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Decision-making processes in Image Guided Radiotherapy: A Think
Aloud study

ABSTRACT

Introduction

3D Image Guided Radiotherapy (IGRT) using Cone Beam Computer Tomography (CBCT) has
been implemented for a range of treatment sites across the UK in the last decade. A paucity
of evidence exists to understand how radiation therapists (RTTs) make clinical decisions
during image interpretation as part of the IGRT process. The aim of this study was to

investigate the decision-making processes used by RTTs during image interpretation of IGRT.

Method

Case study methodology was adopted utilising a think aloud observational method with
follow-up interviews. 12 RTTs were observed and interviewed across three UK radiotherapy
centres. Participants were observed reviewing and making clinical decisions in a simulated
environment using clinical scenarios developed in partnership with each centres’ Clinical
Imaging Lead. Protocol analysis was used to analyse the observational data and thematic

analysis was used to analyse the interview data.

Results

A range of approaches to decision-making was observed which varied in length from nine
phrases to 57 (mean 24) per case. Six themes emerged from the data: Set Sequence, Site
Specific Clinical Priorities, Initial Gross Review, Decision to treat, Compromise and experience.
In addition, three cognitive decision-making processes were identified: Simple linear, Linear
repeating and Intuitive decision-making process. The findings of the study align with general
principles of expert performance, whereby experience in a specific scope of practice is more

beneficial in developing expertise than overall experience.

Conclusion

This study has provided new and original insight in the decision-making processes of RTTs.
The study has highlighted three process models to explain how RTTs make decisions during

IGRT: Simple linear, Linear repeating and Intuitive decision-making process. Intuitive



processes are widely accepted to be error prone and linked to bias. When using this process,
some RTTs followed this with a confirmation phase. This second phase of the process should

be encouraged when teaching IGRT.

The results of the study support the concept of expert performance, where performance and

expertise are only improved by exposing individuals to specific types of experiences.

RTTs, managers and Higher Education Institutions are encouraged to review these models
and implement them into IGRT training. It is clear from the evidence base that understanding
how we make decisions, enables us to develop expertise and reduce errors during the

decision-making process.

INTRODUCTION

The technology used in Image Guided Radiotherapy (IGRT) has seen huge advancements since
the wide-spread introduction of electronic portal imaging (EPID) in the early 2000s. 1!
Radiotherapy centres have seen the phasing out 2D technology for many tumour types and
replaced it with high quality KV 3D-Cone Beam Computer Tomography (CBCT). 2 When
implemented safely, these advancements have the potential to improve treatment accuracy

and ultimately patient quality of life and outcome. 3

Studies by McNair et al. ®and Hudson et al. “ have demonstrated that during the IGRT process,
radiation therapists (RTTS) can make acceptable clinical decisions similar to those of the
medical team. However, what is not clear from these studies are the clinical reasoning
processes and techniques used by the RTT and medical teams to reach their decisions. If IGRT
capacity is to be grown with treatments being delivered safely and, in a time sensitive manner,
it is vital that the decision-making processes of RTTs are understood in order that only the

most efficient and effective approaches are adopted.

Understanding how humans make decisions has intrigued the academic community and

wider society since the seminal work of Tversky and Kahneman in the 1970’s .

Clinical reasoning is particularly well researched in medicine ° with much of the research

focusing on diagnostic errors. 1912 There is a growing evidence base of literature relating to



clinical reasoning in the Allied Health Professions, 913716 but there is a noticeable lack of
evidence relating to clinical reasoning involving RTTs. Several studies have been published
that have investigated the decision-making processes of diagnostic radiographers,
radiologists and medical physicists. 1’72 These provide a useful insight into how clinical staff
use medical imaging to make clinical decisions, particularly in relation to diagnosis, but do not

provide adequate evidence on the decisions made during the IGRT process.

Many authors have attempted to describe how individuals make decisions in a variety of
scenarios by developing descriptive models. 22 The most common models cited are

Hypothetico-deductive reasoning 23, Dual process theory 2 and Cognitive continuum theory.

25

Despite the large number of models that have been proposed in the last four decades, there
is little, if any consensus about one single model that meets the requirements of clinical
reasoning for all individuals, in all situations and environments. 222¢ There are however, a
number of similarities across the models, and fundamental to all of them is the dichotomy
between intuitive thought and analytical thought, as well as the spectrum or continuum that

exists between. 2728

Intuition has been described as ‘understanding without a rationale’ 2° or ‘immediate knowing
of something without the conscious use of reason’. 3° Intuitive thought ‘involves rapid,
unconscious data processing that combines the available information by ‘averaging’ it has low
consistency and is moderately accurate’. 28 Intuitive thought is more likely to occur under

conditions of uncertainty 3! and is commonly used by those seen as experts. 16283233

In contrast, analytical thought ‘is carried out slowly, consciously and consistently’. Analytic
thought is normally accurate but can occasionally lead to large and systematic errors. 28
Analytical models assume that the decision makers’ thought processes follow rational logic

and these can be studied until a decision has been made. %2

Although our understanding of how humans make decisions has increased significantly in
recent decades, the interest in this field has highlighted how poor humans can be at making

decisions. 113436 |n the clinical setting this is evident, where error rates at diagnosis are



believed to be around 10-15%. 34 Concerns also exist about the number of errors occur during
the IGRT process. The latest biennial radiotherapy error data analysis and learning report
published by UK Security Agency 3’ demonstrates that onset imaging continues to be an area
of concern with “on-set imaging: approval process” and “on-set imaging: production process”

being the two highest sub-categories of Level 1 incidents.

