes, 1992, p. 13). That is, pragmatism accepts that different approaches can
be utilised to answer research questions. Hence, it is particularly useful for research
that cannot be answered through a purely scientific or constructionist approach. It
acknowledges the epistemological differences between these approaches but does not
see them as incommensurable (Bishop, 2015). Rather, it values both subjective and
objective knowledge to ascertain the behaviours of participants, determine the beliefs
behind those behaviours and the potential consequences of said behaviours (Kivunja &

Kuyini, 2017).

Pragmatists recognise that to identify and eliminate errors, action is required to bring
about change. For Dewey, action is the cathartic agent which creates change. To be
effective, action must be guided by a sense of purpose and underpinning knowledge.
Thus, there is an inextricable link between human reasoning, knowledge, and action,
which changes the world. As a result, actions also drive cognitive and conceptual
development (Goldkhul, 2012). Central to pragmatic research is Dewey’s concept of
inquiry. The pattern of inquiry he promoted is more closely linked to practical problem
solving than other philosophers linked to the development of pragmatism (Hannes &
Lockwood, 2011). Dewey defined it as “Inquiry is the controlled or directed
transformation of an indeterminate situation into one that is so determinate in its
constituents, distinctions and relations as to convert the elements of original situation
into a unified whole” (Dewey, 1938, p. 108). Therefore, it could be argued from
Dewey’s perspective that the aim of pragmatic research is to produce knowledge
which has positive consequences for people and society, using knowledge as a tool to

solve problems.

The literature has identified that the use of digital technology has created issues within
medical imaging practice, such as the overreliance on manufacturer pre-set exposures
(which may or may not be accurate), and an increase in radiation exposure to ensure
images of diagnostic quality, i.e. “dose” or “exposure” creep (Hayre, 2016). Namely,
there have been unintended consequences following the introduction of digital
imaging technology. These include gaps in MIT knowledge, which have influenced
clinical practice (Hayre et al., 2017; S. Lewis et al., 2019a; Seeram et al., 2015). Levin &

Greenwood (2011) state that pragmatism can be used to create an effective
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connection between theory and practice. Furthermore, pragmatism has been
identified as a paradigm which lends itself to mixed methods research in which the
researcher is focussing on problem solving (Greene & Hall, 2015). Therefore,
pragmatism would seem an appropriate paradigm for my sequential exploratory mixed
methods design, with two phases of data collection. Further detail on the factors

which influenced my choice of paradigm and methodology for this study follow.

3.3 My worldview

As a researcher, | recognise that | will have brought my own values and beliefs into the
research process (Creswell, 2007). My epistemological and ontological standpoints
mean that this thesis reflects my interpretation of truth and perceptions of reality. This
study aimed to find meanings in the way the transition to digital imaging had been
experienced, MITs” knowledge and perceived competencies of digital imaging systems
and whether the ongoing use of this technology may have influenced MIT clinical
practice. As such the data and my interpretation of them, is situated within a specific

moment in time and is not designed to produce generalisable findings.

Initially | struggled with defining my perspective. In considering the research
paradigms, | initially felt more drawn to postpositivism. This was probably shaped by
my training and work as an MIT. Despite various technological changes, medical
imaging continues to rely on the ability to produce “quantitative information about the
properties of anatomic tissues and their functions that relate to and are affected by
disease” (Robb, 2006, p. 26). This statement indicates a link between medical imaging
and the positivist or postpositivist paradigm. Similarly, the historical origins of medical
imaging have also influenced the way medical imaging practice, research and
development has been shaped. Specifically, this points to the patriarchal dominance of
the medical profession, resulting in MITs having little autonomy to make independent
decisions regarding imaging procedures. The managerial role of radiologists has
allowed their beliefs and attitudes to predominate in medical imaging departments,
perpetuating the “handmaiden” or “butler” relationship between MITs and
radiologists (Ferris, 2005, p. 195). Further, the dominance of research paradigms have
focused on the production of empirically based knowledge (Bunniss & Kelly, 2010). It is
generally accepted that adherence to one paradigm will influence and predetermine

how theory is developed for a specific discipline. As a result this will determine the
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knowledge used in practice (Weaver & Olson, 2006). When considering all of these
influences, it is unsurprising that research within medical imaging has tended to sit

within the positivist or postpositivist paradigms of objectivism (Newton-Hughes, 2015).

While | could appreciate the deterministic perspective of cause and effect, the
reductionist approach and the philosophy of an objective reality which may be
observed and measured, did not sit comfortably with me. This was because | was not
solely interested in looking for a causal relationship between knowledge and clinical
practice. | also wanted to explore the MIT experience of the transition process, to gain
an understanding of the complexities and tensions that the adoption of new
technology may have created. As such the study would incorporate MIT perspectives,
which had been socially and individually constructed within a specific period of time,

as well as statistical data related to knowledge and competency rankings.

Despite the previous commentary about the objective nature of medical image data
and the influence of the positivist or postpositivist paradigms on medical imaging
practice, subjectivity is inherent within medical imaging. Subjectivity is primarily
created through individuals constructing and ascribing meaning to the quantitative
image data presented before them. This subjectivity affects both MITs and radiologists
in their daily tasks; for example, through MIT assessment of image quality or during
the radiologist reporting process. For the MIT, image quality is determined by the
physical characteristics of the imaging system, the technical factors selected by the
MIT, plus human perception. El values are seen as providing a quantitative measure to
ascertain whether the correct exposure factors have been selected. However,
documented difficulties using El values due to their unreliability and a lack of MIT
knowledge (Jamil et al., 2018; S. Lewis et al., 2019a; Seeram et al., 2015), suggest that
a continued visual (and subjective) assessment of exposure factors is undertaken by

MITs.

Digital imaging allows the MIT and the radiologist to apply different computer
algorithms to manipulate and enhance the image, with the aim to improve the
appearance of the image and therefore the diagnostic outcome (Seeram, 2019). This
task is known as post-processing (Ween et al., 2005). Post-processing may be

undertaken by the MIT at the workstation monitor or by the radiologist on the
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reporting monitor (Seeram, 2019). The monitors used by the MITs are frequently of a
lower standard than that of the radiologists (American College of Radiology, 2017).
This has been previously identified as a cost based decision, in an attempt to reduce
overall costs when transitioning to digital imaging systems (S. Lewis et al., 2019b; Peer
et al., 2006). The quality of the workstation monitor must enable the MIT to determine
whether the image is of an appropriate standard or needs to be repeated (Fauber,
2016). This is particularly significant when assessing image noise levels, as image noise
evaluation can be more difficult on low grade monitors (American College of
Radiology). The variability in workstation set-up and monitor quality make it virtually
impossible to ensure display comparability, introducing a level of subjectivity when

assessing the diagnostic utility of an image (Butt et al., 2012; Reiner et al., 2003).

MITs also evaluate the diagnostic value of their images through their underpinning
theoretical knowledge, combined with clinical site protocols. Makanjee et al. (2018)
described MITs using both retrospective and current knowledge to support decision
making. Coupled with the use of analytical and intuitive skills (Bowman, 1997), this
introduces a further level of subjectivity, despite MITs reviewing their images against
specific acceptance criteria. This is particularly prevalent when deciding whether a
projection should be repeated and the answer is not “clear-cut”. In this scenario, the
MIT has to consider on a case by case basis whether: an extra projection will provide
additional missing information which is required to answer the clinical question; if the
benefits of the increased radiation dose will outweigh any potential risks to the patient

(Quinn & Bowman, 2014; Strudwick, 2013).

Subjectivity is also introduced due to variability in individual eye-brain performance,
fatigue and external distractions (Alsleem & Davidson, 2015). These factors affect MITs
and also radiologists during image evaluation and interpretation (Waite et al., 2017).
Following completion of image acquisition, diagnosis is rarely a binary process i.e.
normal/abnormal but a subjective process which relies: on the radiologist’s experience
(Waite et al.), an understanding of radiologists inherent biases (Busby et al., 2018), and
the ability to determine a differential diagnosis. It is recognised within medical imaging
that radiographic appearances are not necessarily specific to one disease and may

therefore represent multiple realities. It is the radiologist’s role to determine what
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those realities are and from there create a list of potential differential diagnoses

(Eisenberg et al., 2010).

In essence, radiographic practice is focused on the interaction of individuals with
technological equipment in the process of the diagnosis or treatment of disease
(Hammick, 1995). The context specific nature of radiographic images was recognised
by Strudwick (2014) who identified that the image encapsulates not just the science of
producing an image from X-rays but it is also a record of the unique interaction that
occurs between the patient and the MIT. Consequently, radiography has been
described as both an art and a science (Baird, 1995; Benfield et al., 2020). This duality
allows for flexibility when selecting methodological approaches to radiography
research (Metsala & Fridell, 2018). Medical imaging research may therefore utilise
positivist/postpositivist, constructionist and mixed research methodologies (Scally &
Brealey, 2010). Considering the duality of medical imaging practice, allowed me to
conceptualise my position as a researcher. As such it assisted me in identifying the

relevant paradigm and methodology for this study.

3.4 Determining the research paradigm and methodology

To help me determine the most appropriate paradigm and methodology, | considered
the key drivers which had led to my research focus. Problems with the use of digital
imaging equipment have been well documented (Hayre, 2016; S. Lewis et al., 2019b;
Moore, 2016) and much of it seems to relate to a lack of understanding of the
equipment. However, more importantly for me was the potential impact on patient
care, specifically in relation to radiation protection. Both factors were influential in me
developing my research question and can be related back to my career as a medical
imaging practitioner. | believe the following experiences were notable in influencing

me:

e As a Radiation Protection Supervisor in the UK, | lectured on the importance of
radiation protection to General Dental Practitioners, MITs, Dental Nurses and
Hygienists.

e | personally experienced the transition from F-S imaging to CR imaging. The level
of training | received left me feeling my knowledge base had been eroded. This

was amplified when | was unable to find satisfactory answers to my questions.
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e As a medical imaging educator, | have a strong interest in educational
pedagogies and knowledge transfer. In particular, | am interested in the
synthesis of academic theory with clinical practice and experiential learning

theory.

| became aware that despite the research indicating there were issues with digital
imaging equipment, there seemed to be a paucity of evidence identifying the
underlying reasons for these problems or potential solutions. This prompted me to
consider how MITs resolve practical dilemmas through their clinical decision-making
skills. For example, one issue is the comprehension of the spatial relationships of
projection geometry and applying these when imaging paediatric patients or patients
from trauma situations. In these scenarios, patients may not be able to co-operate or
achieve the required anatomical positions to produce the desired result. Therefore,
the MIT uses their knowledge, adapting their technique to create a diagnostic image

while maintaining patient care and safety (Quinn & Bowman, 2014).

