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Outline

This study aims at exploring connections (in a wide sense) between Mini-
mental Score Examination scores (MMSE, Folstein et al., 1975) and some
linguistic features derived from a Computational Analysis of speech from
people with dementia, within the “Anchise 2022” Corpus

The «Anchise 2022» Corpus
Methods
Results

Discussion

Future directions



Speech as a promising way to digitally assess cognitive abilities

Speech is easy to record —
« Smart devices with high-quality microphones
* No need for additional hardware or sensors.

Significance of speech in detecting cognitive
impairment and dementia

« Speech patterns become changed in Mild Cog itive
Impairment (MCI) and Alzheimer's Disease (AD)

\
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Language changes in AD

Function Early Stages Moderate to Severe Stages
Spontaneous Speech Fluent, grammatical Non-fluent, echolalic
Paraphrastic errors Semantics Semantic and phonetic
Repetition Intact Very affected
Naming objects Slightly affected Very affected
Understanding the words Intact Very affected
Syntactical understanding Intact Very affected
Reading Intact Very affected
Writing + Intact Very affected
Semantic knowledge of words  Difficulties with less used

; : Very affected
and objects words and objects.

Language changes in AD (adapted from Ferris and Farlow 2013; Vigo et al., 2022)

Reduced verbal fluency

Reduced speech rate

Increased word retrieval difficulty
Increased use of filler sounds

Reduced coherence
Implausible or irrelevant details
Prosodic modifications

Il parlato in ambito medico: analisi linguistica, applicazioni tecnologiche e strumenti clinici -
Universita del Salento, Lecce - 15-17 febbraio 2023



The «Anchise 2022 Corpus»

Latest extension of the «Anchise 320 Corpus»
« (Bolioli et al. 2020; Benvenuti et al., 2020)

« First Italian corpus of free conversations between healthcare professionals (HPs) and people
with dementia, since 2007 (ecological conditions)

« by the Anchise Group, an association of experts for the research, training and care of the
elderly with dementia

ApproccioCapacitante®
« HPs are trained with the «Enabling approach» http://www.formalzheimer.it

« Not a speech task, but a way of relating to the patient that aims to facilitate
communication by establishing a positive and constructive relationship
between the elderly and the healthcare professional
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Conversations characteristics and pre-processing

Duration: 5-10 minutes

Manual transcription

Metadata : language | age | sex | MMSE score

Elimination of written comments by HPs, such as "[Touch the

recorder]", "[Silence]", "[Laughs]”



Macro-description of the sample

Unselected series
of people
diagnosed with
dementia

«most patients are

affected by AD»
(Benvenuti et al., 2020)
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Numerosity of patients (and turns) with Age and

MMSE information
| cncaons | M ] T Conrsrions
Avg Std

Std/Avg
PAT w MMSE @ 7596 31.9 20.9 0.656
PAT w MMSE Male 54 1539 28.5 18.0 0.632
PAT w MMSE Female 184 6057 32.9 21.6 0.656

@ 11227 316 22.2 0.701

ﬁ With over 400 patients, “Anchises 2022" is one of the richest corpora *7
ﬁ of speech transcripts from people with dementia 1

PAT w MMSE and AGE C 218) 6953  31.9 203  0.637
PAT w MMSE and AGE Male 50 1482 296 182  0.612
PAT w MMSE and AGE Female 168 5471 32.6 20.9 0.64
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Exploring MMSE vs Age: linear model

MMSE ~ Age A

The effect of Age is statistically . .
significant and negative i \
e B=-0.11, 95% CI [-0.21, -4.26e-03], 1T g

e t(217) =-2.05 2 rsh. IR
* p=0.041; w Y
« Std. B =-0.14, 95% CI [-0.27, -5.38e-03] =

. F. \ R 00\ \|

RS

o %
* model explains a statistically 10- .-*ﬁ_g,«.n,i |
significant but very weak proportion RN SN

of variance (R2 = 0.02) . o L :

50 60 70 80 90 100
AGE
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Exploring MMSE vs AGE: Gaussianity

mvn (data, mvnTest="hz",
multivariateOutlierMethod="quan")

e Lo Lyl

Henze-Zirkler 0.8632 0.148

Uniaritetest | | Value |p | Gauss

Anderson-Darling  AGE 0.7203 0.0594 YES
Anderson-Darling MMSE 0.9142 0.0197 NO
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MMSE vs Linguistic features: some possible
approaches

