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 Typical diagnostic journey for patients with memory complaints 

General Practice 
•  Patients complaining of memory problems in primary 

care may be referred for specialist evaluation 
 
Within the memory clinic 
•  History-taking by neurologist 
•  Neuropsychological testing (potentially repeated) 
•  Brain scanning (MRI, CT, PET, potentially repeated) 
•  Diagnosis 

Background 
Automated CA & diagnostic decision making 
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 Increasing pressure on specialist memory services in the UK 

Background 
Automated CA & diagnostic decision making 
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 Increasing proportion of FMD presentations in UK memory clinics 

Blackburn, D. J., et al. Memory difficulties are not always a sign of incipient dementia: a review of the possible causes of 
loss of memory efficiency. Brit med bulletin 2014:112:71–81. 

Background 
Automated CA & diagnostic decision making 
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 Differential diagnosis of patients with memory complaints 

Background 
Automated CA & diagnostic decision making 
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 Proposed solution: Automated screening / diagnostic stratification 

Overview 
Automated CA & diagnostic decision making 

- ASR: Automatic Speech  
  Recognition 

- ND: Neurodenerative Memory  
  Disorder 

- FMD: Functional Memory  
  Disorder 
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 Development of an automated diagnostic decision aid 

Overview 
Automated CA & diagnostic decision making 

1. CA study of “natural” memory clinic  
    interactions. 
2. CA-inspired automatic analysis of  
    manually produced transcripts of “natural”  
    interactions. 

4. CA-inspired automatic analysis of  
    automatically produced transcripts. 
5. Optimisation of CA-inspired automatic  
    analysis by combination with other  
    diagnostic methods. 

3. CA study of “natural” clinic versus  
    Intelligent Virtual Agent (IVA) interactions 
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•  Aim: 
-    To identify features in patients’ talk which could help distinguish between  
     neurodegenerative and functional memory disorders. 

•  Method: 
-  Audio- / video recording of new appointments in the memory clinic (n=105). 
-  Medical “gold standard diagnoses” 
-  Description of conversational profiles of NDD (n=15) and FMD (n=15). 
-  Blinded multirater prospective testing of diagnostic potential conversational 

profiles (n=10). 

 Aim and methods 

1. CA study of “natural” memory clinic interactions 
Automated CA & diagnostic decision making 
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Reuber, M. et al. An interactional profile to assist the differential diagnosis of neurodegenerative and functional memory 
disorders. Alzheimer Dis Assoc Disord 2018;32:197–206. 

Quantitative findings (15 FMD vs 15 ND patients) 

 Results 

Automated CA & diagnostic decision making 
1. CA study of “natural” memory clinic interactions 
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Reuber, M. et al. An interactional profile to assist the differential diagnosis of neurodegenerative and functional memory 
disorders. Alzheimer Dis Assoc Disord 2018;32:197–206. 

Quantitative findings in accompanied patients (6 FMD vs 14 ND patients) 

Automated CA & diagnostic decision making 

 Results 

1. CA study of “natural” memory clinic interactions 

M. Reuber / 11 

•  15+5 patients with neurodegenerative memory disorder, 15+5 patients with 
functional memory disorder 

•  Phase 1: Evaluation of Diagnostic Scoring Aid (15+15) 

•  Phase 2: Prospective pilot trial of DSA (5+5 patients, 2 raters) 

•  Phase 1: Median DSA score NMD +5, FMD -5 (p<0.001), optimal diagnostic 
cutoff: +1, sensitivity 86.7%, specificity 100%, interrater agreement: Kappa 0.8. 

•  Phase 2: Rater 1: correct 10/10, rater 2: 9/10 

Reuber, M. et al. An interactional profile to assist the differential diagnosis of neurodegenerative and functional memory 
disorders. Alzheimer Dis Assoc Disord 2018;32:197–206. 

 Differential diagnostic findings 

1. CA study of “natural” memory clinic interactions 
Automated CA & diagnostic decision making 
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2. Automatic CA of manually produced transcripts 

•  Aim: 
•  To explore whether a range of acoustic, syntactic, semantic and visual features 

inspired by CA findings can be defined in a computer-readable format, extracted 
automatically from transcripts and fed into an automatic classifier to automate the 
differentiation of conversational patterns typical of ND and FMD. 

