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Figure 1. Dual-route model of word writing



Table 1. Classification of dysgraphia’

Category Types Mechanism Distinctive features Lesion location
Nonperisylvian
) ) ) . (left posterior
) Damage to graphemic Particular difficulty spelling ]
Lexical ) ) ) temporoparietal, angular
output lexicon irregular and ambiguous words S
gyrus, posterior inferior
temporal gyrus)
Left perisylvian
Damage to phonological (supramarginal gyrus,
Phonological Impaired nonword spelling )
route insula, left posterior
temporal area)
Central . N . .
) Damage to lexical- Special difficulty with Large left-hemisphere
Semantic .
semantic route homophones perisylvian
Errors that consist of real words
Damage to all three related in meaning to target word, Left hemisphere sites
Deep . s . .
spelling routes but with little phonological or (often extrasylvian)

visual resemblance to the target




Defective short-term
storage of graphemic

information

Errors of grapheme identity and
Left frontoparietal sites

order

Defective assignment of
letter shapes to abstract

graphemic representation

Inability to generate or select the
correct letter shapes in Left parietooccipital

handwriting

Destruction or
disconnection of graphic
motor damage to systems
responsible for translating

these programs into

graphic inventory pattern

Poor letter formation not attribute
Left parietal lobe, DLPF,
SMA

to allographic disorder,
sensorimotor, cerebellar, or

extrapyramidal dysfunction

) Graphemic
Intermediate
buffer
Allographic
Peripheral Apraxic
Nonapraxic

disorders of

motor execution

Dysfunction of motor
system involved in
controlling the kinematic

parameters of writing

Defective regulation of movement
force, speed and amplitude in Basal ganglia, cerebellum

handwriting




Inability to use visual,
Soatial kinesthetic feedback to Duplication or omission of letters
patia .
control the execution of or strokes

writing movement

Right parietal lobe

Abbreviations: DLPF=dorsolateral prefrontal; SMA=supplementary motor area
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Table 2. Features of the three PPA variants

% FID tau(frontotemporal

PPA Most common
] Clinical Anatomical

variants pathology
1. Word-finding difficulty
2. Sentence repetition/ Left inferior parietal lobe

IvPPA comprehension deficits and posterior superior AD
3. Phonological dyslexia/ temporal gyrus
dysgraphia
1. Impaired retrieval and
comprehension of low frequency
single words Bilateral anterior temporal

svPPA ) ) ] ] TDP-43-C
2. Semantic deficits for objects lobe, usually left>right
and people
3. Surface dyslexia/dysgraphia
1. Effortful speech
2. Apraxia of speech Left inferior frontal gyrus

nfvPPA FTD-4R-tau

3. Dysarthria

4. Agrammatism

and insula

Abbreviations: PPA=primary progressive aphasia; IvPPA=logopenic variants of primary

progressive aphasia; svPPA=semantic variants of primary progressive aphasia;



nfvPPA=nonfluent/agrammatic variants of primary progressive aphasia; AD=Alzheimer’s
disease; TDP-43=transactive response DNA-binding protein 43; FTD= frontotemporal

dementia



Table 3. Summary of stimuli and error types in studies on dysgraphia in PPA

Authors (Years) Subjects Stimuli Spelling errors Motor-writing errors
- PPEs
Graham et al. - 18 regular words
- 14 nfvPPA ) - nonphonologically X
(2004) - 18 irregular words )
plausible errors
- formal paraphasia
- semantic paraphasia
- semantic description
- formal & semantic
Tree et al.? - words ) X
- 1 nfvPPA paraphasia
(2005) - nonwords
- target-related neologism
- abstruse neologism
- unrelated lexical
- NO response
- PPEs
-9 IvPPA
5 - PINs
Sepelyak et al.” -5 svPPA - 326 words
- semantically related word X
(2011) - 3 nfvPPA - 34 nonwords

- 6 unclassifiable

- PSW

- partial response

10



- unrelated, mixed

- real word substitutions

1 PPA with (semantic/visual)
Snowden et al.? - words
deep  dyslexia - nonword errors
(2012) - nonwords .
and dysgraphia (orthographic related)
- omissions (“don’t know”)
- 7 IvPPA - 40 regular words
Henry et al.* .
- 6 svPPA - 40 irregular words X
(2012)
- 2 nfvPPA - 20 nonwords
- 6 IvPPA
- 10 regular words - lexical errors
Shim et al.* - 9 svPPA
- 10 irregular words - PPEs
(2012) - 20 nfvPPA
- 10 nonwords - PIEs
- 6 unclassifiable
- PPEs
- 12 IvPPA - PINs
Faria et al. - 9 svPPA - semantically similar word
- words
(2013) - 6 nfvPPA errors

