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.}Summary}.

.}Design}.
The anonymous data of over 450 UK breast-screening film-readers were compared on the most recent PERFORMS

Of these data, when compared with sensitivity, specificity and ROC measures, only three factors related to

undertaken as an educational tool by film-readers involved in reading breast-screening films in the UK. The scheme

film set. Inclusion criteria for this study were those participants that completed not only the most recent round of

attainment on the PERFORMS scheme for the current year. Reading behaviour related to PERFORMS results were,

has been running as a bi-annual exercise since its inception in 1991. In addition to completing the scheme each year,

PERFORMS (60 difficult cases) but who had also completed the computerised self-report, this was a cohort of the

the majority of film-readers also choose to complete a questionnaire, administered as part of the scheme, indicating

original group of participants who completed only the PERFORMS set (approximately 550). From their self-report

key aspects of their every-day reading practice. These key aspects include volume of cases read per week, time-on-

we analysed participants regular screening practices, principally, the number/length of weekly sessions reading,

task reading screening films, incidence and time of break periods as well as typical number of film-reading sessions

time of day they read, details of task interruption, breaks on task, double reading practices, volume of cases read

per week. Previous recommendations on best screening practice (significantly the optimum time on task) were

per week and years of screening experience. These were compared with accuracy measures on the PERFORMS

considered in the light of these film-readers’ self-reports on a current PERFORMS case set. In addition we looked at

film set based on a ‘National Radiological Opinion’ this is gleaned from pathology as well as from the majority

performance accuracy of over 450 film-readers reading PERFORMS cases (60 difficult mammographic cases).

opinion of all participating film-readers and allows us to include ROC measures such as d’ and d’ for pathology

session length, volume and experience.
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Performance on measures akin to True Positive (Correct Recall Percentages) and True Negative (Correct Return to

d' values

PERFORMS (Personal Performance in Mammographic Screening), a self-assessment scheme for mammographers is

for specificity and sensitivity (namely volume of cases read per week and film-reading experience). The
consequences, in light of previous research, for best screening practice in real life are considered.
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Figure 9. d’ values and time on task

Screen Percentages) decisions were investigated. Data presented demonstrate that individual behaviours in real life

.}Results}.

screening, for the interpretation of mammographic cases, affect film-reading accuracy on a test set of mammograms

60-89min

A one way ANOVA was performed on session length, with one IV (session length) and with DV’s - all PERFORMS

Film readers were asked to report on the most common session length, i.e. the amount of time that they would

specificity and sensitivity measures. There were no significant differences for measures of specificity or for

film-read before stopping . The most commonly reported session length was from 60 to 89 minutes (see Figure 2)

measures of specificity, but there were significant differences for overall ROC PERFORMS measures (d’ [F(4,440) =

with under 30 minutes being the least reported session length.

3.4, p<.01] and d’ for pathology [F(4,440) = 3.94, p<.005]. Participants who reported reading for shorter sessions, 30
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The question as to the most efficient mammographic practice has been explored in recent years (Laming & Warren,
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2000). Several recommendations were proffered including the optimum time-on-task period that any given film-
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minutes or less, performed significantly less well compared with those who read for longer time periods (Figure 9).

For case volume, a one way Analysis of Variance identified significant differences for sensitivity measures Correct

readers should allow when reading breast screening mammograms (it was recommended that film-readers should

90-120min
Recall [F(6,440) = 3.23, p<.01] and Malignancies Detected[F(6,440) = 3.98, p<.005] as well as for d’ for pathology

not read for more than 30minutes at a time). In addition it was recommended that immediate feedback on

30%
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[F(6,440) = 2.45, p<.05] . Student Newman Keuls, post hoc analysis revealed that those with a higher volumes (of

radiological accuracy would improve performance. Such a mechanism exists as a self-assessment scheme in the
over 400 cases per week) perform better than those who read less than 100 cases per week (see Figure 10) on all

UK, which allows all participating film-readers to evaluate their performance on a test (not real life) set of
Figure 2. Time on Task

Figure 3. No. of Weekly Reading
Sessions

mammograms. This scheme, PERFORMS (PERsonal PerFORmance in Mammographic Screening), established

confidential feedback to all film readers on their respective performance based on a radiological “gold standard”.
The scheme functions as a self assessment whereby film readers have the opportunity to evaluate 120 difficult
(60x2) cases bi-yearly. In addition, many film-readers also provide information, via questionnaire/self-report, on
their regular mammographic reading practice. We compared these reading practices with performance on recent

sensitivity measures (p<.05), there were no significant group differences for d’ pathology (p=n.s.). There were no
significant differences for CS or for d’.