•  Method: 
-  30 audio-recordings and manual transcripts of new appointments in the memory 

clinic  (15 patients with FMD, 15 with ND). 
-  Medical “gold standard diagnoses”. 
-  Computer readable feature definition inspired by CA findings. 
-  Automatic classification with range of classifiers (leave-one-out method). 

 Aim and methods 

Automated CA & diagnostic decision making 



3 

M. Reuber / 13 

2. Automatic CA of manually produced transcripts 

 ”Translation” of CA findings into computer-readable features 
B. Mirheidari, D. 
Blackburn, M. Reuber, T. 
Walker, and H. 
Christensen. Diagnosing 
people with dementia 
using automatic 
conversation analysis,”in 
Proceedings of 
Interspeech , pp. 
1220{1224, ISCA, 2016. 

Automated CA & diagnostic decision making 
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2. Automatic CA of manually produced transcripts 

 Computer-readable feature types 

B Mirheidari, D Blackburn, K Harkness, T Walker, 
A Venneri, M Reuber, H  Christensen. Toward the 
automation of diagnostic Conversation Analysis in 
patients with memory complaints. J Alzheimer Dis 
2017;58(2),373-87.  

Automated CA & diagnostic decision making 
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2. Automatic CA of manually produced transcripts 

 ”Translation” of CA transcripts into computer-readable XML files 

B Mirheidari, D Blackburn, K Harkness, T Walker, A Venneri, M Reuber, H  Christensen. Toward the automation of 
diagnostic Conversation Analysis in patients with memory complaints. J Alzheimer Dis 2017;58(2),373-87.  

Automated CA & diagnostic decision making 
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2. Automatic CA of manually produced transcripts 

 ”Translation” of CA transcripts into computer-readable XML files 

B Mirheidari, D Blackburn, K Harkness, T Walker, A Venneri, M Reuber, H  Christensen. Toward the automation of 
diagnostic Conversation Analysis in patients with memory complaints. J Alzheimer Dis 2017;58(2),373-87.  

Automated CA & diagnostic decision making 
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2. Automatic CA of manually produced transcripts 

 Findings: Automatic classification accuracy ND versus FMD  

B. Mirheidari, D. Blackburn, M. Reuber, T. Walker, and H. Christensen. Diagnosing people with dementia using 
automatic conversation analysis,”in Proceedings of Interspeech , pp. 1220{1224, ISCA, 2016. 

Classifiers from Scikit-learn 
library: 
 
-  Support Vector Machine 

(SVM) with linear kernel 
-  Random Forest 
-  Adaptive Boost (Adaboost) 
-  Perceptron  
-  Stochastic Gradient Descent 

(SGD, linear classification) 

Mean classification  
accuracy: 93% 

Automated CA & diagnostic decision making 
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2. Automatic CA of manually produced transcripts 

 Top 10 features used by different classifiers 

B Mirheidari, D Blackburn, K Harkness, T Walker, A Venneri, M Reuber, H  Christensen. Toward the automation of 
diagnostic Conversation Analysis in patients with memory complaints. J Alzheimer Dis 2017;58(2),373-87.  

Automated CA & diagnostic decision making 
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3. CA analysis: doctor-patient vs. IVA-patient interactions 

•  Aim: 
-  To explore whether patients with memory complaints are able to interact with an  

intelligent virtual agent (IVA) and that IVA-patient interactions continue to  
demonstrate differences between ND and FMD interactions.    

•  Method: 
-  Video/audio-recordings and manual transcripts of new appointments in the memory 

clinic & IVA-patient interactions. 
-  Medical “gold standard diagnoses”. 
-  Conversation analytic examination and comparison of both types of interactions. 
-  12 Memory clinic vs 10 avatar interactions (11 patients with FMD, 11 with ND).  

 Aim and methods 

Automated CA & diagnostic decision making 
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3. CA analysis: doctor-patient vs. IVA-patient interactions 

 Intelligent Virtual Agent (IVA, early version) 

Prototype avatar (using https://www.botlibre.com). 