- 3 unclassifiable

- phonologically similar

word errors

11



- morphologically similar
word errors

(derivational/inflectional)

- 12 IvPPA - 40 regular words
Henry et al.
- 12 svPPA - 40 irregular words X
(2016)
- 12 nfvPPA - 20 nonwords
(words)
- PPEs
- lexical substitutions
- 17 IvPPA
- morphological
Neophytouet -6 svPPA o
- 73~134 words substitutions
al. - 10 nfvPPA
- 19~34 nonwords - semantic substitutions
(2019) - 4 mixed
- nonwords
- 5 unclassifiable
(nonwords)

- some other nonword

- lexicalization

Teichmann et al

(2019)

- 12 svPPA

- 15 regular words
- 15 irregular words

- 15 nonwords

12



- repetitions/omissions of

strokes and letters

- 20 ImPPA ' )
- apraxic or spatial errors
Lo Monacoet -7 ImPPA-PS )
- 10 words - PPEs - allographic errors
al. - 9 svPPA )
- 5 nonwords - orthographic errors - null responses
(2020) - 3 nfvPPA
- fragment
-7CBD
- micrographia
- pseudographia
Themistocleous - 17 IvPPA - addition
- words o
etal’ - 6 svPPA - substitution X
- nonwords )
(2020) - 10 nfvPPA - deletion

13



- 9 mixed

- transposition

- movement

- doubling

- deletion of double letter

- movement of geminate

- substitution/deletion
combination

- substitution/addition

combination

- spelling, syllabic, word

(substitution, omission,

-36 IvPPA - 14 regular words  addition, inversion)
R
- 10 svPPA - 12 irregular words - PPEs X
(2022) o

- 15 nfvPPA - 15 nonwords - word substitution
- lexicalization
- NO response

Abbreviations: PPA=primary progressive aphasia; IvPPA=logopenic variants of primary progressive aphasia;

svPPA=semantic variants of primary progressive aphasia; nfvPPA=nonfluent/agrammatic variants of primary progressive

aphasia; lmPPA=logopenic/mixed variants

of primary progressive aphasia without parkinsonism; ImPPA-

PS=logopenic/mixed variants of primary progressive aphasia with parkinsonism; CBD=corticobasal degeneration;

14



PPE=phonologically plausible error; PIN=phonologically implausible nonword; PSW=phonologically similar word;
PIE=phonologically implausible error

ko] Ty

? Psycholinguistic Assessment of Language Processing in Aphasia(PALPA)2] Z}A] A}-&

3 Johns Hopkins Dysgraphia Battery2] ¥}#] A}-8-

* Arizona Battery for Reading and Spelling(ABRS)2] ¥}#]| A}-&

> ENPA(Esame Neuropsicologico per I’ Afasia)®] Z}A| A&
®P.K-WAB-R(Paradise-Korean version-the Western Aphasia Battery-Revised)2] A A}-&-
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Table 4. Summary of stimuli and error types in studies on Korean patients’ word writing

Authors ) .
Dx Stimuli Spelling errors Motor-writing errors
(Years)
- graphemic substitution - stroke omission
- graphemic omission - stroke addition
A3 ¢ CVA - graphemic addition - stroke tilting
. - 90 1-syllable regular words ] o ) ) o
(2006) (Rt. hemi.) - syllabic substitution - visuospatial omission
- syllabic omission - visuospatial construction
- syllabic addition - syllabic tilting
- substitution
- 19 regular words ) .
Kim et al. ) - inversion
CVA - 19 irregular words o X
(2007) - omission
- 19 nonwords o
- addition
- graphemic omission - stroke addition
Yoon et al. ) o o
2012) AD - 60 1-syllable regular words - graphemic substitution - stroke omission

- graphemic addition

- graphemic misposition

17



- PPEs
- 20 regular words

q4ad ‘ - PIEs
AD - 20 irregular words X
(2010) - NO response
- 20 nonwords
- etc
o - error of letter size and
o - 10 regular words - omission
o #]
TS . Lo space arrangement
AD, VaD - 10 irregular words - substitution
(2014) » - power of strokes
- 10 nonwords - addition
- unknown response
- substitution
- omission
- addition
- 8 regular words - etc
Lee et al. SMC, AD, ]
- 8 irregular words - NO response X
(2021) aMCI
- 8 nonwords - PPEs
- PIEs
- lexicalization