When reporting on the number of reading sessions per week the most common was two sessions (range 1- over
5) with 43% reporting this frequency (see Figure 3). The normal time of day (see Figure 4) for reading breastscreening films was most popularly between 9-12am (32% of participants) and 2-6pm (28%). Participants were
asked to report on taking breaks whilst still on task, the type of break most commonly reported was 0-10 minutes
followed by 11-20 minutes (see Figure 5).

PERFORMS cases with a view to elucidating which practices were a) most common and b) were associated with
optimum proficiency on PERFORMS. In this way we aimed to extend the research into best screening practice by
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exploring common reading practice (such as volume of cases read, time-on-task, breaks during task and number of
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Years of reading experience was also related to performance on PERFORMS. A one-way ANOVA revealed

Over
40min

significant differences for all PERFORMS measures (p<.05). However, post hoc Student Newman Keuls identified
that for all sensitivity measures, experience groups of 11 years and over performed significantly better than groups
of 1-10 years (p<.05), which in turn performed significantly better than the lowest experience group of 1 to5 years

they receive immediate and confidential feedback detailing their performance on each case compared to a
Figure 4. Normal Time of Day for
reading Films

Figure 5. Length of Break

(p<.05). This trend was contrary to that found for specificity measures however, where the low experience groups
(1-5 years and 6 to 10 years) performed significantly better than higher experienced groups of 11-15 years (p<.05),

readers as well as, where relevant, on case pathology. Specifically individuals receive detailed feedback on their

see Figure 11. For overall ROC measures Student Newman Keuls post-hoc tests showed that groups 6-10years and

number of ‘Correct Recall’ decisions (a measure of sensitivity), ‘Correct Return to Screen’ decisions (a measure of

over 15 years outperformed those who had been reading for 1-5years (p<.05)

specificity) and percentage of correct malignancy’s detected.

Overwhelmingly, the most common volume of cases per week (52% of participants) was between 100-199 (over

100
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5,000 cases per year), see Figure 6. Years of reading experience (Figure 7) in mammographic film reading were
grouped for ease of analysis into 4 main experience groups (1-5years, 6-10years, 11-15years, and over 15 years) ,
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Figure 10. Malignancies Detected by Weekly Case Volume
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Sitting PERFORMS (see Figure 1) requires individuals to enter data about each case, into a tablet PC, whereupon

radiological standard. The radiological standard is initially based on the decisions of a panel of very experienced
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since 1991 is a free and anonymous exercise consisting of difficult screening cases and provides immediate and
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the most largest group had between 1-5years of experience (47% of participants).
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In order to extricate which of the three factors (session time but more notable years of experience and case

Over15yrs
volume) had more of an affect on performance measures, all three were entered into a multiple regression analysis
(enter method). A weak but significant model emerged in which volume was not a significant predictor of any

Figure 6. Volume of Cases per week

Figure 7. Years of Experience

performance measures over years of reading experience (where session length was also entered). Contrastingly,

The kind of interruptions film-readers reported as the most common (see Figure 8) were interruptions from

using the same model, years of reading experience was a significant predictor of all sensitivity, specificity and ROC

colleagues (40% of participants) and the interruption least likely was called away to emergency (3%).

measures. In addition, length of reading session was only a significant predictor of malignancies detected, d’ and
d’Pathology.
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Yes, called aw ay on another task

.}Conclusion}.
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Yes, limited use/time on view ers

To the question of best screening practice, in terms of what is common (from participants’ self-reports) individuals

Yes, other

read in sessions twice as long as the Laming and Warren (2000) report recommends (30 minutes). Furthermore,
from overall d’ values, those individuals that report typically reading for under 30 minutes, performed less well on

Figure 8. Type of Interruption while still on Task
PERFORMS than those who read for longer. This may suggest that as well as being a recommended maximum time

A COMMON PROFILE OF TYPICAL READING BEHAVIOUR emerged, namely; reading sessions lasting over
for film-reading sessions, there may also be a minimum. However, the main factors affecting performance were
an hour, reading in two weekly sessions, reading between 9-12pm with breaks of approximately 10 minutes.
shown to be volume and years experience. Those with more years of experience and volume of cases attain greater

Touch screen tablet PC interface

Immediate personal feedback on the
Tablet PC

Interruptions were mostly from colleagues, case volume was typically between 100-199 cases per week (over 5,200
sensitivity levels. From multiple regression analysis, years of screening experience, rather than any particular
cases per year) and participants were more likely to have been reading screening mammograms from between 1-5
reading habit or ‘style’, affects performance on the present PERFORMS case set.
1years.
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