View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Portsmouth University Research Portal (Pure)

Title: An investigation to ascertain whether or not time pressure influences the
accuracy of final year student radiographers in abnormality detection when
interpreting conventional appendicular trauma radiographs: a pilot study

Samantha Whitaker; William A Cox

University of Portsmouth

Introduction

Growing levels of service demand' and a shortfall in radiologists? are leading to
increasing pressures on diagnostic imaging departments and these trends are
expected to continue?. Additionally, the Care Quality Commission (CQC) recently
reported that while several trusts demonstrate reporting backlogs, not all trusts are
utilising reporting radiographers to alleviate the workload® 4, therefore increasing the
pressure on radiologists with a larger workload than needed. Despite these
pressures, it is expected, under the Royal College of Radiologists' (RCR)
Standards?®, that reports are produced in a timely fashion, to support the speedy
diagnosis of expected and unexpected findings and influence management®.
However, as well as being timely, it is also important that reports are accurate as the
accurate interpretation of images will ultimately provide safe and optimal care
pathways for patients by answering a clinical question®.

Given these potentially conflicting factors, it is important to consider how time
pressures may affect accuracy in image interpretation. This study has been
conducted to identify a link between time pressure and interpretation accuracy that
may be relatable to the decision making processing of reporting practitioners. There
is a rich background of theoretical work which considers the effects of time pressure
on decision making including the dual systems theory, Yerkes-Dodson law and
Gestalt theory. The dual systems theory is underpinned by system | (a fast,
automatic cognitive process) and system Il (a slower, conscious process)®. System |
uses key information, whereas system Il provides reasoning in formulating a
decision’-8 °. Added time pressure has been shown not only to reduce the amount of
evidence accumulated, but also to lower decision boundaries'®. The decision
boundaries in radiology may manifest in the form of satisfaction of search’. The
Yerkes-Dodson law provides the concept behind an optimum level of stress for
efficient working. Working under stress levels either side of this optimal stress can
have an adverse impact on performance'® '3, The Gestalt law of visual perception,
on the other hand, considers the potential for misperception of visual appearances
due to one or more of the underpinning principles, for example; closure, proximity,
symmetry, similarity and continuity’. It has also been recognised in literature that
detectability decreases with severely restricted viewing times, but also with unlimited
viewing times, overestimating with positive observations'®.

Effects of Time Pressure on Decision Making

Numerous studies suggest that there is a negative correlation between speed and
accuracy and that time pressure increases risk taking” 8 1916, These studies
performed computerised tests where participants needed to make decisions under
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different levels of time pressure. However, Dambacher and Hubner’s study used only
sixteen participants; this sample size would not necessarily reflect a population’s
ability. The other three studies had a larger sample size of either 72 or 101
participants, making their results more reliable in reflecting the population. This
research offers the possibility that pressure to produce timely reports may be
influencing the decision making process of reporters and therefore, image
interpretation accuracy. However, little work considers the above as a factor in terms
of report writing which may be due to the varied responsibilities of reporters making it
difficult to monitor work performance.

Studies Assessing the Impact of Time Pressure on Image Interpretation

A dated study, using only four observers, demonstrated flash viewing to be largely
effective in identifying obvious lesions, however, the difference in detectability was
exaggerated; when allowed unlimited time, a substantial portion of subtle lesions
were missed'”. A study by Edwards et al'® asked fourteen radiologists to report on
ninety images in 3 batches of 30. Each batch was reviewed at a different speed.
The results showed that the number of false positives decreased when under
pressure. However, although nearly all radiologists coped with reporting in half of
their original time, they reported that they would not be able to continue under such
pressure'®; working under prolonged pressure can result in visual fatigue and
cognitive overload’®. Finally, a more recent study revealed that four out of the five
radiologists that took part had more major misses when reporting at twice their
original reporting speed?’. Despite results of these studies, Muroff and Berlin?' note
that currently, validity is compromised in studies evaluating the relationship between
speed and accuracy as they do not provide sufficient data for accurate and reliable
results. This research was undertaken to identify the relationship between time
pressure and performance in interpretation accuracy.