Due to the nature of their work, MITs are considered to be good at using their abilities
to problem solve in the moment to achieve the desired results. That is, they
consistently work out what needs to be done at the time and determine how it can be
achieved, despite the contextual constraints they may be facing (Baird, 1996). Effective
application of problem solving and clinical decision-making skills in healthcare and
medical imaging have been linked to the integration of theory into practice, self-
reflection and experiential learning (Baird, 2008; Standing & Standing, 2010). In turn,
these have been connected to experiential learning theory and Deweyan pragmatism
(Beaudin & Quick, 1995; Kolb & Kolb, 2009). Pragmatism as a research paradigm
focusses on the historical and social context of a problem (Creswell & Creswell, 2018)
as well as attempting to provide solutions to practical problems (Greene & Hall, 2015;
Weaver & Olson, 2006). As a researcher, | was aiming to not only explore and
understand why some of the documented issues associated with digital imaging may
have arisen. | also wanted to produce knowledge which would have a practical
outcome. As such my study reflected key tenets associated with the pragmatic

paradigm (Greene & Hall, 2015; Prasad, 2021).
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3.5 Mixed methods research

The underlying premise associated with mixed methods research is that there are
benefits and drawbacks to both positivist/postpositivist and constructionist
methodologies (Creswell & Plano Clark, 2017). Mixed methods design aligns with
postpositivist, constructivist, transformative and pragmatist worldviews (Creswell &
Plano Clark). The use of multiple paradigms within mixed methods is accepted by the
authors, who commented that the researcher may alternate between a constructivist
perspective during the qualitative phase to a postpositivist one in a survey. They
concluded that the researcher’s worldview may change during the research and that
the worldview may differ according to the phase of the study. Neither of these are
problematic if the researcher identifies, reflects, and discusses their worldview in the
context of their work. However, Giddings & Grant (2006) highlighted that postpositivist
assumptions underlie many mixed methods research studies and trying to move
between different worldviews may lead to “unacknowledged contradictions” (p. 9)
when interpreting findings. This is supported by Bishop (2015) who identified the
importance of maintaining the epistemological integrity for each constituent part of a
mixed methods study. It is therefore essential that the researcher recognises their
epistemological, ontological beliefs and axiological values to ensure methodological

congruence is demonstrated between the research question and the methods.

Mixed methods research permits the researcher to assess the area of interest from
different perspectives, potentially allowing for a deeper understanding of the
phenomenon than may be achieved by using one approach. This is particularly useful
when making decisions relating to clinical practice. Research within the healthcare
environment includes the investigation of highly complex and multi-layered processes
and systems, which may necessitate the use of both quantitative and qualitative data
to answer the research question. For example, qualitative research may be utilised to
consider why or how a phenomenon occurs, or to illuminate an individual’s
experience, whereas quantitative research can determine cause and effect and
produce generalisable conclusions. Using a mixed methods approach is valuable when
“focusing on research questions that call for real-life contextual understandings, multi-

level perspectives, and cultural influences” (Creswell et al., 2011. p. 4).
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Other benefits of using a mixed methods approach are that complex phenomena can
be researched. Plus, a rich and broad focus may be achieved through using different
approaches to data collection (Giddings & Grant, 2007). Health related research can
therefore lend itself to the use of mixed methods, which draws on the strengths of
both qualitative and quantitative designs (Fetters et al., 2013). Disadvantages
associated with mixed methods include the time-consuming nature of the approach,
both at the beginning of the project and at the end, when the researcher is looking for
convergence, divergence, or contradictions within the phases (Giddings & Grant, 2009;
Larmer, 2009). Nevertheless, the use of mixed methods approach in clinical practice,
where the positivist paradigm has historically predominated, can be beneficial.
Although it can present difficulties in terms of mediating contrasting evidence, it has
the potential to reveal important information, which hitherto was hidden or
unreported (Larmer, 2009). My research question focuses on the use of digital
technology in MIT practise, which is a complex phenomenon with multifaceted layers
linked to a very real clinical issue. Therefore, it was considered appropriate to use a

mixed methods research design to investigate the research aim.

While there is no overarching definition of mixed methods research, it does
incorporate specific characteristics i.e. both qualitative and quantitative data strands
are collected within the same study; mixing or integration of the data occurs; and the
processes are undertaken in a logical order which reflects the aim of the study
(Creswell & Plano Clark, 2017). Mixed methods approaches encompass a number of
different designs. Determining which design to utilise depends on the area under
investigation and the nature of the research question (Creswell & Plano Clark). Fixed
(planned) or emergent designs are used in mixed methods. A fixed design is one in
which the researcher has pre-determined both qualitative and quantitative data
collection will be required. Conversely an emergent design is generally adopted when
it becomes apparent, through the research process, that one method is insufficient to
answer the research question. A typology-based approach is considered particularly
beneficial for researchers who are inexperienced in designing and undertaking mixed
methods research. As such they provide the researcher with a framework on which to
base key decisions (Creswell & Plano Clark). One mixed methods typology is the

sequential exploratory design, in which the qualitative information is collected and the
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data analysis allows for theme development, which is subsequently used in the partial
or complete design of the quantitative data collection process (Creswell, 2013). |
determined that a sequential exploratory design would be the most useful in
answering my research question: “How has the introduction and ongoing use of
digital imaging technology affected MITs in Aotearoa NZ?” Exploratory sequential
designs prioritise the gathering and analysis of qualitative data in Phase One. From
there the researcher is able to create a quantitative second phase supported through
the development of an intervention for example (Creswell & Plano Clark, 2017), or as

in my case, a survey.

Mixed methods data analysis frequently combines statistical and thematic analysis, in
conjunction with crystallisation and data conversion, which are considered to be
specific to mixed methods. Tracy (2010) highlighted the benefits of using
crystallisation, particularly within the “constructivist, critical or postmodern paradigms
that view reality as multiple, fractured, contested, or socially constructed” (p. 844).
This is because it encourages the researcher to utilise a variety of data types created
by different methods to create complex “partial understanding” (p. 844). In so doing, it
gives the potential for each data source to provide an important, unique, and
complementary rather than competing perspective to the phenomenon. Through
these approaches the researcher is able to ensure they interpret the data sets and
results to determine how the analysis answers the mixed methods research question
(Creswell & Plano Clark, 2017). This is supported through identification of the
weighting and timing allocated to each component, and decisions about how mixing of
the qualitative and quantitative data will occur (Creswell & Plano Clark). Timing is
considered not only in relation to the data collection but also when data analysis
occurs. Weighting refers to the level of importance the qualitative and quantitative
strands are given and whether the entire study is methodologically congruent
(Creswell & Plano Clark). The mixing decision is dependent on the aims of the research
and relates to how the two strands are amalgamated, encompassing more than just
combining two sets of data (W. Zhang & Creswell, 2013). Amalgamation can take place
at different stages in the research process and may occur in a variety of ways. These
are known as connecting, building, merging, and embedding, with one or more of

these seen within a single research study (Fetters et al., 2013). Connecting occurs
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through the sampling strategy i.e. the participants from one phase are recruited for
the other. This type of synthesis may occur whether the research is a convergent or
sequential explanatory design. Building happens at the design stage in a sequential
exploratory design, when the second phase data collection develops from the first.
During the methods stage, amalgamation through merging occurs when the data sets
are brought together to be compared and analysed. This generally occurs after analysis
of individual data sets. Amalgamation via embedding occurs when the collection and
analytical process link together at numerous points. Embedding may include any
combination of merging, building, or connecting. However, the key aspect is the
repeated linkage of the quantitative and qualitative data collections at multiple points
(Fetters et al.). Both building and merging were drawn on in my study and Figure 2

below provides an overview of my approach.

Figure 2

Flowchart of mixed methods exploratory sequential design

Design Qualitative Collect Qualitative Analyse Qualitative
Strand Data Data
(Interpretive Description) (Interviews) (Thematic Analysis)
Data building
A_nalyse Collect Design
Quantitative Data - Quantitative Data - Quantitative Strand
(Inferential and descriptive (Cross-sectional survey) (Cross-sectional survey)
statistics)
Merge Results Interpret the Merged Results
(Identify and examine ‘ Identify relationships.
differences and similarities Look for convergence, divergence, or
in the data contradictions.

Note. Adapted from Creswell & Plano Clark, 2017 & Fetters, Curry, & Creswell, 2013.
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Two phases were incorporated within my study design. Phase One aimed to gain an in-
depth understanding of how MIT’s have experienced the introduction and ongoing use
of new technology, and its perceived impact on practice. Interpretive Description was
considered an appropriate methodological choice in this first phase given its focus on
developing understanding and insight into complex clinical situations. The first phase
used individual, semi-structured interviews to gather thick data and contextual
understanding from practising MITs who had experienced the introduction of digital
technology. Analysis of the Phase One data helped inform the survey design for Phase
Two. In Phase Two, a self-administered cross-sectional survey was designed to capture
guantitative data relevant to MIT knowledge and perceived competency, and explore
statistical relationships between these constructs. The development of the survey,
examining contradictions across both data sets, identifying overlapping themes and
adding breadth and depth to the study, were all key to answering the research
question. Although there was building through the development of some questions for
the survey, the focus of the survey was also complementary and explored distinct
aspects of the phenomenon compared to the qualitative data. Therefore, full merging
and data interpretation took place after the quantitative phase. It was anticipated that
resultant data sets would produce either complementary or disparate findings which
would lead to an in-depth understanding of the current knowledge and perceived
competencies MITs have of digital imaging and its application, plus an understanding
of what MITs experienced when this technology was introduced and its potential

impact on practice.

3.6 Interpretive Description

Interpretive Description aligns with the interpretive/constructivist paradigm and uses
aspects from naturalistic inquiry, grounded theory and ethnography (Thorne et al.,
2004). Interpretive Description draws on the general tenets of the

interpretive/constructivist paradigm in that:

e reality is experienced holistically and is affected by the attitudes, beliefs, and
meanings that individuals give to their experiences;

e interactions between the researcher and the study participants are inevitable
and will affect both parties, as well as the knowledge constructed between

them;
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e findings are time and context bound;
e causal relationships are impossible to determine as “causes and effects are
inextricably intertwined”;

e the nature of inquiry is value bound (Guba & Lincoln, 1982, p. 242) .

Interpretive Description differs from other methodologies as it does not draw on a
specific philosophical lens. Rather through the focus on complex clinical practice
issues, it acknowledges disciplinary-based assumptions and may also incorporate
practice-based theory, knowledge, and experience. The purpose of Interpretive
Description is to allow the researcher, through an analytic and inductive approach, to

deepen their understanding of clinical phenomena (Thorne et al., 2004).

Interpretive Description is not designed to create new truths but looks to search for
and understand the truth that already exists. It does this through the recognition of
broad themes and patterns to highlight how phenomena may be similar or relate to
each other. As such, Interpretive Description is well suited to research seeking to
consider human experience and behaviours in the clinical environment and/or
evaluating significant problems related to practice (Thorne, 2016). Interpretation is
created and guided by informed questioning and critical reflection, which can then be
used to inform discipline-specific practice. Typical questions are related to the
thoughts and feelings experienced by people when encountering certain challenges or
transitions. The use of the existing literature and knowledge base is considered vital
and creates the primary “theoretical scaffolding” (Thorne, 2016, p.60). From this initial
framework the researcher can determine the specifics of the research method.
However, as the study progresses the researcher should move away from their initial

position, as “alternative conceptual emphases and intrigues arise” (Thorne et al., 2004,

p. 5).

