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ARTICLE INFO ABSTRACT

Article history: Objectives: Mixed methodology research designs are used to investigate and evaluate complexity in
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mainly focusing on workforce research questions. At design level, only 14 studies were explicit about
integration. Most studies were two-phase designs, with five studies deploying advanced frameworks.
Convergent and explanatory sequential designs were prevalent, with data collection primarily through
surveys, interviews and focus groups. Integration at the methods and reporting levels was rarely
documented. The majority adopted a narrative integration reporting style, though few explicitly dis-
cussed qualitative and quantitative findings together. Only three articles explicitly defined meta-
inferences, the new insights that emerge from the mixing of qualitative and quantitative data.
Conclusion: The adoption of mixed methodologies in radiography is limited but is increasingly used to
investigate complex workforce research questions. While the individual quantitative and qualitative
components are invariably well-described, a lack of meaningful integration potentially compromises the
attainment of the true benefits of a mixed methods design.

Implications for practice: At the onset of the study, researchers are advised to justify the mixed methods
design, clearly articulating the methods of integration at all study stages. Researchers should utilise
appropriate tools that encourage reporting of quality criteria to ensure trustworthiness.

© 2025 The Authors. Published by Elsevier Ltd on behalf of The College of Radiographers. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Policymakers and research funders in healthcare are often
looking for detailed exploration of a ‘real world’ policy, service or
intervention, including the extent (quantitative) and nature
(qualitative) of a problem and how they are inter-related. A mixed
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methods research design is an approach to collecting, analysing
and mixing both qualitative and quantitative data in a single
study; individually the qualitative and quantitative elements do
not address the research question. These complex studies often
include several workstreams, requiring considerable resources in
terms of time and funding, and a research team with shared
expertise in both qualitative and quantitative methods and how to
combine them. These significant resource requirements may be
prohibitive, contributing to the relatively low adoption of mixed
methods studies in disciplines securing limited funding.

Mixed methodologies have their origins in the late 20th Cen-
tury " with two landmark texts in 2003 heralding mixed methods
as a novel philosophical approach,>* and the next evolutionary
trend.> However, in 2008 a review of mixed methods studies in
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healthcare highlighted concerns in their design, delivery and
reporting,” with many describing only the individual components
(qualitative or quantitative elements) of a study and failing to
attempt any integration. The term integration refers to the inten-
tional mixing of quantitative and qualitative approaches at any
point in the mixed methods study,® with the aim of generating
new insights or a deeper contextual understanding than is likely
from researching the quantitative and qualitative components in
isolation.®®

In the two decades since publication of these landmark texts,>
the methodologies and methods have become better defined, yet
the integration of data in mixed methods studies is still considered
a major methodological challenge.® Several systematic reviews
have indicated a lack of meaningful engagement and explicit
reporting of integration in many contemporary mixed methods
studies.®?!> Given the significance of integration in this type of
research, Dupin & Borglin express concern that the topic has yet to
receive proper attention from researchers.® To address this
concern, this article is the first to review the utilisation of mixed
methods studies in radiography, with a particular emphasis on
research designs and evidence of integration at the design,
methods and reporting levels. The paper will commence with
clarification of relevant terminology, then will review design and
integration features of radiography mixed methods studies, using
a case study to explore integration in more detail. The article will
conclude with key learning points to address in future radiography
mixed methods studies.

Clarification of terminology

In research publications the terminology applied to mixed
methods research is frequently confusing, often used inter-
changeably with the term ‘multimethod’.’® In a multimethod
study, a series of complementary methodologies (not necessarily
qualitative and quantitative methods) are employed to address a
common overall research goal, however the data and findings are
not integrated as they are within a mixed methods study.'® Some
form of mixing or interrelating the data provides a better insight
into the research question than either collecting only quantitative
or qualitative data or collecting both forms but not integrating
them.* Further confusion arises from the use of the term ‘mixed
methods systematic review’. This does not imply a review of mixed
methods research studies, rather it is a review which may include
both qualitative and quantitative primary studies. Nevertheless, a
rigorous convergent approach to combining the qualitative and
quantitative evidence is required in a mixed methods systematic
review,!”” not dissimilar to that undertaken within a mixed
methods study. Similarly, the term ‘mixed methods surveys’ is
often used inappropriately to refer to a questionnaire which
gathers numeric data alongside limited text-based data sourced
from ‘open ended’ text boxes. While valuable for expanding on
some quantitative responses, these text boxes are unlikely to
produce the richness of data required in a qualitative study. Re-
searchers should instead refer to a quantitative survey with
additional free text options that may be analysed through content
analysis.

Mixed method approaches

The quantitative and qualitative phases of a mixed methods
study are opposing in their epistemological and ontological ap-
proaches, yet researchers need to demonstrate which underpin-
ning philosophy supported them to frame, address and provide
answers to the research questions.'®?° Fourteen philosophies
underpinning mixed methods research are highlighted by
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Onwuegbuzie & Corrigan,”' including the four major paradigms of
pragmatism, critical realism, transformative-emancipatory, and
dialectical pluralism?®>?3; pragmatism is the most commonly cited
philosophical approach.’® The aim of this paper is not to describe
the respective philosophies, however a most recent publication,?*
provides a useful table that compares the philosophical assump-
tions and stances of the most common mixed methods research-
based philosophies.

Mixed methods frameworks incorporate one of three ‘basic’
designs: triangulation (also known as convergent parallel),
explanatory sequential, and exploratory sequential,'® displayed in
Fig. 1 with illustrative examples from radiography practice. The
basic designs can be embedded into more complex advanced
frameworks; often larger studies with multiple phases which may
incorporate case studies or interventions into their design. These
advanced frameworks facilitate more complex real-world
investigations.

Mixed methods design in radiography

To explore the adoption of mixed methodologies in radiog-
raphy, a search of the three international radiography journals
which publish both therapeutic and diagnostic radiography
research (Radiography; Journal of Medical Radiation Sciences; Jour-
nal of Medical Imaging and Radiation Sciences) was undertaken. The
keywords and truncation “mixed method*” (inclusive of mixed
method(s) and mixed methodology) was used to search titles and
abstracts of papers published between January 2013 to October
2025. This was not intended to be a systematic search for all
published mixed methods papers; any radiography mixed
methods studies published outside these disciplinary journals will
be excluded.

The search identified 28 articles. Two papers were subse-
quently excluded, having used the term mixed methods in the title
to refer to a survey with open and closed questions.>>*® Twenty-
six articles were submitted for full text review,”’->? with twelve
(44 %) specifically referring to mixed methods in the title. The key
features of the 26 mixed methods designs are displayed in Table 1.
This analysis showed that many author teams were large (mean of
5), though 3 articles were single authored.>>*>#> The studies were
drawn from both therapeutic radiography (n = 11, 42 %) and
diagnostic radiography (n = 15, 57 %) settings. Ten of the articles
(38 %) indicated the study had received funding, though several
appeared to be small internal grants. The focus of the studies was
varied but all could be categorised into one or more of the
following topics: workforce (n = 16, 61 %), clinical (n =7, 27 %), and
education (n = 7, 27 %).