The purpose of this study was to investigate the clinical decision-making processes used by
RTTs when carrying out IGRT. Doing so will identify methods for the teaching of safe and

efficient decision-making, that will ultimately lead to improved patient care.

METHOD

Ethical Considerations

Ethical approval was sought and gained from the University’s Research Ethics Committee
_ This was followed by individual applications to three NHS Trust
Research and Development Departments for local governance approval in participating

radiotherapy departments, all of which were granted without amendments.

A process of informed consent was followed, and it was made clear to participants they could
withdraw from the study at any time during or after data collection. It was acknowledged
that some participants may view the observation as a test and so the researcher assured them
of confidentiality and anonymity of the data that would be collected. Participants were also
advised that any observations or opinions deemed to put patients at risk would be reported

to the relevant person in their Centre.

Recruitment

Three UK radiotherapy centres participated in the study. They were chosen purposively to
ensure a variation in size and experience of IGRT. The aim was to recruit between three and
five participants from each centre, with a focus on recruiting participants with a range of

experience in undertaking image analysis using linear accelerator imaging analysis software.



Data Collection

A multimethod approach 3% was adopted using the think aloud method 3°

to capture

observational data during a series of simulated IGRT cases. These observations were followed

up with semi-structured interviews. The full process can be seen in Figure 1.0. Participants

were involved in items coloured green.

Pilot Study
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Figure 1.0. Research process

The think aloud method
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The think aloud method has been widely used in other observational studies in a clinical

setting 249 | Two in depth descriptions of the method have been published by Fonteyn,

Kuipers, & Grobe #” and van Someren et al. *® and these were used along with a pilot study to

adapt the think aloud method for an IGRT simulation.

The think aloud method involves participants verbalising whatever thoughts enter their mind

while performing a task. These verbalisations are recorded and transcribed verbatim to




produce hard data (protocols). This data is then analysed to determine what process were
used. During the task, there should be minimal interruptions or suggestive prompts from the

researcher, which allows the participant to focus purely on the task at hand. #°

The pilot study was conducted with two academic members of staff with experience in IGRT.
The equipment was set up in accordance with the study protocol. They were presented with
two anonymised case and were asked to review the cases whilst thinking aloud. This pilot
allowed the researchers to check the functionality of the software and adapted the data

collection process.

Simulated IGRT scenarios

Due to the variety of clinical systems in the three departments, it was not possible for the
same case studies to be used in each of the departments. Three patient case scenarios were
developed with the radiotherapy centre imaging leads in each of the centres. Each centre
developed scenarios that included treatment to the thorax, pelvis and head and neck, which

covered a range of technical complexity and anatomical sites.

Study participants were provided with all the documentation they would expect to see during
routine review of on-treatment images and asked to review the images using local protocols,

whilst verbalising their thought processes.

Participants were observed reviewing the scenarios on an imaging terminal in their
departments. The think aloud data was collected using high-definition video and audio

equipment (Figure 2.0).

A nationally recognised IGRT expert was recruited to review each case and stated what
decision they would make if presented with the data in the clinical environment. This
individual was deemed an expert due to their experience and the positions they held on
several national groups that influence on IGRT policy. The expert was asked to state one of
three decisions based on the images presented: 1. Treat the patient; 2. Not treat the patient
(this included re-positioning the patient or asking them to modify their bladder or bowel
status); 3. Seek additional advice from a colleague. In addition, they rated each case on its

complexity raging from 1: simple to 5: very complex.



HD video
recorder

Participant

Figure 2.0 Observational set-up

Most of the participants verbalised their thought processes comfortably and with little effort,
however short prompts using the terms “keep talking” or “what are you thinking” were used
during each simulation when required. The researcher consciously kept these to a minimum,
and only spoke when it was apparent the participant had stopped verbalising thought

processes.

The researcher positioned himself out of view behind the participant, but in a position where
he could see the screen. The researcher took concurrent notes throughout each verbalisation
and attempted to note down anything of interest. This included any non-verbal cues as well
as any concepts or ideas that required further investigation at interview.

Following the observation, the data was anonymised, and the audio recording uploaded for

professional transcription.

Semi structured interviews

Follow-up semi structured interviews were conducted to further investigate the processes
the participants used during the observations and to gain greater insight into the factors that
impact clinical decision-making during the image analysis process. These interviews were also

recorded and professionally transcribed verbatim.



Triangulation process
A triangulation protocol proposed by Farmer et al. >° was used to combine the data collected

in the observation and interview phases.

Reflexivity

During all phases of the study and write up, a reflexive approach was adopted. A reflexive
account was documented prior to data collection and regularly returned to during the
research process. The reflexive process highlighted that the author had a significant amount
of experience in the field of study and therefore it is not inconceivable to suggest that this
brings with it a number of pre-conceived ideas around best practice during the IGRT process.
The reflexive account was present in the mind of the author when carrying out the
observations, interviews and during the data analysis process. During the interviews, the
researcher was conscious not to ask leading questions that may bias any data towards his

preconceptions.

Data Analysis

All the transcripts were imported into the qualitative analysis software Quirkos 1.4 (Quirkos

Ltd) for analysis.

The think aloud data was analysed using the method of protocol analysis which is fully
described by Fonteyn and Grobe . The process has three steps:
1. Referring Phrase Analysis- identification concepts used by participants.
2. Assertional Analysis- identification of assertions made to determine how relationships
were being formed between concepts.