1. Exploring correlations between MMSE and the single linguistic
feature FEA,
* linear fit of the type: MMSE ~ FEA, i€l,2,..,Ng.,
* Pearson’s correlation
e Spearman’s Correlation

2. Splitting the whole MMSE range [0-30] into smaller subsets (groups
of patients), based on cutoff values
e Then statistical comparison between groups
* Classification



Feature extraction : NLP of the Corpus

Tokenization & Sentence Split Hello! Bonjour! 147! Hallo!
NLP based on Stanza T i

TOKENIZE

| L el | | ot of Ml ! | | jHola! | 3ppascreyiire!
(Q| et al_’ 2020) Multi-word Token Expansion _I hﬂi
M | CAIZBIE ! | | Hallo! | | xin chao! I | AHERR] |

’ StO n ZO Lemmatization Multilingual: 66 Languages

 — RAW TEXT

POS & Morphological Tagging

H

«Starting from raw text to . pos |

syntactic analysis and Dependency Parsing Native Python Objects
entity recognition, Stanza |
bringS state-of-the-art Named Entity Recognition I- HEAD | DEPREL

NLP models to languages | NER

Of your Choosing» Fully Neural: Language-agnostic

PROCESSORS DOCUMENT
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discourse Ut
/ ns.l.bjﬁ ﬁadumndq I:-I 4 4
L M D Javmo
A PUNC s S |A|_|:=-; mu:-c “OPNADJ BUX P NADVY ADE I""“'EE"*PHGH f"‘;;v"“‘“”aaw PUNCT]

Ecco sono stato contento di essere qua con oggi ...
nmmmmmmmmm“
_ Ecco ecco INT] 6 discourse 40 ('0")

PUNCT FS 1 punct 5 60 ('0")

! Number=Sing| Person=1]|
Io io PRON PE 6 nsubj 8 100 ('0") PronType=Prs
Mood=Ind| Number=Sing|
Person=1| Tense=Pres|
sono essere AUX VA 6 aux 11 150 ('0') VerbForm=Fin
! Gender=Masc|

CONLL-U format (https://universaldependencies.org/format.html) Number=Sing|

Tense=Past|
stato essere AUX \ 6 cop 16 210 ('0') VerbForm=Part
Gender=Masc|
contento contento ADJ A 0 root 22 300 ('0") Number=Sing
A di di ADP E 9 mark 31 330 ('0'))
Il essere  essere  AUX \Y; 9 cop 34 40 O ('0')) VerbForm=Inf
EX qua qua ADV B 6 advmod 41 44 0 ('0'))
, , PUNCT FF 6 punct 44 450 ('0")
con con ADP E 12 case 46 49 O ('0')
H Number=Plur| Person=2|
VoI VOi PRON PE 6 obl 50 530 ('0') PronType=Prs
FEM qua qua ADV B 14 advmod 54 570 ('0'))
W oggi 0ggi ADV B 12 advmod 58 620 ('0')
PUNCT FS 6 punct 63 64 O ('0")
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Collected features for each conversation

we explored some of the most used features in similar studies

BASIC: num_turns ( + Age, + MMSE)

Lexical

content density*
UPOS rate (e.g. ADV.rate)
nouns_to_verbs

* (aka.: reference rate to reality)
tokens_to_turns
num_hapax_legomena
num_words
num_interrog
num_ellipsis («...»)

Verbal analysis: Forms
finite verb (Fin)
Infinitive (Inf)
Participle (Part)
Gerund (Ger)

Lexical richness
num_types
types_tokens_ratio (TTR)
Brunet indexes

* ain{0.134,0.172,0.185}
Honore’s statistic

Verbal analysis: Mood
Indicative (Ind),
Subjunctive /
(Sub)

Imperative (Imp),
Conditional (Cnd)

Conjunctive

Syntactic
dependency distance(Roark et al., (2007),

(2011)
* mean, std.dev., max

Maximum structure depth
* mean, std.dev., max

Complexity as (Szmrecsanyi, 2004)
2xconj + 2xpron+nouns+verbs

num_words

Verbal analysis: Tense
Present (Pres)
Past (Past)
Imperfect (Imp)
Future (Fut)
+ 15t person verbs