Exploration of the study designs highlighted that the majority
(n = 18, 69 %) included two data collection elements (one quali-
tative, one quantitative). Two of the studies included only quali-
tative®’ or quantitative®® data collection; these studies are more
appropriately framed as multimethod designs. Surveys and ques-
tionnaires were the most deployed quantitative methods, though
validated outcome measures>® and quantitative scales*4348:52
also featured. Two innovative quantitative approaches included
the collection of time-motion data in a study of imaging assis-
tants,” and a national mapping exercise,*’ also focussing on As-
sistant Practitioners. The most deployed qualitative methods were
interviews and focus groups, with one study reviewing posts on a
discussion forum.*’

Fourteen (54 %) of the articles explicitly referred to integration
at the design level; those that did not were sometimes challenging
to categorise. The most common integration designs were
convergent (11, 42 %) and explanatory sequential (13, 50 %); only
one study®” used an exploratory sequential design, and one study
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Figure 1. The basic mixed methods designs are illustrated with fictitious radiography research examples. Adapted from Plano-Clark et al. (2008).*

an exploratory embedded design.?' Five studies also appeared to
include advanced frameworks in their design, including one
participatory design,>® and four intervention designs.’44348
With the exception of one of these studies which had a single
author,*® studies employing these more advanced designs had a
minimum of three authors which corresponds with the expected
greater complexity of these designs.

Integration and inference quality in mixed methods studies

Researchers often collect quantitative and qualitative data but
do not explain how their findings are integrated®>; meaningful
integration (mixing) allows the realization of the true benefits of a
mixed methods design.’* Researchers therefore need to demon-
strate how the quantitative and qualitative paradigms are inte-
grated at various stages of the study through triangulation,
complementarity and development in a multi-strategy
approach.>> Fetters et al.® outlines key integration principles at
three levels (design, methods and interpretation and reporting)
and provides illustrative examples of how it is achieved (Table 2).

Integration at the design level will depend on the type of basic
or advanced design used to address the research question, with
method level integration linking data collection methods and
analysis from one study stage to another Integration at the
interpretation and reporting levels is most frequently achieved
through narrative reporting, but also in innovative designs using
data transformation or joint display, where quantitative and
qualitative findings are simultaneously displayed.® The ‘themes-
by-statistics’ table is the most used approach, typically reporting
categorical data (e.g. high/medium/low quantitative scores) to
organize the presentation of themes or quotes.”* Readers requiring
a more detailed overview of integration may wish to explore a
comprehensive virtual special issue on this topic in the Journal of
Mixed Methods Research edited by Guetterman et al.”>

In a mixed methods report or article, best practice is to include
an integration section to describe the approach and any insights
and inferences gained through the mixing of data.>* An inference
is a conclusion reached on the basis of evidence and reasoning;
three inference processes may occur (quantitative inferences,
qualitative inferences and integrated meta-inferences), each
requiring transparent consideration of aspects of rigour such as

validity and credibility that are suitable for the methods used.”*
Younas et al. define meta-inferences as the “overall conclusions
drawn from the merging of qualitative and quantitative inferences
that reveal unique insights which could not be achieved by either
approach alone™5P2, These meta-inferences have the potential to
represent the "added value" of mixed methods research; they are
not simply summaries of quantitative or qualitative findings but
rather synthesized conclusions that connect or integrate both
strands of the research.’®

Integrative frameworks were recommended by Tashakkori and
Teddlie as an effective way to describe the inference quality of
mixed methods research, whereby good inference implies that the
mixed methods used are credible.>’ A contemporary framework by
Younas et al. classifies meta-inferences into two broad types
(global and specific) and five sub-types (relational, predictive,
causal, comparative, and elaborative),”® and this may support re-
searchers to better articulate meta-inferences gained during
analysis.”® Greater inference credibility arises where findings from
both types of data confirm each other, known as confirmation or
concordance, or findings may diverge but contribute additional
understanding of the phenomenon under investigation.® Discor-
dant findings, however, occur when the two types of data are
“inconsistent, incongruous, contradict, conflict, or disagree with each
other”8P2144 requiring further action such as additional data
gathering, re-analyses or seeking explanations from theory.

Guidelines for reporting mixed methods studies

An assessment of mixed methods rigour and inference quality
may be required by journal or funding panel reviewers, by re-
searchers assessing inclusion of a study within a systematic re-
view, and by practitioners and policy makers considering adoption
of findings into practice. However, Guetterman et al. note that for
mixed methods studies “a unified and common set of quality criteria
remains elusive”.”®, p6 Currently there are no published appraisal
tools specifically designed for mixed methods appraisal in the
collections of toolkits commonly accessed by researchers (e.g. JBI,
CASP, EQUATOR),>>®! although the Consolidated Checklist for
Reporting Mixed Methods Research (CORMIX) by Jaam et al.%? is
currently under development. Useful quality criteria by O'Cathain
et al., 2008° and Hong et al.’? are available currently to guide



Table 1

Examples of radiography mixed methods designs. Key * DR= Diagnostic Radiography; TR=Therapeutic Radiography; W=Workforce and services; E=Education; C=Clinical.

Publication and citation Author Funding Radiography Focus MM in Phase Methods Integration - Design
no. title no.
*DR/TR/W [E/|C Present? Explicit? Triangulation/ Exploratory Explanatory Advanced
Y/N Y/N Convergent sequential sequential frameworks
Wright et al., 2014%7 4 Fitness to practice Y 2 Focus group, frequencies N X
TR, W, E
Carlier et al., 20238 4 Autistic patients N 2 Survey, interviews N X
DR, C
Probst et al., 2014%° 4 Developing resilience N 3 Survey, interviews workshops Y X Participatory
TR, W
Cooke et al., 2025°° 5 Education CPD needs Y 3 Survey, interviews, focus group Y X
TR, W, E
Nightingale et al., 2022°' 6 Gender influences Y 2 Focus groups, survey Y X
TR, E
Lewis et al., 20257 5 Research careers Y 2 Survey, interviews Y X
DR, W
Hudson & Heales, 2023* 2 MRI staff perspectives Y 2 Survey, focus group Y X
DR, C
Pallin et al., 202234 8 Public health resources Y 2 Survey, interviews Y X
TR, W, E
Pinson et al., 2023°° 6 Role of assistants Y 2 Time motion data, interviews Y X
DR, W
Lundin et al., 2025°¢ 3 Radiotherapy masks Y 3 Outcome measures Y X Intervention RCT
RT, C questionnaire, interviews
McBride et al., 2024°7 10 Mammogram participation DR,C N 2 Systematic review, interviews Y X
(no quant)
Coleman et al., 2024°% 3 Sonographer supervision DR, W Y 2 Survey, focus groups N X
Turner, 2019°° 1 Awareness of Sexual health TR, W Y 2 Questionnaire, focus groups N X
Huang et al., 2025%° 11 Radiology image sharing Y 2 Surveys, interviews N X
DR, W
Karimi et al., 2025 3 Simulation design Y 3 ? scales, interviews, focus N X Intervention
DR, E groups
Sundland et al., 2024 2 Mobile services N 2 Dataset analysis, interviews Y X
DR, W
Shiner, 2019%* 1 Simulation preparedness DR, E N 724 ? scales, focus groups, N X Intervention
questionnaire, interviews
Lemon et al., 2023% 8 Staff resilience N 2 Questionnaire, interviews Y X
DR, W
Vils Pedersen, 20224° 1 Research motivation N 2 Survey, focus group N ?
DR, W
0O'Connor et al., 2023%° 4 Clinical Educator retention DR, W N 3 Survey, focus groups, Y X
interviews
Stewart-Lord et al., 2013*7 3 Assistant practitioner N 3 Mapping, survey, interviews N X
DR, W
Butlin et al., 20154 4 Anxiety Coaching N 4 Scale, questionnaire x 3 (no N ? Intervention
TR, W, E qual)
Kobe et al., 2018 3 Critical incidents N 2 Survey, discussion forum N ?
TR, W
Gadeka & Esena, 2019°° 2 Quality of care N 2 Questionnaire, interviews N X
DR, C
Brown et al., 2021°! 3 Prostate patient care N 2 Questionnaire, interviews Y X
TR, C
Nixon et al., 2018°? 8 Mask anxiety N 2 Quant scale, interviews Y X
TR, C
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Table 2
Approaches to integration of mixed methods studies, adapted from Fetters et al.®
Level Approach Type Description
Design Explanatory design Early Early integration allows the qualitative phase to build on the initial quantitative
phase
Exploratory design Early Early integration allows the quantitative phase to build on the qualitative phase
Triangulation Late Late integration of both datasets to compare results
Advanced frameworks Variable Integration may be embedded at different stages throughout these more complex
designs
Methods Connecting - Data linked through sampling
Building - One data collection method informs the other
Merging - Data is collated for analysis (e.g. framework analysis)
Embedding - Analysis is linked at multiple points
Interpretation and reporting Narrative Weaving Qualitative and quantitative findings reported together on a theme-by-theme basis
Contiguous Presentation of findings within a single report, but the qual and quant findings are
reported in different sections
Staged Often occurs in multistage mixed methods studies results of each step reported in
stages as the data are analysed and published separately.
Data Transformation Two stages 1. One type of data must be converted into the other type of data (i.e., qual into
quant or quant into qual).
2. The transformed data are then integrated with the data that have not been
transformed. (e.g. content analysis to count codes or participants).
Joint displays Visual Bringing data together through a visual means to draw out new insights beyond the

