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Understanding human-Al interaction in medical imaging:
Moving towards ‘appropriate reliance’

Sarah Davies- University of Cumbria

Tim Donovan- University of Cumbria


Presenter Notes
Presentation Notes
My name’s Sarah and I am a lecturer and part time PhD student at the UoC. I want to talk to you today about my PhD project which is all about understanding the factors that affect the way in which the human interacts with AI in medical imaging, specifically medical image interpretation. It’s hoped that through developing a better understanding of these factors, we can move towards appropriate reliance upon AI.


What is appropriate

reliance and why is it
0 important?

Human Decision-Maker

‘the human capability to differentiate

Reject Al's Decision Accept Al's Decision between correct and incorrect Al advice and
to act upon that discrimination’ (Schemmer
et al., 2022)

Al Agent Correct Underreliance Appropriate Reliance

Over-reliance may lead to two types of
@ error- errors of commission and/or errors of

omission (Mosier and Skitka, 1996)

. Incorrect |  Appropriate Reliance Overreliance : :
il Under-reliance means that performance will

never change! (Reverberietal., 2022)
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Schemmer et al provide a useful definition of appropriate reliance which is that it is the… 
So its about accepting AI output when its perceived as being correct and rejecting AI output when its perceived as being incorrect. However, humans are typically either over or under-reliant upon AI.

Over-reliance, in its most extreme form, can lead to two types of errors:
Errors of commission- Individuals inappropriately follow automated decision output

Errors of omission- Failure to detect a problem because of a failure in detection by an automated aid (Mosier and Skitka, 1996)

Under-reliance- performance will potentially never change. Diagnostic error rates have remained relatively consistent for decades (estimated 3-5% in daily practice) so something needs to change.





Experiment one: The impact of observer experience
and attitudes towards Al technology upon observer
performance with Al during a pulmonary nodule

detection task: An eye tracking study
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This was the title of my first experiment.
I was interested in looking firstly at how experience affects performance with AI. Previous studies have typically shown that there is a greater increase in performance with AI for less experienced observers. This has been extensively tested amongst radiologists but less so amongst radiographers and yet AI is rapidly growing in this field, in part because of a shortfall in the number of radiologists.

Impact of attitudes upon performance has not really been tested. Even if people haven’t used AI within their specific domain, AI is everywhere so people will have an opinion on it which may then affect reliance.

Eye tracking has been used in a handful of previous AI studies and can tell us a lot about how attention is affected by the presence of an AI prompt. It has been suggested that observers may be over-reliant upon AI because prompt salience makes it difficult to fixate other regions of the image. Just attending to the prompt can be beneficial if prompt has correctly marked a cancer but detrimental if the prompt has mismarked a cancer.


11 year 1 radiography students, 13 year 3 radiography students and 6 reporting
radiographers

Within-subjects design- without/with Al

The test bank comprised of 30 CXRs at a 50% disease prevalence rate. Each diseased
image contained one pulmonary nodule

All images were analysed by Lunit Insight CXR. Al sensitivity was 87% and it produced a
total of 17 FPs (Average of 0.57 FPs per case)

Participants had to localise any suspected nodules with a mouse click and had to provide
a confidence rating from 1-5 for each case (1= definitely no nodule, 5= definite
pulmonary nodule)

Participants were not given any specific instructions regarding how to use Al but were
informed that they could access Al findings at any point and could make their decisions
independently

Prior to participation in the experiment, observers answered a survey to ascertain their
attitude towards Al using a subset of positive and negative statements from the ‘General
Attitudes to Artificial Intelligence’ questionnaire (Schepman and Rodway, 2020)

RJafroc and SPSS used for data analysis
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So this is just to demonstrate how the prompts would appear. So the participants would first be presented with an image such as this and they could activate AI output at any point by pressing the space bar. So if AI thought there was a nodule on the image, it would place a contour around the region and would also provide a number. So 96 means that it is 96% confident that this is a nodule.


