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Explainable AI
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Learning Diagnostic 
Reasoning
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Diagnostic Reasoning
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Case Simulation

8Claudia Schulz   |   Explaining Diagnostic Reasoning



Individual Feedback

capture analyse feedback

Diagnostic Reasoning

reasoning 
process

(diagnostic 
content)

feedbackself-
explanations

9Claudia Schulz   |   Explaining Diagnostic Reasoning



Capture: Self-Explanation
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The patient reports to be lethargic and feverish. 
From the anamnesis I learned that he had purulent tonsilitis and is still 

suffering from symptoms.
I first performed some laboratory tests and notice the decreased number of 
lymphocytes, which can be indicative of a bone marrow disease or an HIV 

infection. 
The HIV test is positive. 

However, the results from the blood cultures are negative, so it is a virus, 
parasite, or a fungal infection causing the symptoms.



Analyse: Reasoning Process
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possible solutions

Diagnostic reasoning steps 
(epistemic activities)

Fischer et al. 2014

e.g. observations, 
deduction

evidence supports 
solution?

aggregate evidence to 
derive final solutions



Self-Explanation with Feedback
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The patient reports to be lethargic and feverish. 
From the anamnesis I learned that he had purulent tonsilitis and is still 

suffering from symptoms.
I first performed some laboratory tests and notice the decreased number of 
lymphocytes, which can be indicative of a bone marrow disease or an HIV 

infection. 
The HIV test is positive. 

Well done for 
thinking about 
different possible 
solutions, the 
generation of 
hypotheses is 
an important 
part of diagnosis.

Feedback



Self-Explanation with Feedback
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The patient reports to be lethargic and feverish. 
From the anamnesis I learned that he had purulent tonsilitis and is still 

suffering from symptoms.
I first performed some laboratory tests and notice the decreased number of 
lymphocytes, which can be indicative of a bone marrow disease or an HIV 

infection. 
The HIV test is positive. 

Good that you 
considered the 
different 
observations
and test results.

Feedback



Self-Explanation with Feedback
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The patient reports to be lethargic and feverish. 
From the anamnesis I learned that he had purulent tonsilitis and is still 

suffering from symptoms.
I first performed some laboratory tests and notice the decreased number of 
lymphocytes, which can be indicative of a bone marrow disease or an HIV 

infection. 
The HIV test is positive.

After collecting 
and considering 
all evidence, you 
should decide on 
the most likely 
diagnosis. This 
is an important 
duty of a doctor.

Feedback



Self-Explanation with Reasoning Steps
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The patient reports to be lethargic and feverish. 
From the anamnesis I learned that he had purulent tonsilitis and is still 

suffering from symptoms.
I first performed some laboratory tests and notice the decreased number of 
lymphocytes, which can be indicative of a bone marrow disease or an HIV 

infection. 
The HIV test is positive. 

However, the results from the blood cultures are negative, so it is a virus, 
parasite, or a fungal infection causing the symptoms.

Hypothesis Generation Evidence Generation
Evidence Evaluation Drawing Conclusions



Detecting Diagnostic Reasoning Steps
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The patient reports to be lethargic and feverish. 
From the anamnesis I learned that he had purulent tonsilitis and is still 

suffering from symptoms.
I first performed some laboratory tests and notice the decreased number of 
lymphocytes, which can be indicative of a bone marrow disease or an HIV 

infection. 
The HIV test is positive. 

However, the results from the blood cultures are negative, so it is a virus, 
parasite, or a fungal infection causing the symptoms.

Hypothesis Generation Evidence Generation
Evidence Evaluation Drawing Conclusions

1) Corpus 
Creation

2) Automatic 
Detection



Corpus Creation
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Schulz, Meyer, Gurevych. "Challenges in the Automatic Analysis of Students’ Diagnostic Reasoning."
Proceedings of the 33rd AAAI Conference on Artificial Intelligence. 2019.

https://www.aaai.org/ojs/index.php/AAAI/article/download/4676/4554


Corpus Creation
§ Two domains:
§ Medicine Domain (MeD):                1131 self-explanations à 650 used
§ Teaching Domain (TeD):  976 self-explanations à 550 used

§ (Domain) Expert annotators

§ Cross-domain annotation scheme
§ Segmentation + classification
§ Easily adaptable to new domains

§ German
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INCEpTION
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https://inception-project.github.io/

https://inception-project.github.io/


Corpus Creation
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Inter-Annotator Agreement
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Inter-Annotator Agreement
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Inter-Annotator Agreement
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Inter-Annotator Agreement
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Inter-Annotator Agreement
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Corpus Statistics
§ majority vote (4/5, 3/4) + annotator meeting

§ MeD av.  length:    63.8 tokens

§ TeD av. Length:   100.2 tokens
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Corpus Statistics
§ majority vote (4/5, 3/4) + annotator meeting

§ MeD av.  length:    63.8 tokens

§ TeD av. Length:   100.2 tokens
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The x-ray and the subsequent MRI confirmed 

a vertebral body fracture



Detecting Diagnostic Reasoning Steps
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The patient reports to be lethargic and feverish. 
From the anamnesis I learned that he had purulent tonsilitis and is still 

suffering from symptoms.
I first performed some laboratory tests and notice the decreased number of 
lymphocytes, which can be indicative of a bone marrow disease or an HIV 

infection. 
The HIV test is positive. 