Exploring linear fit and correlations

Feature
Age
num_turns
num_words
num_interrog
num_ellipsis
num_hapax
TTR
tokens_to_turns
num_types
Density*™
Nouns_to_verbs
plverbs_ratio
Honore
brunet .134
brunet_.172
brunet_.185

beta t

MMSE ~ FEA,

Cl p.value

-0.1108 t(214)=-2.0715 [-0.2163, -0.0054] p=0.04 *

0.0109 t(234)=0.622
0.0019 t(234)=1.905

[

-0.0249 t(234)=-0.4297 |
0.0009 t(234)=0.0874 |

0.0166 t(234)=2.8995 [0.0053, 0.0279]
-37.136 £(234)=-1.2692 [-9.4783, 2.0511]
0.0376 t(234)=2.2627 [0.0049, 0.0703]
0.0074 t(234)=2.4883 [0.0015, 0.0133]
-32.127 t(234)=-2.5708 [-5.6748, -0.7506]
-0.6627 t(234)=-0.4697 [-3.4422,2.1169]
-10.012 t(234)=-0.3135 [-7.2931, 5.2907]
0.0015 t(234)=1.414

0.2072 t(234)=1.887

Weak portion

of variance 8

]

[-6e-04, 0.0037]

[-0.0091, 0.4234]
0.4335 t(234)=1.3526 [-0.1979, 1.0649]
0.4651 t(234)=1.0142 [-0.4384, 1.3686]

p=0.004 **
p=0.206
p=0.025 *
p=0.014 *
p=0.011 *
p=0.639
p=0.754
p=0.159
p=0.06 .
p=0.177
p=0.312

Pearson

0,1402
0,0406
0,1236
0,0281
0,0057
0,1862
0,0827
0,1463
0,1606
0,1657
0,0307
0,0205

0,092
0,1224
0,0881
0,0662

Spearman

p p.value
-0,0767 p=0,2619
0,0232 p=0,723
0,1393 p=0,0324 *
-0,0125 p=0,8484
-0,002 p=0,9756
0,1687 p=0,0094 **
-0,0714 p=0,2747
0,1301 p=0,0458 *
0,1526 p=0,019 *
-0,1128 p=0,0839 .
0,0478 p=0,4647
0,0387 p=0,554
0,0986 p=0,131
0,1129 p=0,0836 .
0,0725 p=0,267
0,0545 p=0,4045



Exploring linear fit and correlations

Feature
upos.ADJ.perc
upos.ADP.perc
upos.ADV.perc
upos.AUX.perc
upos.CCONJ.perc
upos.DET.perc
upos.INTJ.perc
upos.NOUN.perc
upos.NUM.perc
upos.PRON.perc
upos.PROPN.perc
upos.SCONJ.perc
upos.VERB.perc
va.VerbForm.Fin.perc
va.VerbForm.Inf.perc
va.VerbForm.Part.perc
va.VerbForm.Ger.perc

MMSE ~ FEA,

beta t
-0.4705 t(229)=-2.594
0.3033 t(232)=1.8899
0.0265 t(234)=0.274
0.1966 t(233)=1.2089
-0.0503 t(228)=-0.1981
0.0252 t(234)=0.1862
-0.2055 t(232)=-3.3036
0.1651 t(234)=1.4948
0.1033 t(170)=0.3312
0.0296 t(234)=0.284
-0.0519 t(182)=-0.2406
0.2825 t(224)=1.0846
0.2423 t(234)=2.2232
-0.0594 t(234)=-1.9415
0.0281 t(234)=0.7152
0.0607 t(234)=1.6683
-0.0792 t(234)=-0.2829

Cl
[-0.8279, -0.1131]
[-0.0129, 0.6194]
[-0.1638, 0.2168]
[-0.1238, 0.5169]
[-0.5508, 0.4502]
[-0.242, 0.2925]
[-0.328, -0.0829]
[-0.0525, 0.3827]
[-0.5121, 0.7186]
[-0.1755, 0.2346]
[-0.4776, 0.3738]
[-0.2308, 0.7958]
[0.0276, 0.4571]
[-0.1197, 9e-04]
[-0.0493, 0.1054]
[-0.011, 0.1324]
[-0.6309, 0.4725]

p.value
p=0.01 *
p=0.06 .
p=0.784
p=0.228
p=0.843
p=0.852

p=0.001 **

p=0.136
p=0.741
p=0.777
p=0.81

p=0.279

p=0.027 *

p=0.053 .
p=0.475
p=0.097 .
p=0.778

R2
0,0285
0,0152
0,0003
0,0062
0,0002
0,0001
0,0449
0,0095
0,0006
0,0003
0,0003
0,0052
0,0207
0,0159
0,0022
0,0118
0,0003