- non-target nonword

138



- spelling substitution /
omission / addition /
inversion

- syllabic substitution /

omission / addition /

uh 2l - 14 regular words inversion
PPA - 12 irregular words - word substitution / X
(2022) - 15 nonwords' omission / addition /
inversion
- PPEs

- word substitution
- lexicalization

- N0 response

Abbreviations: Dx=diagnosis; CVA=Cerebrovascular accident; Rt.=right; hemi.=hemisphere; AD=Alzheimer’s disease;
VaD=vascular dementia; SMC=subjective memory complaint; aMCI=amnestic mild cognitive impairment; PPA=primary
progressive aphasia; PPE=phonologically plausible error; PIE=phonologically implausible error

'P-K-WAB-R(Paradise-Korean version-the Western Aphasia Battery-Revised)2] Z}A] A&
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Table 5. Clinical diagnosis for the three PPA variants

PPA Variants Clinical diagnosis
Both of the following core features must be present:
1. Impaired single-word retrieval in spontaneous speech and naming
2. Impaired repetition of sentences and phrases
IvPPA At least 3 of the following other features must be present:

1. Speech(phonologic) errors in spontaneous speech and naming
2. Spared single-word comprehension and object knowledge
3. Spared motor speech

4. Absence of frank agrammatism

21



Both of the following core features must be present:
1. Impaired confrontation naming

2. Impaired single-word comprehension

At least 3 of the following other features must be present:
SvPPA 1. Impaired object knowledge, particularly for low-frequency or low-
familiarity items
2. Surface dyslexia or dysgraphia
3. Spared repetition

4. Spared speech production(grammar and motor speech)

At least one of the following core features must be present:
1. Agrammatism in language production
2. Effortful, halting speech with inconsistent speech sound errors and
distortions(apraxia of speech)
nfvPPA
At least 2 of 3 of the following other features must be present:
1. Impaired comprehension of syntactically complex sentences
2. Spared single-word comprehension

3. Spared object knowledge

Abbreviations: PPA=primary progressive aphasia; lvPPA=logopenic variants of primary
progressive aphasia; svPPA=semantic variants of primary progressive aphasia;

nfvPPA=nonfluent/agrammatic variants of primary progressive aphasia

old HF A}, IvPPAE 437 (56.6%, H:91=21:22)0.2 7} & H|
&S5 AAEF AL, nfvPPAE 179(22.4%, F:91=6:11), svPPAE 1678 (21.1%,
W:0]=10:6) 0] ATE. AQE 1vPPAZ} svPPA9} nfvPPAC] M8 olatAl ko
(p=.005, p=.000), MMSE <= 1vPPAZ} svPPACl wl& &A=tk (p=.007).
(DR svPPA7} 1vPPAl HI&l] 3t Al =k3L(p=.001), AH I wHdGo) A
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Table 6. Demographic information on the PPA subjects

Groups
Total IvPPA svPPA nfvPPA

Number 76 43 (56.6) 16 (21.1) 17 (22.4)
Demographics

Age, yr 71.16 (8.52)  71.35(9.05)  70.06 (9.02)  71.71 (6.90)

Sex, male, n (%) 37 (48.7) 21 (48.8) 10 (62.5) 6 (35.3)

Education, yr 13.14(3.99) 13.49(3.84) 14.00(3.76)  11.47 (4.33)
CDR' 3.21 (2.70) 2.50 (2.11) 5.18 (3.74) 3.38 (2.30)
MMSE 22.51(5.73)  24.14(438)  19.69 (7.77)  21.06 (5.44)
AQ 78.33(19.29) 86.43 (12.82) 68.45(22.68) 67.12(20.58)

Abbreviations: PPA=primary progressive aphasia; I[vPPA=logopenic variants of primary
progressive aphasia; svPPA=semantic variants of primary progressive aphasia;
nfvPPA=nonfluent/agrammatic variants of primary progressive aphasia yr=year;
n=number; CDR=clinical dementia rating; MMSE=mini-mental status examination;
AQ=aphasia quotient

" CDR was evaluated in 73 of 76 participants.

Values are expressed as mean (standard deviation) or number (%).

