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ABSTRACT 

Objectives: In the United Kingdom (UK) Radiography advanced 
practitioners (RAPs) report mammographic images, however unlike 
other professional groupings who read mammograms, no data are 
available describing factors that impact reading performance. This pre- 
liminary study explores whether or not factors such as experience, 
mind set, access to prior images encountered by RAPs could impact 
upon their performance. 

Methods: The performance of 15 RAPs interpreting a test set of 
60 mammographic cases with known reading outcomes was assessed. 
Twenty of these 60 cases contained a cancer, whilst the remaining 
cases were normal or benign. Sensitivity, specificity, lesion sensitiv- 
ity, receiver operating characteristic (ROC) and free response oper- 
ating characteristic (AFROC) values were established for each RAP 

and Student-T and Mann Whitney tests were used to identify specific 
features that had a significant impact on accuracy. 

Results: In terms of ROC values, higher values ( p = 0.0042) were 
seen in those readers who: had less than [10 years experience] (0.93), 
compared to readers with greater than 10 years of experience (0.84); 
read greater than [100 cases/week] (0.93), compared to those who read 
less than 100 cases per week (0.87) ( p = 0.0358) as well as readers who 
believed that emotional mind-set impacted their image interpretation 
(0.91) compared to those who did not (0.84) ( p = 0.0272). Similar 
higher ROC values were noted in readers who consistently relied on 
[prior imaging](0.94), compared to those who occasionally relied on 
prior projections (0.89) ( p = 0.0231). 

Conclusion: This preliminary work suggests that factors may im- 
pact upon the diagnostic performance of RAPs when reading mam- 

mograms. These early results from a small sample size demonstrate 
that further explorations are required to optimise RAP reporting. 

RÉSUMÉ
Objectifs : Au Royaume-Uni, les radiographes en pratique avancée 
préparent des rapports sur les images mammographiques. Cependant, 
contrairement à d’autres groupes professionnels qui lisent les mammo- 
graphies, aucune donnée n’est disponible décrivant les facteurs qui ont 
un impact sur les performances de lecture. Dans cette étude prélim- 
inaire, les auteurs explorent si les facteurs rencontrés par ces radio- 
graphes pourraient avoir un impact sur leurs performances. 

Méthodologies : Nous avons évalué les performances de 15 radio- 
graphes en pratique avancée qui ont interprété un ensemble-test de 
60 cas de mammographies dont la vérité était connue. Vingt de ces 
60 cas contenaient des cancers, tandis que les autres étaient normaux 
ou bénins. Les valeurs de sensibilité, de spécificité, de sensibilité aux 
lésions, de la courbe ROC (receiver operating characteristic) et de la 
courbe AFROC (free response operating characteristic) ont été établies 
pour chaque radiographe et les tests T de Student et de Mann-Whitney 
ont été utilisés pour identifier les caractéristiques spécifiques ayant un 
impact significatif sur la précision. 

Résultats : En termes de valeurs ROC, des valeurs plus élevées 
(p = 0,0042) ont été observées chez les lecteurs qui avaient moins de 
10 ans d’expérience (0,93), par rapport aux lecteurs ayant plus de 
10 ans d’expérience (0,84); qui lisaient plus de 100 cas par semaine 
(0,93), par rapport à ceux qui lisaient moins de 100 cas par semaine 
(0,87) (p = 0,0358); qui pensent que leur état émotionnel a un im- 
pact sur leur interprétation de l’image (0,91) par rapport à ceux qui ne 
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le pensent pas (0,84) (p = 0,0272); et qui se fient systématiquement 
aux projections antérieures (0,94) par rapport à ceux qui ne s’y fient 
qu’occasionnellement (0,89) (p = 0,0231). 

Conclusion : Cette étude préliminaire suggère qu’une série de fac- 
teurs peut avoir un impact sur la performance diagnostique des radio- 

graphes en pratique avancée lors de la lecture des mammographies. Il 
s’agit toutefois de premiers résultats et des recherches supplémentaires 
sont nécessaires pour optimiser la production de rapports par les ra- 
diographes en pratique avancée. 

Keywords: Image interpretation; Advanced practice; Cancer detection 
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ntroduction 

he most prevalent type of global cancer in women is breast
ancer [1] . In 2018, 2.09 million cases of breast cancer were
ecorded by the World Health Organisation with approxi- 
ately 41,000 cases being based in the United Kingdom (UK).