information gained from the separate quant/qual. e.g. a figure, table, matrix, or
graph which combines both qualitative and quantitative analysis.

mixed methods appraisal, alongside a field-specific reporting tool
for use in rehabilitation settings.®* No reporting or appraisal tool is
available for the radiography field.

Integration and reporting in radiography mixed methods
studies

Further analysis of the 26 radiography studies?’>? enabled
evidence of integration to be displayed in Table 3. Fourteen (54 %)
of the articles were explicit about integration at design level, yet
integration at the methods (n = 8, 31 %) and reporting levels (n = 2,
8 %) was rarely documented; it was challenging to identify and
categorise where integration occurred. At the methods level, one
third of the studies did not appear to integrate, however there was
some evidence, albeit limited in many cases, of connecting (n = 8,
31 %), building (n = 6, 23 %) and merging (n = 7, 27 %) in the
remaining articles. Only one study appeared to use an embedding
method, with qualitative data the primary focus.?” Articles pre-
senting a larger number of data collection phases®®*3 lacked
clarity on the order in which these phases occurred and how one
phase impacted upon the next.

At the reporting level of integration, the majority adopted
limited features of narrative integration, though few explicitly
discussed qualitative and quantitative findings together. No study
attempted data-transformation and only one study (Pinson
et al.)*> presented a joint display in the form of a ‘side by side’
table. Pinson's study’®> was the most explicit about integration
processes, perhaps resulting from the adoption of a mixed
methods reporting tool.> This suggests that the use of specific
guidelines may raise the quality of mixed methods reporting.

Meta-inferences are the new insights that emerge from the
mixing of qualitative and quantitative data. Only three articles
(12 %) were explicit about any meta-inferences,’°>? although
some displayed features of convergence (n = 9, 35 %), expansion
(n = 6, 25 %) and complementarity (n = 4, 15 %), with just one
study suggestive of divergence.** Without explicit highlighting of
meta-inferences, authors are missing an opportunity to demon-
strate the new insights that have been gained from merging the
qualitative and quantitative data; this is the essence of mixed
methods research. With these limitations in mind, the following

case study highlights the potential benefits of integration and
meta-inferences in radiography mixed methods research.

A case study example from radiography research

Driven forwards by the on-going workforce shortages in im-
aging settings, the ‘I-SWAP’ study (Imaging Support Workers and
Assistant Practitioners)®> was implemented in the National Health
Service in England to answer the following research questions:

o What models of deployment of the support workforce exist within
diagnostic imaging departments?

e What service, hospital, regional and national factors may
encourage or inhibit implementation of these models?

With an absence of published evidence to draw upon, the study
was realist®® and exploratory in nature, with the primary justifi-
cation for selecting a mixed methods design being a clear need for
both quantitative and qualitative elements to answer the research
questions. The research team needed first to quantify how many
imaging support workers were employed within the NHS, at what
grade, in which modalities, and importantly what proportion of
the imaging workforce they constituted. Building on this support
workforce modelling, qualitative work packages explored the
different models of deployment, why they were used, what
worked and what didn't work in different settings, and what fac-
tors might encourage or inhibit transformation of the support
workforce. Sufficient funding was secured to resource a 27-month
study,®’ establishing at the outset a research team incorporating
qualitative, quantitative and mixed methods expertise which
strengthened rigour in each research phase.

Integration at the design level was achieved through a multi-
stage advanced framework, incorporating an explanatory
sequential basic design which enabled qualitative workstreams to
enrich the understanding of an initial quantitative data work-
stream (Fig. 2). One of the workstreams, focusing on imaging
service managers, included a more complex embedded or ‘nested’
design®; this phase was primarily qualitative, but incorporated
quantitative support workforce data collection, for example
headcounts and grades. This workforce data was discussed within
the interviews, enabling a deeper understanding of the service



Table 3
Reporting of integration within radiography mixed methods studies.

Publication Radiography Focus Integration - Methods Integration - Reporting Meta-inferences
DR = Diagnostic Explicit? Connecting Building Merging Embedding Explicit? Narrative Data trans- Joint Explicit? Convergence Divergence Complemen- Expansion
radiography Y/N Y/N formation display Y/N tarity
TR=Therapeutic
radiography
W=Workforce/services
E = Education
C=Clinical

Wright et al., 2014%7 Fitness to practice N N X N ?
TR, W, E

Carlier et al., 2023%% Autistic patient Y X N X N X
services (DR)

Probst et al., 2014%° Developing resilience Y N ? N
(TR)

Cooke et al., 2025%° Education CPD needs Y X N X Y X
(TR)

Nightingale et al., 2022°'  Gender influences (TR) Y N X Y X

Lewis et al., 20257 Research careers (DR) Y N ? Y X

Hudson & Heales, 2023**  MRI staff perspectives N N ? N X
(DR)

Pallin et al., 2022°* Public health resources N N N
(TR)

Pinson et al., 2023°° Role of assistants (DR) Y X Y X N X

Lundin et al., 2025°° Experience of RT masks N N X N X
(RT)

McBride et al., 2024°7 Mammogram N N ? N
participation (DR)

Coleman et al., 2024°® Sonographer N X N N
supervision (DR)

Turner, 2019°° Awareness of Sexual N N X N X
health (TR)

Huang et al., 2025%° Radiology image N N X N ?
sharing (DR)

Karimi et al., 2025 Simulation preparation N N X N ?
(DR)

Sundland et al., 20242 Mobile services (DR) N Y X N

Shiner, 2019+ Simulation N X N X N
preparedness (DR)

Lemon et al., 2023** Staff resilience (DR) N N X N

Vils Pedersen, 20224° Research motivation N N X N ?
(DR)

O'Connor et al., 2023%° Clinical Educator N X N X N
retention (DR, W)

Stewart-Lord et al., 2013%7 Assistant practitioner Y X N N
(DR)

Butlin et al., 2015% Anxiety Coaching (TR) N N X N

Kobe et al., 2018%° Critical incidents (TR) N N X N

Gadeka & Esena, 2019°°  Quality of care (DR) N N N ?