Table 7. Comparison of demographics between the three PPA variants

) Mean (sd)
Demographics p value Post-hoc
IvPPA svPPA nfvPPA
Age 71.35 (9.05) 70.06 (9.02) 71.71 (6.90) .840
Education 13.49 (3.84) 14.00 (3.76) 11.47 (4.33) 132
CDR 2.50 (.39) 5.17 (.68) 3.39 (.65) .005" svPPA<IVPPA
MMSE 24.16 (.84) 19.60 (1.39) 21.09 (1.37) 012" svPPA<IVPPA
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svPPA<IvPPA
nfvPPA<IVPPA
Abbreviations: PPA=primary progressive aphasia; I[vPPA=logopenic variants of primary

AQ 86.43 (12.82)  68.45(22.68)  67.12(20.58)  .000"

progressive aphasia; svPPA=semantic variants of primary progressive aphasia;
nfvPPA=nonfluent/agrammatic variants of primary progressive aphasia; sd=standard
deviation; CDR=clinical dementia rating; MMSE=mini-mental status examination;
AQ=aphasia quotient

CDR and MMSE are results of general linear model for values using SNSB-language
evaluation time gap as covariates.

“p value < .05
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Table 8. Criteria of error analysis'

Category Types of word Word errors Level Types of errors

Substitution

) Omission
Graphemic

Addition

Transposition

Substitution

Omission

Regular word Syllabic
Addition

Transposition

Linguistic Substitution

Omission

Word
Addition

Transposition

Phonologically
plausible error

Irregular word (PPE)

Phonologically ) Substitution
Graphemic

implausible error Omission
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(PIE)

Addition

Transposition

Syllabic

Substitution

Omission

Addition

Transposition

Word

Substitution

Omission

Addition

Transposition

Nonword

Lexicalization

Partial lexicalization

Graphemic
Phonologically

implausible nonword

Substitution

Omission

Addition

Transposition

(PIN)
Syllabic

Substitution

Omission

Addition
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Transposition

Word

Substitution

Omission

Addition

Transposition

Visuospatial

Stroke

Addition

Omission

Misposition

Graphemic

Misposition

Others

DK/NR

Unintelligible

Fragment

Abbreviations: DK=don’t know; NR=no response

! Examples are provided in Appendix 2.
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[11. A+ A7
1. PPA ool wh& whopr7] 423 A<

Al 7EA ] {F3(GFE do], BafF o], vjde]) R wopzr
7] 8 Aol A AQell whE Afolrh HFEOHR o]F FASHY WS M
skl th(Table 9). =1 Ay}, Blwto] ol 4wk nfvPPA ©}F(8.09+.69)°]
IVPPA o} (9.82+ .44)¥}  svPPA o} (11.514+.70) B} FolstAl  wEakot
(p=.046, p=.001) (Table 10) .

Table 9. Effects of AQ and PPA variants on word dictation scores

Scores
Factors Regular Irregular
p value pvalue Nonwords p value
words words
PPA variants 353 273 .002"
IvPPA .70 (.68) .306 1.18 (.75) 117 1.73 (.85) .046"
svPPA 1.06 (.75) .160 47 (.82) .569 3.42 (.94) .001"
nfvPPA Reference Reference Reference
AQ 12 (.02) .000" 11 (.02) .000" .10 (.02) .000"

Abbreviations: PPA=primary progressive aphasia; lvPPA=logopenic variants of primary
progressive aphasia; svPPA=semantic variants of primary progressive aphasia;
nfvPPA=nonfluent/agrammatic variants of primary progressive aphasia; AQ=aphasia
quotient

Data are results of general linear model for word dictation scores using AQ and PPA
variants as predictors.

“p value < .05
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Table 10. Comparison of word dictation scores between the three PPA variants

Types of  Total Mean(sd) P
words score IvPPA svPPA nfvPPA  value Post-hoc
Regular
words 14 9.63 (.35) 10.00 (.56) 8.93(.55) .353
Irregular
words 12 8.13(38) 7.41(61) 6.94(60) .273

«  nfvPPA<IVPPA
nfvPPA<svPPA
Abbreviations: PPA=primary progressive aphasia; lvPPA=logopenic variants of primary

Nonwords 15  9.82(44) 11.51(.70) 8.09 (.69) .002

progressive aphasia; svPPA=semantic variants of primary progressive aphasia;
nfvPPA=nonfluent/agrammatic variants of primary progressive aphasia; AQ=aphasia
quotient; sd=standard deviation

Data are results of general linear model for word dictation scores using AQ as covariates.