Methods

Study Design

Participants [n=21] were split into three equal sized groups of seven and were
randomly allocated their level of intended time pressure: 15 seconds (high pressure),
30 seconds (moderate pressure), or unlimited time (low pressure). A set of 30
images were presented to participants via a presentation slideshow. Each group was
asked to record whether they judged the images to be normal or abnormal and to
indicate location for any abnormality identified on the answer sheets provided. The
pre-set timings meant images could not be manipulated; the unlimited time group
(UTG) were instructed not to close the slideshow and to only progress onto the next
image when satisfied with their answer to avoid a second exposure to the images.
Time group sessions were conducted separately to minimise disruption upon
participants finishing before those with longer time limits.

Data Collection Approach

Each answer was marked true positive (TP), when a participant correctly identified
an abnormality, true negative (TN) (correctly identified the image as normal), false
positive (FP) (incorrectly labelling a normal area as abnormal), or false negative (FN)
(labelling an abnormality as normal). Each question number equalled one whole;
with an image displaying two abnormalities, a participant would acquire a TP if both
abnormalities were correctly identified, or a TP with the value of 0.5 and a FN with



the value of 0.5 if only one abnormality was identified. Results were then totalled per
answer sheet, and then per time group.

Image Selection

The images selected ensured abnormalities were suitable for the level of training that
had been received at that point in the students’ training, however, it is recognised
that this is not necessarily representative of practice. Included in the image bank was
a range of extremities, including the pelvis, and paediatric examinations.
Anonymised images were obtained from Radiopaedia and the university’s image
bank; there is a possibility that students may have seen the images previously, but
they were not aware these sources were being used. There were fifteen normal and
fifteen abnormal images to improve reliability behind the results of each; a number of
abnormal images included multiple abnormalities. Both acute fractures and
dislocations were included in the range of pathologies.

Sample

Convenience sampling was employed to recruit 21, of a potential 52 participants,
from the host site; this style of sampling is a common approach, limited to a group of
people most conveniently available to take part?2. The target group was final year
diagnostic radiography students due to their exposure to training on image
interpretation, having passed interpretation exams in their second year.

Recruitment

The target group were emailed a participation information sheet and consent form,
along with reassurance that answer sheets would be anonymous and they could
withdraw from the study before it commences if they wished. Participants were
informed of three potential time slots for the study which coincided with their
timetables. Participants were randomly entered into time slots and emailed their
allotted time.

Process

Participants were emailed the PowerPoint on the morning of their study and given
the password for access when the study commenced. Participants were given brief
instructions before opening the slideshow, which confirmed the given instructions.
Controls were disabled to ensure the slideshow ran on timed slides with no
alteration; the unlimited time group moved forward through the slides at their leisure
without exiting or moving back through the slideshow.

Pilot Study

A pilot study was conducted to ensure instructions were easy to follow, images were
of a reasonable size, abnormalities were visible on the monitors supplied and the
timings of the slides were sufficient to apply pressure to the participants. Changes
were made to the process in terms of timing and image display, based on the pilot.

Data Analysis Approach

Microsoft Excel and SPSS were used to formulate analysis of the results through
graphs and ANOVA tables. The TPs, TNs, FPs and FNs were used to calculate
accuracy, sensitivity and specificity across the groups, and then standard deviation



calculated for each. The ANOVA test was conducted to show any statistical
significance from results, within the population.

Ethics
A favourable ethical opinion was gained for this study from the University of
Portsmouth ethics committee: ref SHSSW/R/18-6.

Informed consent was obtained from every participant and the study was carried out
in accordance with the Declaration of Helsinki.

Results
Figure 1 shows the total number of TPs, TNs, FPs and FNs by each time group.
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Figure 1: Classification of reports by group. NB - no statistically significant
differences are demonstrated

The accuracy, sensitivity and specificity were calculated for each time group,
displayed in figure 2, and table 1 also displays the standard deviation for each.
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Figure 2: Mean accuracy, sensitivity and specificity by group. NB - no statistically

significant differences are demonstrated

Group Accuracy (%) Sensitivity (%) Specificity (%)
15 Second
Mean Average 82.86 79.65 85.52
Standard 3.03 8.26 8.58
Deviation
30 Second
Mean Average 78.17 83.37 73.74
Standard 7.40 9.26 8.93
Deviation
UTG
Mean Average 74.52 75.83 73.29
Standard 10.79 13.16 11.54
Deviation

Table 1: Comparison between time groups. NB - no statistically significant
differences are demonstrated