3. Script Analysis- overall description of the reasoning processes being used.

The interview phase of the study was analysed using thematic analysis as described by
Braun and Clarke. ®2 This method has six steps: Familiarization of data, Generation of codes,
Combining codes into themes, Reviewing themes, Determine significance of themes, and

finally, reporting of findings.



Peer debriefing of the analysis within the research team was carried out throughout the

coding and analysis phase. This included cross checking, discussion and agreement of themes.

Analysed data from the observations and the interviews were triangulated using the process

described by Farmer et al. >°

RESULTS

Twelve RTTs were consented to participate in the study. The demographics of the 12

participants is shown in Table 1.0.

Experience
with
Case Experience as a 3D-IGRT
Participant | Centre RTT (Years) (Years)
1 One 2-5 <2
2 One >20 2-5
3 One 5-10 2-5
4 One >20 2-5
5 One 10-15 2-5
6 Two 10-15 >5
7 Two 2-5 <2
8 Two 2-5 <2
9 Two 5-10 2-5
10 Three >20 >5
11 Three 10-15 >5
12 Three 15-20 >5

Table 1.0 Participant demographics

The decision-making process

All twelve participants verbalised their thought processes whilst reviewing three cases each
(36 cases in total) in a simulated environment. Protocol analysis was used to determine their

thought process for each case.

Each phrase spoken by the participants was analysed using protocol analysis. This highlighted
six concepts: Describe, Optimise Image, Evaluate, Explain, Correction and Treatment (Table

2). These concepts were then combined to describe the process.



Concepts

Description

Example

Describe

When participants described or narrated

the setting or patient

Okay, so this is a lung patient,
looking at day two image
(Participant 1)

So, this is head and neck mid-
course
(Participant 8)

Optimise
Image

When participants optimised the imaging

software

Just going to change those window
levels (Participant 2)

Change my contrast to medium
and I’m starting on the isocentre
slice
(Participant 7)

Evaluate

When participants evaluated the
information

Okay there doesn’t seem to be any
more gas or anything in there
(Participant 3)

Yes, so the bladder volume looks
slightly bigger, bigger than the GTV
(Participant 6)

Explain

When participants interpreted
information, or provided a rationale

| can start to look at that because
although | am doing a bony match,
it's not really the bony match | am
totally interested in because we are
interested in what soft tissues are

in the target here (Participant 2)
My first thoughts are to check the

spine position (Participant 6)

Correction

When participants made a correction to

the treatment parameters

I’m just going to move us slightly
post for better coverage
(Participant 7)

It just alters the contrast so it's a
bit more clear (Participant 1)

Treatment

When participants referred to the
delivery of treatment

I can obviously go ahead and treat
online because it’s covered by the
PTV (Participant 6)

I’d get someone to come and look
at that online. To me, we can’t be
sure we’re actually covering what
we need to cover there (Participant
8)

Table 2.0. Processes during decision making

10



Each transcribed phrase for each participant was coded to a concept and mapped onto a colour-coded model. °* The map can be read by working

across each case from left to right and using the coloured legend to determine the order of processes. An example process is shown in Figure 3.0.

Then
Okay, so having a
doing an quick look
auto-match through,
again there looks
to be

Figure 3.0 Example process

'

changing
the
settings
again

quite a bit
of change and around The rotations
to the the GTV as aren’t too
patient well
contour

So online
check, I'd be

bad happy to treat
on that

WBESEHBEMIEEHERon Optimise  Evaluate [NERBIINNN Treatment|

the only thing |
would do would be
to get some physics
planning input, just
to make sure that
the change to the
contour didn’t
impact on the
overall dose

Yes, so
again I'd
set to treat
on that

11



Several patterns emerged from the analysis which have been developed into three decision

making processes: simple linear, repeating linear and intuitive.

The simple linear process (Figure 4.0) is the basis for all three decision-making processes and
involves an early description and correction followed by an explanation and/or an
optimisation, before a variable period of evaluation. The intention to treat or not treat is not

verbalised until the end of the process.

»

-» Evaluate Evaluate Evaluate » -

Optimise

Figure 4.0. Simple linear process

The most common process was the repeating linear process. Using this process, a correction
was made almost immediately, followed by a period of evaluation before making further
corrections. This cylindrical process continued until a decision to treat or not treat was made.
This pattern was observed on 23 occasions across 10 participants (Figure 5.0). On most
occasions, participants would explain the rationale for their decisions, but this was not always

the case.

-»-» Evaluate | Evaluate »’ Optimise ‘» Evaluate | Evaluate |m) -

~

The intuitive process is defined by an intent phase and a confirmation phase. The intuitive

Figure 5.0 repeating linear process

process was used by Participants 1, 3, 5, 6, 7 and 8 and used on more than one occasion by
Participants 1, 5, 6 and 8. All participants followed the intuitive phase that resulted in a quick
decision to treat or not treat. On some occasions the processes ended at this point. On most

occasions, the participants then spent the remainder of the process checking to see if their

12



initial decision was appropriate (the confirmation phase). This process in some circumstances

was identical to the simple linear process.

Confirmation phase
(not always present)

Optimise ‘ » ‘ Evaluate |» -

Intent phase

I
I
|
N IR —
= g » |mp
M :
I
I
I

Figure 6.0. Intuitive Process

Length of decision-making process

A range in the number of phrases were seen across the participants. The maximum number
of phrases was 57, the minimum 9 and the mean 24. Five case studies were carried out with
less than 15 phrases (Participant 3 and 6-8). Three participants used more than 30 phrases,
all practiced in centre three.

Correlation of decisions with the IGRT expert

The final decision made by each participant, for each case was correlated with that of the

IGRT expert (Table 3.0).