Pearson
r
-0,1689
0,1231
0,0179

0,079
-0,0131
0,0122
-0,212
0,0973
0,0254
0,0186
-0,0178
0,0723
0,1438
-0,1259
0,0467
0,1084
-0,0185

Spearman

p p.value
-0,1066 p=0,1061
0,1194 p=0,0682 .
0,0102 p=0,876
0,1062 p=0,1044
0,0048 p=0,942
0,0351 p=0,5912
-0,1611 p=0,0136 *
0,1349 p=0,0383 *

0,064 p=0,4041
0,0209 p=0,7497
-0,0334 p=0,6529
0,0632 p=0,3446
0,0814 p=0,2127
-0,1245 p=0,0561 .
0,0714 p=0,2749
0,0962 p=0,1405
0,0314 p=0,6316



Exploring linear fit and correlations

Feature
va.Mood.Ind.perc
va.Mood.Sub.perc
va.Mood.Imp.perc
va.Mood.Cnd.perc
va.Tense.Pres.perc
va.Tense.Past.perc
va.Tense.Imp.perc
va.Tense.Fut.perc
dep_dist.avg
dep_dist.std
dep_dist.max
max_depth.avg
max_depth.std
max_depth.max
szmrecsanyi

beta t

-0.0346 t(234)=-0.8505

0.2462 t(234)=2.6905

-0.0364 t(234)=-0.5757

0.1470 t(234)=0.7415

-0.0323 t(234)=-1.5927

0.0540 t(234)=1.7388
0.0194 t(234)=0.6268
0.1239 t(234)=0.7522
23.928 t(234)=2.6202

-0.8194 t(234)=-0.3268

0.9942 t(234)=1.6291
10.365 t(234)=2.3305
0.5240 t(234)=0.8234
0.2090 t(234)=1.7368
64.628 t(234)=1.7688

MMSE ~ FEA,
Cl

[-0.1147, 0.0455]
[0.0659, 0.4265]
[-0.1611, 0.0883]
[-0.2435, 0.5375]
[-0.0722, 0.0076]
[-0.0072, 0.1152]
[-0.0415, 0.0802]
[-0.2007, 0.4486]
[0.5936, 4.1921]
[-5.7582, 4.1195]
[-0.2082, 2.1966]
[0.1603, 1.9127]
[-0.7298, 1.7779]
[-0.0281, 0.446]
[-0.7357, 13.6614]

p.value
p=0.396

p=0.008 **

p=0.565
p=0.459
p=0.113

p=0.083 .

p=0.531
p=0.453

p=0.009 **

p=0.744
p=0.105

p=0.021 *

p=0.411

p=0.084 .
p=0.078 .

R2
0,0031
0,0300
0,0014
0,0023
0,0107
0,0128
0,0017
0,0024
0,0285
0,0005
0,0112
0,0227
0,0029
0,0127
0,0132

Pearson
r
-0,0555
0,1732
-0,0376
0,0484
-0,1036
0,1129
0,0409
0,0491
0,1688
-0,0214
0,1059
0,1506
0,0537
0,1128
0,1149

Spearman

) p.value
-0,0251 p=0,7008
0,1999 p=0,002 **
-0,0776 p=0,2348
0,0821 p=0,209
-0,1048 p=0,1083

0,112 p=0,0859 .
0,0521 p=0,426
0,1149 p=0,0782.
0,1368 p=0,0356 *
-0,0459 p=0,4826
0,0984 p=0,1318
0,1318 p=0,0431 *
0,0641 p=0,3269
0,1074 p=0,0997 .
0,1007 p=0,1229



Exploring MMSE-based groups: preliminary
considerations about cut-off values for dementia stages

o[z le o le oo fe ooz o e e fue o on [ o | s (e [ (2 2 e 30

moderate mild dementia normal [1]
normal [2]
moderate cognitive decline MCI normal [3]
_ moderate imp. Mild impairment bordeline normal [5]
MCI or early dementia healthy control (normal) [6]
moderate-severe AD moderate AD mild AD [7]

[1] Vigorelli, Corpus Anchise, 2022 [4] Tombaugh and Mclintyre, 1992

[2] Regione Emilia Romagna, Strumenti per la valutazione del [5] Chopra et al., 2007

paziente con demenza, ottobre 2000:

* «The cutoff score is 23-24, and most non-demented older
people rarely score below 24», p. 14 [7] National Institute For Health And Clinical Excellence .