Time comparisons within the UTG were recorded and an average time calculated
per image and total for the group. Figure 3 shows the accuracy, sensitivity and
specificity for each participant in the UTG, in order of completion time from the
quickest to the slowest. For comparison, the 15 second group’s accuracy ranged
from 80%-90%, sensitivity 68.97%-89.66%, and specificity 73.33%-93.75%. The
range of accuracy scores within the 30 second group were 67.22%-88.33%,
sensitivity 70.37%-93.90%, and specificity 62.26%-84.85%. The completion time of

each participant in the UTG, with a calculation of the average time spent per image,
has also been demonstrated in table 2.
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Figure 3: UTG’s performance in order of completion time. NB - no statistically
significant differences are demonstrated

Time Participant Mean

1 2 3 4 5 6 7 Average

Time Taken |40 36 | 15:30 | 15:44 | 17:32 | 18:21 | 18:39 | 20:01 | 16:38
(mins:secs)
Average

Timeper | 5100 | 31 | 3147|3507 | 36.70 | 37.30 | 40.03 | 33.25
Image
(secs)

Table 2: UTG’s completion times. NB - no statistically significant differences are
demonstrated

ROC curves were generated for each time group; the area under the curve (AUC) for
the 15 second group was 0.824, 0.785 for the 30 second group, and 0.745 for the
UTC. No significant results were demonstrated.
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Figure 4: ROC curve: comparison of all time groups

An ANOVA test was conducted using SPSS for accuracy between all time group
combinations (table 3).

Dependent Variable: Accuracy

95% Confidence
Mean Interval
J) Differen Std. Lower Upper
(I) Groups | Groups ce (I-J) Error Sig. Bound Bound
15 30 468429 | 4.21629 | .520 | -6.0764 15.4449

Second Second
Unlimited | 8.33571 4.21629 | 147 | -2.4249 19.0964
30 15 - 4.21629 | .520 | -15.4449 6.0764

Second Second 4.68429
Unlimited 3.65143 | 4.21629 | .668 | -7.1092 14.4121

Unlimited 15 - 4.21629 147 | -19.0964 2.4249
Second 8.33571
30 4.21629 668 | -14.4121 7.1092

Second 3.65143

Table 3: ANOVA test: multiple group comparisons for accuracy. NB - no statistically
significant differences are demonstrated

Discussion

ANOVA Test

The results revealed none of the combinations to be of statistical significance.
However, the sample size was not large enough to power the test sufficiently to
provide assurance that this accurately reflects the reality of the situation. It cannot
therefore be ruled out that the results were due to chance, or due to the group at
random the outlier in performance, participant 7 in the UTG, was assigned. Despite
this, the results do show interesting trends that could be investigated further with a
larger sample size.



Classifications

There was little variation between groups in the number of TPs, suggesting that time
pressure may not have a great effect in identifying abnormalities; the variance may
just be due to different levels of knowledge. On the other hand, the number of TNs
decreased as time pressure decreased, suggesting that as time spent assessing an
image increases, areas of uncertainty may be dwelled on with the potential to cause
a misdiagnosis. However, the fact that the 30 second group had the highest level of
sensitivity suggests that there is a minimum time required to fixate and consider an
abnormality. It is possible that greater time pressure lowered the participants’
decision boundary/quitting threshold'! and they were, therefore, satisfied with their
initial assessment. Similarly, lowering of quitting threshold may explain the resultant
FP figures; the 15 second group generated almost half the number of FPs of the
remaining groups. Edwards et al.’s study revealed a similar effect'®. The Yerkes-
Dodson Law'® may explain FNs being higher either side of the optimal pressure, 30
seconds per image.

Accuracy

None of the differences between groups were statistically significant. The mean
accuracy was highest in the 15 second group and lowest in the UTG,; if a sufficiently
powered study were to demonstrate similar results, this could suggest time pressure
may be beneficial in the decision making processes underpinning image
interpretation. The apparent trend between increased time pressure and accuracy
could be due to the shorter time period for image assessment being the optimal
pressure required for efficient performance, reflected in the Yerkes-Dodson Law'3.
This may also be seen within the UTG, as participants were aware their time will be
recorded upon completion, this may have added an unintentional pressure within the
group. Participant 4 may have been working at the optimum pressure for best
performance, with the anomaly of participant 1, demonstrated in figure 3.