For this study, | undertook a critical literature review to gain an understanding of what
was already known about the transition to digital imaging. This allowed me to confirm
that problems had been identified with this transition, and there was a gap in the
literature as to how some of these issues may have arisen or could be resolved. The
second component in scaffolding the study requires the researcher to position

themselves within their discipline, specifically because Interpretive Description
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recognises that the researcher’s actions and thinking will influence and shape the
research process and outcome (Thorne, 2016). This study is situated within the
Medical Imaging discipline. My experience as both a practitioner and educator within
this field have influenced all aspects of this study, including the literature review, the
formulation of the research question, the choice of methodology, and the language |
have used. Throughout the study it was important for me to recognise that my

experiences would influence the assumptions and conclusions | may draw.

Given that my research sought to answer clinically focused questions relation to MIT
practice, | considered Interpretive Description to be an appropriate methodology to

utilise in Phase One.

3.7 The link between Interpretive Description and pragmatism

While Interpretive Description is situated within the constructivist paradigm, Thorne
(2016) stated that it is positioned midway on a scale which ranges from objective
reality at one end and subjective impression at the other. She continued that it uses
both socially constructed knowledge and factual information to create meaningful
understandings. This indicates a potential link to pragmatism. Namely, pragmatism
accepts different methodological approaches can be used to answer research
guestions and Interpretive Description accepts that different analytical approaches can

be used to support interpretation.

The connection between human knowledge, reflection and the development of
potential solutions or changes is explicit within both Deweyan pragmatism and
Interpretive Description (Biesta, 2010; Thorne, 2016). In terms of philosophical
underpinnings, Thorne stipulated that as Interpretive Description is outside of a
“theoretical tradition” within social science research, studies do not need to be
undertaken with a specific philosophical approach. However, one may draw on, and
introduce, philosophical perspectives as the research progresses, when it feels
appropriate in order to address the aims and purpose of the research (Thorne). This is
a factor which clearly resonates with pragmatism, as the focus is on flexibility and
plurality of methods to address the aims and purpose of the research and to ensure
the research has practical utility. Furthermore, Thorne’s identification that critical

reflection of what is known as a requirement to inform clinical practice, links to



59
Deweyan pragmatism and the need to create knowledge and understanding through

experience (praxis) and reflection.

Dewey considered “truth”, to be constructed through the process of problem solving.
These constructions were considered neither absolute nor random (Hickman, 2009).
Dewey encapsulated this in the term “warranted assertibility” (Neubert, 2009, p. 25).
Interpretative Description creates “tentative truth claims” in relation to clinical
practice (Thorne et al., 2004, p. 7). Like pragmatism, truth is not absolute nor arbitrary,
rather it is a constructed contextual understanding based in part on experiential
knowledge. The identification of five commonalties between constructivism and

pragmatism were discussed in depth by Reich (2009). These are:

e the rejection of metaphysics i.e. the positivist belief that knowledge is created
through empirical means;

o knowledge is constructed and situated within a cultural context;

e the need for democracy i.e. the more varied and numerous the shared interests
of a group, the more development and growth there will be;

e constructions of reality are created as potential solutions to problems, these
constructions are not random but occur from inquiry;

e |earning is created through inquiry, values generated via shared communication,

and leads to desired growth.

The last point highlights that Dewey’s concept of the learning process is the main
“precursor of constructivist learning theories” (Reich, 2009, p.64). The relevance of
these factors within my research study relate to the complex contextual nature of

medical imaging practice.

In summary, there is a link between Interpretive Description and pragmatism.
Interpretive Description is designed to critically evaluate clinical issues and what is
already known. It attempts to seek out and test alternative approaches and their
potential outcomes in an effort to inform understanding and improve clinical practice
(Thorne, 2016). Pragmatism requires critical reflection of what is known, followed by
action and further evaluation in an attempt to “create knowledge in the interest of

change and improvement” (Goldkhul, 2012, p.6).
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3.8 Cross-Sectional surveys and pragmatism

Cross-sectional surveys are widely used in healthcare research and are able to produce
results which may support the development of policy guidelines or clinical practice
(Ellis, 2014). Cross-sectional designs are used as an exploratory approach to produce
information or describe attitudes or behaviours about a specific phenomenon, at a
particular point in time (Bethlehem, 1999). They are also particularly beneficial for
evaluating the prevalence of a phenomenon or problem (R. Kumar, 2014). However, as
the information produced will relate to the population being studied at that moment
in time, cross-sectional studies are unable to determine cause and effect (Heddle,
2002). Similarly, pragmatism is considered to be an approach which does not expect to
find causal links as a result of inquiry into a specific phenomenon, but looks to clarify
meanings (Cherryholmes, 1992). Any causal links which are uncovered are considered

transitory and context bound (Feilzer, 2010).

Cross-sectional surveys collect quantitative, qualitative or a combination of qualitative
and quantitative data, which can be used to generate new hypotheses (Ellis, 2014). The
processes used in a cross-sectional surveys include: identification of an area
warranting investigation; the generation of a research question; hypothesis testing;
and discovery of any association between variables (Mann, 2003). The link to
pragmatic inquiry is evident through Johnson et al.'s (2017) description that for Dewey
inquiry starts with a “feeling that something is amiss” (p. 73). This allows for an issue to
be identified and the creation of a hypothesis. The hypothesis is reviewed to check
whether revisions are required and subsequently tested. The link between cross-
sectional designs and pragmatism is also seen in Miettinen's (2000) comment that
Dewey identified inquiry as an experimental process through which knowledge could
be created. Specifically, the identification of an issue via observation is used to create
theories and hypotheses which are then tested through action. The testing may not
confirm hypotheses but can provide new insight, knowledge or support the formation
of new theories (Elkjaer, 2009; Miettinen, 2000), once again aligning with cross-

sectional designs.

An advantage of a cross-sectional survey design is that it is considered to be an
efficient way to initially explore an area of interest and determine whether further

study would be useful. Occasionally undertaking such a survey will rule out alternative
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explanations of a phenomenon (Spector, 2019). This suggests that a cross-sectional
survey design would reflect a pragmatist approach of basing the choice of research
methods on the practicalities of what will work best in practice (M. E. L. Brown &

Duenas, 2020).

In summary, cross-sectional study designs can be linked to pragmatism through a data
capture process which is time and context bound. Neither cross-sectional designs nor
pragmatism claim to identify cause and effect, or findings which can be generalised to
another population. Furthermore, Dewey’s process of inquiry and the stages adopted
during a cross-sectional design are similar. Therefore, the choice of a cross-sectional

survey for Phase Two was considered to be methodologically congruent.

3.9 Summary

Ensuring congruence between the research study and its design, governed the choice
of paradigm and methodology. These were also affected by my epistemological and
ontological perspectives, as well as my professional discipline. The pragmatic paradigm
is one well suited to answer my research question, given its orientation to solving
practical problems (Kaushik & Walsh, 2019). A mixed methods design provided a viable
approach to evaluating the transition to digital technology. This was due not only to its
alignment to the pragmatic paradigm, but also because it allowed me to gain an in
depth understanding using both qualitative and quantitative data collection and
analysis. For the interview phase, Interpretive Description was an appropriate
methodology, as it is aligned to a changing health care environment and focused on

informing clinical understanding (Hunt, 2009; St. George, 2010).

This chapter has considered my choice of paradigm and methodology. | have described
some of the benefits and drawbacks of mixed methods research, and my choice of a
sequential exploratory design. | have identified my choice of Interpretive Description
as an appropriate methodology for Phase One of the research and have considered the
links between pragmatism and a) Interpretive Description and b) cross-sectional survey

designs.

In the next chapter, | discuss the methods employed in undertaking this research

study.
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Chapter 4 Method

4.1 Introduction

In this chapter, | describe the methods used to answer my research question “How has
the introduction and ongoing use of digital imaging technology affected MITs in
Aotearoa NZ?” | consider how each phase of the two-phase sequential exploratory
mixed methods design was utilised to answer the research question. | describe the
sampling and recruitment processes | adopted, how issues of trustworthiness and
rigour were met, approaches to data collection and analysis, and how ethical

considerations were incorporated into the research.

4.1.1 Research questions for each phase

Phase One was designed to gain an in-depth understanding of MITs’ personal
experiences of the introduction and ongoing use of digital technology. The guiding
research question for this phase was “What are the experiences and perceptions of

MITs regarding the introduction and ongoing use of digital imaging technology?”

Semi-structured interviews were used to answer this question. Interpretative
Description was used to analyse the data and generate themes, which subsequently

supported the creation of the cross-sectional survey for Phase Two.

The purpose of Phase Two was to describe and identify factors influencing MITs’
knowledge and understanding of digital imaging and its application, as well as their
perceived competence in using digital technology. The research questions linked to

this phase of the study were:

1. What knowledge, understanding and perceived competence do MITs have

regarding digital technology and its application?

2. What factors are related to MITs knowledge of and perceived competence in

the use of digital technology?

To address these research questions, they were broken down into more specific

objectives as follows:

1. Inrelation to clinical practice, do MITs understand:
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a) how digital systems respond to different levels of radiation exposure?
b) how different functionalities of the equipment influence best practice?

c) whether their practice is meeting the ALARA principle?

2. What factors are related to MITs’ knowledge and understanding of the practical

application of digital technology? It was hypothesised that:

a) MITs who learnt about FPDR or CR in their undergraduate programme would
demonstrate higher levels of digital technology knowledge.

b) MITs who had received training in FPDR or CR technologies would
demonstrate higher levels of digital technology knowledge.

c) MITs who spend more time using FPDR or CR equipment on a weekly basis

would demonstrate higher levels of digital technology knowledge.

3. What factors are related in NZ MITs’ perceived competence using digital
technology? The aim was to describe MITs’ self-perceived competencies in the
use of digital technology, and identify whether sociodemographic characteristics

or context specific factors were associated with feelings of competency.

The development, piloting, and distribution of a cross-sectional, self-administered

survey with a set of pre-defined questions was used in addressing these questions.

4.2 Participants

MITs were eligible to participate if they held a current Annual Practicing Certificate
(APC) and were working at least 50% of the time in planar radiography. MITs were
excluded if they were working under an NZMRTB supervision agreement. These
agreements indicate that the MIT is not currently considered to be competent to
practise without direct or indirect supervision. Additional inclusion and exclusion

criteria specific to each phase are detailed further below.