Automated CA & diagnostic decision making 

M. Reuber / 21 

3. CA analysis: doctor-patient vs. IVA-patient interactions 

 Interaction with IVA (“digital doctor”) 

Automated CA & diagnostic decision making 
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3. CA analysis: doctor-patient vs. IVA-patient interactions 

 IVA script 

"Hello I am a computerised doctor and I will be asking you questions 
today. I will ask you the sort of questions doctors ask in the memory 
clinic. Thank you for talking to me. I will start to ask you questions shortly. 

  

1. Where have you come from today, and what are you are hoping to |     
    find out?” 

2. Tell me what problems you have noticed with your memory recently 

3. Who is most worried about your memory, you or somebody else?  

 

 

Automated CA & diagnostic decision making 
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3. CA analysis: doctor-patient vs. IVA-patient interactions 

 IVA script 

4. What did you do over last weekend, giving as much detail as you can? 

5. What has been in the news recently? 

6. Tell me about the school you went to and how old were when you left. 

7.  Tell me about your last job? Give as much detail as you can. 

8.  Who manages your finances?  you or somebody else? Has this  
     changed recently?  

 

 

Automated CA & diagnostic decision making 
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3. CA analysis: doctor-patient vs. IVA-patient interactions 

 Findings: Doctor’s questions are much more variable than IVA’s 

Walker T et al. Developing an intelligent virtual agent to stratify people with cognitive complaints: A comparison of 
human–patient and intelligent virtual agent–patient interaction. Dementia 2018;DOIDOI: 10.1177/1471301218795238. 

Automated CA & diagnostic decision making 
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3. CA analysis: doctor-patient vs. IVA-patient interactions 

 Findings: Doctor’s questions are much more variable than IVA’s 

Walker T et al. Developing an intelligent virtual agent to stratify people with cognitive complaints: A comparison of 
human–patient and intelligent virtual agent–patient interaction. Dementia 2018;DOIDOI: 10.1177/1471301218795238. 

Automated CA & diagnostic decision making 
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3. CA analysis: doctor-patient vs. IVA-patient interactions 

 Findings: Patients’ responses to IVA similar to responses to doctor 

Walker T et al. Developing an intelligent virtual agent to stratify people with cognitive complaints: A comparison of 
human–patient and intelligent virtual agent–patient interaction. Dementia 2018;DOIDOI: 10.1177/1471301218795238. 

IVA: “Tell me, what problems have you had with your memory.” 

Automated CA & diagnostic decision making 
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3. CA analysis: doctor-patient vs. IVA-patient interactions 

 Findings: Start of IVA interaction (FMD, second IVA interaction) 

Automated CA & diagnostic decision making 
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3. CA analysis: doctor-patient vs. IVA-patient interactions 

 Findings: Start of avatar interaction (ND) 

Automated CA & diagnostic decision making 
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4. Automatic analysis of automatically produced transcripts 

•  Aim: 
-  To provide proof-of-principle that interactions between and IVA and patients with 

memory problems can be transcribed using automatic diarisation and speech 
recognition (ASR), analysed by automated diagnostic features extraction and 
classified into ND and FMD groups.    

•  Method: 
-  Video/audio-recordings and automatic transcripts of IVA-patient interactions (plus 30 

recordings / manual transcripts of doctor-patient interactions). 
-  Medical “gold standard diagnoses”. 
-  Automatic diarisation, feature extraction and classification. 
-  Classification of 12 avatar interactions (6 patients with FMD, 6 with ND).  

 Aim and methods 

Automated CA & diagnostic decision making 
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4. Automatic analysis of automatically produced transcripts 

 Automatically extracted diagnostic features 

Automated CA & diagnostic decision making 



6 

M. Reuber / 31 

4. Automatic analysis of automatically produced transcripts 

 Findings: Automatically Speech Recognition accuracy 

(WER: Word Error Rate) 
B. Mirheidari, D. Blackburn, K. Harkness, T. Walker, A. Venneri, M. Reuber, and H. Christensen, \An avatar-based 
system for identifying individuals likely to develop dementia," Proc. Interspeech 2017, pp 3147-3151. 