13



Case 1l
Complexity: 4

Participant Cancer: Cervix
1
2
3
4
5
Expert
Case 4
Complexity: 2
Cancer: Prostate
6
7
8
9
Expert
Case 7
Complexity: 4
Cancer: Head and Neck
Seek advice from a
10 colleague
11
12
Seek advice from a
Expert colleague

Case 2
Complexity: 3
Cancer: Lung

Case 5
Complexity: 4
Cancer: Lung

Case 8
Complexity: 3
Cancer: Lung

Table 3.0 Correlation of decisions with the IGRT expert

Case 3
Complexity: 3
Cancer: Head and Neck

Case 6
Complexity: 3
Cancer: Head and Neck

Case 9
Complexity: 3
Cancer: Bladder

In centre one there was an 80% agreement with the decisions made by the RTTs, 100% in

centre two and 67% in centre three.

In two cases (1 and 7), some of the participants would have treated the patient when the

expert would not.

In case 1, the expert felt that the bladder in the verification image was too small, and that the

patient should be asked to drink more fluid and allow the bladder to fill further.

14



In case 7, the IGRT expert felt that the weight loss was significant, and they would have sought

advice from a colleague in treatment planning.

Results of the interview and observations combined

Six themes emerged from the observational and interview analysis: Set Sequence, Site Specific

Clinical Priorities, Initial Gross Review, Decision to treat, Compromise and Experience.

Set sequence

Most of the participants talked about following a set pattern, which always started with an
automatic-match. Not everyone followed the same process, but participants seemed to have
their own sequence. The comments from Participant 8 and 5 are typical of discussions from
participants.

It’s kind of a set process, so always run the auto-match first and

look what the errors actually are, so his are all quite small | think

and then generally just eyeball, is the contour okay, is the bony

match good? (Participant 8)

Site specific priorities

When discussing how they prioritised the clinical information on the images, a clear site-
specific theme emerged. Participants discussed having set priorities for each anatomical site.
In head and neck treatments where the tumour is often close to critical structures, the
participants talked about the OARs being priority, whereas in images of the pelvis, the

participants talked about the target volume being the priority.

“Okay, okay. So, for head and neck for instance, your priority

would be your spinal cord over your PTV coverage (Participant 2)

“It depends on what we are treating.... we could look at a plan

and think oh the dose is coming really close to the cord here”

(Participant 1)

15



Initial gross review

All the participants talked about carrying out a quick or gross review initially and then focusing
on specific areas of interest. This typically involved quickly scrolling through the images and
often all three planes (axial, sagittal and coronal)

“I think I would always do a general overview first, a general kind

of look around... Kind of look at the bigger picture then cone

down to the minutiae”. (Participant 2)

Decision to treat

Participants 3, 6, 10 and 11 felt that they quickly made a decision about accepting treatment
position and whether to allow treatment to progress.
“I personally make a decision quite quickly”. (Participant 3)

“It is almost instant.” (Participant 6)

Compromise

The need to use clinical judgement and make compromise was also a feature of the decision-
making process discussed by the participants. This was mainly apparent when talking about
head and neck treatments.

More with, probably most with the head and necks, because the

head and necks are the ones that we review, rather than

reviewing, we generally review at different levels (Participant 11)

Experience
There were varying views on the impact of RTT experience on the image analysis process.
Participants 1, 2, 5, 7 spoke about the importance of having experience as a RTT before being
able to do image analysis and the impact it has on their decision-making abilities.

| wouldn’t expect a Band 5 RTT to be making decisions on their

own. (Participant 2)

| think it was just on 2 years when | got mine and | felt like | was
ready then. Then I'd probably say, probably 8 to 12 months. It is

16



knowing what you can do to problem-solve it. So just knowledge
base really. (Participant 7)

Conversely, Participants 4, 6 10, 11 and 12 felt experience as a RTT had less influence than
other attributes.

[image analysis] should be competency based rather than
band based, because you do have, even though people are
different levels, doesn’t necessarily mean... they’re either
comfortable doing it or they’re happy to do it. (Participant
10)

Well that’s a bit of a difficult one because, just because
you’ve got lots of years of experience as a RTT doesn’t
mean that the imaging comes naturally for you.
(Participant 12)

Unlike general RTT experience, there was agreement across all the participants that
experience of image analysis influences their current practice. Participants spoke about
image analysis experience affecting General problem solving, Pattern recognition, Speed and
Confidence.

Participants 1 and 8 felt that as they get more experienced they were able to deal with more
problems that occur.

| think I’'m more able to cope with problems. | think
generally, my abilities probably have improved slightly, but
I think I’'m better at overcoming problems and knowing
why problems arise and knowing who to consult if there is
a problem. | suppose, you get quicker and | suppose
probably more confident. (Participant 1)

When | was first signed off | was calling physics round a lot
because you’re never fully happy to make that decision....
If you’ve seen something before, even if it was two years
ago then you’re much more... if you’ve seen it before you’re
much more comfortable making that decision again.
(Participant 8)

Several participants including participants 2, 8 and 11 spoke about how they think back to past

experiences when making clinical decision.

17



But the tumour itself, I'd be happy, the reason I'd be happy
treating is because it is one that I've seen similar on
previous ones. (Participant 8)

So, if it happens again, if | see something and think oh that
looks a bit like the patient who had pneumonia. So yes,
again it’s a building up of experience, a knowledge of
things that have happened in the past and what happened
and why they are like they are. (Participant 11)

Yes because, you know, more... you develop that bank of
knowledge about what you expect to see but also, you’re
more alert to things you’re not expecting to see.
(Participant 2)

Most of the participants commented that experience increases the speed at which they

make decisions.