Brown et al., 2021°! Prostate patient care Y X N X N X
(RT)

Nixon et al.,, 2018°? Mask anxiety (RT) N N N
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Figure 2. I-SWAP multi-phase explanatory sequential mixed methodology design. Adapted from Nightingale et al., 2025.° The workstreams gradually narrow down from a broad
international perspective through to a more nuanced service perspective. Key: AHP = Allied Health Professions; SWAP = Support Worker and Assistant Practitioner.

level approach to deployment. Analysis of these two components
was undertaken simultaneously by extracting both datasets into a
matrix following a framework analysis approach.°® This nested
design enabled a much richer understanding of deployment
decisions.

Integration at the methods level included building and con-
necting,® incorporated into the study design at the outset (Fig. 3).
The scoping review®>’? and payroll census’' findings shaped the
interview questions for imaging network representatives and
service managers (building).”? Similarly, findings from these ser-
vice managers shaped the design of the question schedules for the
qualitative case studies,”®> ensuring that the ‘golden threads’
captured in early workstreams were embedded throughout the
entire study and were not lost in the latter stages. Integration was
also achieved through connecting the workstreams via their
sampling strategies (Fig. 3). Analysis of the payroll census data’!
enabled the team to rank organisations based on the level of
deployment of support workers. This ranking system created an
evidence-informed sampling frame for stratified sampling of 24
sites for the service manager phase, ensuring that selected sites
reflected the full range of potential deployment approaches. The
sampling frame was used again to impartially identify nine

representative case study sites for the final data collection phase.
This sampling frame reduces selection bias when compared to
convenience or purposeful sampling strategies’* such as request-
ing sites to volunteer their participation.

As is commonplace in large-scale multi-stage studies, findings
from three of the workstreams were published separately
(narrative staged approach®) enabling timely dissemination of
findings. Two workstreams were published together in a single
article as the use of framework analysis®® highlighted significant
overlap in the qualitative findings.”> The findings from each
workstream were then integrated using O'Cathain's Mixed
Methods Matrix approach’” to create a determinant framework,”®
a visual representation of the headline findings which supports
easier interpretation. This framework was reviewed by the lead
investigator alongside a health policy researcher, independent of
the research team, to encourage unbiased reporting. Fifteen crit-
ical determinants were identified, these being causal factors which
control or influence the likelihood of effective imaging support
worker deployment. The determinant framework was developed
into a Maturity Matrix, a model for assessing and improving the
maturity of health care services,”’ presenting a series of discrete
iterative steps that represent a desired evolutionary path towards

Building (informing approach of next phase)

s N 4L N

On site
qualitative
Case Studies

Scoping Census of Epgagemgnt
Review of national NHS with Imaging
AHP SWAP payroll data Networks
Deployment (144 NHS (struc?ured
interviews)
Trusts) (n=22)

Service
Manager
interviews &
Trust level
EIER]
selected

Framework
for Effective
Practice
(Maturity
Matrix)

of selected
Trusts

(9 NHS Trusts)

Trusts (n=24)

AN\

Connecting through sampling

Figure 3. Mixed methodology integration approaches embedded within the research design. Adapted from Nightingale et al., 2025.%° Yellow arrows indicate the building of
earlier findings into the design of subsequent data collection instruments. Blue arrows indicate how earlier phase findings influence the sampling strategy (site selection) for later
phases. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

7



J. Nightingale and A. Stewart-Lord

excellence or effectiveness. The matrix design was the culmination
of the mixed methods study, supporting imaging leaders to un-
derstand, explain and predict influences on effective support
workforce deployment in their setting.

In summary, the I-SWAP mixed methods study adopted an
explanatory sequential basic design incorporated into a multistage
advanced framework. This complex design efficiently addressed
the research questions, enabling the ‘golden threads’ identified at
each stage of the study to be captured and explored through a
range of integration strategies embedded throughout the study.
While quantitative and qualitative findings were published sepa-
rately, the findings were subsequently presented in a combined
report® following best practice reporting guidelines®’® with the
integrated findings developed into an actionable tool to support
strategic workforce planning.

Recommendations for future radiography mixed methods
studies

In this paper, we identified 26 radiography mixed methods
studies for further analysis, highlighting limitations in design,
methods and reporting, including a distinct lack of integration. The
radiography profession is not alone in failing to achieve rigour in
mixed methods studies; systematic reviews in nursing,>>'" and
education' have also highlighted a lack of meaningful engage-
ment and explicit reporting of integration. In a 2024 bibliometric
analysis of three radiography journals, mixed methods studies had
the lowest prevalence (5 %) of all research types.”® This lower
adoption of mixed methods studies may be because they are
complex to design and conduct and require significant resource in
terms of personnel, knowledge and expertise, time and funding.
Only ten of the 26 studies had received any funding, and these
appeared to be small external grants (less than £10,000) or internal
awards; securing funding for radiography research is known to be
challenging.®%®! This is likely to be insufficient to properly
resource researcher time for a mixed methods study. Appropriate
knowledge and methodological expertise is more likely to be
found within a larger research team, including those with specific
research training. Radiography pre-registration and post-
registration awards, while introducing both qualitative and
quantitative research, are unlikely to focus on mixed methods
designs. Similarly, radiographers embarking upon doctoral level
study may elect to follow either a qualitative or a quantitative
approach, with fewer electing a mixed methodology. This suggests
that radiography researchers will need to upskill through
continuing professional development, and this paper has sign-
posted researchers to recommended literature on how to suc-
cessfully conduct and report mixed methods studies. The
following recommendations summarise the approaches outlined
above, signposting to examples of further reading where relevant:

e Radiography researchers seeking an initial introduction to
mixed methods research are signposted in the first instance to
articles providing helpful overviews.®>%> For those requiring a
more detailed understanding, core texts'®?? will be informative
when read alongside methodology papers previously
highlighted.®233°

e Ensure a coherent philosophical underpinning of mixed
methods studies’®> that enables the researcher to frame
appropriate study aims and research questions that may be
effectively answered through a mixed methods approach.

o Justify and clearly articulate the specific mixed methods design
and methods of integration®>> at the onset of the study and
ensure the study aims align with the selected mixed methods
design.

Radiography 32 (2026) 103257

e Make explicit the way in which integration was applied at
design, data collection, data analysis and reporting stages of the
study.®

e When reporting mixed methods studies, utilise appropriate
tools>%%%% that make clear the quality criteria and how this
enhanced the study to ensure trustworthiness.

Limitations

The search strategy did not intend to be a systematic search for
all published mixed methods radiography studies. Caution should
be applied as this search probably under-estimates the use of
mixed methods studies in radiography. Any radiography mixed
methods studies published outside the three selected disciplinary
journals are excluded. Similarly, publications featuring the indi-
vidual qualitative and quantitative components without specific
reference to mixed methods in the title, abstract and keywords,
would be unlikely to be identified. A single researcher conducted
data extraction; the lack of clarity in many articles required
judgements to made that may not be fully representative of each
study. A full systematic search and review could be a useful follow-
on study.

Conclusion

Mixed methodology research designs have been used suc-
cessfully for over three decades to investigate and evaluate
complexity in healthcare. While adoption in radiography has been
limited, explanatory sequential and convergent/triangulation de-
signs are increasingly being used to investigate a range of work-
force and education research questions. Exploratory designs
(qualitative followed by quantitative workstreams) and mixed
methods advanced frameworks appear to be rarely undertaken by
radiography researchers. While the individual quantitative and
qualitative components in radiography mixed methods studies are
invariably well-described, a lack of meaningful integration
potentially compromises the attainment of the true benefits of a
mixed methods design.