Automated CA & diagnostic decision making 

M. Reuber / 32 

4. Automatic analysis of automatically produced transcripts 

 Findings: Automatic classification accuracy ND versus FMD 

B. Mirheidari, D. Blackburn, K. Harkness, T. Walker, A. Venneri, M. Reuber, and H. Christensen, \An avatar-based 
system for identifying individuals likely to develop dementia," Proc. Interspeech 2017, pp 3147-3151. 

(‘ _man’:using gold-standard transcript instead of ASR-produced transcripts; ‘CA’: Ca-style 
features; ‘AC’: acoustic features; ‘LX’: lexical features; ‘T10’: top 10 informative features.) 

Automated CA & diagnostic decision making 
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5. Optimisation of automatic diagnostic procedure 

•  Improvement of current method: 
-  Better training of ASR using a much bigger data of situationally relevant data. 
•  Improvement of syntactic / semantic analysis by better automatic textual analysis 

(e.g. word vector representations such as ‘w2vec’and ‘GloVe’ instead of ‘bag of 
words’ approach).  

•  Broader validation with other important diagnostic groups (depressed / healthy)   

•  Additional tools: 
-  Integration of previously standardised neuropsychological tests. 
-  Automatic acoustic analysis. 
-  Automatic video-analysis (eg. blinking / gaze / head turning behaviour).  

 Combination of method improvement and additional tools 

Automated CA & diagnostic decision making 
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 Extension of IVA script 

9.  Please name as many animals as you can. You can name any type of  
     animal. You will have one minute- please start after you hear the buzzer.  

10. Please name as many words as you can that begin with the letter P. It  
      can be any word beginning with P except for names or people such as  
      Peter or names of countries such as Portugal. Please start answering  
      after you hear the buzzer.  

11. Tell me everything you see going on in this picture? Please describe it in  
      as much detail as you can. When you have finished press FOREWARD. 

 

 

5. Optimisation of automatic diagnostic procedure 
Automated CA & diagnostic decision making 
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 Cookie theft picture 

5. Optimisation of automatic diagnostic procedure 
Automated CA & diagnostic decision making 
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5. Optimisation of automatic diagnostic procedure 

S. Al-Hameed, M. Benaissa, H. Christensen, B Mirheidari,D Blackburn,M Reuber. Using acoustic measures to assess 
cognitive interactional capability in patients presenting with memory problems. Manuscript in preparation 2018. 

 Method: Classification based on acoustic features 

Automated CA & diagnostic decision making 
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5. Optimisation of automatic diagnostic procedure 

S. Al-Hameed, M. Benaissa, H. Christensen, B Mirheidari,D Blackburn,M Reuber. Using acoustic measures to assess 
cognitive interactional capability in patients presenting with memory problems. Manuscript in preparation 2018. 

 Method: Classification based on aucoustic features 

Automated CA & diagnostic decision making 
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5. Optimisation of automatic diagnostic procedure 

S. Al-Hameed, M. Benaissa, H. Christensen, B Mirheidari,D Blackburn,M Reuber. Using acoustic measures to assess 
cognitive interactional capability in patients presenting with memory problems. Manuscript in preparation 2018. 

 Preliminary findings: Classification based on aucoustic features 

Automated CA & diagnostic decision making 
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 Method: Classification based on visual features 

5. Optimisation of automatic diagnostic procedure 

S. Al-Gawwam, M. Benaissa, Mirheidari, D. Blackburn, K. Reuber, H. Christensen. Visual features supporting the 
automatic identification of individuals likely to develop dementia. Manuscript in preparation 2018. 

Automated CA & diagnostic decision making 
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 Preliminary findings: Classification based on visual features 

5. Optimisation of automatic diagnostic procedure 

S. Al-Gawwam, M. Benaissa, 
Mirheidari, D. Blackburn, K. 
Reuber, H. Christensen. Visual 
features supporting the 
automatic identification of 
individuals likely to develop 
dementia. Manuscript in 
preparation 2018. 

Automated CA & diagnostic decision making 
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The end 

 Diagnostic pathway of the future 

Automated CA & diagnostic decision making 
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The End 
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