0,000 women die from breast cancer in the UK each year
2] with the annual economic burden reaching £250m. When
reast cancer is diagnosed at an early stage, 90% of women will
urvive for a minimum of five years, but this drops to 13%
hen the cancer is more advanced stage 3/4 [1] . In the UK, the
ational Health Service Breast Screening Programme (NHS- 
SP), available to women from 50-70 years old, aims to reduce
ortality by detecting breast cancer at an early stage when the

resence of the disease is pre-clinical and impalpable [3] . Mam-
ography remains the gold standard in offering a non-invasive,

nexpensive solution able to detect malignancies of less than 1
m [4] . 

The efficacy of any breast cancer screening programme re-
ies on efficient analysis of mammographic images. This success
s reliant on an individual’s abilities to recognise small changes
hat represent cancer whilst confidently declaring normal cases
ancer-free [5] . Health care professionals that interpret and re-
ort on breast images, must have the knowledge to review the
mage competently, identify suspicious regions of interest and 

ifferentiate between normal, benign and malignant image ap- 
earances [6] . As a result, breast imaging readers have specific
mage interpretation training and experience to meet the high
tandards of radiology or radiography peers. 

Since 1995, due to the increasing demand for mammog-
aphy interpretation and the paucity of radiologists, radiogra- 
hers in the UK have been trained to interpret screening mam-
ograms [7] . To date, research has compared radiographers’

bilities with that of radiologists ’ [8] with a number of papers
emonstrating that the former can operate to the same standard
9] . However, whilst there is evidence on criteria and bench-
arks that promote enhanced levels of radiologist performance 

10 , 11] , limited research on the factors that promote advanced
adiographic interpretive excellence is available. Without this 
vidence, it would be premature to assume that the same factors
pply to both populations when educational backgrounds, clin- 
cal experiences and demographic characteristics may be very 
ifferent [12 , 13] . 

Identifying criteria that impact image interpretation for 
eaders have been achieved with programmes such as Breast
 N. Clerkin, C. Ski, P. Brennan et al. / Journal of Medical Im
creen Reader Assessment Strategy (BREAST) in Australia 
nd Personal Performance in Mammographic Screening (PER- 
ORMS) in the UK. However, the focus of both programmes
nd current literature has been on radiologist data, with analy-
es demonstrating an array of factors determining high diagnos-
ic efficacy such as annual reading volume [14 , 15] , sleeping pat-
erns [16] , time of day [17] , training programs [18 , 13] , types
f lesions [12] social networking [19] and even gender [12] .
imilar data for Radiography Advanced Practitioners (RAPs) 
emains unavailable [20 , 21] . 

This preliminary quantitative study will address this defi-
iency by focusing on factors that should impact RAP image
nterpretation. Exploring such data, will for the first time, iden-
ify factors that may impact upon RAP breast cancer diagnosis
erformance and highlight where future research may be di-
ected. 

ethods 

Ethics approval was granted from the University of Suffolk
paper number: RETH(P)21/006) and consent was obtained 

rom each reader through completion of an informed consent
orm. 

tudy design 

This study applied a two-part quantitative approach to ex-
lore factors that may affect RAP image interpretation. Firstly,
n image test-set was used where radiographers interpreted a
ollection of mammograms. Then a questionnaire was com-
leted by each participant which documented demographic 
nd other parameters (the details are documented below). Both
he images and the questionnaire were embedded within the
etectedX on-line platform (DetectedX, Sydney). The Detect- 

dX platform ensures that all images are displayed at full resolu-
ion, this supported the authors’ decision to choose this design.

tudy sample and recruitment 

The focus here was to invite advanced and consultant radio-
raphers who report mammograms for the symptomatic and
creening service within the National Health Service (NHS).
or inclusion in the study, a qualification in breast image in-
erpretation was essential. Fifteen RAPs were involved from
aging and Radiation Sciences 56 (2025) 101889 
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egions across the UK, these areas included Norfolk, Suffolk,
erbyshire, Essex, Yorkshire, Cumbria, Hampshire, Somerset, 
ornwall, Antrim, Armagh and Derry. The sample size de-

cribed here compares well with a number of similar radiolo-
ist studies performed with participant numbers of five or lower
22 , 23] . 