Generative Al use

Not applicable.
Ethics approval and consent to participate

This research did not require Institutional Review Board
approval because it is a narrative review. The research cited within
has been previously published elsewhere and cited accordingly.

Availability of data

Not applicable, this is a narrative review. No results are
published.

Author contributions

JN: Conceptualisation; Methodology; Writing - Original Draft;
Writing - Review & Editing; Visualisation.

ASL: Methodology; Writing - Review & Editing; Visualisation.
Funding

The authors have no funding sources to declare. This research is
a narrative review and therefore funding was not sought.



J. Nightingale and A. Stewart-Lord
Conflict of interest statement

JN is an Honorary Editor and ASL is an Associate Editor for
Radiography, however, as authors of this submission they had no
role in or visibility of the handling of the manuscript through the
editorial or peer review process.

Acknowledgements

Thank you to Dr Sarah Etty for proof-reading and readability
checking.

References

1. Campbell DT, Fiske DW. Convergent and discriminant validation by the
multitrait-multimethod matrix. Psychol Bull. 1959;56(2):81-105. https://
pubmed.ncbi.nlm.nih.gov/13634291/.

2. Cook TD, Reichardt CS, eds. Qualitative and quantitative methods in evaluation.
Sage Publications; 1979. ISBN-10, 080391301X. ISBN-13, 978-0803913011.

3. Tashakkori A, Teddlie C, eds. Handbook of mixed methods in social and behav-
ioral research. Thousand Oaks, CA: Sage; 2003.

4. Creswell JW. Research design: qualitative, quantitative, and mixed methods ap-
proaches. 2nd ed. Thousand Oaks: Sage; 2003.

5. O'Cathain A, Murphy E, Nicholl J. The quality of mixed methods studies in
health services research. J Health Serv Res Policy. 2008;13(2):92-98. https://
doi.org/10.1258/jhsrp.2007.007074.

6. Dupin CM, Borglin G. Usability and application of a data integration technique
(following the thread) for multi- and mixed methods research: a systematic
review. Int ] Nurs Stud. 2020;108:103608. https://doi.org/10.1016/
j.jnurstu.2020.103608.

7. Fetters MD, Molina-Azorin JF. The journal of mixed methods research starts a
new decade: the mixed methods research integration trilogy and its di-
mensions. | Mix Methods Res. 2017;11(3):291-307. https://doi.org/10.1177/
1558689817714066.

8. Fetters MD, Curry LA, Creswell JW. Achieving integration in mixed methods
designs—principles and practices. Health Serv Res. 2013;48:2134-2156.
https://doi.org/10.1111/1475-6773.12117.

9. Bressan V, Bagnasco A, Aleo G, Timmins F, Barisone M, Bianchi M, et al. Mixed-
methods research in nursing — a critical review. J Clin Nurs. 2017;26:
2878-2890. https://doi.org/10.1111/jocn.13631.

10. Carayon P, Kianfar S, Li Y, Xie A, Alyousef B, Wooldridge A. A systematic re-
view of mixed methods research on human factors and ergonomics in health
care. Appl Ergon. 2015;51:291-321. https://doi.org/10.1016/j.apergo.2015.06.
001.

11. Younas A, Pedersen M, Tayaben JL. Review of mixed-methods research in
nursing. Nurs Res. 2019;68(6):464-472. https://doi.org/10.1097/NNR.
0000000000000372.

12. Fabregues S, Mumbard6-Adam C, Escalante-Barrios EL, Hong QN, Edelstein D,
Vanderboll K, et al. Mixed methods intervention studies in children and ad-
olescents with emotional and behavioral disorders: a methodological review.
Res Dev Disabil. 2022;126:104239. https://doi.org/10.1016/j.ridd.2022.104239.

13. Morgan DL. Who is on the bandwagon? Core and periphery in mixed methods
research. | Mix Methods Res. 2022;17(2):135-142. https://doi.org/10.1177/
15586898221096319.

14. Zhou Y, Zhou Y, Machtmes K. Mixed methods integration strategies used in
education: a systematic review. Methodological Innovations. 2023;17(1):
41-49. https://doi.org/10.1177/20597991231217937.

15. Steinmetz-Wood M, Pluye P, Ross NA. The planning and reporting of mixed
methods studies on the built environment and health. Prev Med. 2019;126:
105752. https://doi.org/10.1016/j.ypmed.2019.105752.

16. Anguera MT, Blanco-Villasenor A, Losada JL, Sanchez-Algarra P,
Onwuegbuzie AJ. Revisiting the difference between mixed methods and
multimethods: is it all in the name? Qual Quantity. 2018;52:2757-2770.
https://doi.org/10.1007/s11135-018-0700-2.

17. Stern C, Lizarondo L, Carrier ], Godfrey C, Rieger K, Salmond S, et al. Meth-
odological guidance for the conduct of mixed methods systematic reviews. JBI
Evid Synth. 2020;18(10):2108-2118. https://doi.org/10.11124/jbisrir-d-19-
00169.

18. Creswell JW, Plano Clark VL. Designing and conducting mixed methods research.
3rd ed. Thousand Oaks, CA: Sage; 2017.

19. Johnson RB, Onwuegbuzie AJ, Turner LA. Towards a definition of mixed
methods research. | Mix Methods Res. 2007;1(2):112-133. https://doi.org/
10.1177/1558689806298224.

20. Teddlie C. Methodological issues related to causal studies of leadership: a
mixed methods perspective from the USA. Educ Manag Adm Leader.
2005;33(2):211-217. https://doi.org/10.1177/1741143205051054.

21. Onwuegbuzie AJ, Corrigan JA. Intra-study matching considerations when us-
ing mixed methods-based research approaches: a critical dialectical pluralistic
approach. Int J Mult Res Approaches. 2021;13(2):116-136. https://doi.org/
10.29034/ijmra.v13n2editorial2.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

Radiography 32 (2026) 103257

Hitchcock JH, Onwuegbuzie AJ], eds. The routledge handbook for advancing
integration in mixed methods research. 1st ed. Routledge; 2022. https://doi.org/
10.4324/9780429432828.

Plano Clark VL, Huddleston-Casas CA, Churchill SL, O'Neil Green D, Garrett AL.
Mixed methods approaches in family science research. J Fam Issues.
2008;29(11):1543-1566. https://doi.org/10.1177/0192513X08318251.
Onwuegbuzie AJ, Schamroth Abrams S. Critical dialectical pluralism as a
transformative multidimensional metaparadigm and metaphilosophy for
mixed methods research. Methods in Psychology. 2025;12:100178. https://
doi.org/10.1016/j.metip.2025.100178.

Singh N, Wright C, Knight K, Baird M, Akroyd D, Adams RD, et al. Occupational
burnout among radiation therapists in Australia: findings from a mixed
methods study. Radiography. 2017;23(3):216-221. https://doi.org/10.1016/
j.radi.2017.03.016.

Mclnerney ], Druva R. Clinical educators’ attitudes towards the use of tech-
nology in the clinical teaching environment. A mixed methods study. ] Med
Radiat Sci. 2019;66:72-80. https://doi.org/10.1002/jmrs.335.

Wright CA, Schneider ME, Jolly B, Baird MA. Australian radiation therapists’
perceptions of the determinants of fitness to practise; a mixed methods focus
group study. Radiography. 2014;20(3):264-270. https://doi.org/10.1016/
j-radi.2014.04.004.