“p value < .05
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2. PPA o} mE Aoy o7 54
4 T
T3 TololA vehd dod S /= Ak oA, A=, HIF, &
of whAl, A=F, H7F, e ofd el diA|oldltt. VB @ F == DK/NR, ol
E e vk, 5 27 BF #AFEHAG. owRk, Sd-9 AR, HUE
ofdol thx], dotE 4 gl e, 54 272 Al ofF 3+ vt 7hs
T Sw e A7 UERA] Got Aol A A9k SiTh.
olE Alelgt ApA thx| e} AR, DK/NRO] HIEOAl AQel wE Zpo]7t
BAstY] HFS v TH(Table 11). 1 23, &4 tjx] 9
%= svPPA ©}&(3.28+.46)°] nfvPPA o} (1.71+ .31t} oA =k
TH(p=.002). DK/NR®] WI%E+= nfvPPA ©}3(1.47+.28)¢] svPPA ©}3(.67%.17)
Boh FoshAl = %tH(p=.005) (Table 12) .

()
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Table 11. Effects of AQ and PPA variants on linguistic errors of regular words

Errors
Factors Graphemic )4 Graphemic )4 Graphemic )4 Syllabic p

substitution value  omission  value  addition  value  substitution  value PK/NR value
PPA variants 007" 551 745 706 013"
IvPPA 36(.21) .095 .63 (.58) 277 21(.35) .546 41 (.80) 611 -42(25)  .096
svPPA .65 (21) 002" 43 (.59) 468 27 (.36) 462 -31(91) 731 -78(27)  .0047

nfvPPA Reference Reference Reference Reference Reference
AQ -02(.00) .000°  .03(01) .004" -01(01) .096 -03(.01)  .041" -.03(.00) .000"

Abbreviations: PPA=primary progressive aphasia; lvPPA=logopenic variants of primary progressive aphasia;
svPPA=semantic variants of primary progressive aphasia; nfvPPA=nonfluent/agrammatic variants of primary progressive
aphasia; AQ=aphasia quotient; DK=don’t know; NR=no response

Data are results of generalized linear model for linguistic errors of regular words using PPA variants and AQ as predictors.

“p value < .05
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Table 12. Comparison of linguistic errors of regular words between the three PPA variants

Mean(sd)

Types of errors IVPPA SvPPA FPPA p value Post-hoc
Graphemic substitution 2.44 (.25) 3.28 (.46) 1.71 (.31) 007" nfvPPA<svPPA
Graphemic omission 35 (.10) 28 (.12) .18 (.09) 551
Graphemic addition .88 (.15) 93 (.24) 71 (.20) 745
Syllabic substitution .16 (.07) .08 (.06) 11 (.07) 706
DK/NR 97 (.16) 67 (17) 1.47 (.28) 013" svPPA<nfvPPA

Abbreviations: PPA=primary progressive aphasia; lvPPA=logopenic variants of primary progressive aphasia;
svPPA=semantic variants of primary progressive aphasia; nfvPPA=nonfluent/agrammatic variants of primary progressive
aphasia; AQ=aphasia quotient; DK=don’t know; NR=no response; sd=standard deviation

Data are estimated mean and standard error of linguistic errors of regular words based on generalized linear models for word
dictation scores using AQ as covariates.

“p value < .05
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svPPA ©}&(1.34£.31)°] 1vPPA o}&(.39+.10)3} nfvPPA ©}3(.38+.15) Kt}
oot Al E=ATH(p=.004, p=.003). =& A=Fe] L= 1vPPA ©}3(.39+.10)
o] syPPA o} (.09+.05) BTt Fo kAl =k th(p=.006). Yol & gl Wk
o] H1%=+= nfvPPA ©}&(1.16+ .29)°] 1vPPA o}&(.034.02)3} svPPA ©}& (.07
+.07) B FY3HA =Skt (p=.000, p=.000)(Table 14).
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Table 13. Effects of AQ and PPA variants on linguistic errors of irregular words

Errors
Factors PPE p Graphemic D Graphemic D Graphemic p Syllabic p
value substitution value omission  value addition value substitution value
PPA .
.000" 241 .543 464 .024
variants
IvPPA .03 (.48) 953 -.14 (.20) .503 -12(21) 552 49 (41) 228 -2.29(1.09) .036"
svPPA 1.26 (.43) .004" .19 (.19) 324 -25(.23) 271 .18 (.42) .669 -1.55(77)  .043"
nfvPPA  Reference Reference Reference Reference Reference
AQ -.01 (.01) .383 .02 (.00) 000" -.02(.00) .000" -.03 (.01) .000" -.04 (.01) .000"
Syllabic p Syllabic p p
y_ ] Y o DK/NR Unintelligible
omission  value addition value value value
PPA . .
.031 .678 791 .000
variants
IvPPA .61 (.43) 158 .56 (1.07) .599 -.12 (.50) 816 -3.61 (.78) .000"
svPPA =79 (.53) 132 71 (.80) .379 -.31(.45) .494 -2.83 (1.03) .006"
nfvPPA  Reference Reference Reference Reference
AQ -.05 (.01) .000" -.03 (.00) 000" -.05(.01) .000" .04 (.02) .030"
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Abbreviations: PPE=phonologically plausible error; PPA=primary progressive aphasia; lvPPA=logopenic variants of
primary progressive aphasia; svPPA=semantic variants of primary progressive aphasia; nfvPPA=nonfluent/agrammatic
variants of primary progressive aphasia; AQ=aphasia quotient; DK=don’t know; NR=no response