Participants were successfully recruited through various 
ethods: twelve participants were recruited through direct 

ontact within their NHS Trust; three participants were re-
ruited through presentation at a national conference. Once 
ach participant had read the participant information leaflet 
nd informed consent was obtained, an instruction leaflet and
 demonstration video were presented to each participant. A
ideo call or an in-person meeting was also made available to
ach participant and a 24/7 help line established. Participant
nformation leaflet and informed consent form has been added
o the study’s appendix (Appendix 1,2). 

tudy procedure 

An image test set containing 60 digital mammographic cases
ere presented to each study participant. Each case consisted of

our images, a cranial caudal (CC) and a mediolateral oblique
MLO) projection of each breast. All cases were selected from
hose individuals attending the National Breast Screening pro- 
ramme in Australia between the ages of 50-74. All cases were
erified to be typical mixed density screening cases by a senior
adiologist responsible for training and quality assurance. The 
ases were considered by a senior reporting UK radiographer
o ensure that cases represented a typical UK mix. From the 60
ases of mixed density selected for the study, 20 of these con-
ained a biopsy proven cancer, the remainder were considered
normal” since they received a routine recall outcome, which 

as confirmed by two radiologists reading independently and a
ollow up negative screening mammogram result obtained two
ears later. Within these normal cases, some contained benign
asses as well as ‘clear’ mammograms absent of any prominent

ndings. This presented a reflection of a generalised screening
orkload. The 20 biopsy proven cancer cases contained a va-

iety of invasive and in situ malignancies. Eight cases demon-
trated indeterminate micro calcifications representing ductal 
arcinoma in situ whilst the remaining 12 contained asymmet-
ic densities (n = 2) and irregular masses with indistinct margins
n = 10). 55% of these detected malignancies were present in
he left breast. This type of enriched test set has been shown to
epresent well the performance of breast reporting radiologists 
hen actually dealing with much lower prevalence in the clinic

22] . 
RAPs were invited to review each mammogram and mark

ny area of concern. All typical post-processing options were
vailable including contrast windowing, panning and magni- 
cation. Once a region of interest suspicious of a lesion was

dentified, the reader could rate the area. The presented scale
as from two to five: two representing high confidence that

he area was benign and five indicating a high probability of a
efinite malignancy; if nothing was marked, a score of one was
N. Clerkin, C. Ski, P. Brennan et al. / Journal of Medical Im
utomatically given. Whilst this represents an Australian scor-
ng system, the approach aligns reasonably well with the UK’s
ne-five presentation scale, one demonstrating no concern and
ve highlighting an almost definitive malignancy. The scoring
ystem was explained to each study participant prior to com-
encing the study. Reader’s markings within a specific pre-set

adius were accepted as correctly identified with radii being set
y expert radiologists with help from associated pathology re-
orts. When a suspicious area was identified, the reviewer had
he opportunity to describe whether the area under review was
 mass, asymmetric density, architectural distortion, calcifica- 
ion or other finding. Within these choices, subsections were
lso available to select the shape of the mass, whether it was
lobal or focal, whether any calcification was present and if so,
as it amorphous, course heterogeneous, fine pleomorphic or

inear branching. Finally, if a lesion was presumed as normal,
ariants such as a low-lying inframammary node, a superim-
osed nipple or a subcutaneous lesion could be also described.
f the reader did not observe any areas of concern on the im-
ge, the RAP would move on to the next set of mammograms
ithout any markings. Readers were under no time constraints

nd could complete the image test set in more than one sitting
f required. They were able to revisit any case and amend or
orrect any previous decision. An instruction video on how to
avigate the website was available to all participants. No infor-
ation was provided to the reader on the number of cases with

n abnormality. 
To simulate a clinical reporting environment and as rec-

mmended by the NHSBSP [23] , participants undertook the
tudy on a 5MP reading workstation, in optimum lighting con-
itions suitable for image interpretation: maximum luminance 
as no lower than 450 cd/m2 and all rooms were darkened
ith no direct sunlight with a typical lux value of 10-20. As

tated earlier the viewer enables full post-processing function-
lity; features that included: zoom, windowing and full native
esolution were available to all readers at all times. 

tatistical analysis 

Performance metrics were calculated including: specificity, 
ensitivity, lesion sensitivity and the areas under (AUC) the
esponse operating characteristic (ROC) and alternative free- 
esponse operating characteristic (AFROC) curves. 