The extra time the 30 second and UTGs had would have allowed reasoning behind
their decisions and more evidence accumulation®'°, however, the decrease in
accuracy suggests time is spent dwelling on areas of uncertainty the longer an
image is assessed. This may provide an alternative explanation for results within the
UTG, with the anomaly of participant 4, with faster participants using heuristics® and
slower participants focussing on uncertain areas. However, it is important to
recognise that, despite the apparent trend between increased time pressure and
interpretation accuracy, Edwards et al.’s study revealed radiologists could not work
under such pressure for long periods of time'8. Therefore, if such cognitive
processes also relate to reporting practitioners, departments should ensure plenty of
breaks in an attempt to avoid visual fatigue and cognitive overload'?. It is also
important to note that the slowest observer in the UTG had the lowest performance,
which may reflect competence, and a single outlier could have skewed the results
due to the very limited sample size.

Sensitivity

Results could suggest that a lower level of applied pressure is beneficial in
identifying pathology as the 30 second group scored highest for sensitivity, followed
by the 15 second and then the UTG. The results reflect the Yerkes-Dodson Law
whereby there is an optimum level of stress for best performance, yet either side of
this causes performance to deteriorate’®> However, it is important to note that the



UTG may have scored more poorly due to the impact of interruptions?? from fellow
participants leaving once they had finished. The 15 second group’s performance
may have been affected by a reduction in quitting threshold due to their limited
time'", or influenced visual misperception, resulting in participants overlooking
abnormalities and identifying the image as normal.

Specificity

Results may suggest that too much time assessing normal images has a negative
impact on interpretation, as the 15 second group achieved the highest specificity.
The 15 second group may have relied on the heuristics in the interpretation of
normal images, in line with the dual systems theory®, basing their decisions on key
information. For example, rapid assessment of bone cortices, overlooking additional
information in which the other groups may have contemplated an abnormality. The
groups with more time may have progressed onto system 116, initiating self-doubt as
part of the reasoning behind the decision. The 15 second group may have also
reduced time dwelling on uncertain appearances by subconsciously lowering their
quitting threshold''. However, it is important to note that the level of knowledge and
experience of reporting practitioners in practice may reduce the theory of time
dwelled on areas of uncertainty, compared to participants in this study.

Standard Deviation

The standard deviation for accuracy, sensitivity and specificity was smallest in the 15
second group and largest in the UTG. The variance in completion times amongst the
UTG may explain their large standard deviation score.

ROC Curve

An AUC value of 0.5 is considered as chance. However, the results from this study,
being greater than 0.5, are considered acceptable results for the 30 second and
UTCs and considered excellent for the 15 second group?*. Results suggest an 82%
chance the readers in the 15 second group correctly identify normal from abnormal,
79% for the 30 second group and 75% for the UTC.

Limitations

Due to voluntary participation, only 21 participants were reached; a larger sample
would have benefitted a broad range of abilities amongst the final year
undergraduate cohort to ensure results were reliable. Due to ethical approval, it was
not possible to recruit reporting practitioners to take part. This can be seen as a
disadvantage as it does not represent the abilities of reporters in practice,
nonetheless, the level of knowledge required for this study was deemed suitable for
the intended participants to assess abnormality detection accuracy, and identify
possible changes in cognitive processes when pressure is applied. There are
limitations seen within the UTC; unintentional pressure may have been added upon
participants due to recording of their completion time, and as participants in the UTC
finished, they may have caused disruption for those still working. Finally, as no
statistical significance was demonstrated, it is possible that the results were due to
chance.



Conclusion

There is a rich background of theoretical work which considers the effects of time
pressure on decision making including decision making theories such as the dual
systems theory and the Yerkes-Dodson law. The results may suggest a decrease in
overall accuracy the longer images were assessed (accuracy at 15 seconds = 82.86,
accuracy at 30 seconds = 78.17, and accuracy within unlimited time = 74.52),
however, interpretation of the abnormality may be less demanding in an image bank
compared with clinical practice. Also, with the small sample size the ANOVA test
suggested the difference between groups within a population to be insignificant. It is
recommended that future researchers use a power calculation to ensure the study is
sufficiently powered. Despite this, Yerkes and Dodson’s assertion that individuals
have an optimum level of stress to induce their best working performance aligns with
many of the results. There are implications for future research to clarify whether
these findings would also hold in the clinical environment with reporting practitioners
since, if they did, there would be an argument for carefully monitoring stress levels
and workload in departments in order to provide the best service to patients with
more accurate reports.
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