I am a lot quicker. So, | know that | can be quick enough to
check if there's glaring errors. (Participant 7)

There was also a clear link between experience and Confidence.

going back to confidence, you know, I've done a lot of cone
beam scans, I've had a lot of placements so | am happy with
what | am doing. (Participant 6)

| used to be a bit, is this right, is this right, even though
you've passed, no one is holding your hand any more so be
like if I did something wrong. Whereas now | am a lot more
confident in myself and that, and | am confident to say if |
need physics or not as well, or confident to call somebody
else. (Participant 7)

DISCUSSION

Several processes emerged from the analysis, the basis for all of which was the simple linear
model. During this process, participants would make a correction and describe the situation
very quickly, followed by an explanation and then optimisation. Participants would then

evaluate the image before making a final decision.

18



Where the repeating linear model was observed, this process recurred with very little
deviation in the order of the repetition. It should be noted that the data was coded in relation
to phrases rather than time and so, although the two are closely linked, there was some
variation in the length of phrases, varying from one or two words up to around 10. The key
factor in identifying the use of the simple and repeating linear models over the intuitive

process was that the decision to treat or not was only made at the end of the process.

The final process observed was the intuitive process and this was defined by a decision to
treat very early in the process. At an early stage, participants would typically state an intention
to treat or not treat, with the remainder of the process being taken up by evaluation and

optimisation of the image to confirm or disagree with their initial thoughts.

Intuition has traditionally been linked to experience and experience linked to expertise
16,28,32,53 put this does not seem apparent in this small cohort. The experience of the four
participants who used the intuitive model the most was notably varied. Four of the
participants were advanced practitioners and none of them were observed to use the intuitive

model.

Intuitive thought is considered to ‘involve rapid, unconscious data processing that combines
the available information by ‘averaging’ it, has low consistency and is moderately accurate’ 28
It is linked to mental short-cuts known as heuristics >*® and is often considered to be “error-
prone” 3%and a cause of “diagnostic error” 3%>7. Norman > argues against the view that
“analytic reasoning is good” and “intuitive reasoning is bad” and suggests that this view exists
to provide satisfactory solutions to problems, considering the constraints of the human ability
to process information. He argued that heuristics are not sloppy shortcuts to be avoided but
are instead efficient strategies to overcome limitations of memory. These opinions are
supported outside of the clinical environment with chess players. Burns >° measured overall
chess skill, and skill under speed conditions (blitz chess) and found that speed performance

using intuition was strongly related to overall ability in the speciality.

Pattern recognition is intrinsically linked to the intuitive decision °#¢8°, Studies by Jefford et
al. > and Simmons et al. *® found that pattern recognition was the most used heuristic in their

studies of midwives and geriatric nurses and was linked to expertise. The patterns that

19



emerged in relation to the diagnosis and management of patients on a ward, or during labour
are very different to those found in IGRT. Arguably, the patterns that emerge during IGRT
involve fewer cues than those found in the ward environment. This is in part supported by the
interviews in the study, where most of the participants spoke about the use of pattern

recognition during decision-making regardless of experience.

Ranges in time taken to make clinical decisions during IGRT was seen in a recent study by
Clark et al.52 They timed RTTs during the IGRT process and highlighted a large range from 0:17
to 7:24 mins and in doing so, demonstrated a corelation between speed and different
anatomical sites. They found that sites involving bony anatomy had the shortest decision
making times. Li et al. ®3in a similar study, reported a smaller range in decision making times
79.1 £ 52 s, but observed that longer decisions were related to larger isocentre discrepancies.
Neither of the studies sought to investigate decision making processes, however it would not
be unreasonable to hypothesise that participants may have been using intuitive decisions on

the cases where fast decisions were made.

Experience clearly plays a role on some level, and this was shown during the interviews of
experienced participants. Participants spoke about how their decisions have changed over
time and how that is likely to be partly influenced by seeing lots of cases with similar
parameters. However, in contrast to this, participant 8 had fewer than two years of experience
of IGRT and only 2 to 5 years of experience as an RTT. They were one of the participants who
made intuitive decisions and in fact had the shortest number of phrases of all participants (11)

during one of their cases.

The debate within the evidence base on the impact of experience continues. The principal
literature in healthcare around expertise comes from nursing and is largely based on the
seminal work by Benner?® which is based on the earlier studies by Dreyfus & Dreyfus®*. This
model is largely focused on the concept that expertise is achieved by years of experience and
categorises professionals into five skill categories of practice: novice, advanced beginner,

competent, proficient, and expert nurse.

Ericsson, Whyte, and Ward>? approach the impact of experience in a different way to Benner.

Citing earlier work® they argued that individuals improve their performance during training
g

20



and initial experience until they have reached an acceptable level of performance. Beyond this

experience, performance may plateau, and experience becomes a poor predictor of outcome.

They call this concept ‘expert performance’ and argued that performance can only be
improved by seeking out kinds of experience, namely, deliberate practice—activities which
are designed by a teacher, with the sole purpose of effectively improving specific aspects of
an individual’s performance. Key to this is the offering of opportunities to reach performance

goals with repetition, immediate feedback, and time for reflection and problem solving.

The concept of expert performance describes the results found in this study and fits well with
routine radiotherapy practice. RTTs often work in treatment areas that treat a small number
of specific anatomical sites, thus allowing them to quickly develop their expertise in a specific

area of practice.