4.2.1 Phase One

MITs who met the above eligibility criteria were included if they had experienced the
change from film to CR and/or FPDR. They were excluded if they were clinical tutors
employed by Unitec Institute of Technology, due to the power differential that existed

between myself as the academic leader of the Unitec Medical Imaging programme and
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their line manager. This could have led to participant vulnerability or potential conflict

of interests.

4.2.2 Phase Two

There was no need to specifically include MITs who had experienced a change to
digital technology in this phase, as the key focus was MITs’ knowledge in relation to
digital imaging. As such, all MITs who met the study eligibility criteria outlined above
were included, unless they had already engaged in the research process either through

participation on the study expert panel or pilot group (see page 80 for more details).

4.2.3 Sampling

For Phase One, purposeful and theoretical sampling was undertaken. Purposeful
sampling was used to identify potential participants who would be able to provide in-
depth information and knowledge relating to their experiences of the introduction of
digital technology (Patton, 2002). The sampling approach primarily focused on
capturing a diversity and breadth of experience. Analysis took place alongside data
collection and so after the first few interviews, theoretical sampling was used to
explore and refine preliminary analytical ideas (Thorne, 2016). The benefit of this
approach was that as | began to consider patterns and themes within the data, it
allowed me to determine whether what was being evidenced was anomalous, related
to the study design, or reflected the participant cohort in some way. It permitted me
to consider which individuals it would be helpful to interview to support the

construction of themes.

Theoretical sampling was also undertaken to review findings i.e. what were the
similarities and differences between and within groupings. | became aware that | had
initially only interviewed participants who had been exposed to a change in technology
within one imaging department. | was interested in exploring whether people who had
used digital technology in more than one environment, experienced the same
challenges and benefits. Early participants also spoke about the support networks they
used including students, and so | also sought to invite participants who worked in an
environment where students were not on placement, to consider whether this had an
impact on support and practice. | was also keen to investigate whether the

introduction of new technology presented itself differently to MITs who had learned
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about digital imaging systems as part of their undergraduate degree. Therefore, the
sample included both those who had been taught about digital imaging systems in

their undergraduate education and those who had not.

The sample size in Interpretive Description can vary with the primary focus on ensuring
there are sufficient numbers to provide the required insight into the clinical issue
under investigation (Thorne, 2016). Ten participants were recruited for Phase One.
This was considered sufficient to allow for a rich, in-depth understanding of this
phenomenon. Using a small participant number is also supported when the
documented and anecdotal evidence indicates that the issues under investigation are
commonly found in clinical practice (Thorne). “Information power” can also be utilised
when determining the appropriate sample size for a qualitative research study.
Information power is specifically linked to the premise that the more information
participants have in relation to the specific research topic, the fewer the number of
participants required. The factors which influence information power are “(a) study
aim, (b) sample specificity, (c) use of established theory, (d) quality of dialogue, and (e)
analysis strategy” (Malterud et al., 2016). If the research aim is narrow and very
specific, as in my research study, then a small participant group is appropriate. The
participants’ level of knowledge and experiences of the research focus affect the
sample specificity: the higher the level of knowledge and experience, the lower the
sample size required. A high level of existing evidence and theoretical knowledge
linked to the research focus supported the use of a smaller participant number.
Similarly, clear and effective communication and an exploratory analytic approach
increase the information power (Malterud et al.). When considering these factors in

relation to my study, the size of my participant group is supported by:

e the narrow research aim;

e the use of purposive and theoretical sampling ensuring a high sample specificity;

e the level of existing knowledge associated with the introduction of new
technology into medical imaging (as indicated in my literature review);

e my knowledge about the subject matter, combined with my interpersonal and
communication skills ensured a high-quality dialogue; plus

e utilising an exploratory in-depth analytical approach to this phase.
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Finally, it should be recognised that although the aim was to get as broad a spectrum
of experience as possible, this was ultimately affected by the MITs who consented to

be interviewed.

For Phase Two, participants were recruited through convenience (non-probability)
sampling, i.e. a flyer was distributed to all MITs who were members of the New
Zealand Institute of Medical Radiation Technologists (NZIMRT). Convenience sampling
is used to target individuals who are accessible to the researcher and are likely to be
easily recruited. Convenience sampling was used as it is considered an uncomplicated

and economical technique to collect data (Sedgwick, 2013).

A link to the survey was emailed from the NZIMRT database to all 1793 NZ members
(The New Zealand Institute of Medical Radiation Technology, 2019). The front pages of
the questionnaire included an introductory letter, with details about the study as well
as ethics approval information. This resulted in 12 responses. The initial invitation was
followed up with an email reminder three weeks later. Due to the lack of responses, a
link to the survey was distributed via social media (NZIMRT user group) which brought
the total number of responses to 43, of which 23 were incomplete and not usable. To
achieve a higher response rate, | attended an Auckland/Northland NZIMRT branch
study day and provided the electronic link to the attendees and paper copies of the
survey for people to complete if they wished to do so. Paper copies were provided in a
blank envelope and an unattended collection box was left at the study day venue, so
that confidentiality and anonymity could be maintained. Eventually, the total number

of surveys received was 91 of which 49 were complete.

It was difficult to determine an accurate response rate, because assessing the number
of MITs who met the inclusion criteria could only be estimated. Neither the NZMRTB or
NZIMRT databases specify the proportion of time MITs spend working in planar
imaging. My estimation was based on APCs issued by the NZMRTB in 2018, discounting
APCS with a condition or more than one scope of practice. Namely of 3113 APCs
issued, 50% seemed likely to meet the inclusion criteria i.e. working 50% time in planar
imaging and not under a supervision agreement (The New Zealand Medical Radiation
Technologists Board, 2019). Using 50% as a baseline indicator, suggested a potential

total pool of 896 NZIMRT members, and a survey response rate of 10%. Nevertheless,
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this calculation relies on several external factors, such as the accuracy of my
supposition about NZMRTB members, whether this could be accurately transferred to
another group, and the currency of the NZIMRT database which would influence the

number of deliverable survey links.

It can be difficult to achieve high response rates to electronic or postal questionnaires,
with rates declining since the 1980’s (Fincham, 2008), restricting the number of
responses and potentially creating nonresponse bias (Teddlie & Tashakkori, 2009). The
survey was designed in a way to facilitate increased response rates (Dillman, 1991). A
pilot was undertaken, which not only helped ensure clarity for participants but also
allowed me to give an estimation of the time required to complete the survey. A
personalised email was sent via the NZIMRT, the use of which has been reported as
increasing response rates (Schaefer & Dillman, 1998). Reminders are also considered
to be helpful in increasing response rates. The use of reminders was limited to a total
of three to avoid any feelings of participant coercion, plus exceeding this number is

unlikely to result in an improved response rate (Marshall, 2005).

4.2.4 Recruitment

As indicated above, the primary method of recruitment for both phases was
distribution of flyers available to NZIMRT members. This approach meant MITs across
settings (e.g. working in District Health Boards and private practice) and with a diverse
range of experience (e.g. recent graduates to more experienced practitioners), would
be given the opportunity to learn about the research and consider their participation.
For Phase One, a combined flyer and participant information sheet (Appendix A) were
sent to the 690 members of the Auckland branch which extends from Kaitaia to
Mercer. Given the wide range of clinical practices and equipment used in this region,
plus the diversity in breadth and depth of MIT experience, limiting recruitment to one
branch and geographic location was unlikely to adversely impact on the sampling aims
previously described. For Phase Two, distribution of the survey was initially via a flyer,
containing a URL link to the survey (Appendix B), emailed to all members of the

NZIMRT by the NZIMRT secretary, with follow-up strategies as described above.



68
4.3 Phase One: Data collection

In-depth semi-structured interviews were used to generate data. The interviews aimed
to garner information around the perceived impact of the introduction of digital
technology for MITs and their experience of its introduction and use. The interviews
were predominantly undertaken at the participant’s dwelling or at a local café, away
from their work location. To ensure my personal safety, | followed a specific protocol
when interviewing participants in their home. Due to distance and participant
availability, two interviews were undertaken via Skype. The participant made the
venue decision to ensure they felt as comfortable as possible and to minimise
disruption to their schedule. Prior to commencing interviews, a hard copy of the
Information Sheet plus two copies of the Consent Form were given to each participant
to read (Appendices A and C). Soft copies were emailed to the two participants who
were interviewed online. The participants were offered the opportunity to ask
questions or seek clarification prior to signing the consent forms. The participant kept

one copy, the other | retained and stored in a secure location.

The interviews were recorded on two separate devices in case of mechanical failure.
The interviews ranged in duration from 45 to 90 minutes. Key prompts were utilised to
keep the interview focused on the phenomenon of interest, but the interview
approach allowed for a more in-depth exploration where appropriate, allowing me to
remain open to ideas raised by participant. Careful phrasing of the questions was
undertaken to ensure | did not ‘lead’ the participant. Example of indicative questions
are in Appendix D. Additional prompts were used as probes to further explore
responses to these questions, such as: “can you tell me more about that; how did that
feel; how did that affect you?” (Creswell, 2009). The questions were asked in any
order, allowing a level of flexibility in the interview process. This was beneficial as it
allowed for follow up on any unexpected responses (Grix, 2001). This was also
facilitated by my note taking during the interview. Questions in relation to equipment
orientation and any additional training requirements were added for those
participants who had used digital equipment in several environments. Furthermore,
questions exploring how different systems compared were included for participants
who had used both CR and FPDR. These included the benefits and challenges

associated with each system and radiation exposure settings.
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| was very aware that my own values and perspectives, coupled with my experiences
as an MIT and the introduction of digital technology, could inadvertently affect the
interview process. Therefore, | ensured that | did not reveal my personal experiences
to the participants. This also prevented the participants assuming we had shared
knowledge and understanding, potentially limiting their responses (Thorne, 2016). At
the end of each interview a koha, in the form of a grocery voucher, was given to each
participant as a token of appreciation. Each interview audio file was password
protected and subsequently transcribed verbatim by a professional transcriptionist,
who had signed a confidentiality agreement (Appendix E). Subsequently listening to

the audio recordings, | noted my initial impressions and the questions these prompted.

To support reflexivity, immediately after each interview | made journal entries,
considering what had gone well and not so well. For example, after the first interview |
noted how nervous | had been, writing | was “unsure how this would play out” and
“my participant helped put me at ease by making me a cup of tea!” | also felt that the
interview seemed somewhat “stilted” as | had regularly referred to my question list.
Further, | believed | missed some opportunities to use follow up questions. | rectified
this by noting these follow up questions during the subsequent interviews. Through
reflection, | recognised that my feelings were due in part to the fact that this was the
first interview and | really wanted it to be successful. Prior to the interview | had
concerns my role as an educator could create a power imbalance (and barrier), which
may have made my participants reticent to disclose their thoughts. Further, | was
aware of the need to achieve a balance in my approach where | was not unduly
influencing the interview process, whilst not being unresponsive. As | undertook more
interviews, | realised that it was my nerves which predominantly influenced the
effectiveness of my interviewing style and that despite my initial concerns all my

participants were very willing to share their experiences with me.