• Specificity is defined as the number of negative mam-
mograms the RAP correctly identified divided by the
number of true negative mammograms included in the
test set [21] ; 

• Sensitivity is the percentage of cases correctly identified 

with breast cancer over the number of total number of
cases with breast cancer [22] ; 

• Lesion Sensitivity is the ratio of the number of cancers
the reader correctly identified versus the overall number
of cancers. 

• ROC curve is defined as a graph of test sensitivity (y
coordinate) against the false positive rate (x coordi-
aging and Radiation Sciences 56 (2025) 101889 3 
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nate) [24] , using the confidence grading as described
above; 

• AFROC curve is defined as a graph of the lesion local-
ization fraction (LLF) along the y axis versus the non-
lesion localisation fraction (NLF) along the x axis, where
the denominators for the fractions are the total number
of lesions and the total number of images, collectively
[25] . 

Statistical tests including Student T test or Mann-Whitney 
est, analysed the impact of participants’ age, gender, subjects
ndertaken at school, years qualified, type of qualification, 
ork pattern, experience, other qualifications, extra-curricular 

ctivities, vision, and sleep pattern on the above five statisti-
al metrics outlined above. A number of additional parameters
nd the resultant impact were also analysed. The factors in-
luded: the effect of the length of time the reader prefers to
nterpret mammograms, if regular breaks were taken during 
eads, the volume of reads, if readers felt that their image in-
erpretation was impacted by emotional mindset, acoustic en- 
ironment, or volume of interruptions. In terms of emotional
indset, the observer was simply asked, “did you feel that your

motional well-being on the day of reading could impact on
our reading behaviour?”. The type of service the reader inter-
rets for, the pathology they find most challenging to inter-
ret and if they rely on prior images/clinical history were also
onsidered. 

Descriptive data analyses yielded mean, median, standard 

eviation and interquartile range metrics. Since data normal- 
sation tests demonstrated that sometimes data was normally 
istributed and at other times not, a parametric Student T
est or a non-parametric Mann-Whitney test was used to ex-
mine differences between groups. This is shown in Tables 1
nd 2 . Power calculations demonstrated that the sample size
ecorded here could detect inter-group differences in for ex-
mple AUC scores of 0.06 at 80% power and an alpha value
f p = 0.05. 

esults 

Self-reported demographic details such as age, number of 
ears of qualified in image interpretation, the estimated volume
f screening mammograms read per year and the time spent
eading mammograms per week are demonstrated in Table 1 .
he mean age of the readers was 47.5 years (Range:30-69) and

he mean number of years qualified in breast image interpreta-
ion was 22 years qualified (Range: 1-40 years). 59% of readers
ead greater than 5000 mammograms a year and all readers read
 minimum of 50 mammograms a week. 

ensitivity 

The results of statistical analyses are presented in Table 1 and
able 2 with significant findings highlighted. In terms of sensi-
ivity and lesion sensitivity, no significant findings were noted. 
 N. Clerkin, C. Ski, P. Brennan et al. / Journal of Medical Im
pecificity 

Lower specificity values ( p = 0.034) were identified in the
APs who stated that their emotional mind-set impacted their

eading (88), compared to those who did not (66.5) ( Table 2 ).

eceiver Operator Characteristic (ROC) values 

Statistically higher values ( p = 0.004) were shown in those
ndividuals who had less than (0.93), compared to readers with
reater than 10 years of experience (0.84). Higher values ( p =
.036) were also seen in readers who: read greater than (0.93),
ompared to those who read less than 100 cases per week (0.87);
hought that emotional mind-set impacted their image inter-
retation (0.91) compared to those who did not (0.84) ( p =
.027); consistently relied on (0.94), compared to those who
ccasionally relied on prior projections (0.89) ( p = 0.0231). 

lternative free-response receiver operating characteristic 
AFROC) values 

The AFROC analysis demonstrated that readers who un-
ertook interpretation for the NHSBSP (0.87) compared to
hose who did not (0.80) exhibit significantly higher values ( p
 0.0486). 

iscussion 

In the UK, RAPs play a critical role in reporting mam-
ograms. Variability in radiologist performance is well docu-
ented and utilised amongst all readers, but similar data on
APs specifically are not currently available. This study’s aim is

o start a conversation around better understanding potential
actors that may have an impact on RAP performance. 

