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Automatic analysis of linguistic features and formal thought disorder
on schizophrenic traits and autistic traits
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© £AKEZ5  Positives
BRHFAN AL BLET, YOS BER TALSRALLLVONBREICENZOTRNIIIZ YAy T

2579 !

N A
Facial Fluency
expression

Your clarity was good. You explained what you wanted and why you wanted it.

2 Bk Weak points ‘
RRICOVT: LEBTERE, JYEWIZ1T7-vavmRenz5c9, BF0R0HEYER L, L
AsLhEEA, THTLLEEW !

To further improve your communication, | suggest a greater focus on your eye

contact. You might start by looking at their noses if it is too difficult. Good luck!

T. Saga et al., "Automatic evaluation-feedback system for automated social skills training", Scientific Reports 13, 6856, Apr. 2023
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o HERFED EREIRD O & 2 [Holzman1986]
« Andreasen®DEF: Al - BEONE - BEwE - BEBERUCEIT % 24 [Andreasen’16]

WA fE D 2R LIRE T EOWNE D HE
- EREEEE (FID) : BEPSFECREAINBADAEF => DRFTD & Wi

FTD DfE$H [Andreasen’16]
o PHEEEEE NI 20K (228f#, Incoherence°Pressured speech7z &)
o EMEEEREE ~E2RAIL 725ER (247E, poverty of speech°BlockingZ: &)

F. J. Fish. Schizophrenia. Bristol, England: Bright; 1962.
N. C. Andreasen, “Thought disorder”, in S. H. Fatemi et al., “The medical basis of psychiatry”, 2016
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ASD L FTD: #fiaRiHE & FMROIEIRD R & 41 5

e Aonne & ASDCFTDIERDE % b 2345H5 S 11T\ % [Konstantareas’01]

ASDIZ 81T 3FTDIZ D \WT DI

« More poverty of content (B L \WHZ), but less illogical thinking (FEgaFERYE#%) than
Schizophrenia [Dykens1991]

. Associated with overall language level of neologisms (#5350 % k) and idiosyncratic language
[Volden1991]

 Exhibited more aspects of FTD, including illogical thinking and loose association (B8t D %)
[Van der Gaag’05, Solomon’08]




WL RERE & ASD

BAE D ERLMIEE DB RIC OV TOMENERITbN T 3
o E7ZZ o TS DFENFRIN 72 B R DS RE RS & D 0 HT12 X - “CHIBH [Yoshihara’20]
o BEMERER X D BBIEERDIZ O DL D 5 TE % [Trevisan’21]

o BFHEREIR DB HEDIASD & HE S FTEDFTDDE\LTH % nlpe:
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Silva et al., “Small Words That Matter: Linguistic Style and Conceptual Disorganization in Untreated First-Episode Schizophrenia”, Schizophrenia Bulletin, 2021
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WEREEDO HEHEE 12D\ T ORESE: Tang’21

0.4
Table 2. Parts-of-speech frequencies in SSD and HC. §
@ 0.39
HC (N=11) SSD (N = 20) p-value Cohen's d L
&5 0.38
Adverb 1D.65 (0.95) 8.11 (1.76) 0.001 1.66 @
=
Determiner 750 (096) 653 (125)  0.03 0.83 e
Adjective 7.10 (1.57) 6.19 (0.78) 0.03 0.82 2036
Pronoun 1177 (147) 1341 (267) 003 —071 %" = HC —sSSD
Preposition 8.84 (1.37) 7.97 (1.41) 0.08 0.62 °
0
Particle 2,65 (0.52) 2.35 (0.50) 0.08 0.59 E 0.34
Conjunction 5.33 (1.35) 4.61 (1.40) 0.29 0.53 = 0.33
Noun 13.16 (093)  13.67 (2.16) 0.57 -0.28 L 032
Interjection 6.07 (1.66) 6.35 (2.45) 0.75 ~0.12 i 3 & 4 E & % & © g @
Verb 1934 (1.74)  19.55 (2.60) 0.82 ~0.09