In Interpretive Description, data collection and analysis run concurrently to facilitate
the confirmation, testing or exploration of concepts as they arise. Therefore, as data
analysis occurred, periods of reflection were undertaken before data collection
continued. During this process, | used memos (example in Appendix F), mind-maps and
my journal to note ideas and their relationships to each other, as well how my

personal assumptions were influencing my analysis. For example, | felt shocked by one
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participant likening an x-ray machine to a fax machine and another who seemed
completely disengaged following her introduction to digital technology. Recognising
this was a personal reaction, enabled me to ask stand back from the data and consider
what | was focussing on and why (Thorne, 2016). Further, the reflective process
allowed me to modify/add questions for future interviews, for example | observed “it
would be helpful to consider what mechanisms the participants use to determine
accuracy”. Finally, the data analysis and reflection process also informed the

theoretical sampling approach described above.

4.4 Phase One: Data analysis

The analytical process in Interpretive Description draws on tools to aid the researcher
to develop an understanding of the data, create meanings, discover relationships and
finally recreate the data into findings. Thorne (2016) suggested drawing on whatever
analysis techniques are necessary to make sense of the data and shape practice
insights. Therefore, one approach is not recommended over another. Rather, the
suggestion is that a range of tools and methods are used which best suit the research
guestions. | used reflexive thematic analysis (TA), as described by Braun & Clarke
(2021) to analyse the interview data. Reflexive thematic analysis acknowledges the
knowledge and skills the researcher brings to the coding process (Braun & Clarke,
2020), allowing the researcher to determine relevant patterns within the data
(Thorne). As thematic analysis may sit along a deductive or inductive continuum, it
permitted me a data driven inductive analytical approach rather than a theory driven
deductive process (Terry et al., 2017; Thorne, 2016). This process allowed a thorough
review of each MIT’s experience, identifying differences and shared commonalities
among the participants. Six analytic phases are traditionally utilised during reflexive

thematic analysis (Braun & Clarke, 2006):

1. Data Familiarisation.
Following transcription, each interview was checked against the audio recording
for accuracy. This was the start of my data familiarisation process, given that it
allowed me to begin developing an understanding of what was being said.
Thorne et al. (1997) advised that the most appropriate analytical method is
achieved when the researcher is immersed in the data repeatedly, prior to

beginning analysis. This ensures that deep and meaningful interpretations are
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created. Therefore, | carefully read each interview script several times, looking

for patterns or meanings and my initial thoughts were captured in a note book.

Initial code generation.

Potential areas of interest were noted by using highlighters to mark the
interview scripts and by writing notes in the margins. Code generation was
supported by writing interview memos summarising my thoughts and feelings.
Subsequently participant quotes and codes were collated into an Excel
spreadsheet, with each code given a different colour (example in Appendix G).
The colour filter was used to sort and group codes together (Bree & Gallagher,

2016). This process resulted in the production of 78 codes.

Searching for themes.

Mind maps and interview memos helped me consider how the codes related to
each other and sort the codes into potential candidate themes. Sorting also
required constant re-immersion in the data, and included revisiting the
interview transcripts as well as my Excel spreadsheet, to ensure | had not
overlooked anything important. Eleven potential themes were created which
subsequently became four main potential themes and seven subthemes,

illustrated in Figure 3 below.
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Figure 3

Mind map illustrating potential candidate themes and subthemes
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4. Theme review
The codes and participant quotes were reviewed to check for consistency and
coherence within each theme (Braun & Clarke, 2006), specifically whether the
extracts within each theme related to each other and the theme itself. For
example, some of extracts | had within the “challenges theme” were better
placed in the “knowledge theme” and “information and training sub themes”.
Cross checking the themes against the entire data set allowed me to discard
some of the themes and subthemes, such as “when things go wrong”, as there
was not enough data to support them. Writing a summary statement for each
theme in a reflective journal supported my thinking. The journal was used to
record my methodological decisions and the reasons for them, for instance the
removal of “anthropomorphism”, which | realised was an aspect of particular
interest to me but again did not have sufficient data to support it as a either a
theme or subtheme (Thorne, 2016).
The themes were also reviewed to ensure they were distinct from each other

and yet interlinked to provide an overall understanding of the data (Braun &
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Clarke, 2006; Terry et al., 2017). This was achieved through revising my thematic
map three times before the final version was created, resulting in five themes:
“natural evolution- the transition process”; “health and safety”; “it means
nothing to me”; “little things are the stumbling blocks”; and “the change to

clinical practice- the losses and the gains”. Each theme incorporated several

subthemes.

Theme definition and naming.

Writing concise theme summaries allowed me to gain a deeper appreciation of
each theme and subtheme. During this process | explored what the data in each
theme was indicating and how it related to my research question. The working

titles were modified and a final thematic map captured the themes and

subthemes (Appendix H).

Report creation

The theme summaries and thematic map formed the basis of my Phase One
findings and discussion chapters. Data extracts were used both illustratively and
analytically in relation to the research question and existing literature as

evidenced in Chapters 5 and 6 (Braun & Clarke, 2006; Terry et al., 2017).

Comparison against Braun & Clarke’s 15 point checklist of what constitutes good

thematic analysis confirmed my approach was consistent and appropriate (Braun &

Clarke, 2006). Interpretive Description also aligns with thematic analysis in the

following ways:

data immersion is followed by an inductive approach to coding;

coding allows different facets of the research to be collated and arranged into
patterns or themes;

initial themes are subject to review and refinement during the analytical
process;

thematic mapping is utilised to support theme and sub-theme development and

revision (Thompson Burdine et al., 2021; Thorne et al., 1997).

| was therefore satisfied that constructing themes using thematic analysis was

appropriate and methodologically congruent.



74
4.5 Trustworthiness in qualitative research

Guba & Lincoln (1982) identified that the trustworthiness of qualitative research can
be determined through credibility; transferability; dependability; and confirmability.
However, Morse et al. (2002) commented that this has tended to cause researchers to
use “post-hoc” evaluations of trustworthiness rather than identifying how “verification
strategies” (p. 17) were used during the research process, resulting in a post research
evaluation of trustworthiness, as opposed to ensuring and supporting trustworthiness
during the research study. Strategies identified as underpinning trustworthiness

included:

methodological congruence between the research question and the methods

adopted;

e sampling sufficiency, achieved when the participants have knowledge of the
research subject;

e concurrent data collection and analysis;

e themes generated in the data are checked prospectively (as new data is

collected), and retrospectively against the existing data set.

All of these areas have been articulated within my thesis. For example, the use of
purposive sampling and the description of reflexive thematic analysis. Morse et al.’s
strategies align with Thorne’s (2016) identification that trustworthiness in Interpretive
Description studies can be demonstrated through epistemological integrity;

representative credibility; analytic logic; and interpretive authority (pp. 233-235).

4.5.1 Epistemological integrity
Epistemological integrity is evidenced through clear linkage of the researcher’s
epistemological standpoint, the research question, research design and methods used

to interpret the data (Thorne, 2016). Congruency has been demonstrated through:

e the discussion of my epistemological position in Chapter 3. Namely, knowledge
is created through an individual’s experiences and their interactions with the

world. As such knowledge is socially constructed and context specific;
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e the overarching research question reflecting the aim of pragmatic inquiry. This
serves to support change and improvement thought the creation of new
knowledge;
e congruence between the research methodology (discussed in Chapter 3);
e the data collection and analytical approach (discussed in this chapter) and

e my interpretation of data (in chapter 5).

4.5.2 Representative credibility

Representative credibility is demonstrated when the claims made in the study align
with the sampling method (Thorne, 2016). Purposive sampling ensured that
participants had experienced the phenomenon being explored i.e. the transition to,

and ongoing use of digital technology.

Credibility was supported through active and ongoing data immersion, allowing for a
deeper level of understanding than would be achieved by a more superficial approach
(Braun & Clarke, 2019; Thorne, 2016). The feedback received on a presentation of my
initial findings (as described in the final chapter) indicated that the study resonated

with the MIT audience, further supporting representative credibility.

4.5.3 Analytic logic

To demonstrate analytic logic, the researcher needs to clearly articulate the decision-
making processes used in the analytical phase of the study. The notes, mind maps,
reflections and memos | used throughout, created an audit trail documenting the
analytical process and theme generation (Thorne, 2016). Examples of my reasoning
processes are seen in the interpretation of participant quotes provided in Chapter 5.
Furthermore, identifying the use of Braun & Clarke's (2006) approach to thematic

analysis provided additional insight into my decision-making processes.

4.5.4 Interpretive authority

Interpretative authority is the expectation that the researcher’s interpretation is
trustworthy and reveals “constructed truths” beyond the biases of the researcher
(Thorne et al., 2004, p. 6). Namely, whether the claims are plausible within their
situated clinical context (Thorne et al.). This required me to identify and reflect on the

biases | brought to the research process. Checking my interpretations (Thorne, 2016)
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against those of NZ MITs was achieved through analytical discussions with colleagues
and peers. Furthermore, feedback on my initial findings indicated they were

considered credible, as described in section 4.5.2.

4.6 Phase Two: Data collection

The purpose of this phase was to collect data that would a) reflect a group of MITs’
knowledge, understanding and perceived competence regarding digital technology;
and b) explore the factors related to their knowledge and perceived competence in

using digital technology.

A purpose-built survey was designed to capture and explore the following areas: self-
perceived competency and knowledge and understanding of digital imaging

equipment, including radiation dose management and image quality.

4.6.1 Self-perceived competency

Rogers et al. (2010) highlighted a lack of training, perceived ability, support, and a fear
of new technology impacted on MITs’ abilities to utilise digital equipment effectively.
These could lead to a reduction in self-perceived competency, professional confidence,
and feelings of autonomy. For example, professional confidence relies on the
individual not only having an understanding of their role and scope of practice but the
capability to demonstrate those skills and abilities (Holland et al., 2012). Participants'
perceptions of competency were assessed using a self-ranking system. Specifically,
MITs were asked to rate their perceived competencies against a range of statements,
rating their level of competence on a 5-point scale. The perceived competency options
were: “high”; “good”; “average”; “low” and “none”. The statements were arranged in

subdomains as indicated in Table 1.