A predictor for improved diagnostic performance is the
umber of mammograms read in a year [6] . 

Guidance from the NHSBSP state that all readers interpret-
ng mammograms are required to report a minimum of 5000

ammograms a year [26] . Reed (2010) demonstrates that read-
rs who read between 2000 and 4999 mammograms a year had
ignificantly higher performance than those who read less than
000 [28] , in keeping with this study’s findings. We identi-
ed ROC values were higher in readers who read greater than
00 mammograms a week (equivalent to 5000 reads per year)
ompared to those who did not, supporting that optimum per-
ormance is achieved through reading over a certain threshold.
his reading volume/performance relationship was further sup- 
orted by the finding [6] that participants who undertook in-
erpretation for the NHSBSP (and by default met the mini-
um 5000 threshold) achieved higher AFROC values com-

ared to readers who did not read for the breast screening ser-
ice and were likely to undergo less involvement with mam-
ography. 
Whilst reader volume is generally associated with improved 

erformance against radiologists [26] and now RAPs, the im-
act of years of experience is less clear: one recent study from
aging and Radiation Sciences 56 (2025) 101889 



Table 1 
Clinical Background: Sensitivity, Specificity and Lesion Sensitivity is shown in the table with standard deviation or interquartile values in brackets. 

Parameter Sensitivity Specificity Lesion Sensitivity 

Reads for a screening programme (n = 10) 89.6 (7.8) 89.0 (76.2-93 ) 85 ( 85-100 ) 
Does not read for a screening programme (n = 5) 89.2 (8.0) 82.5 ( 45.5-85.6 ) 85 ( 80-100) 
Radiographer (n = 11) 88.5 (7.7) 88 ( 77.5-95 ) 87.7 (9.0) 
Other Professional title (n = 4) 92.0 (7.6) 80 ( 41.5-88) 88.0 (5.7) 
< 10 years’ experience (n = 12) 90.4 (8.3) 84.2 (11.3) 89.2 (8.9) 
> 10 years’ experience (n = 3) 87.0 (5.7) 64.4 (33.7) 84.0 (4.2) 
Specialised in breast disease (n = 15) 88.8 ( 85-100) 85 ( 77.6-95 ) 85.0 ( 82.5-100 ) 
Not specialised in breast disease (n = 0) 100 ( 100-100 ) 55 ( 55-55 ) 100 ( 100-100 ) 
< 10 years working in this speciality (n = 5) 89.0 (10.3) 85 ( 77.5-93 ) 95 (80-100) 
> 10 years working in this speciality (n = 10) 89.6 (6.9) 88 ( 66.5-95 ) 85 (85-100) 
< 100 breast cases read in a week (n = 7) 89.4 (7.7) 85 (56.5-93 ) 87.8(7.9) 
> 100 breast cases read in a week (n = 8) 89.4 (8.1) 88 ( 77.5-95 ) 87.8(8.7) 
< 100 mammograms read in a week (n = 10) 89.2 (6.7) 85 ( 69-93 ) 88 (6.9) 
> 100 mammograms read in a week (n = 5) 90.0 (10.6) 88 (75-95 ) 87 (11.5) 
> 5000 mammograms read in 2019 (n = 6) 88.7 (7.9) 85.5 ( 76.3-95 ) 85.0 ( 85-95 ) 
< 5000 mammograms read in 2019 (n = 9) 90.0 (7.8) 85.0 ( 70.7-93 ) 87.5 ( 80-100 ) 
DBT read weekly (n = 4) 87.0 (12.5) 65.8 (35.2) 85 ( 75-95 ) 
DBT not read weekly (n = 11) 89.6 (7.2) 83.7 (10.8) 85 ( 85-100 ) 
Morning reading session (n = 13) 87.5 ( 85-95 ) 86.5 ( 80-95 ) 85.0 ( 85-100 ) 
Other time of the day (n = 2) 95.0 ( 90-100) 66.5 ( 58-75) 90.0 ( 80-100 ) 
Regular intervals (n = 14) 90.0 ( 85-98.8 ) 85.0 ( 75-95 ) 85.0 ( 81.3-100 ) 
Non regular intervals (n = 1) 87.5 ( 85-90) 85.5 ( 83-88 ) 87.5 ( 85.0-90) 
Emotional mindset impacts reading (n = 12) 88.9 (7.6) 88.0 ( 80-95 )∗ 88.2 (8.4) 
Emotional mindset does not impact reading (n = 3) 91.2 (8.5) 66.5 ( 20.5-85 ) 86.3 (7.5) 
Minimal noise (n = 10) 90.0 (7.3) 85.0 ( 78.5-93 ) 85 ( 85.0-100 ) 
Background noise (n = 5) 88.8 (10.3) 81.5 ( 62.3-95 ) 85 ( 72.5-95 ) 
Interruption impacts reading (n = 11) 88.6 (7.2) 88 ( 80-95 ) 87.5 (7.8) 
Interruption does not impact reading (n = 4) 92.5 (9.6) 75 ( 62.3-85 ) 88.7 (10.3) 
Reading session length < 2Hours (n = 8) 87.5 (7.9) 85 ( 78.8-95 ) 87.5 ( 80-100 ) 
Reading session length > 2 Hours (n = 7) 91.8 (7.0) 84 ( 62.3-93 ) 85.0 ( 85-100 ) 
Reads for symptomatic or screening (n = 5) 89.5 (6.9) 85 ( 75-95 ) 86.4 (9.4) 
Reads for symptomatic and screening (n = 10) 89.3 (9.3) 83 ( 58-93 ) 88.6 (7.4) 
Distortion most challenging to detect (n = 11) 88.9 (7.2) 86.5 ( 70.8-95 ) 87.1 (8.0) 
Mass/MCC/ASD most challenging to detect (n = 4) 91.3 (10.3) 82.5 ( 76.3-93 ) 90.0 (9.1) 
Reliance on prior images sometimes (n = 9) 87.5 ( 85-98.8 ) 84.0 ( 62.3-93 ) 89.2 (7) 
Reliance on prior images all the time (n = 6) 90.0 ( 78.8-96.3) 86.5 (78.8-95 ) 85.0 (10) 
Access to prior images (n = 2) 97.5 (3.6) 77.5 ( 75.0-80 ) 92.5 ( 85.0-100 ) 
No access to prior images (n = 13) 88.4 (7.5) 86.5 ( 76.3-95 ) 85.0 ( 81.3-100 ) 
Reliance on clinical history occasionally (n = 14) 89.1 (8.0) 85.0 (76.3-95) 85.0 ( 81.3-100 ) 
Reliance on clinical history all the time (n = 1) 92.5 (3.6) 50.5 (80.0-93) 87.5 ( 85.0-90 ) 