Conclusions

This study has provided new and original insight in the decision-making processes of RTTs.
The study has highlighted three process models to explain how RTTs make decisions during
IGRT: Simple linear, Linear repeating and Intuitive decision-making process. Intuitive
processes are widely accepted to be error prone and linked to bias. When using this process,
some RTTs followed this with a confirmation phase. This second phase of the process should

be encouraged when teaching IGRT.

The results of the study support the concept of expert performance, where performance and

expertise are only improved by exposing individuals to specific types of experiences.

RTTs, managers and Higher Education Institutions are encouraged to review these models
and implement them into IGRT training. It is clear from the evidence base that understanding
how we make decisions, enables us to develop expertise and reduce errors during the

decision-making process.

21



References

1.

10.

11.

12.

13.

14.

15.

Herman MG, Kruse JJ, Hagness CR. Guide to clinical use of electronic portal imaging.
Journal of applied clinical medical physics / American College of Medical Physics.
2000;1(2):38-57. doi:10.1120/jacmp.v1i2.2645

McNair H a., Elsworthy M, Dean J, Beardmore C. Image guided radiotherapy: Current
status of soft tissue imaging. Radiography. 2014;20(2):158-161.
doi:10.1016/j.radi.2014.01.004

Zelefsky MJ, Kollmeier M, Cox B, et al. Improved clinical outcomes with high-dose
image guided radiotherapy compared with non-IGRT for the treatment of clinically
localized prostate cancer. Int J Radiat Oncol Biol Phys. 2012;84(1):125-129.
doi:10.1016/j.ijrobp.2011.11.047

Shumway D, Corbin K, Salgia R, et al. Pathologic response rates following definitive
dose image-guided chemoradiotherapy and resection for locally advanced non-small
cell lung cancer. Lung Cancer. 2011;74(3):446-450.
doi:10.1016/j.lungcan.2011.05.003

Nguyen NP, Abraham D, Desai A, et al. Impact of image-guided radiotherapy to
reduce laryngeal edema following treatment for non-laryngeal and non-
hypopharyngeal head and neck cancers. Oral Oncol. 2011;47(9):900-904.
doi:10.1016/j.oraloncology.2011.06.004

McNair HA, Joyce E, O’Gara G, et al. Radiographer-led online image guided adaptive
radiotherapy: A qualitative investigation of the therapeutic radiographer role.
Radiography. 2021;27(4):1085-1093. doi:10.1016/j.radi.2021.04.012

Hudson J, Doolan C, McDonald F, et al. Are therapeutic radiographers able to achieve
clinically acceptable verification for stereotactic lung radiotherapy treatment (SBRT)?
J Radiother Pract. 2015;14(01):10-17. d0i:10.1017/51460396914000478

Tversky A, Kahneman D, Tversky A, Kahneman D. Judgment under Uncertainty:
Heuristics and Biases Amos Tversky; Daniel Kahneman. Science (1979).
1974;185(4157).

Thackray D, Roberts L. Exploring the clinical decision-making used by experienced
cardiorespiratory physiotherapists: A mixed method qualitative design of simulation,
video recording and think aloud techniques. Nurse Educ Today. 2017;49:96-105.
doi:10.1016/j.nedt.2016.11.003

Pinnock R, Welch P. Learning clinical reasoning. J Paediatr Child Health.
2014;50(4):253-257. d0i:10.1111/jpc.12455

Graber ML, Franklin N, Gordon R. Diagnostic error in internal medicine. Arch Intern
Med. 2005;165(13):1493-1499.

Reyna VF. Theories of medical decision making and health: an evidence-based
approach. Med Decis Making. 2008;28(6):829-833. d0i:10.1177/0272989X08327069
Cruz EB, Moore AP, Cross V. A qualitative study of physiotherapy final year
undergraduate students’ perceptions of clinical reasoning. Man Ther. 2012;17(6):549-
553. d0i:10.1016/j.math.2012.05.013

Doody C, McAteer M. Clinical Reasoning of Expert and Novice Physiotherapists in an
Outpatient Orthopaedic Setting. Physiotherapy. 2002;88(5):258-268.
doi:10.1016/S0031-9406(05)61417-4

Langridge N, Roberts L, Pope C. The clinical reasoning processes of extended scope
physiotherapists assessing patients with low back pain. Man Ther. 2015;20(6):745-
750. d0i:10.1016/j.math.2015.01.005

22



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Mitchell R, Unsworth C a. Clinical reasoning during community health home visits:
Expert and novice differences. British Journal of Occupational Therapy.
2005;68(5):215-223.

Prime NJ, Le Masurier SB. Defining how we think: An investigation of decision making
processes in diagnostic radiographers using the “think aloud” technique.
Radiography. 2000;6(3):169-178. doi:10.1053/radi.2000.0244

Kyroudi A, Petersson K, Ozsahin M, Bourhis J, Bochud F, Moeckli R. Analysis of the
treatment plan evaluation process in radiotherapy through eye tracking. Z Med Phys.
2018;28(4):318-324. d0i:10.1016/j.zemedi.2017.11.002

Wright C, Reeves P. Image interpretation performance: A longitudinal study from
novice to professional. Radiography. 2017;23(1):el-e7.
doi:10.1016/j.radi.2016.08.006

Moran S, Warren-Forward H. The diagnostic accuracy of radiographers assessing
screening mammograms: A systematic review. Radiography. 2016;22(2):137-146.
doi:10.1016/j.radi.2015.09.008

Donovan T, Manning DJ. Successful reporting by non-medical practitioners such as
radiographers, will always be task-specific and limited in scope. Radiography.
2006;12(1):7-12. doi:10.1016/j.radi.2005.01.004

Banning M. A review of clinical decision- making : models and current research . J Clin
Nurs. 2008;17(2):187-195. d0i:10.1111/j.1365-2702.2006.01791.x

Elstein AS, Shulman LS, Sprafka SA. Medical Problem Solving: An Analysis of Clinical
Reasoning. Harvard University Press; 1978.