Carlier S, Vorlet P, Sa dos Reis C, Malamateniou C. Strategies, challenges and
enabling factors when imaging autistic individuals in Swiss medical imaging
departments. ] Med Imag Radiat Sci. 2003;54(4):5S53-S63. https://doi.org/
10.1016/j.jmir.2022.11.002.

Probst H, Boylan M, Nelson P, Martin R. Early career resilience: interdisci-
plinary insights to support professional education of radiation therapists.
J Med Imag Radiat Sci. 2014;45(4):390-398. https://doi.org/10.1016/j.jmir.
2014.09.003.

Cooke A, Cox K, Blanea S, Cox E, Holmes M. Radiographer educational re-
quirements for adaptive radiotherapy techniques: a mixed-methods regional
scoping study. Radiography. 2025;31(5):103093. https://doi.org/10.1016/
j.radi.2025.103093.

Nightingale ], Appleyard R, McNamara ], Panchbhaya M, Posnett ], Stone J.
Gender diversity in therapeutic radiography: a mixed methods
exploration of the gender influences impacting on male students' career
choices. Radiography. 2022;28(2):258-266. https://doi.org/10.1016/j.radi.
2022.02.005.

Lewis A, Dennett A, Terrens A, Hanna M, McLean G. Research active medical
imaging professionals in Australian metropolitan health services embrace
opportunities and can overcome obstacles to engage in research: a mixed
methods study. Radiography. 2025;31(1):297-305. https://doi.org/10.1016/
j.radi.2024.12.001.

Hudson DM, Heales C. “I think this could be a big success” — a mixed methods
study on practitioner perspectives on the acceptance of a virtual reality tool
for preparation in MRI. Radiography. 2023;29(5):851-861. https://doi.org/
10.1016/j.radi.2023.06.005.

Pallin ND, Webb ], Brown L, Charlesworth L, Beeken RJ, Fisher A. Online
training resources to aid therapeutic radiographers in engaging in conversa-
tions about physical activity and diet: a mixed methods study. Radiography.
2022;28(1):124-132. https://doi.org/10.1016/j.radi.2021.09.004.

Pinson JA, King OA, Dennett AM, Davis A, Williams CM, Snowdon DA.
Exploring the role of medical imaging assistants in Australian medical imaging
departments: a mixed-methods study. ] Med Radiat Sci. 2023;70:46-55.
https://doi.org/10.1002/jmrs.623.

Lundin E, Axelsson S, Ohlsson-Nevo E. Open or closed: experience of head and
neck radiotherapy masks — a mixed-methods study. ] Med Radiat Sci. 2025;72:
74-84. https://doi.org/10.1002/jmrs.825.

McBride KA, O'Fee A, Hogan S, Stewart E, Madeley C, Wilkes ], et al. Co-design
of an intervention to optimize mammographic screening participation in
women with obesity and/or physical disabilities. Radiography. 2024;30(3):
951-963. https://doi.org/10.1016/j.radi.2024.04.011.

Coleman G, Hyde E, Strudwick R. Exploring UK sonographers' views on the use
of professional supervision in clinical practice - stage one findings of a mixed
method study. Radiography. 2024;30(1):252-256. https://doi.org/10.1016/
jradi.2023.11.011.

Turner A. Sexual health issues in patients with Cancer—An exploratory
mixed methods study of the awareness levels of radiation therapists. ] Med
Imag Radiat Sci. 2019;50(1):106-112. https://doi.org/10.1016/j.jmir.2018.08.
005.

Huang ], Mak FY, Wong YY, Chan SC, Poon ], Tong E, et al. Acceptability,
benefits and barriers of electronic health record radiology image sharing: a
mixed-method study. | Med Radiat Sci. 2025;72:244-254. https://doi.org/
10.1002/jmrs.853.

Karimi H, Clarke S, Watson E. Comparing clinical preparedness of newly
qualified diagnostic radiographers trained with immersive virtual reality vs.
traditional simulation: a mixed-methods study. ] Med Radiat Sci. 2025. https://
doi.org/10.1002/jmrs.882.

Sundland SL, Mgller-Christensen B. The Mobile X-ray service and hip frac-
tures: the impact of the mobile X-ray service on the hip fast track. Radiog-
raphy. 2024;30(3):709-714. https://doi.org/10.1016/j.radi.2024.02.017.
Shiner N. Can simulation impact on first year diagnostic radiography students’
emotional preparedness to encounter open wounds on their first clinical
placement: a pilot study. Radiography. 2019;25(4):294-300. https://doi.org/
10.1016/j.radi.2019.04.009.


https://pubmed.ncbi.nlm.nih.gov/13634291/
https://pubmed.ncbi.nlm.nih.gov/13634291/
http://refhub.elsevier.com/S1078-8174(25)00401-8/sref2
http://refhub.elsevier.com/S1078-8174(25)00401-8/sref2
http://refhub.elsevier.com/S1078-8174(25)00401-8/sref3
http://refhub.elsevier.com/S1078-8174(25)00401-8/sref3
http://refhub.elsevier.com/S1078-8174(25)00401-8/sref4
http://refhub.elsevier.com/S1078-8174(25)00401-8/sref4
https://doi.org/10.1258/jhsrp.2007.007074
https://doi.org/10.1258/jhsrp.2007.007074
https://doi.org/10.1016/j.ijnurstu.2020.103608
https://doi.org/10.1016/j.ijnurstu.2020.103608
https://doi.org/10.1177/1558689817714066
https://doi.org/10.1177/1558689817714066
https://doi.org/10.1111/1475%2D6773.12117
https://doi.org/10.1111/jocn.13631
https://doi.org/10.1016/j.apergo.2015.06.001
https://doi.org/10.1016/j.apergo.2015.06.001
https://doi.org/10.1097/NNR.0000000000000372
https://doi.org/10.1097/NNR.0000000000000372
https://doi.org/10.1016/j.ridd.2022.104239
https://doi.org/10.1177/15586898221096319
https://doi.org/10.1177/15586898221096319
https://doi.org/10.1177/20597991231217937
https://doi.org/10.1016/j.ypmed.2019.105752
https://doi.org/10.1007/s11135%2D018%2D0700%2D2
https://doi.org/10.11124/jbisrir%2Dd%2D19%2D00169
https://doi.org/10.11124/jbisrir%2Dd%2D19%2D00169
http://refhub.elsevier.com/S1078-8174(25)00401-8/sref18
http://refhub.elsevier.com/S1078-8174(25)00401-8/sref18
https://doi.org/10.1177/1558689806298224
https://doi.org/10.1177/1558689806298224
https://doi.org/10.1177/1741143205051054
https://doi.org/10.29034/ijmra.v13n2editorial2
https://doi.org/10.29034/ijmra.v13n2editorial2
https://doi.org/10.4324/9780429432828
https://doi.org/10.4324/9780429432828
https://doi.org/10.1177/0192513X08318251
https://doi.org/10.1016/j.metip.2025.100178
https://doi.org/10.1016/j.metip.2025.100178
https://doi.org/10.1016/j.radi.2017.03.016
https://doi.org/10.1016/j.radi.2017.03.016
https://doi.org/10.1002/jmrs.335
https://doi.org/10.1016/j.radi.2014.04.004
https://doi.org/10.1016/j.radi.2014.04.004
https://doi.org/10.1016/j.jmir.2022.11.002
https://doi.org/10.1016/j.jmir.2022.11.002
https://doi.org/10.1016/j.jmir.2014.09.003
https://doi.org/10.1016/j.jmir.2014.09.003
https://doi.org/10.1016/j.radi.2025.103093
https://doi.org/10.1016/j.radi.2025.103093
https://doi.org/10.1016/j.radi.2022.02.005
https://doi.org/10.1016/j.radi.2022.02.005
https://doi.org/10.1016/j.radi.2024.12.001
https://doi.org/10.1016/j.radi.2024.12.001
https://doi.org/10.1016/j.radi.2023.06.005
https://doi.org/10.1016/j.radi.2023.06.005
https://doi.org/10.1016/j.radi.2021.09.004
https://doi.org/10.1002/jmrs.623
https://doi.org/10.1002/jmrs.825
https://doi.org/10.1016/j.radi.2024.04.011
https://doi.org/10.1016/j.radi.2023.11.011
https://doi.org/10.1016/j.radi.2023.11.011
https://doi.org/10.1016/j.jmir.2018.08.005
https://doi.org/10.1016/j.jmir.2018.08.005
https://doi.org/10.1002/jmrs.853
https://doi.org/10.1002/jmrs.853
https://doi.org/10.1002/jmrs.882
https://doi.org/10.1002/jmrs.882
https://doi.org/10.1016/j.radi.2024.02.017
https://doi.org/10.1016/j.radi.2019.04.009
https://doi.org/10.1016/j.radi.2019.04.009