# Subject Sentences from Interviewer
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Tang et al., “Natural language processing methods are sensitive to sub-clinical linguistic differences in schizophrenia spectrum disorders”, npj Schizophrenia, 2021
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ZNFE CORES E AR ORV (Research Question: RQ)
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N. B. Mota et al., “Thought disorder measured as random speech structure classifies negative symptoms and schizophrenia diagnosis 6
months in advance”, npj Schizophrenia, 2017
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 Schizotypal Personality Questionnaire (SPQ)

o WA RIPREME O M E
o MIRE THEZRFEGE 2EEEEEm A a7 E L TlEH

« 2nd edition of Social Responsiveness Scale (SRS2)
- HEMEMER O MIE
o HEIOMTICEB T THEALFGE £SPQ - SRS21IFZNZIUHEI L T3 Z & 2R

N. C. Andreasen, “Scale for the assessment of thought, language, and communication (TLC)”, Schizophrenia bulletin, 1986

T. Kircher, “A rating scale for the assessment of objective and subjective formal thought and language disorder (TALD)”, Schizophrenia research, 2014
S. R. Kay, “The positive and negative syndrome scale (PANSS) for schizophrenia”, Schizophrenia bulletin, 1987

A. Raine, “The SPQ: a scale for the assessment of schizotypal personality based on DSM-III-R criteria”, Schizophrenia bulletin, 1991

J. N. Constantino, “Social responsiveness scale, second edition”, WPS, 2012



Al b FERRERAE

R T
o BB/ FEMR (PLS[E]RF)
Sl 5% : Nested cross validation

« Outer loop: leave-one-participant-out (fE A D BEER)

« Inner loop: 5-fold (BB D EE: 12> 5 10D R HIFH)
ANMEBBEIN—T

o HDIAA : BERTSCGH DIA A AZ Ty [Tang’21], S hiA A a3 A ik, NEGE 2 YA iRk [Saga’22]
- NEEE : NAFED S & - i, B, A, s, &l

. TBEEE : BRERE O Al Hl & - BRUEEE, BRRREE, ARG, (A4, wmiAa], Beivian, B, BhEh

. AnEHY : W EEREDE 4y, CDIJ [Pennebaker’14% HAGE @], S ERBLOEH S

o RPN : 1RO HEEEL, Mae st BEEHR — X%

HBL-T—H2ERAVSIETFALRMAREIC

Saga et al., “Multimodal prediction of social responsiveness score with BERT-based text features”, IEICE-Trans., 2022
Tang et al., “Natural language processing methods are sensitive to sub-clinical linguistic differences in schizophrenia spectrum disorders”, npj Schizophrenia, 2021
Pennebaker et al., “When small words foretell academic success: the case of college admissions essays”, PLOS ONE, 2014
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Minor et al., ”Affective systems induce formal thought disorder in early-stage psychosis”, Journal of Abnormal Psychology, 2016
Mota et al., “Thought disorder measured as random speech structure classifies negative symptoms and schizophrenia diagnosis 6 months in advance”, npj Schizophrenia, 2017
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mLa RaE & BB SO IRIIENTIi: 6 F i L 7 BB & v ) iR

(1920-1930) 4IHE =7 £ DRSHMEIR 2 TR & T 2 A RIPE (FE 70 4R) 03 7E 76

(1962) Frank Fishi3g@R1D R 0458 ohc NAZ#REoEE, & TAZpoEE) 251,
BUED (LR D) BEEE OB N S ik

(1994) Kt R 22 W ELMEDSM-4 G & 22 300E D 22 Wi BL e 23BHRE(L, (ICD10 % [Fl4E)

(2014) BATDODSM-5317 I 4, MUARIPIEDZEFHEAEL L TP ER I N
ML IR, BEEE. L)oo uiTH, EWER

(2016) i D Andreasen® 3 3HIC 2 %

Fish FJ. Schizophrenia. Bristol, England: Bright, 1962.