Donepezil, galantamine, rivastigmine and memantine for the

treatment of Alzheimer's disease (Review of TA 111), UK,

[3] De Stefano et al., 2021 November 2009, p. 2
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[6] Beltrami et al., 2018

* «A corrected score above 24 is considered normal», p. 15



Preliminary considerations about cut-off values for

dementia stages

Cutoff values for
MMSE ranges are not
well established

(not surprising)

Examples of inconsistent MMSE cut-
off scores reported in the literature
(adapted from Monroe and Carter,
2012)

Study MMSE score Descriptor used in study
Folstein et al. {1975} 20 or less Likely dementia
24-30 Normal
Tombaugh and Mclntyre ( 1992) 24-30 No impairment
18-23 Mild cognitive impairment
17 Severe coznitive impairment
Chopra et al. (2007) 27-30 Normal
24-26 Borderline impairment
18-23 Mild impairment
14-17 Moderate impairment
013 Severe impairment
Ferrell et al. (2000) 19 or less Cognitive impairment
Kaasalainen et al. (1998) 23 or less Cognitive impairment
Scherder and Bouma (2000)) 18 Serious cognitive disturbance
Krulewitch et al. (2000) 24 Mild cognitive impairment
Tsai et al. (2008) 9 or less Severe cognitive impairment
25-30 Mo cognitive impairment
Radbruch et al. (2000) 20421 Impaired
Chopra et al. (2008) 14 or less Severe cognitive impairment

Shega et al. (2008)

24 or greater

Q9 or less

Cognitively intact

Severe cognitive impairment
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Group analysis: preamble

otz e e fs]erle o Jrou e e ju s a6l oe fee 0 22 m

name Moderate (47) mild dementia
n.total 47 161
n. female 36 125
n. male 11 36
age-fem. 84.5 (7.3) 84.7 (6.1)
age-male 82.0 (4.5) 81.6 (6.2)
2%
r severe moderate mild
H severe < ‘ ‘
® moderate
mild
68% ® hormal

m female m male m female m male = m female = male
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Statistical comparison between groups: Kolmogorov—Smirnov test

otz lE e le e e oo 2 s ue e e [ g B ]

e

severe_vs_moderate

[T S (24,47) KS=0.452, p=0.002 **

(24,47) KS=0.452, p=0.002 **
R T T TN (24,47) KS=0.496, p<0.001 ***
AT (24,47) KS=0.388, p=0.012 *
T VI (24,47) KS=0.495, p<0.001 ***
TS T2 (24,47) KS=0.473, p<0.001 ***
T EE (24,47) KS=0.433, p=0.003 **
TSI (24,46) KS=0.408, p=0.007 **
AT N (24,47) KS=0.371, p=0.017 *
PRI (24, 46) KS=0.37, p=0.019 *
M T (22,45) KS=0.484, p=0.001 **
N (24,47) KS=0.516, p<0.001 ***
e (24,47) KS=0.434, p=0.003 **
e I (24,47) KS=0.371, p=0.017 *

mild dementia (161)

YT SO (24,161) KS=0.408, p=0.001 **
(TTENET S (24,161) KS=0.339, p=0.011 *

Y (24,161) KS=0.39, p=0.002 **
R I N (24,161) KS=0.415, p<0.001 ***
AT (24,161) KS=0.39, p=0.002 **
L (24,161) KS=0.306, p=0.031 *
ARSI e (24,161) KS=0.319, p=0.022 *
MTEIEYI (24,161) KS=0.454, p<0.001 ***
ML v 2 (24,161) KS=0.387, p=0.003 **
L I (24,161) KS=0.375, p=0.004 **

L GITE (24,157) KS=0.402, p=0.001 **
LI (23,160) KS=0.321, p=0.024 *
PR (24,161) KS=0.416, p<0.001 ***
P (24,160) KS=0.377, p=0.004 **
LTSI (24,161) KS=0.364, p=0.005 **
ST (22,155) KS=0.342, p=0.015 *
ERVEET TS (24,161) KS=0.442, p<0.001 ***
[N (24,161) KS=0.489, p<0.001 ***
LRI (24,161) KS=0.4, p=0.002 **
B (24,161) KS=0.301, p=0.035 *
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severe_vs_mild

moderate_vs_mild

No statistical significant
difference in any feauture
between moderate and mild

inadequacy cutoff values?