Table 1

Competency subdomains and related competency statements

Subdomain

Competency statement

Radiation dose subdomain

Adjusting exposures to suit patient body
habitus

Ensuring patient dose is As Low As Reasonably
Achievable

Manipulating exposure factors in computed
radiography (CR)

Manipulating exposure factors in digital
radiography (FPDR)

Ensuring doses remain within Diagnostic
Reference Levels (DRLs)

Image evaluation and quality subdomain

Recognising equipment faults from the image
artefacts produced

Evaluating the diagnostic quality of the image
in relation to the clinical indications

Optimising image quality by increasing the
contrast to noise ratio

Performing post-processing procedures

Existing equipment use subdomain

Adjusting exposures to suit patient body
habitus

Ensuring patient dose is As Low As Reasonably
Achievable

Manipulating exposure factors in computed
radiography (CR)

Manipulating exposure factors in digital
radiography (FPDR)

Ensuring doses remain within Diagnostic
Reference Levels (DRLs)

Evaluating the diagnostic quality of the image
in relation to the clinical indications

Optimising image quality by increasing the
contrast to noise ratio

Performing post-processing procedures

New equipment use subdomain

Using new equipment, immediately post
training

Ongoing use of new equipment, one month
post training

Ongoing use of new equipment, six months
post training

77
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4.6.2 Knowledge and understanding

There are concerns that MIT knowledge of digital technology is questionable and that
MITs are becoming deskilled, due to over reliance on the equipment (Hayre et al.,
2017; Mothiram et al., 2014). This has also been reflected in the nursing profession as
discussed by Sandelowski (2000). She posited that over-reliance on equipment could
lead to a loss of skills, particularly if nurses assume that the generated data is correct.
MIT knowledge and understanding as well as standard operating procedures were
evaluated using questions relating to equipment design/use, radiation exposure,

digital technology education and quality assurance procedures.

4.7 Survey development

Ideally a pre-existing valid and reliable survey would have been utilised, allowing for
data comparison with other studies. Nevertheless, the use of a pre-validated tool does
not guarantee that a question, or the tool, will be effective when used in another
context (Dillman et al., 2014). A literature review was undertaken to identify existing
surveys regarding MITs” use of digital technology in clinical practice, and the impact
technology has had on their self-perceptions of competency and confidence. Health
science databases, including EBSCO Health, Informit Health Collection, Proquest,
Science Direct and Scopus, in conjunction with Google Scholar were used to retrieve
literature. Several search terms were used which included ‘radiog*’, ‘digital
technology’, ‘medical imaging’, ‘competence’, ‘exposure creep’, ‘CPD’, ‘education’,
‘radiation protection’, ‘knowledge’, ‘quality’, ‘CR’, ‘DR’, ‘MIT’ and ‘MRT’. Google
scholar citation lists and article references were also used to widen the search field

and likely responses.

The search was limited to full text articles, written in English after the year 2000. This
removed the need to use translation services, allowed for critique of the articles, and
the articles were more likely to reflect current knowledge and practice. The time frame
was expanded beyond the last five years to access articles relating to the introduction
of this technology. In many countries this was at the beginning of the 21st century,
although in some cases, the use of digital imaging equipment for planar radiography
did not occur until 2012 due to the high cost of replacing radiography equipment (J.

Haven, personal communication, 29th October 2015).
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Due to the limited number of useful results, the search terms were expanded to
include other health professions e.g. nursing and physiotherapy. In addition, an
afternoon was spent with the Library Knowledge Specialist (Medical Imaging) to
enhance the likelihood of success. However, these searches did not reveal a survey
which reflected the focus of the study. Therefore, | decided to design a survey for my

study, a visual representation of the process is given in Figure 4 below:

Figure 4

Outline of the key stages of the survey development

Literature search to identify existing pre-validated
survey tools

Data extracted from key literature sources in the
absence of an existing tool

Preliminary item pool developed drawing on
literature extracts, MIT curriculum materials, and
phase one interviews

Expert panel feedback on draft survey and survey
refinement

Pilot test of survey with sub-group of MITs and survey
refinement

Final refined survey ready for distribution

The survey was created using components from:

e A study by Morrison et al. (2011) considering image quality and dose
management in paediatric digital imaging in the United States of America.

e Multiple choice questions (MCQs) currently used for undergraduate medical
imaging students, to assess basic knowledge and understanding of the
equipment. These questions have been assessed and evaluated via Unitec’s

moderation process. The moderation was conducted by two lecturers, one of
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whom is a qualified MIT with experience of using digital imaging equipment and
the other a medical physicist.

e The Radiographer Competence Scale as developed by Andersson, Christensson,
Fridlund, et al. (2012).

e A survey undertaken by Farajollahi et al. (2014) reviewing MITs’ knowledge of
“parameters and safety issues in plain radiography” (p. 1.) Unfortunately, the
guestions used in the survey almost entirely related to the use of F-S
radiography and were therefore unsuitable for this research. However,
components which could be utilised included background data relating to

education, length of time from graduation, and work experience.

Based on Morrison et al.’s study, additional questions were developed to determine
the amount of time quality control activities were undertaken, for example re-
processing or image manipulation. In addition to the substantive questions, questions
were used to capture general demographic information including age; gender;
ethnicity; years since qualification as an MIT; employment status and highest academic

achievement.

A preliminary item pool was generated through the use of the literature cited above,
Phase One interviews and by discussion with experts in the field to assure content
validity (Rattray & Jones, 2007). The aim was to ensure the items pool covered both
self-perceived competency, and knowledge and understanding of imaging equipment,
as highlighted above. A mixture of open and closed questions, response options (e.g.
multiple choice), case study scenarios and rating scales were used. An expert panel
was formed and pilot testing undertaken (both detailed further below) to ensure and
check for content validity. Furthermore, ongoing reflection of the research question
and the items was undertaken to maintain relevancy (Oppenheim, 1992). Using a self-
administered survey meant that any results would only apply to the Aotearoa New
Zealand population sample used. However, using multiple clinical sites and selecting an
appropriate sample size, improved the likelihood of the participants being
representative of the target population. Finally, literature associated with survey
design such as: format; question type; survey length; content, pre-testing; piloting and
response rates was used to support the construction and validation processes (Dillman

et al., 2014; Marshall, 2005).
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A panel of six experts agreed to assist in the initial development and pilot stages. The

panel were selected due to the range of knowledge and experience they had. The

panel comprised:

Two experienced medical imaging lecturers. One based in Aotearoa New
Zealand, with local knowledge and a variety of clinical experience from working
in New Zealand. The other worked in the United Kingdom with extensive
knowledge in the use and function of digital imaging equipment. Both were also
involved in teaching digital technology to undergraduate medical imaging
students. They were experienced in course and curriculum design and were able
to comment on the quality of the questions and their resonance, or lack thereof,
to the research questions.

Two charge/senior MITs from different DHBs within the Auckland and Waikato
regions. These senior staff had experienced the introduction of digital
technology into their departments and were also using it on a daily basis.

An experienced medical imaging lecturer/programme leader who had returned
to clinical practice. She had experience in several key areas such as curriculum
design, the introduction of digital equipment to her clinical practice, and her

'8 responsible for training staff in the use of equipment as

role as a superuser
her clinical site.

An academic advisor/senior lecturer whose domain of expertise was related to
teacher professional development and learning design; survey design and
analytical skills. Therefore, she was also able to comment on the structure and

quality of the questions.

The draft survey was emailed to the panel in Microsoft™ Word format. All questions

and specific instructions were included. The panel reviewed the draft items checking

for clarity, construction and relevance based on the work of Terwee et al. (2007). A

rubric was provided to facilitate the feedback process, plus a one-page summary of

Phase Two of the research proposal and related hypotheses. The panel were also given

18 A superuser is defined by the Oxford Living Dictionary as “a user of a computer system with special
privileges needed to administer and maintain the system; a system administrator.” This term has been
adopted within the NZ Medical Imaging community to mean someone who also has the added
responsibility for staff training relating to specific equipment.
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the opportunity to provide additional comments in relation to the survey. The survey
was modified in response to feedback; for example, the wording of some questions

was revised to provide additional clarity.

The survey was then pilot tested to check the feasibility of the survey tool. The pilot
group were the MITs who had been interviewed during Phase One, plus three MITs
who had no prior knowledge of the research question. Using the latter group, added a
level of rigour to the pilot process, as they completed the survey with no
preconceptions. The pilot group represented a sample group from the target
population. They were asked to complete the survey through RedCAP™ (to replicate
Phase Two data collection processes) and provide feedback using a feedback rubric, to
capture their overall opinions of the survey as well as clarity, timing, and question
order. The feedback rubric distributed to the expert panel and pilot groups is attached

as Appendix I.

The cross-sectional survey (Appendix J) contained different types of questions to
explore the topic areas of MIT knowledge, understanding and perceived competency
and are captured in Table 2 below. The competency based questions were deliberately
placed in the first section of the survey, to capture the participants perceptions prior
to the MCQs which assessed knowledge and understanding. This was to try and reduce
the likelihood of the MCQs influencing the participants initial feelings and self-

perceptions of competency (Oppenheim, 1992).



Table 2

Survey questions relating to MIT knowledge, understanding and perceived competency of

digital imaging technology
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Topic areas

Survey questions

MITs” understanding of how digital systems
respond to different levels of radiation
exposure.

MITs" knowledge of how different
functionalities of the equipment influence
best practice.

MITs" understanding as to whether their
practice is meeting the ALARA principle.

The methods MITs employ to evaluate the
quality of their performance.

Factors relating to MITs’ perceived
competencies in the use of digital imaging
technology

Multiple choice questions relating to
equipment design and use

Questions relating to radiation exposure and

education

Multiple choice questions regarding
equipment design and use
Applications-based questions

Questions relating to radiation exposure,

image acquisition, quality assurance and
education

Questions relating to quality assurance,
quality control work station and education

Three applications-based questions

Competency-based questions

An online data management software, RedCAP™, was used to administer the survey

and to support data management and storage. The research information sheet was

provided in an electronic format on the first page of the survey. Anonymity was

ensured by the removal of information such as email addresses and ISP addresses

before the data was accessible to me. Participants were able to withdraw at any point

and stop answering questions. However, they were also advised that they could not

withdraw any responses made up to that point, due to the configuration of the system.

The sixty five item survey was subdivided into eight sections and covered the following

areas:

o 0 @ »

Self-ranking competency scale
Image acquisition weekly activities
Quality control weekly activities

Factors impacting on quality assurance



E. CRand FPDR education received
F. Multiple choice questions assessing digital knowledge
G. Multiple choice questions relating to clinical applications

H. Demographic information.

Key variables were collected in Sections B, C, E and H such as: weekly equipment
utilisation; education and training; demographic information. A more detailed

breakdown of the variables is included in Table 3.

Table 3

Key variables collected in the survey
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Basic demographics Age
Ethnicity
Gender
Current position
Employment status

Number of years post qualification

Education Highest medical imaging qualification
UG education CR
UG education FPDR
UG education film/screen
Formal PG training in CR
Formal PG training in FPDR

Training Received applications training in CR
Received applications training in FPDR
Number of hours of applications training
Applications trainer background
Undertook applications training in CR
Undertook applications training in FPDR

Alternative resources used to support learning (e.g. journal
articles/texts)

Experience Experienced transition from Film-CR
Experienced transition Film-FPDR
Experienced transition CR-FPDR
Experienced transition FPDR-CR

Time spent using the equipment on a weekly basis
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4.8 Data checks

Statistical analysis was performed using the IBM Statistical Package for Social
Sciences™, Version 26.0 for Windows Inc (SPSS, SPSS Inc, Chicago, IL, USA) software.
Prior to analysis, the data set was screened and checked for errors, as described in the

following sections.