J. Nightingale and A. Stewart-Lord

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
. EQUATOR Network. Enhancing the QUAlity and transparency of health

62.

63.

Lemon M, Almutairi A, O'Connor M, Amin Y, Makanjee CR, Davidson R, et al.
Radiographers' organisational commitment and occupational stress: first
Covid-19 wave. Radiography. 2023;29(6):1115-1120. https://doi.org/10.1016/
j.radi.2023.09.007.

Vils Pedersen MR. What motivates radiographers to start working with
research?  Radiography.  2022;29(1):215-220.  https://doi.org/10.1016/
j.radi.2022.11.003.

O'Connor M, Lunney A, Rainford L, Grehan J. Recruitment and retention of
radiography clinical practice educators. Radiography. 2023;29(3):629-634.
https://doi.org/10.1016/j.radi.2023.04.004.

Stewart-Lord A, Ballinger C, McLaren SM. Assistant Practitioners (APs) in
radiography: an exploration of perceptions and experiences related to role
development. Radiography. 2013;20(2):137-142. https://doi.org/10.1016/
j.radi.2013.11.001.

Butlin H, Salter KL, Williams A, Garcia C. PracticeCALM: coaching anxiety
lessening methods for radiation therapists: a pilot study of a skills-based
training program in radiation oncology. ] Med Imag Radiat Sci. 2015;47(2):
147-154.e2. https://doi.org/10.1016/j.jmir.2015.12.002.

Kobe C, Blouin S, Moltzan C, Koul R. The second victim phenomenon:
perspective of Canadian radiation therapists. | Med Imag Radiat Sci.
2018;50(1):87-97. https://doi.org/10.1016/j.jmir.2018.07.004.

Gadeka DD, Esena RK. Quality of care of medical imaging services at a teaching
hospital in Ghana: clients' perspective. ] Med Imag Radiat Sci. 2019;51(1):
154-164. https://doi.org/10.1016/j.jmir.2019.12.005.

Brown A, Pain T, Preston R. Patient perceptions and preferences about pros-
tate fiducial markers and ultrasound motion monitoring procedures in radi-
ation therapy treatment. ] Med Radiat Sci. 2021;68:37-43. https://doi.org/
10.1002/jmrs.438.

Nixon JL, Cartmill B, Turner J, Pigott AE, Brown E, Wall LR, et al. Exploring the
prevalence and experience of mask anxiety for the person with head and neck
cancer undergoing radiotherapy. ] Med Radiat Sci. 2018;65:282-290. https://
doi.org/10.1002/jmrs.308.

Bryman A. Integrating quantitative and qualitative research: how is it done?
Qual Res. 2006;6(1):97-113. https://doi.org/10.1177/1468794106058877.
Guetterman TC, Fetters MD, Creswell JW. Integrating quantitative and
qualitative results in health science mixed methods research through joint
displays. Ann Fam Med. 2015;13(6):554-561. https://doi.org/10.1370/
afm.1865.

Guetterman TC, Molina-Azorin JF, Fetters MD. Virtual special issue on “Inte-
gration in Mixed Methods Research.”. ] Mix Methods Res. 2020;14(4):430-435.
https://doi.org/10.1177/1558689820956401.

Younas A, Fabregues S, Munce S, Creswell JW. Framework for types of meta-
inferences in mixed methods research. BMC Med Res Methodol. 2025;25(1):18.
https://doi.org/10.1186/s12874-025-02475-8.

Tashakkori A, Teddlie C. Quality of inferences in mixed methods research. In:
Bergman M, ed. Advances in mixed methods research: theories and applications.
London, UK: Sage; 2008.

Guetterman TC, Molina-Azorin JF, Fabregues S. The need to rigorously develop
common quality guidelines for reporting mixed methods research. J Mix
Methods Res. 2022;17(1):6-11. https://doi.org/10.1177/15586898221143561.
Critical appraisal skills programme (CASP). https://casp-uk.net/casp-tools-
checklists/.

JBI critical appraisal tools. https://jbi.global/critical-appraisal-tools.

research. https://www.equator-network.org/reporting-guidelines/.

Jaam M, Awaisu A, Stewart D, Mukhalalati B, Sethi A, Elshazly M, et al. Protocol
for developing a consolidated checklist for reporting mixed methods research
(CORMIX) using modified Delphi. PLoS One. 2025;20(5):e0321587. https://
doi.org/10.1371/journal.pone.0321587.

Hong QN, Pluye P, Fabregues S, Bartlett G, Boardman F, Cargo M et al. Mixed
methods appraisal tool (MMAT), version 2018. Registration of copyright
(#1148552), Canadian intellectual property office, industry Canada. http://
mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/
MMAT_2018_criteria-manual_2018-08-01_ENG.pdf.

10

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Radiography 32 (2026) 103257

Tovin MM, Wormley ME. Systematic development of standards for mixed
methods reporting in rehabilitation health sciences research. Phys Ther.
2023;103(11). https://doi.org/10.1093/ptj/pzad084. pzad084.

Nightingale ], Snaith B, Etty S, Sevens T, Appleyard R, Kelly S, et al. Utilisation of
the support workforce in diagnostic imaging: a mixed-methods investigation.
Health Soc Care Deliv Res. 2025;13(XX). https://doi.org/10.3310/GJJN0626.
Hewitt G, Sims S, Harris R. The realist approach to evaluation research: an
introduction. Int | Ther Rehabil. 2012;19(5):250-259. https://doi.org/10.12968/
ijtr.2012.19.5.250.

Nightingale ], Snaith B, Etty S, Sevens T, Appleyard R, Kelly S, et al. The de-
terminants of the utilisation of the support workforce in diagnostic imaging: a
mixed-methods investigation (award ID: NIHR133813). https://fundingawards.
nihr.ac.uk/award/NIHR133813.

Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework
method for the analysis of qualitative data in multi-disciplinary health
research. BMC Med Res Methodol. 2013;13:117. https://doi.org/10.1186/1471-
2288-13-117.

Etty S, Snaith B, Hinchcliffe D, Nightingale ]. The deployment and utilization of
the allied health professions support workforce: a scoping review. ] Multidiscip
Healthc. 2024;17:2251-2269. https://doi.org/10.2147[JMDH.S460543.