i LETS M
DISCUSS

N



Exploring classification: preamble

* We deal with a 3-classes classification problem
e severe, moderate, mild stages

 Classes are quite unbalanced (24, 47, 161), therefore:
» Accuracy (Recall) is not suitable
* Flis better

2 xRecall * Precision . . . .
e F1 = ——, i.e. the harmonic mean of Recall and Precision,
Recall+Precision
where:

True Positive

* Recall = — .
True Positive + False Negative

True Positive

* Precision = — —
True Positive + False Positive



Exploring classification

Predicted Mental State stage

severe Of‘A moderate

Arg Max }The winner is...
Decision
@ @ @ } Counting votes
Voting o
The 3-classes classifier
moderate @ @ @ (for severe, moderate,
mild stages) is composed
. 5 § i by 3 binary classifier (one
— Feature Feature Feature for h le of groups
Feature vector optimized for the . . . Or €ach couple of group
) selection selection selection
severe vs moderate comparison

Feature selection has been
learned during off-line training

— 5 =

Feature vector
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Exploring classification

Predicted Mental State stage

severe Of'A moderate

Arg Max
Decision
moderate
f i f :
Feature Feature Feature .
. . . Feature vector optimized for the
selection selection selection )
\T/ severe vs moderate comparison
Feature vector Feature selection has been
learned during off-line training

Each binary classifier outputs
the most likely label

Gaussian  Mixture Model
likelihood, trained  with
features coming from the
couple of groups associated
to the binary classifier
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Exploring classification

Predicted Mental State stage

Arg Max

Feature Feature Feature
selection selection selection

e

Feature vector

severe Of‘A moderate

Decision

moderate

A

Feature vector optimized for the

Feature selection has been
learned during off-line training

severe vs moderate comparison

Training of each binary classifier
includes automatic feature selection:
* The (minimum number of) features

that produce the highest target
metric are selected
Chosen target metricis F1
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Exploring classification

severe Of‘A moderate

Predicted Mental State stage

Decision

moderate

}The winner is...

@ @ @ } Counting votes

CO

CO

A

T

T

T

Feature vector optimized for the
severe vs moderate comparison

Feature selection has been
learned during off-line training

Feature
selection

Feature
selection

Feature
selection

— 5 =

Feature vector

}Voting
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done by voting




Exploring classification: best results

Severe

VS

Severe
Vs

Moderate

VS

ALL the explored features
Lexical features only
Only set of features .

Syntactic features only

Severe vs Mild and Moderate vs Mild perform roughly the same .... inadequacy cutoff values?

0.5134
0.4996
0.4267
0.4125

Moderate

0.7441
0.7399
0.5886
0.7441

Mild
0.6366
0.6366
0.5835
0.6168

Mild
0.6497
0.6057
0.5640
0.5282

.{num_turns, num_words, num_interrog, num_ellipsis, tokens_to_turns_ratio, num_types, plverbs_ratio}
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Exploring classification: best results

Using ALL the explored features “ Selected features Were they significant?

3 classes 0.5134
Severe vs 0.7441 dep_dist.avg (24,47) KS=0.516, p<0.001 ***
Moderate
Severe vs 0.6366 nouns_to_verbs_ratio® (24,161) KS=0.319, p=0.022 *
Mild INT).rate (24,160) KS=0.377, p=0.004 **
Moderate vs 0.6497 num_words
Mild AGE

TTR no single feature was statistically
ADP.rate significant
VERB.rate
max_depth_std

° aka, reference rate to reality
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Discussion:
Exploring linear fit and correlations

e Several features are correlated to the MMSE scores
 num_hapax
* tokens_to_turns
* num_types

density*

ADJ, INTJ, VERB rates, SUBJ rate

dep_dist.avg, max_depth.avg

* but each one explains a weak portion of the MMSE variance

* it is possible that other factors influence the trend of the MMSE as a
function of the single feature

* |t is possible that other features (not yet explored in this study) may work
better



Discussion:
comparison between Mental-State groups

» Several features seems to be sensitive to the severe vs moderate and
severe vs mild dementia stages...

e ... In terms of statistically significant difference of the distributions in
the two groups (KS test)

* none of the explored features is distributed differently in the groups

moderate vs mild dementia stages
* It is possible that the mild group is too large (MMSE in [10 - 24] )
* In other words: the chosen MMSE cutoff values are not effective
* |t is possible that moderate and mild affects other features, not yet explored
in this study