However, the results from the blood cultures are negative, so it is a virus, 
parasite, or a fungal infection causing the symptoms.

Hypothesis Generation Evidence Generation
Evidence Evaluation Drawing Conclusions

1) Corpus 
Creation

2) Automatic 
Detection



Automatic Detection 
of

Diagnostic Reasoning Steps
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Schulz, Meyer, Gurevych. "Challenges in the Automatic Analysis of Students’ Diagnostic Reasoning."
Proceedings of the 33rd AAAI Conference on Artificial Intelligence. 2019.

https://www.aaai.org/ojs/index.php/AAAI/article/download/4676/4554


Automatic Detection
3 Challenges:

1. segments of arbitrary length (C1),

2. distinguishing different epistemic activity types (C2)

3. overlapping epistemic activity segments (C3)

à multi-label problem: 𝐂′ ⊂ 𝐂

Approach: 3 problem transformations
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Multi-class sequence labelling
C = ({B, I} × A) ∪ {O}
A = {HG, EG, EE, DC}



Problem Transformations
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BiLSTM

CRF

BiLSTM

CRF

BiLSTM

CRF

BiLSTM

CRF

B/I/O B/I/O B/I/O B/I/O

BiLSTM

CRF

B/I/O

CRF CRF CRF

B/I/O B/I/O B/I/O

BiLSTM

CRF

B/I/O – B/I/O – B/I/O – B/I/O

SEPARATE: 
multiple (single-label) 
multi-class problems

CONCAT: 
unique (single-label) 
multi-class problem

MULTI-OUTPUT:
Multidimensional

classification problem



Baseline Transformations

1. PREF-BASELINE: unique (single-label) multi-class problem
§ Without overlaps
§ Using preference order: DC > HG > EG > EE

2. MAJ-BASELNE: I-EE for all tokens
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BiLSTM

CRF

B/I/O – EG/EE/HG/DC



Evaluation Metrics
§ Hamming Loss

§ C1 (Segmentation) 

§ C2 (Type Distinction)

§ C3 (Overlaps) 
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𝑦&,( = *1 𝑖𝑓 𝑡𝑜𝑘𝑒𝑛 𝑥 ℎ𝑎𝑠 𝑙𝑎𝑏𝑒𝑙 𝑐
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝑓𝑜𝑟 𝑎 ∈ 𝐴 = 𝐻𝐺, 𝐸𝐺, 𝐸𝐸, 𝐷𝐶

𝐶DE = {𝐵 − 𝐻𝐺, 𝐼 − 𝐻𝐺, 𝑂 − 𝐻𝐺}



Automatic Detection: Results
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Conclusion: No distinction possible between neural architectures!



Automatic Detection: Results
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Automatic Detection: Results
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Automatic Detection: Results
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Conclusion: Neural architectures perform segmentation reasonably well!



Automatic Detection: Results
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Upper Bound: 62.5 

Conclusion: Distinction of different reasoning steps is highly challenging!



Automatic Detection: Results
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Upper Bound: 62.5 

Conclusion: Overlapping segments are highly challenging!



Automatic Detection: Results
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Upper Bound: 62.5 

Conclusion: No architecture wins!



Detecting Diagnostic Reasoning Steps
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The patient reports to be lethargic and feverish. 
From the anamnesis I learned that he had purulent tonsilitis and is still 

suffering from symptoms.
I first performed some laboratory tests and notice the decreased number of 
lymphocytes, which can be indicative of a bone marrow disease or an HIV 

infection. 
The HIV test is positive. 

However, the results from the blood cultures are negative, so it is a virus, 
parasite, or a fungal infection causing the symptoms.

Hypothesis Generation Evidence Generation
Evidence Evaluation Drawing Conclusions

1) Corpus 
Creation

2) Automatic 
Detection



Annotating the 2nd half of 
self-explanations
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Schulz, et al. "Analysis of Automatic Annotation Suggestions for Hard Discourse-Level Tasks in 
Expert Domains."

Proceedings of the 57th Annual Meeting of the Association for Computational Linguistics. 2019.

https://www.aclweb.org/anthology/P19-1265/


The patient reports to be lethargic and feverish. 
From the anamnesis I learned that he had purulent tonsilitis and is still 

suffering from symptoms.
I first performed some laboratory tests and notice the decreased number of 
lymphocytes, which can be indicative of a bone marrow disease or an HIV 

infection. 
The HIV test is positive. 