MBS FEARFPEMER R 2 7 & HEEMER R 2 7

SPQ OddSpeech SRS Awareness Cognition Communication
SPQ 1.oo| 0.28 -0.22 0.44 0.28
OddSpeech 1.00 -0.29 0.10 0.11

o MAKRFIEMERISPQ & HEAREMEISRSIZAHBE L TuwaZe s

o Y7 27— TZFELFEE(OddSpeech); 1ZSPQESRSEL SICHMHBEL Tw 3
o EFEFEEPHERIPEMET & HPAEMEOINHIETH 5 2 & 2R
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Thought disorder

Chapter 25 Thought Disorder
S. H. Fatemi et al. The Medical Basis of Psychiatry, 2016 (DOI 10.1007/978-1-4939-2528-5_25)

Negative thought disorder

Poverty of speech

Restriction in the amount of speech (brief,
concrete, unelaborated)

Poverty of content
of speech

Long enough but convey little information

Derailment

Pattern of speech in which the ideas slip off the
track onto another one which is clearly but
obliquely related or onto one that is completely
unrelated.

Between sentence level.

Alias: loose associations, flight of ideas

NOTE: some uses “tangentiality” with the same meaning but
that’s not recommended since they tend to be unreliable

Positive thought disorder

IIIogicaIity

Pattern of speech in which conclusions
are reached that do not follow logically.
Faulty inductive inferences.

Blocking

Interruption of a train of speech before a
thought or idea has been completed

Perseveration

Persistent repetition of words, ideas, or
subjects

Incoherence

Pattern of speech which is essentially
incomprehensible at times.

Similar to derailment, but within
sentence or word level.

Alias: Word salad, Jargon aphasia,
paragrammatism

Distractible speech

During a discussion or interview, stops
talking in the middle of a sentence and
changes the subject in response to a

nearby stimulus

Tangentiality

Reply to a question in an oblique,
tangential, or even irrelevant manner.

“BRMNEEOET DTN T A TEM

— T

Pattern of speech in which sounds rather
than meaningful relationships appear to
govern word choice.

Sound or rhythm affect to word choice.

Pressured speech

Increase in the amount of speech as
compared with ordinary one.

Incl. uncompleted sentences, loud and
emphatic speech.

BEHBER




Feature group correspondence with FTD symptoms

« Negative thought disorder

Temporal (WPM)

Poverty of speech
Poverty of content of speech

Function word | |
Few speech amount Content word

Long enough but little informatioh abstract

Target symptoms

« blocking
« Perseveration

« Positive thought disorder

Interruption of speech betore a thought or idea has been completed
Persistent repetition of words, ideas, subjects

Derailment
Incoherence

Ideas slip off the track onto another one, between-sentehce
Ideas slip off the track onto another one, between-word Embedding

« Tangentiality

« Illogicality

« Distractible speech
stimulus

Reply to a question in tangential, irrelevant manner
Faulty inductive inference
Stop talking in the middle and changes subject related to a nearby

[ Clanging

(A)dd word .ch01ce aI.Tected Dy S(?und or rhythml ) abstract, temporal
7Y ’ ¢

N. C. Andreasen, “Thought disorder”, in S. H. Fatemi et al., “The medical basis of psychiatry”, 2008
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English-Japanese POS correspondence

« English Part-of-speech (POS) system and Japanese POS system are different

« Actually, Japanese POS systems are also different... (UniDic, IPA, Masuoka-Kubota grammar)

English Unidic (Sudachi) IPA (Mecab,Cabocha) Masuoka-Kubota (Juman,KNP)
category category subcategory category subcategory category subcategory
article Adnominal Adnominal Adnominal
Demonstrative adnominal form

preposition Particle Particle Particle
personal pronoun Pronoun Noun pronoun Demonstrative noun form
impersonal pronoun
auxiliary verb Aux. verb Aux. verb Aux. verb

Suffix Noun suffix Suffix adjective predicate

Copula

conjunction Conjunction Conjunction Conjunction
adverb Adverb Adverb Adverb
negation

Noun Noun General Noun

Interjection general Interjection Interjection

Interjection filler Filler

Verb Verb Verb

Adjective Adjective Adjective

adjectival noun Noun adjective stem

Prefix Prefix Prefix

Symbol Symbol Special

Aux. symbol Others

Blank

2023/12/12

* Used Sudachi in prev. research
o continue to use Sudachi

* Japanese doesn’t have negation POS
o negation “phrase” detector from KNP

TAPAS supported by ANR-CREST 24



Embedding-based features

Sentence-level BERT difference [Tang2021]