Discussion:
Speech-based Mental-State classification

Means () and standard deviations () of the
automatic classifiers results (macro-averaged

oo . . Fi- il 10 for the diffi fi
 2-classes classification task (F1 from 0.6366 to 0.7441) is e b i
always easier than 3-classes task (F1=0.5134) Coipis. Eedtiteset | AlTesks
It o
. AAC Acoustic 0.5972 0.0366
* Achieved performance are comparable to some recent ot ol ol
findings for 2-class classification (MCI vs Healthy Control) ‘ Rhythmic 05228  0.0355
Lexical 0.4960 0.0628
Syntactic 0.6014 0.0319
ALL 0.7045 0.0185
. L. . P . . AAC Significant 0.6662 0.0391
e Although no statistically significant difference was found in MCC  Acoustic 05847 00392
any feature alone between moderate and mild groups, a 2- " ai e
1Fi 1 1 1 1 Rhythmic 0.5713 0.0555
class classification is still possible i g e
° Best F1 = O 6497 Syntactic 0.5990 0.0607
- . _ . ALL 0.7445  0.0164
* Probably due to interactions among predictors MCC Significant 07126  0.0150

Adapted from Calza et al., 2021
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Future directions: corpus augmentation

* the corpus is constantly growing
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Future directions: corpus analysis

e Exploration of many other text-based linguistic features

* Exploration of different grouping criteria based on MMSE:
* Trying different proposed cutoff values

* Computing the cutoff values that better distinguish one group from another
with respect to linguistic features



Future directions: beyond Anchise

* We have achieved nice results with transcriptions of ecological speech

* \We want to test a richer set of text-based features on other voice
tasks as well

* We want to test other features starting from audio recordings
* We are confident to be able to achieve even better results
* (project ongoing)

* We are ready to collaborate with academic and business partners



Grazie per
I"attenzione!

Thanks for your
attention!

A COMPUTATIONAL ANALYSIS OF
SPEECH PATTERNS IN DEMENTIA:
THE “"ANCHISE 2022" CORPUS
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Influence of Age and Education on MMSE scores

« MMSE performance is moderated by education and age.

« Correction formulas have been developed to adjust the effects
of age and education on MMSE scores

65-69 70-74 75-79 80-84 85-89

0-4 years +0.4 +0.7 +1.0 +15 +2.2
5-7 years -1.1 -0.7 -0.3 +04 +1.4
8-12 years -2.0 -1.6 -1.0 -0.3 +0.8
13-17 years -2.8 -2.3 -1.7 -0.9 +0.3

>
e
=
o0

(@)

Q
(V)

Correction coefficients for Italian population (Magni et al, 1996)
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Exploring MMSE-based groups: preliminary
considerations about cut-off values for dementia stages

o[t [2 e o e frfe e o el (e o fun ey ue ee g0 [ [ e 2 20 [ (2 0

moderate mild dementia normal [1]

normal [2]

moderate cognitive decline MCI normal [3]

MCI no impairment [4]

_____ Mild impairment bordeline normal [5]
MCI or early dementia healthy control (normal) [6]

_ soderately severe AD moderate AD mild AD [7]

[1] Vigorelli, Corpus Anchise, 2022 [4] Tombaugh and Mclntyre, 1992

[2] Regione Emilia Romagna, Strumenti per la valutazione del
paziente con demenza, ottobre 2000:

e «The cutoff score is 23-24, and most non-demented [6] Beltrami et al., 2018
older people rarely score below 24», p. 14

* «A corrected score above 24 is considered normal», p. 15

[5] Chopra et al., 2007

[7] National Institute For Health And Clinical Excellence . Donepezil,
galantamine, rivastigmine and memantine for the treatment of
[3] De Stefano et al., 2021 Alzheimer's disease (Review of TA 111), UK, November 2009, p. 2
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Some notes about the Mini-Mental State Examination (MMSE)

MMSE (Folstein et al., 1975) is a commonly administered measure of global
cognitive functioning that is used for:

« tracking changes

* Screening

« measuring outcome in clinical trials.

MMSE comprises a series of questions and the performance of some actions
which can be classified into five components based on verbal questions
(Orientation, Registration, Attention and Calculation, Recall, and Language)

It is therefore to be expected that there is a relationship between MMSE scores
and language components (Bueno-Cayo et al., 2022)