However, the results from the blood cultures are negative, so it is a virus, 
parasite, or a fungal infection causing the symptoms.

Extending the Corpus
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Hypothesis Generation Evidence Generation
Evidence Evaluation Drawing Conclusionspredictions

(PREF-BASELINE)



Training Data and Suggestion Quality
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S1           S2

A1

A2

A3

A4

A5

{EG, EE, HG, DC}

BiLSTM

CRF

univ(ersal) model: F1 » .63
pers(onalized) models: F1 » .55 



Annotation Suggestions in INCEpTION
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Annotation Suggestions - Setup
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S1           S2          O1            O2         O3.1   O3.2     O4.1   O4.2

pers3univuniv univ

A1

A2

A3

A4

A5

univ

univ

univ

univ

univ

univ

pers1

pers2



Usefulness of Annotations
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S1           S2          O1            O2         O3.1   O3.2     O4.1   O4.2

A1

A2

A3

A4

A5

58% 49% 62% 54%

[Percentage of accepted suggestions]



Annotation Time
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S1           S2          O1            O2         O3.1   O3.2     O4.1   O4.2

A1

A2

A3

A4

A5

1.96

2.86

1.26   (35% speed-up)

2.26   (21% speed-up)

[Minutes per text]



Reliability of Annotations
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S1           S2          O1            O2         O3.1   O3.2     O4.1   O4.2

A1

A2

A3

A4

A5

0.65

0.67

0.64

0.48

[Krippendorff’s a]

Conclusion: Annotation suggestions are helpful for experts 
and yield faster and more reliable annotations!



Intra-Annotator Consistency
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S1           S2          O1            O2         O3.1   O3.2     O4.1   O4.2

A1

A2

A3

A4

A5

[Krippendorff’s a]

0.76

0.71



Human / Suggestion Model Agreement
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S1           S2          O1            O2         O3.1   O3.2     O4.1   O4.2

A1

A2

A3

A4

A5

0.64 0.55 0.69 0.42

[Krippendorff’s a]

0.56 0.48 0.55 0.30

Conclusion: Some evidence for annotation bias, but negligible, 
as no systematic discrepancy compared to the control setup!



Iterative Model Training
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Schulz, et al. "Analysis of Automatic Annotation Suggestions for Hard Discourse-Level Tasks in 
Expert Domains."

Proceedings of the 57th Annual Meeting of the Association for Computational Linguistics. 2019.

https://www.aclweb.org/anthology/P19-1265/


Iterative Model Training

Claudia Schulz   |   Explaining Diagnostic Reasoning 54

time

training
data

i i + 1

model

new
annotations

augmented
training data

revised
model



Iterative Model Training
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Iterative Model Training

Claudia Schulz   |   Explaining Diagnostic Reasoning 56

time

training
data

i i + 1

model

new
annotations

augmented
training data

revised
model

INCremental



Iterative Model Training
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Model Performance
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Conclusion: INCremental Model Training yields good performance and 
allows for time-quality trade-offs



Automatic Feedback on 
Diagnostic Reasoning

59Claudia Schulz   |   Explaining Diagnostic Reasoning



Detecting Diagnostic Reasoning Steps
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The patient reports to be lethargic and feverish. 
From the anamnesis I learned that he had purulent tonsilitis and is still 

suffering from symptoms.
I first performed some laboratory tests and notice the decreased number of 
lymphocytes, which can be indicative of a bone marrow disease or an HIV 

infection. 
The HIV test is positive. 

However, the results from the blood cultures are negative, so it is a virus, 
parasite, or a fungal infection causing the symptoms.

Hypothesis Generation Evidence Generation
Evidence Evaluation Drawing Conclusions

1) Corpus 
Creation

2) Automatic 
Detection



Adaptive Feedback
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capture analyse feedback

Diagnostic Reasoning

reasoning 
process

(diagnostic 
content)

feedbackself-
explanations



eLearning Platform
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eLearning Platform
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63



Automatic Feedback
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student’s self-explanation

automatic adaptive feedback
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Wrapping Up
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Explaining how to improve Diagnostic Reasoning 

§ Collect Self-Explanations

§ Annotate Diagnostic Reasoning Steps
§ Train model for annotation suggestions à ease and speed-up

§ Train Model for Detecting Reasoning Steps

§ Use Model for Automatic Feedback

67

For more questions, contact me:
clauschulz1812@gmail.com
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https://inception-project.github.io/
http://www.famulus-project.de/
My publications

https://inception-project.github.io/
http://www.famulus-project.de/
https://scholar.google.co.uk/citations%3Fuser=kqHjUYkAAAAJ&hl=en