Croskerry P. A Universal Model of Diagnostic Reasoning. Diagnostic Reasoning.
2009;84:1022-1028.

Hammond KR, Kelly KJ, Schneider RJ, Vancini M. CLINICAL INFERENCE IN NURSING
Analyzing Cognitive Tasks Representative of Nursing Problems. Nurs Res. 1966;15(2).
Stempsey WE. Clinical reasoning: new challenges. Theor Med Bioeth. 2009;30(3):173-
179. doi:10.1007/s11017-009-9110-8

Dhami MK, Thomson ME. On the relevance of Cognitive Continuum Theory and
quasirationality for understanding management judgment and decision making.
European Management Journal. 2012;30(4):316-326. doi:10.1016/j.em;.2012.02.002
Hamm RM. Clinical intuition and clinical analysis: Expertise and the cognitive
continuum. In: Dowie & A. Elstein (Eds.), Professional Judgment. Cambridge University
Press.; 1988:78-105.

Benner P, Tanner C. How expert nurses use intuition. AJIN The American Journal of
Nursing. 1987;87(1):23-31.

Schraeder BD, Fischer DK. Using intuitive knowledge in the neonatal intensive care
nursery. Holist Nurs Pract. 1987;1(3):45-51.

Hall KH. Reviewing intuitive decision-making and uncertainty: the implications for
medical education. Med Educ. 2002;36(3):216-224.

Crebbin W, Beasley SW, Watters D a K. Clinical decision making: how surgeons do it.
ANZ J Surg. 2013;83(6):422-428. d0i:10.1111/ans.12180

Ericsson KA. Deliberate practice and the acquisition and maintenance of expert
performance in medicine and related domains. Acad Med. 2004;79(10 Suppl):S70-
S81. doi:10.1097/00001888-200410001-00022

Croskerry P, Nimmo GR. Better clinical decision making and reducing diagnostic error.
J R Coll Physicians Edinb. 2011;41(2):155-162. doi:10.4997/JRCPE.2011.208

Norman G. Dual processing and diagnostic errors. Advances in Health Sciences
Education. 2009;14(51):37-49. doi:10.1007/s10459-009-9179-x

23



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Elstein AS. Heuristics and biases: selected errors in clinical reasoning. Academic
Medicine. 1999;74(7):791-794.

UK Security Agency. Safer Radiotherapy Biennial Radiotherapy Error Data Analysis
and Learning Report. Report Number 7: Full Radiotherapy Error Data Analysis January
2020 to December 2021.; 2022.

Morse J. Handbook of Mixed Methods in Social and Behavioral Research. (Tashakkori
A, Teddlie C, eds.). SAGE Publications; 2003.

Fonteyn ME, Kuipers B, Grobe SJ. Qualitative Health Research. Published online 1993.
doi:10.1177/104973239300300403

Lee J, Lee YJ, Bae J, et al. Registered nurses’ clinical reasoning skills and reasoning
process: A think-aloud study. Nurse Educ Today. 2016;0(0):177-183.
doi:10.1016/j.nedt.2016.08.017

Lundgrén-Laine H. Immediate decision-making and information needs in intensive
care coordinationTHESIS. 2015;(December).

Pirret AM, Neville SJ, La SJ. Nurse practitioners versus doctors diagnostic reasoning in
a complex case presentation to an acute tertiary hospital : A comparative study. Int J
Nurs Stud. 2015;52(3):716-726. doi:10.1016/j.ijnurstu.2014.08.009

Gegenfurtner A, Seppanen M. Transfer of expertise: An eye tracking and think aloud
study using dynamic medical visualizations. Comput Educ. 2013;63:393-403.
doi:10.1016/j.compedu.2012.12.021

Hoffman K a, Aitken LM, Duffield C. A comparison of novice and expert nurses’ cue
collection during clinical decision-making: verbal protocol analysis. Int J Nurs Stud.
2009;46(10):1335-1344. doi:10.1016/j.ijnurstu.2009.04.001

Funkesson KH, Anbdcken EM, Ek AC. Nurses’ reasoning process during care planning
taking pressure ulcer prevention as an example. A think-aloud study. Int J Nurs Stud.
2007;44(7):1109-1119. doi:10.1016/j.ijnurstu.2006.04.016

Simmons B, Lanuza D, Fonteyn M, Hicks F, Holm K. Clinical reasoning in experienced
nurses. West J Nurs Res. 2003;25(6):701-719. doi:10.1177/0193945903253092
Fonteyn ME, Kuipers B, Grobe SJ. A Description of Think Aloud Method and Protocol
Analysis. Qual Health Res. 1993;3(4):430-441. doi:10.1177/104973239300300403
van Someren MW, Barnard YF, Sandberg JAC. THE THINK ALOUD METHOD A Practical
Guide to Modelling Cognitive Processes.; 1994.

Greenwood J, Sullivan J, Spence K, McDonald M. Nursing scripts and the
organizational influences on critical thinking: report of a study of neonatal nurses’
clinical reasoning. J Adv Nurs. 2000;31(5):1106-1114. doi:10.1046/j.1365-
2648.2000.01378.x

Farmer T, Robinson K, Elliott SJ, Eyles J. Developing and Implementing a Triangulation
Protocol for Qualitative Health Research. Qual Health Res. 2006;16(3):377-394.
doi:10.1177/1049732305285708

Fonteyn ME, Grobe SJ. Expert nurses’ clinical reasoning under uncertainty:
representation, structure, and process. Proc Annu Symp Comput Appl Med Care.
Published online 1992:405-409.