(Asterisks indicates where a significant difference is shown, with a ∗= p < 0.05; ∗∗p < 0.01; p ≤ 0.001) Numbers of participants used for each analysis are 
shown by (n = XXX). 
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orth America demonstrated that the cancer detection rate
CDR) for RAPs and radiologists was no different between
hose with more or less than ten years’ experience [21] and an
ustralian study focusing on radiologist’s CDR performance 
onfirmed that years of mammographic reading had no im-
act on performance [27] . Conversely, in another paper from
ustralia, sensitivity was shown to improve with the experience
f the reader [28] . Our findings showed no significant differ-
nce in sensitivity with varying levels of reading experience, al-
hough improved ROC values were noted amongst RAPs who
ad less than 10 years’ experience compared with readers with
ore than 10 years was demonstrated. 
This ROC result highlights a rather non-intuitive situation 

round experience (as defined by number of years) and perfor-
ance. Further examination of our results, show that this find-

ng is most likely linked to increased recalls. For example, speci-
N. Clerkin, C. Ski, P. Brennan et al. / Journal of Medical Im
city of the RAPs in this study showed that those with more
han 10 years’ experience had 31% lower specificity values than
hose with less than 10 years’ experience. This has support from
revious work where the literature identifies radiologists with
reater years’ experience demonstrate lower specificity [29-32] : 
n 2004 Barlow looking at 469512 mammograms interpreted
y 124 radiologists analysed found that readers with less than
0 years’ experience (1.27) had greater specificity than those
ith greater than or equal to 10 years’ experience (1.0); El-
ore (2009) reported higher specificity amongst readers who

ad less than ten years’ (12.8) compared with clinicians with
reater than twenty years’ experience (7.1) across a total of 205
adiologists in seven US states; in 2006, Tan quantified the ex-
ent of reduction in specificity as years of experience increased
mongst 1067 readers interpreting 27394 mammograms and 

howed that with every ten years increase in experience a breast
aging and Radiation Sciences 56 (2025) 101889 5 



Table 2 
Clinical Background: ROC, JAFROC values are shown in the table with standard deviation or interquartile values in brackets. 