Snaith B, Etty S, Nightingale ]J. Has the skills mix promise been broken? A
scoping review of the deployment of the support and assistant workforce
within diagnostic imaging in the UK. Radiography. 2024;30(5):1468-1473.
https://doi.org/10.1016/j.radi.2024.08.006.

Nightingale ], Etty S, Snaith B, Sevens T, Appleyard R, Kelly S. Establishing the
size and configuration of the imaging support workforce: a census of national
workforce data in England. BJR|Open. 2024;6(1). https://doi.org/10.1093/bjro/
tzae026. tzae026.

Nightingale ], Sevens T, Etty S, Fowler-Davis S, Kelly S, Appleyard R, et al. The
role, scope and utilisation of the imaging support workforce in England: a
qualitative framework analysis. Radiography. 2025;31(1):264-274. https://
doi.org/10.1016/j.radi.2024.11.021.

Appleyard R, Etty S, Snaith B, Nightingale ]. The imaging support workforce:
stakeholder perceptions of role, impact and career progression. Radiography.
2025;31(4):102956. https://doi.org/10.1016/j.radi.2025.102956.

Ahmed SK. How to choose a sampling technique and determine sample size
for research: a simplified guide for researchers. Oral Oncol Rep. 2024;12:
100662. https://doi.org/10.1016/j.00r.2024.100662.

O'Cathain A, Murphy E, Nicholl J. Three techniques for integrating data in mixed
methods studies. BMJ. 2010;341:c4587. https://doi.org/10.1136/bmj.c4587.
Nilsen P. Making sense of implementation theories, models and frameworks.
Implement Sci. 2015;10:53. https://doi.org/10.1186/s13012-015-0242-0.
Kolukisa Tarhan A, Garousi V, Turetken O, Soylemez M, Garossi S. Maturity
assessment and maturity models in health care: a multivocal literature re-
view. Digital Health. 2020;6. https://doi.org/10.1177/2055207620914772.
Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative
research (COREQ): a 32-item checklist for interviews and focus groups. Int J Qual
Health Care. 2007;19(6):349-357. https://doi.org/10.1093/intqhc/mzm042.
Iweka E, Ezenwuba BM, Snaith B. Research designs of publications in radi-
ography professional journals - a modified bibliometric analysis. Radiography.
2024;30(4):1210-1218. https://doi.org/10.1016/j.radi.2024.06.005.

Akudjedu TN, Reeve R, Eaton ], Costigan C, Burnett C, Barnsley H, et al.
Research and fellowship funding perspectives: a collective NIHR experience of
a community of pre- and post-doctoral radiographers. Radiography.
2025;31(2):102880. https://doi.org/10.1016/j.radi.2025.01.015.

Knight KJ, Beasley M, McConnell J, O'Regan T, Alexander CM, Donovan T, et al.
Research culture, barriers and facilitators within the radiography workforce in
the UK - results of a national survey. Radiography. 2025;31(4):102959. https://
doi.org/10.1016/j.radi.2025.102959.

Tariq S, Woodman J. Using mixed methods in health research. JRSM Short Rep.
2013;4(6):2042533313479197. https://doi.org/10.1177/2042533313479197.
Rana K, Chimoriya R. A guide to a mixed-methods approach to healthcare
research. Encyclopedia. 2025;5(2):51. https://doi.org/10.3390/encyclopedia
5020051.


https://doi.org/10.1016/j.radi.2023.09.007
https://doi.org/10.1016/j.radi.2023.09.007
https://doi.org/10.1016/j.radi.2022.11.003
https://doi.org/10.1016/j.radi.2022.11.003
https://doi.org/10.1016/j.radi.2023.04.004
https://doi.org/10.1016/j.radi.2013.11.001
https://doi.org/10.1016/j.radi.2013.11.001
https://doi.org/10.1016/j.jmir.2015.12.002
https://doi.org/10.1016/j.jmir.2018.07.004
https://doi.org/10.1016/j.jmir.2019.12.005
https://doi.org/10.1002/jmrs.438
https://doi.org/10.1002/jmrs.438
https://doi.org/10.1002/jmrs.308
https://doi.org/10.1002/jmrs.308
https://doi.org/10.1177/1468794106058877
https://doi.org/10.1370/afm.1865
https://doi.org/10.1370/afm.1865
https://doi.org/10.1177/1558689820956401
https://doi.org/10.1186/s12874%2D025%2D02475%2D8
http://refhub.elsevier.com/S1078-8174(25)00401-8/sref57
http://refhub.elsevier.com/S1078-8174(25)00401-8/sref57
http://refhub.elsevier.com/S1078-8174(25)00401-8/sref57
https://doi.org/10.1177/15586898221143561
https://casp%2Duk.net/casp%2Dtools%2Dchecklists/
https://casp%2Duk.net/casp%2Dtools%2Dchecklists/
https://jbi.global/critical%2Dappraisal%2Dtools
https://www.equator%2Dnetwork.org/reporting%2Dguidelines/
https://doi.org/10.1371/journal.pone.0321587
https://doi.org/10.1371/journal.pone.0321587
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria%2Dmanual_2018%2D08%2D01_ENG.pdf
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria%2Dmanual_2018%2D08%2D01_ENG.pdf
http://mixedmethodsappraisaltoolpublic.pbworks.com/w/file/fetch/127916259/MMAT_2018_criteria%2Dmanual_2018%2D08%2D01_ENG.pdf
https://doi.org/10.1093/ptj/pzad084
https://doi.org/10.3310/GJJN0626
https://doi.org/10.12968/ijtr.2012.19.5.250
https://doi.org/10.12968/ijtr.2012.19.5.250
https://fundingawards.nihr.ac.uk/award/NIHR133813
https://fundingawards.nihr.ac.uk/award/NIHR133813
https://doi.org/10.1186/1471%2D2288%2D13%2D117
https://doi.org/10.1186/1471%2D2288%2D13%2D117
https://doi.org/10.2147/JMDH.S460543
https://doi.org/10.1016/j.radi.2024.08.006
https://doi.org/10.1093/bjro/tzae026
https://doi.org/10.1093/bjro/tzae026
https://doi.org/10.1016/j.radi.2024.11.021
https://doi.org/10.1016/j.radi.2024.11.021
https://doi.org/10.1016/j.radi.2025.102956
https://doi.org/10.1016/j.oor.2024.100662
https://doi.org/10.1136/bmj.c4587
https://doi.org/10.1186/s13012%2D015%2D0242%2D0
https://doi.org/10.1177/2055207620914772
https://doi.org/10.1093/intqhc/mzm042
https://doi.org/10.1016/j.radi.2024.06.005
https://doi.org/10.1016/j.radi.2025.01.015
https://doi.org/10.1016/j.radi.2025.102959
https://doi.org/10.1016/j.radi.2025.102959
https://doi.org/10.1177/2042533313479197
https://doi.org/10.3390/encyclopedia5020051
https://doi.org/10.3390/encyclopedia5020051

	Mixed methodology: A pragmatic approach to investigating complexity in radiography research
	Introduction
	Clarification of terminology
	Mixed method approaches
	Mixed methods design in radiography
	Integration and inference quality in mixed methods studies
	Guidelines for reporting mixed methods studies
	Integration and reporting in radiography mixed methods studies
	A case study example from radiography research
	Recommendations for future radiography mixed methods studies
	Limitations
	Conclusion
	Generative AI use
	Ethics approval and consent to participate
	Availability of data
	Author contributions
	Funding
	Conflict of interest statement
	Acknowledgements
	References