BraunV, Clarke V. Thematic analysis. APA handbook of research methods in
psychology, Vol 2: Research designs: Quantitative, qualitative, neuropsychological,
and biological. 2012;2:57-71. doi:10.1037/13620-004

Ericsson KA, Whyte J, Ward P. Expert Performance in Nursing. Advances in Nursing
Science. 2007;30:58-71.

24



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Ramkumar A, Song Y, Varga E, Niessen WJ, Laprie A, Rowland B. Comparison of
Heuristic Evaluation and Think Aloud Methods : a Study in Radiotherapy Contouring.
Published online 2013:230-237.

Gigerenzer G, Gaissmaier W. Heuristic decision making. Annu Rev Psychol.
2011;62:451-482. doi:10.1146/annurev-psych-120709-145346

O’Neill ES. Heuristics reasoning in diagnostic judgment. Journal of Professional
Nursing. 1995;11(239-245).

Graber M. Diagnostic errors in medicine: a case of neglect. The Joint Commission
Journal on Quality and Patient Safety. 2005;31:106-113.

Norman G. Research in clinical reasoning: Past history and current trends. Med Educ.
2005;39(4):418-427. d0i:10.1111/j.1365-2929.2005.02127.x

Burns BD. The effects of speed on skilled chess performance. Psychol Sci. Published
online 2004. http://journals.sagepub.com/doi/abs/10.1111/j.0956-
7976.2004.00699.x

Forsberg E, Ziegert K, Hult H, Fors U. Clinical reasoning in nursing, a think-aloud study
using virtual patients - a base for an innovative assessment. Nurse Educ Today.
2014;34(4):538-542. d0i:10.1016/j.nedt.2013.07.010

Jefford E, Fahy K. Midwives’ clinical reasoning during second stage labour: Report on
an interpretive study. Midwifery. 2015;31(5):519-525.
doi:10.1016/j.midw.2015.01.006

Clark S, Pollard N, Brown E. An evaluation of isocentre shift magnitude and treatment
site on image-guided radiation therapy online decision analysis times. J Med Radiat
Sci. 2023;70(3):301-309. doi:10.1002/jmrs.671

Li W, Jaffray DA, Wilson G, Moseley D. How long does it take? An analysis of
volumetric image assessment time. Radiotherapy and Oncology. 2016;119(1):150-
153. doi:10.1016/j.radonc.2016.01.015

Dreyfus HL, Drey-Fus SE, Zadeh LA. Mind over Machine: The Power of Human
Intuition and Expertise in the Era of the Computer. IEEE Expert. 1987;2(2):110-111.
doi:10.1109/MEX.1987.4307079

Ericsson KA, Krampe RTh, Tesch-Romer C. The Role of Deliberate Practice in

the Acquisition of Expert Performance. Kintsch W (editor), ed. Psychol Rev.
1993;100(3):363-406. doi:10.1037/0033-295X.100.3.363

STROBE Statement—checklist of items that should be included in reports of observational

studies
Item
No. Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done and what
was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
Objectives 3 State specific objectives, including any prespecified hypotheses
Methods
Study design 4 Present key elements of study design early in the paper
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure,

follow-up, and data collection

25



Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and methods of selection of
participants. Describe methods of follow-up

Case-control study—Give the eligibility criteria, and the sources and methods of case
ascertainment and control selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of
participants

(b) Cohort study—For matched studies, give matching criteria and number of exposed and
unexposed

Case-control study—For matched studies, give matching criteria and the number of controls pet
case

Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers.
Give diagnostic criteria, if applicable

Data sources/ 8*
measurement

For each variable of interest, give sources of data and details of methods of assessment
(measurement). Describe comparability of assessment methods if there is more than one group

Bias 9

Describe any efforts to address potential sources of bias

Study size 10

Explain how the study size was arrived at

Continued on next page

26



Quantitative
variables

11

Explain how quantitative variables were handled in the analyses. If applicable, describe which
groupings were chosen and why

Statistical
methods

12

(a) Describe all statistical methods, including those used to control for confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was addressed

Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study—If applicable, describe analytical methods taking account of sampling
strategy

(e) Describe any sensitivity analyses

Results

Participants

13*

(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed

(b) Give reasons for non-participation at each stage

(c) Consider use of a flow diagram

Descriptive data

14*

(a) Give characteristics of study participants (eg demographic, clinical, social) and information on
exposures and potential confounders

(b) Indicate number of participants with missing data for each variable of interest

(c) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data

15*

Cohort study—Report numbers of outcome events or summary measures over time

Case-control study—Report numbers in each exposure category, or summary measures of exposure

Cross-sectional study—Report numbers of outcome events or summary measures

Main results

16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision
(eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were
included

(b) Report category boundaries when continuous variables were categorized

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time
period

Continued on next page

27



Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses

Discussion
Key results 18 Summarise key results with reference to study objectives
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss

both direction and magnitude of any potential bias

Interpretation 20

Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of
analyses, results from similar studies, and other relevant evidence

Generalisability 21

Discuss the generalisability (external validity) of the study results

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if applicable, for the
original study on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological

background and published examples of transparent reporting. The STROBE checklist is best used in conjunction

with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of

Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the

STROBE Initiative is available at www.strobe-statement.org.

28