Parameter ROC JAFROC 

Reads for a screening programme (n = 10) 0.92 (0.04) 0.87 (0.04) ∗
Does not read for a screening programme (n = 5) 0.88 (0.08) 0.80 (0.09) 
Clinical setting (n = 11) 0.92 (0.87-0.95) ∗ 0.86 (0.03) 
Another test location (n = 4) 0.95 (0.84-0.96) 0.85 (0.04) 
< 10 years’ experience (n = 12) 0.93 (0.90-0.95) ∗∗ 0.87 (0.04) 
> 10 years’ experience (n = 3) 0.84 (0.76-0.89) 0.85 (0.03) 
Specialised in breast disease (n = 15) 0.92 (0.87-0.95) 0.87 (0.85-0.92) 
Not specialised in breast disease (n = 0) 0.85 (0.85-0.85) 0.82 (0.82-0.82) 
< 10 years working in the speciality (n = 5) 0.91 (0.04) 0.87 (0.04) 
> 10 years working in the speciality (n = 10) 0.89 (0.07) 0.86 (0.03) 
< 100 breast cases in a week (n = 7) 0.87 (0.07) ∗∗ 0.85 (0.03) 
> 100 breast cases in a week (n = 8) 0.93 (0.04) 0.87 (0.04) 
< 100 mammograms read in a week (n = 10) 0.88 (0.07) 0.85 (0.03) 
> 100 mammograms read in a week (n = 5) 0.94 (0.02) 0.88 (0.02) 
> 5000 mammograms read in 2019 (n = 6) 0.89 (0.08) 0.87 (0.03) 
< 5000 mammograms read in 2019 (n = 9) 0.90 (0.04) 0.86 (0.04) 
DBT read weekly (n = 4) 0.86 (0.09) 0.87 (0.02) 
DBT not read weekly (n = 11) 0.91 (0.04) 0.86 (0.04) 
Morning reading session (n = 13) 0.92 (0.87-0.96) 0.86 (0.83-0.92) 
Other time of the day (n = 2) 0.88 (0.80-0.95) 0.88 (0.88-0.92) 
Regular intervals (n = 14) 0.92 (0.87-0.96) 0.86 (0.85-0.92) 
Non regular intervals (n = 1) 0.90 (0.84-0.95) 0.84 (0.81-0.88) 
Emotional mindset impacts reading (n = 12) 0.91 (0.04) ∗∗ 0.86 (0.04) 
Emotional mindset does not impact reading (n = 3) 0.84 (0.09) 0.85 (0.02) 
Minimal noise (n = 10) 0.91 (0.86-0.95) 0.85 (0.82-0.92 
Background noise (n = 5) 0.95 (0.84-0.96) 0.88 (0.86-0.88) 
Interruption impacts reading (n = 11) 0.92 (0.87-0.95) 0.86 (0.03) 
Interruption does not impact reading (n = 4) 0.91 (0.82-0.95) 0.87 (0.04) 
Reading session length < 2Hours (n = 8) 0.898 (0.07) 0.862 (0.04) 
Reading session length > 2 Hours (n = 7) 0.897 (0.04) 0.861 (0.03) 
Reads for symptomatic or screening (n = 5) 0.92 (0.04) 0.87 (0.04) 
Reads for symptomatic and screening (n = 10) 0.88 (0.07) 0.86 (0.03) 
Distortion most challenging to detect (n = 11) 0.91 (0.85-0.95) 0.86 (0.034) 
Mass/MCC/ASD most challenging to detect (n = 4) 0.92 (0.89-0.95) 0.85 (0.032) 
Reliance on prior Images sometimes (n = 9) 0.89 (0.85-0.95) ∗ 0.86 (0.033) 
Reliance on prior Images all the time (n = 6) 0.94 (0.92-0.96) 0.87 (0.034) 
Access to prior images (n = 2) 0.94 (0.93-0.95) 0.89 (0.86-0.92) 
No access to prior images (n = 13) 0.93 (0.86-0.96) 0.86 (0.82-0.92) 
Reliance on clinical history occasionally (n = 14) 0.92 (0.87-0.96) 0.86 (0.82-0.92) 
Reliance on clinical history all the time (n = 1) 0.83 (0.72-0.93) 0.85 (0.85-0.87) 