4.8.1 Logic checks

Logic checks were undertaken to review the data and determine whether there were
any inconsistencies. These logic checks included ensuring all participants met the
inclusion criteria and that there were no obvious aberrant entries. For example, the
number of years qualified was checked against the undergraduate qualification
attained, the number of years qualified reviewed alongside CR or FPDR education and
training at undergraduate level indicated. Where single responses were required, e.g.
age range or undergraduate qualification, the data were checked to ensure only one
response was indicated. One survey was removed from data analysis as the participant
did not meet the inclusion criteria (was not working 50% of the time in planar

imaging), leaving 49 utilised in data analysis.

During the logic checks, it was noted there was an error in the phrasing of one
statement in the perceived competency section of the survey. Even though the
guestion had been reviewed by the researcher, the expert panel, and had been
included in the piloted survey, it was not identified until this point. The statement
incorrectly asked the participant to rank their competencies in optimising image
quality by reducing the signal to noise ratio. It should have stated optimising image
quality by increasing the signal to noise ratio (Seeram, 2019). Due to this, the

statement was removed from the data set and not included in any analysis.

A discrepancy in some responses regarding FPDR undergraduate education and
training were also identified. This anomaly may have been due to ambiguity in the
question, or may reflect the fact that there was a mismatch between learning the
theory as an undergraduate (education) and the application of the process in clinical
practice (training). Errors in data entry were corrected e.g. participants who had a
diploma as their highest qualification and/or had been qualified over 25 years would

not have learnt the theory of FPDR as undergraduate students. For all other affected
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participants, their entire data set was reviewed to determine the reason for this
apparent discrepancy. For example, of all the participants who indicated they had
FPDR undergraduate education, three specified they did not have FPDR training. On
reviewing the transitions experienced, they had all transitioned between CR and FPDR,
suggesting they may have learned the theory as undergraduates, but were not placed
in clinical sites which used FPDR at that time. As all three had been qualified over five
and less than ten years, this would support this supposition, given the time frames in

which FPDR has been introduced in NZ.

One participant had been qualified for 12 years and had experienced FPDR training as
an undergraduate but not FPDR education. Her data indicated that she had received
CR education as an undergraduate; training in both CR and FPDR as an undergraduate
but experienced no imaging modality transitions. This suggests that she may have had
a student placement where both CR and FPDR equipment was used but was taught the
theory of CR only during her undergraduate education. This was also supported by the

number of years she had been qualified.

Although | was reasonably satisfied that these components of the data set accurately
recorded the participants’ experiences, | decided to keep the FPDR undergraduate
education variable and remove FPDR undergraduate training from the data set. This
was because there remained some uncertainty as to whether the participants would
differentiate between education and training as | had intended. In any future surveys
re-phrasing, further explanation of these categories, or a free text box for participant

additional information would be highly recommended.

4.8.2 Assumptions of normality

Data assumptions were reviewed prior to analysis. For example, the use of histogram
analysis to look at distribution, levels of skew and kurtosis; the number of samples;
independent groups and whether the data were categorical, continuous, or ordinal.
Assumptions of normality identified most of the data were not normally distributed.
Despite there being only small differences between the mean and the 5% trimmed
mean for many of the competencies, Shapiro-Wilk p-values were assessed for all
individual competencies, competency domains, and the MCQ domains, to determine

whether the data distribution were significantly different from normal (Pallant, 2016).
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A Shapiro-Wilk test is useful in small study samples, with a range between zero (non-
normality) and one (normality) (Barton & Peat, 2014). Apart from the utilisation of
existing equipment subdomain and total competency score, all data demonstrated
abnormal distribution (Table 4). Where an abnormal data distribution was evident,
non-parametric tests were used. These were the Kruskal-Wallis test for comparing the
differences between the scores of three of more groups, and the Mann-Whitney test

to compare the scores of two groups.
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Competency/Domain Shapiro-Wilk Skewness Kurtosis Mean (SD) 5% Trimmed Outliers ID
Value Mean
Adjusting exposures to suit patient body habitus 0.000 -0.20 -1.14 4.45 (.54) 4.47 -
Ensuring patient dose is As Low As Reasonably Achievable 0.000 -0.13 -0.71 4.35(.57) 4.38 -
Manipulating exposure factors in computed radiography (CR) 0.000 -1.80 2.97 4.16 (1.12) 4.29 8,18, 34,35
Manipulating exposure factors in digital radiography (DR) 0.000 -1.42 3.01 4.20 (.87) 4.29 11, 22
Ensuring doses remain within Diagnostic Reference Levels (DRLs) 0.000 -0.31 -0.70 4.24 (.66) 4.27 -
Recognising equipment faults from the image artefacts produced 0.000 0.034 -1.18 3.98 (.75) 3.98 -
Evaluating the diagnostic quality of the image in relation to the clinical indications 0.000 -0.62 -0.55 4.49 (.58) 4.53 -
Optimising image quality by increasing the contrast to noise ratio 0.000 -0.45 -0.23 3.82 (.86) 3.85 -
Performing post-processing procedures 0.000 -1.21 2.07 4.31 (.74) 4.39 11,42
Using new equipment, immediately post training 0.000 -0.44 0.14 3.78 (.77) 3.81 -
Ongoing use of new equipment, one month post training 0.000 -0.42 -0.75 4.29 (.68) 4.32 -
Ongoing use of new equipment, six months post training 0.000 -0.66 -1.75 4.63 (.49) 4.65 -
Radiation dose subdomain 0.003 -0.07 -0.84 21.33 (2.65) 21.42 -
Image evaluation and quality subdomain 0.057 -0.14 -0.11 20.43 (2.81) 20.51 -
Existing equipment use subdomain 0.158 0.08 -0.73 41.76 (4.79) 41.81 -
New equipment use subdomain 0.005 -0.43 0-.55 12.69 (1.66) 12.75 -
Total competency domain 0.500 -0.001 -0.58 54.45 (5.88) 54.51 -
MCQ Knowledge subdomain 0.014 0.47 -0.49 3.63 (1.75) 3.57 -
Total MCQ domain 0.037 0.59 0.02 4.12 (2.08) 4.04 11
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4.8.3 Validity
Although face and content validity were assessed during the design and piloting of the
questionnaire, | wanted to check the internal consistency of the survey, given that it
was newly developed for this project (and not a pre-validated survey). Therefore,

Cronbach’s alpha was calculated for each of the following domains and subdomains:

e Total competency domain

e Radiation dose competency subdomain

e Image evaluation and Image quality competency subdomain
e Equipment use competency subdomains

e Total MCQ domain

e MCQ knowledge subdomain

e MCQ applications subdomain
The results of these calculations are specified in Table 5 below.

Table 5

Cronbach Alpha score

Domain/Subdomain Cronbach’s Alpha Number of items
Total Competency 0.850 12
Radiation Dose 0.703 5
Image Evaluation and Quality 0.708 4
Existing Equipment Use 0.803 9
New Equipment Use 0.799 3
Total Multiple Choice 0.660 11
Knowledge Multiple Choice 0.622 8
Applications Multiple Choice 0.124 3

Different authors suggest different values indicate an “acceptable Cronbach’s alpha
score” (Tavakol & Dennick, 2011; Terwee et al., 2007). However a frequently used
threshold is 0.7 (Pallant, 2016; Rattray & Jones, 2007). In reviewing the scores, it was
clear that all the competency domains and subdomains met or exceeded this figure.
Initially | had created an “MCQ applications subdomain” with three items. However,
the Cronbach’s alpha score of 0.124 made it obvious that these variables did not fit

together in one domain as they were assessing different areas of knowledge (Taber,
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2018). Subsequently these were treated as separate items rather than as a subdomain.

III

The slightly lower value for the “total” and “knowledge” MCQ sections was deemed
acceptable, following review of the inter-item correlation matrix, and ensuring that all

items in the data set were correctly scored.

Factor analysis was not considered to be a useful adjunct, due to the small sample size,
small number of variables in each domain, and the small number of participants to
MCQ questions (items) i.e. 49 participants to 11 items. Additionally, factor analysis is
typically used to reduce a large number of variables to a smaller more manageable set
(Pallant, 2016). As each of the questions within each domain were related to specific
and different clinical components, it was not felt that there was overlap between the

variables. For all these reasons, factor analysis was not undertaken.

4.8.4 Correlation
Quantile-quantile (Q-Q or scatterplots) and Spearman rho rank order correlation tests,
were undertaken on the data prior to analysis to establish whether there were positive

or negative correlations between the variables and the strength of that relationship, if

any (Pallant, 2016).

Significant outliers were identified, as they may adversely affect the correlation
coefficient (Pallant, 2016). They were checked against the raw data to ensure they had
been accurately recorded. None of them were more than four Standard Deviations
from the mean. Additionally, the mean was reviewed against the 5% trimmed mean
values and did not demonstrate a large impact caused by the outliers. All of these

considerations resulted in none of the outliers being removed from the data set.

4.9 Regression modelling
Regression modelling was undertaken to determine whether there was a predictive
relationship between the independent variables and specific dependent variables,

reflecting the approach of Andersson, Christensson, Jakobsson, et al. (2012).

There were a range of dependent variables identified to address the Phase Two

research questions and to support hypothesis testing as highlighted in Table 6 below:
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Table 6

Regression model dependent variables

To assess the predictors of: Dependent Variable

MIT knowledge of how digital imaging systems respond to MCQ score for
different levels of radiation and whether their practice is meeting knowledge subdomain
the ALARA principle.

MIT knowledge of how different functionalities of the equipment Total MCQ score
influence best practice

How MIT self-rate their competencies Total competency
scores

MIT self-rated competencies in relation to patient radiation dose = Competency scores

and the ALARA principle. radiation dose
subdomain

MIT self-rated competencies in relation to the use of existing Competency scores

imaging equipment existing equipment
subdomain

MIT self-rated competencies in relation to the use of new Competency scores new

imaging equipment equipment subdomain

MIT self-rated competencies of best practice in relation to image  Competency scores
quality and evaluation. image evaluation &
quality subdomain

The dependent variables were selected from different sections of the survey to explore

the topic areas of MIT knowledge, understanding and perceived competency (Table 2).

Prior to analysis, | assessed the data to ensure they met the assumptions for regression
modelling. This included reviewing whether: the data were normally distributed; the
dependent variable was continuous; there was any evidence of collinearity between
the independent variables; there was a linear relationship between the variables being
assessed; the variables exhibited homoscedasticity; and significant outliers were
identified. Although the data were not normally distributed, Schmidt & Finan (2018)
argue that linear regression has a robust assumption against normality violations and
as such will provide appropriate results when there is sufficient data. The amount of
data was deemed sufficient according to Austin & Steyerberg (2015). Collinearity is
problematic in a regression model as positive correlations can cause the coefficient to
be overestimated and vice versa (Tabachnick & Fidell, 2007). The correlation analyses |

had previously undertaken were utilised during this phase of data analysis. The Q-Q
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plots were reviewed for evidence of non-linearity and homoscedasticity. As previously

discussed, none of the identified outliers were removed from the data set.