1.00+

Dark Blue= FOM
p=.001 score without Al

Green= FOM
score with Al

Year 1 students Year 3 students Reporting Radiographers
Experience

Eror bars: 95% Cl

Results- Figure of Merit
(FOM)

Figure of Merit score represents the probability
that a lesion (nodule) is rated higher than the
highest rated non-lesion on a normal image
(Chakraborty and Berbaum, 2004)

Mean FOM without Al= 0.60, mean FOM with Al=
0.72 (p=.001)

Year 1 students had the greatest increase in mean
FOM with Al (+0.17, p=.019), no change in the
performance of reporting radiographers.

Year 3 students were the only group in which all
observers experienced an increase in FOM with Al
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FOM was our main measure of obs performance. FOM score represents…
So it displays the level of confidence the observer has in their TP detections. TP detections. FOM score of 1= perfect performance.

So the mean FOM without AI was…..

What does this mean in terms of reliance?

Year 1- although the students did improve, If we apply Schemmer's definition of appropriate reliance, the students couldn’t always discriminate between correct and incorrect AI advice. It is more probable that for the majority they were over-reliant upon AI and were accepting its output uncritically. At this stage in their career, it was beneficial to their performance but it wouldn’t be a good long term strategy.

Reporting rads- ½ had similar baseline sensitivity as AI so we wouldn't expect as much of an improvement with AI anyway. However, even slightly weaker RRs didn't really improve with AI so some were under reliant. Slight increase in FPs suggests that some were over-reliant. 

Clear that reliance upon AI is variable even within expertise groups.


Mean % of cases in which Al output unchecked

100,00

75.007

Year 1 students Year 3 students

Experience

Error bars: 95% Cl

Reporting Radicgraphers

Interaction with Al

* 63% of all participants opted to check
Al output in 100% of cases

Trend towards increased engagement
with Al output with increasing levels
of experience. However, the
difference between groups was non-
significant (p=.167)

Not checking Al had limited impact
upon performance



Presenter Notes
Presentation Notes
In terms of how the participants interacted with AI, even without any specific guidance, we can see from the response times that AI was mostly used as a second reader, which is the recommended approach. Second reader is when you look at the image fully first and then activate AI.

63% of all participants…

If we just consider the 37% of participants who didn't access AI for every case, we can see that the first year students had the lowest level of engagement with AI, which is surprising given that they could potentially gain the most from using AI. So far from the less experienced observers all being over reliant upon AI, some were under reliant. Importantly, not checking AI had limited…


6.004

Mean (s)

Yoar 1 students

p=.007

Yoor 3 students Reporting Radiographars

Experience

Error bars: 95% Cl

Dark Blue= TFF
without Al

Green= TFF pre-Al Eye traCkln g
metrics- Time to
First Fixation (TFF)

Beige= TFF with-Al

e TFF-time from image onset to first
fixation on nodule

Mean TFF in the with-Al condition
was significantly shorter than both
the pre-Al and without-Al
conditions (both p<.001)
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Pre- AI is when they looked at the image before activating AI.

Salient AI prompt was able to quickly capture attention.


* Fixation count beyond Al prompt was significantly higher than

* Fixation length on Al prompt was slightly higher than fixation

Attention allocation-
images with Al prompts

fixation count on Al prompt (+3.19, p<.001)

length beyond Al prompt (+0.15s, p=.454)
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AI prompt can quickly capture attention but does it hold attention? To check this, Fixation count and fixation length on AI prompt were compared against fix ct and lgth beyond the prompt. 
Fixation count…. Indicating that participants did fixate elsewhere in presence of AI, 

However, fixation length on the AI prompt… which suggests that although they were able to look elsewhere, they spent slightly longer thinking about AI output
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Eye tracking heat map data suggests that there is certainly a difference in visual search behaviour between images with prompts and images without. So the presence of a prompt does have some impact upon visual search. To verify this, we calculated the difference in fix ct, fix lgth across the whole image.


Fixation count on images without prompts was higher than fixation
count on images with prompts (+3.1, p=.059)

For Year 3 students, the difference was statistically significant
(+4.25, p=.032)

Fixation length on images without prompts was higher than
fixation length on images with prompts (+0.15s, p=.954)

Observers less susceptible to errors of omission?