« Average absolute difference between adjacent sentence embeddings

Sentence-level BERT similarity [Saga2022]

« Average cosine similarity between adjacent sentence embeddings

Content-word-level BERT similarity [Saga2022]

« Average cosine similarity between adjacent content-word embeddings

(Word-level BERT similarity [Saga2022], not used for this research, weak theoretical
background)

« Average cosine similarity between adjacent word embeddings

To capture fluency or discontinuity of language

Saga et al., “Multimodal prediction of social responsiveness score with BERT-based text features”, IEICE-Trans., 2022
Tang et al., “Natural language processing methods are sensitive to sub-clinical linguistic differences in schizophrenia spectrum disorders”, npj Schizophrenia, 2021



CDI-J

Computationally derived language dimension

« Categorical language : references to complexly organized objects and concepts
« Dynamic language : personal narratives

Pennebaker proposed Categorical-dynamic index (CDI) in 2014
« Silva applied to Schizophrenia classification in 2021

Procedure

« Calculate percentage of each POS related to function words (+ number of negation phrase)
« prefix, suffix, interjection, pronoun, adnominal, conjunction, particle, aux. verb, negation phrase
« Calculate +/- signs for each POS from PCA 15t component loadings

CDI-J = + [prefix] + [suffix] + [interjection] + [aux. verb] - [pronoun] - [adnominal] -
[conjunction] — [particle] - [negation phrase]

« Explained variance ratio: (original EN) 30%, (JP) 19% --- due to large variety of JP POS types?

Pennebaker et al., “When small words foretell academic success: the case of college admissions essays”, PLOS ONE, 2014
Silva et al., “Small words that matter: linguistic style and conceptual disorganization in untreated first-episode Schizophrenia”, Schizophrenia bulletin, 2022
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Source 180 sec
=

Audio. 1 0-60 sec
Audio. 2
Audio. 3 120-180 sec

SPQ OddSpeech SRS

60sec 120sec 180sec 60sec 120sec 180sec 60sec 120sec 180sec
true-pred -0.146 0.001 0.240 -0.081 0.072 0.36 0.330 0.017 0.280

« SPQ & OddSpeechDHEEFERICE T AE—FERMN 21T EERET X)L EDOHBIRR S L7

« OddSpeechic &1} 2 #EEMRED ERIZT =Y Bk 2 713 ) ALAFRMERE Tl <, BCELRRITS 2 &
Ik pEEREOELEHENICGERT I HDEEZSND

2023 - Takeshi Saga

27




OddSpeech & SRSD3E & 2 36560 [+ 47T « 7 FE5h, 3971

- ol -

Zok %)cE?b%‘L@Hﬁﬂéiiﬁi‘i&;%i%%@i%*ﬁ&“%f’%®ﬁ$“€‘b’( FHBEATL AL IDIFTTF —LTEKZE
N NP TEDHZ DI LS DOZNO R HEB 73 DRe 1% LD NEDNT R AT WD AMD NDE A,
B D ST AU RERRA T E) X AR CaE LI0F Lne EhE B A T L T
AT THLENGHL T RORELEIARH—ATROST HORSTLES T2EWVHEZAIZANN—FLE D
THRHT AT IREIE 2 N T k12720

ITWT FHYANELITFH T 0V 2V R DST-RI FHTTA =M GO TWANWAEEEZ L THIEIXHD
DUBCH DU TRV EG U0 A2 HED TOED TEDAE FANZITIAR AT WDEER 20 B2
HEHBRTTITEVWRERIZZST=2D 72 BT BOET A EZRRDBMD AL N =LA FETHLEXTEIRE
72NV D N E B H L TCWTD SRt F O SEEZ NI AmE L CA e 2 T 32 HidE
LTBYETLLETT

CLOBFTOEATHES AL TR, LHFTOR—ADRD)
4770393-8

2023 - Takeshi Saga 28



Relationship with brain activities and FTD symptoms
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