The independent variables were rank ordered according to most or least clinical
significance. Predominantly, | made these decisions from reviewing the literature.
However, where this was not feasible, | used my own clinical experience and judgment

to assist me in the decision making (Tabachnick & Fidell, 2007).

For the categorical data used as independent variables, dummy coding was
undertaken to determine whether these variables were predictors of either
competency ratings or knowledge. The literature was reviewed to help determine
which of the groups were most appropriately selected for the baseline group.
However, | was unable to find supporting evidence that related to this subject area and
the domains under review. Although A. Field (2009) suggests using the majority group
as the baseline group, | wanted to ensure the reference groups were clinically viable.

Therefore, each categorical variable was reviewed in turn to achieve this.

A forward stepwise approach was adopted, requiring each independent variable to be
added to the model one at a time. The independent variables were added according to
their clinical relevance (Appendix K). As each independent variable was added into the
model, it was assessed for statistical significance, using a probability of F value ranging
from an entry value of 0.05 to a cut-off value of 0.10. Confidence levels of 95% were
also recorded. Occasionally, the addition of an independent variable caused an
increase in the F value such that it exceeded the cut-off value of 0.10. In these
circumstances, the collinearity between the variables was further reviewed to support
decisions as to which variable should be retained and which removed. The clinical

ranking system also supported the decision making process.

4.10 Phase Two: Data analysis

Four categories were created based on the years since qualification, similar to the
approach taken by Andersson, Christensson, Jakobsson, et al. (2012). The participants
were grouped as MITs with short (0-5 years); medium (5-15 years); long (15-25 years)
and longest (>25 years) time since qualification. The sample characteristics were used

to compare the groups and determine any differences between them.
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In the descriptive analysis, demographic characteristics such as age, gender and
ethnicity were reported overall and by undergraduate education versus postgraduate
training group, and transition to CR or FPDR groups. Means (95% Cl), standard
deviations, medians and quartiles were reported for continuous variables and analysed
using Student’s t-test (for parametric data) and Mann-Whitney U-test (for non-
parametric data). Cross-tabulations were reported for categorical variables for each
MIT grade (i.e. staff, team lead, charge MIT) and analysed using Chi-Square statistic (or

Fisher’s exact test when cells were less < 5).

Multivariate analysis was used to determine if specific attributes such as time since
qualification, frequency of use of equipment, level of applications training, type of

applications training, weekly use of CR or FPDR systems, affected the results.

Inferential statistics were gathered through the forward stepwise linear regression
model to compare the number of correct MCQ correct responses between different
groups, to identify whether these key variables affected MITs’ knowledge and
understanding of digital technology. Furthermore, | evaluated whether specific
variables affected perceived levels of competency in the use of digital technology.
Selection was undertaken with each outcome based on information criteria primarily,
using standard selection heuristics. A priori identified confounding variables were
adjusted for in the analysis and others were assessed empirically. Inferences were

based on a 5% significance level and two-sided alternatives.

4.11 Reliability and validity in quantitative research

Reliability, validity, replicability, and generalisability are used to determine rigour in
quantitative research (Bryman et al., 2008). Reliability refers to the consistency or
repeatability of the tool (Flinton & Owens, 2010). A measure with high reliability
should produce similar results in different contexts but under the same test conditions
(Roberts & Priest, 2006). Utilising Cronbach’s alpha helped assess the reliability of the
guestionnaire (K. M. Brown et al., 2015; Taber, 2018).

Validity refers to the extent in which inferences can be made from the research i.e.
does it measure what it is designed to measure (LoBiondo-Wood & Haber, 2006).
Internal validity relates to how the researcher has approached issues of bias and the

effect of confounding variables on the inferences drawn. The approaches taken to
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assess internal validity are outlined above. Roberts and Priest (2006) specify that
external validity is demonstrated if the study participants are representative of the
population of interest i.e. whether the findings can be generalised to the target

population.

Replicability is associated with the transparency of the research process (Bryman et al.,
2008), specifically whether the researcher clearly identified the processes undertaken,
such that an independent researcher could reproduce the study (Peels, 2019). This
chapter identifies the approaches taken including survey design, sampling, data

collection and data analysis strategies.

Generalisability relates to the ability to apply the findings to alternative contexts. The
participants were representative of the NZ MIT population and met assumptions of
external validity. However, the small sample size will mean generalisability of the

findings is limited.

4.12 Rigour and validity in mixed methods research designs

Establishing rigour in mixed methods research goes beyond meeting the individual
criteria for qualitative and quantitative studies. However, there is limited consensus on
the criteria to be applied (K. M. Brown et al., 2015). The Good Reporting of a Mixed
Methods Study (GRAMMS) guidelines have been identified as one way to guide the
evaluation of quality in mixed methods research (K. M. Brown et al., 2015; O’Cathain,
2010). The GRAMMS guidelines include six criteria (O’Cathain et al., 2008 p. 97). The

criteria and how these were met in this study are outlined in Table 7.
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GRAMMS criteria for assessing rigour in mixed methods research

Criterion Requirement Strategy and Relevant Chapter

1. Describe the justification for Chapters 1 and 3 discuss why a mixed
using a mixed methods approach methods methodology was used for this
to the research question. study.

2. Describe the design in terms of Chapter 3 describes why a sequential
the purpose, priority, and exploratory design was selected, and how
sequence of methods. the phases and research questions relate to

one another.

3. Describe each method in terms Chapter 4 outlines the processes for
of sampling, data collection and sampling, data collection and analysis.
analysis.

4, Describe where integration has Chapter 1 identifies the integrated research
occurred, how it has occurred guestion. Chapter 3 discusses the
and who has participated in it. integration processes. Chapters 7 and 8

explain how the quantitative study
expanded on the qualitative findings.
Chapter 9 provides a synthesised discussion
of the findings from both phases of the
study.

5. Describe any limitation of one Chapter 3 identifies why an individual
method associated with the qualitative or quantitative study would have
present of the other method. been inadequate to answer the research

question.

6. Describe any insights gained from Chapter 9 discusses the insights provided

mixing or integrating methods.

through the synthesised findings.

Validity threats in mixed methods research are specifically related to the design used

by the researcher, as each core design provides alternative approaches to gather and

interpret data (Creswell & Plano Clark, 2017). The three validity threats associated

with a sequential exploratory design and how these were minimised, are summarised

in Table 8 (Creswell & Plano Clark, 2017, p. 252).
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Table 8

Validity threats in Sequential Exploratory Designs

Validity Threat Strategy and Relevant Chapter

Not building the quantitative feature Chapters 1, 5 and 6 outline how the qualitative
based on the qualitative results. results were used to develop the survey.

Not developing rigorous quantitative Chapter 4 describes the survey development
features. and pilot testing.

Selecting participants for the quantitative  Chapter 4 outlines the sampling procedures for
test that are the same individuals as the both phases. Resulting in a larger sample group
qualitative sample. in the quantitative phase.

Consideration of trustworthiness or rigour specific to each phase has been

incorporated in the relevant sections in this chapter.

4.13 Ethical considerations

Ethics approval was granted by the Auckland University of Technology Ethics

Committee (Appendix L).

In addition to the ethical processes interwoven throughout this chapter, informed
consent for the interviews was gained through the provision of an information sheet
(Appendix A); the opportunity for participants to ask questions prior to the interviews
and the completion of a consent form (Appendix C). Only limited confidentiality could
be assured. Participants were advised in the Information Sheet and Consent Form that
should they reveal malpractice, which could endanger patients, | may need to disclose
this to the New Zealand Medical Radiation Technologists Board. It was recognised that
this may have influenced the data by limiting or changing the responses participants

gave to the interview questions.

Participant identity was protected by each participant being given a pseudonym for
use in the final report and any subsequent publications or presentations. This was
specified in the Information Sheet and Consent Form. In addition, a confidentiality

agreement (Appendix E) was signed by the transcriptionist.

It was not anticipated there would be risks to the participants in either Phase One or

Two of this study. If Phase One participants became significantly distressed or
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embarrassed, for example identifying poor clinical practice or a lack of knowledge in

the interview, the AUT counselling team offered support if required (Appendix M).

In Phase Two, information relating to the research and that phase of the design, was
situated on page one of the survey. Consent Forms were not required for the survey,
as data collection was anonymous and completion was considered to equate to
consent. The issue of breaching confidentiality did not arise, as the survey allowed
responses to remain anonymous by removing IP and email addresses. A unique
identifier was allocated to participants completing the survey as | did not have access
to their details. This was specified in the information provided prior to proceeding to

the online survey.

4.14 Summary

This chapter has described the methods utilised in this research study. | have
incorporated the data collection and analysis strategies for the both phases of the
study. | have considered how rigour, credibility, trustworthiness, and validity were

incorporated into the qualitative and quantitative components.

In the following chapter, | present the findings from the Phase One interviews.
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Chapter 5 Phase One Interview Findings

5.1 Introduction

In this chapter, | show that the overarching theme identified in this phase was that the
introduction of digital imaging constituted a shift in medical imaging practice.
Consequently, the changes to MIT practice seemed to contribute to a set of
unintended consequences which could adversely impact on the delivery of high-
quality care. The principal factors seemed to be related to the transition process, in
conjunction with unexpected tensions created through the use of the technology. For
instance, there was the potential for MITs to inadvertently overexpose patients to
radiation through a lack of understanding of exposure indicator values, collimation
creep, and exposure creep; coupled with a system which facilitated the taking of
repeat images. In addition, the increased speed of the digital imaging process had
created a situation where there was an expectation for MITs to increase their
workflow and throughput. A resultant decrease in MIT-patient communication, and
increased pressure on MITs from the increased workload, was perceived to increase
the likelihood of errors. It is possible to view these examples as detractors to the

provision of effective person centred care.

A detailed account of the main theme and subthemes with supporting data follows.
The shift in medical imaging practice is described within four subthemes. In section
5.2.1. | describe how the speed of the transition was experienced by the participants.
Section 5.2.2 describes the task driven training approach. Section 5.2.3. considers the
language barriers that were encountered during the transition. Section 5.2.4 considers

the influence of digital technology on support mechanisms and autonomy.

Section 5.3 discusses how digital technology created unintended consequences which
exacerbated some of the tensions and complexities that exist in medical imaging
practice. These are considered under the following subthemes: the effects of increased

speed; a safer cleaner process; and balancing radiation dose.

5.2 Ashiftin practice

The participants conveyed that the level of transition this new technology would

require in terms of knowledge and practice was underestimated. They inferred that
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this was because the change to digital imaging was simply perceived as a technological
change, as opposed to requiring a more fundamental shift in MIT practice, which was
ultimately how it was experienc