Year 3 students Reporting Radiographers

Experience

Error bars: 95% CI

Blue= Total fixation count on
images with Al prompts

Green= Total fixation count on

images without Al prompts

Year 3 students Reporting radiographers

Experience

Emor bars: 95% C|
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To verify this we looked at the difference in fixation count and fixation length on images without prompts, so those labelled as normal by AI, and images with prompts. 
Fixation count …. 
For Year 3 students…
Fixation length….
These results suggest that a more exhaustive search occurs when the image doesn't contain prompts and the observers spend slightly longer time processing image content.  These results may indicate that obs would perhaps be less susceptible to errors of omission- just because AI has labelled the image as normal, they don't automatically accept its decision.


Difference in FOM with Al
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In terms of attitudes towards AI….

Attitudes towards AI have no obvious moderating effect upon performance.


Experiment 2- Confirmation bias in observer performance

during an Al-assisted pulmonary nodule detection task:
An eye tracking study
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This is the title of my second experiment…

Recent research has shown that, if AI output agrees with an individual’s prior hypothesis, the observer is more likely to accept AI output and perceives the AI system to be more trustworthy (Lu and Yin, 2021; Bashkirova and Krpan, 2024). Comparable RR-AI accuracy means there would have been a lot of agreement cases, perhaps this encouraged RRs to accept AI FPs?. Indeed, Bashkirova and Krpan (2024) found that participants with higher self-reported expertise in a psychological triage task were particularly affected by confirmation bias when deciding whether to trust AI. 





e Within subjects design- confirmation bias trial and control

« Sample will consist of Year 3 radiography students, radiographers and reporting
radiographers

e Confirmation bias trial- initial 10 cases will be high human-Al agreement cases based
on the findings of experiment 1

e Participants will be required to localise any suspicious nodules with a mouse click and
to provide a confidence rating from 1-5 on both the initial image and Al image

Is tl?e?re a statistically significant difference in agreement fraction/switch fraction between
trialss

Is there a statistically significant difference in FOM between trials?

Is there any difference in visual search behaviour across the two trials? Eg fixation count,
fixation length on Al image
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CB trial- Mosier and Skitka highlight that if an AI system proves initially to be generally reliable and reflective of the results of the operators’ own diagnostic processes, operators will check automated cues before anything else and may not look further for traditional cues even when they are available, especially if time is short. How does viewing these 10 cases affect subsequent trust and reliance upon AI?

Q3- attention allocation. Might be that during the CB trial, participants have greater trust in AI, thus do not spend as long scrutinising AI output and thinking about the image.


Participant

Average

11
12
13
14
15
16
19
20
21

co o o0 B~ O

18

10

AF- CB Trial

0.87
0.73

0.8
0.67
0.67
0.63
0.63
0.63

0.8

0.6

0.7
0.57
0.47
0.57
0.67
0.83
0.73

0.68

AF-Control Trial

0.6
0.73
0.8
0.7
0.67
0.5
0.87
0.7
0.6
0.63
0.73
0.33
0.43
0.67
0.73
0.73
0.7

0.65

SF-CB Trial

0.31
0.55

0.5
0.15
0.35
0.05
0.37
0.42

0.5
0.39

0.1
0.41
0.21
0.18

0.4
0.44
0.23

0.33

SF- Control Trial

0.17
0.45
0.58

0.1
0.45
0.13
0.42
0.38
0.33
0.21
0.23

0.3
0.15
0.25
0.32
0.36
0.29

0.30

Preliminary results-
Year 3 students

Across the first 10 cases:

CB trial AF= M= 0.91 (SD= 0.10)
Control trial AF= M= 0.45 (SD=0.17)

Paired samples t-test= #{16)=8.79, p<.001

CB trial SF= M= 0.10 (SD= 0.08)
Control trial SF= M= 0.58 (SD=0.27)

Paired samples t-text= {{16)=-7.18, p<.001
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If initial high agreement cases did lead observers to perceive the system as more trustworthy, we would expect to see a higher AF and SF in the CB trial. This does seem to be the case at the moment but the difference is clearly quite small.

To ensure that there was a difference across the first 10 cases in the two trials, I did a paired samples t test to compare AF and SF and the difference was stat sig for both. Higher AF and lower SF. This demonstrates that their prior hypothesis agreed with AI output.
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