(Asterisks indicates where a significant difference shown, with a. ∗= p < 0.05; ∗∗p < 0.01; p ≤ 0.001) Numbers of participants used for each analysis are shown 
by (n = XXX). 
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adiologist demonstrated an up to 12 % reduction in specificity
30–34] . 

Interestingly, findings around decreasing performance and 

ncreased years of experience are not unique to medical imag-
ng: within the police force in the US a study that compared
erformance levels of newly recruited police officers with se-
ior supervisors found that trying to predict job performance
ased on years of experience held no merit [35] ; also, within
he finance sector in Belgium, Chief Executive Officers (CEOs)
emonstrated reduced productivity with increasing years [36] . 

But the question remains why this inverse perfor-
ance/years of experience relationship might be the case, par-

icularly regarding specificity levels. Confidence may be a factor.
n medicine, experienced General Practitioners have demon- 
trated that confidence and decisiveness relating to definitive 
iagnoses decline with increasing experience [37] . This rela-
 N. Clerkin, C. Ski, P. Brennan et al. / Journal of Medical Im
ionship however does not appear to be a linear one with the
ractitioners showing initial increasing confidence with time, 
owever as years of experience increased, confidence levels re-
uce [38] . Previous workers have suggested a number of reasons

ncluding higher expectations of a negative outcome [39] , liti-
ation implications as a result of an error in judgement, anxiety
o be seen to miss cancers amongst peers [40] as well as low mo-
ivation and interest in the task at hand [41] . 

Results demonstrate that having opinions around reader 
motional mindset also result in lower specificity as well as
OC values. This has not been shown before in medical imag-

ng, but in other domains emotion associated with prior ex-
eriences can impact decision making as well as interfering
ith, distracting from and interrupting tasks [42] . For exam-
le, stress is well-proven to have a negative impact on per-
ormance for nursing students, mathematicians, construction 
aging and Radiation Sciences 56 (2025) 101889 
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orkers and bankers [43 –45] . In radiology, we also know that
revious psychological traumas can cause uncertainty in deci- 
ion making [46] and a subsequent intolerance of risk averse
ecisions [47] in an effort to maximise sensitivity. This high-

ights the importance of gentle strategies such as REALM
48 , 49] or anonymised peer review to improve performance
ather than harsher auditing measures. However, it should be
cknowledged that the current results focussed on the opinion
f whether emotional mindset played a part in determining per-
ormance levels not that it actually played a part. 

imitations/recommendations 

The sample size of 15 participants included in this study was
ess than ideal, however previous work with meaningful results
as been published with participant numbers being 5 or lower
22] . Nonetheless, the authors fully recognise that the findings
hown here are preliminar y obser vations and simply highlight
here in the future research could be directed with larger num-
ers of participants. The author has since developed a Special
nterest Group affiliated with the Society and College of Radio-
raphers which should aid and improve recruitment in the fu-
ure. It is possible that the questionnaire presentation may have
imited data exploration. For future recruitment, questionnaire 
edevelopment will be implemented and a wider range of activ-
ties and interests included. 

onclusion 

This paper, for the first time, identified possible factors that
ay impact upon the efficacy of RAP image interpretation.

n particular, it was of interest to note that numbers of reads
er year, RAPs’ understanding of the importance of emotional
gents and access to prior images may be important features
hat impact significantly on performance. Whilst these early 
ata should facilitate future research so that RAP activities can
e optimised, arguably and more importantly, there is now the
dentified need for a programme of work specific to radiography
eporting rather than relying on data from radiologists. Future
ata from subsequent studies can be used as a benchmark to fa-
ilitate best practice in the diagnosis of breast cancer by RAPs. 

upplementary materials 

Supplementary material associated with this article can 

e found, in the online version, at doi:10.1016/j.jmir.2025. 
01889 . 
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