Data are results of generalized linear model for linguistic errors of irregular words using PPA variants and AQ as predictors.

“p value < .05
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Table 14. Comparison of linguistic errors of irregular words between the three PPA variants

Types of errors IVPPA Msii)nlfid) FPPA p value Post-hoc

. IvPPA<svPPA

PPE 39 (.10) 1.34 (.31) 38 (.15) .000 nfvPPA<sVPPA
Graphemic substitution 1.92 (.23) 2.65 (.40) 2.19 (.35) 241
Graphemic omission 1.89 (.22) 1.67 (.31) 2.14 (.35) .543
Graphemic addition .64 (.13) 47 (.16) 39 (.114) 464
Syllabic substitution .03 (.03) .05 (.04) 26 (.12) 024"

Syllabic omission .39 (.10) .09 (.05) 21 (.09) 031" svPPA<IvPPA
Syllabic addition .04 (.03) .05 (.04) .02 (.02) .678
DK/NR .23 (.08) .19 (.08) 26 (.11) 791

. . « IvPPA<nfvPPA

Unintelligible .03 (.02) .07 (.07) 1.16 (.29) .000 sVPPA<nfvPPA

Abbreviations: PPE=phonologically plausible error; PPA=primary progressive aphasia; lvPPA=logopenic variants of
primary progressive aphasia; svPPA=semantic variants of primary progressive aphasia; nfvPPA=nonfluent/agrammatic
variants of primary progressive aphasia; AQ=aphasia quotient; DK=don’t know; NR=no response; sd=standard deviation
Data are estimated mean and standard error of linguistic errors of irregular words based on generalized linear models for
word dictation scores using AQ as covariates.

“p value < .05
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obg kel mlart 7hed whE i
Atk

olE ALJF o7 & FTolA oFst, A WAt HIF, FH9
X9k AJeF, DK/NRS] WlG=oll A4 AQell wh& o]zt #aEo] o]& FAlste] 3
= B S TH(Table 15). L A3, o] 3}e] Wlk+= nfvPPA o}&(1.26+.29)
o IvPPA o}F(.29£.09)7} svPPA o}F (.32 .13)HT} fFSHAl H kT
(p=001, p=001). &2 thx]2] HI%=+= nfvPPA ©}&(.36+.15)°] 1vPPA °}¥
(.03%£.03) Bt} oA =dch(p=028). =& AT WxEi= [vPPA o}F
(.20%.07)¢] svyPPA o}&(.04+.03)E T} F9J8tAl ESTH(p=.038). DK/NRE]
%= nfvPPA o}&(.34+.13)0] syPPA o} (.104.05) Kt} F+9&tA =kt
(p=.038) (Table 16) .
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Table 15. Effects of AQ and PPA variants on linguistic errors of nonwords

Errors
Factors Lexicali- p Partial p Graphemic p Graphemic p Graphemic p
zation value lexicalization value substitution value omission value addition value
PPA .
.000 444 817 .944 952
variants
IvPPA -1.47 (.39) .000" -43 (45 333 -.10 (.16) 557 .05 (.34) .895 -.09 (.29) 764
svPPA -1.38 ((142) .001" -.64 (.55) 246 -.09 (.18) 612 -.08 (.38) .842 -.02 (31 .939
nfvPPA Reference Reference Reference Reference Reference
AQ -.02 (.01) .001" .00 (.01) .863 -.01 (.00) .031" -.01 (.01) .370 -.01 (.01) .039"
Syllabic p Syllabic p p
Y Y DK/NR
substitution  value omission value value
PPA . .
.018 155 .045
variants
IvPPA -2.60 (1.08)  .016" 42 (.59) 478 -.56 (.47) 242

sVPPA  -120(.65)  .066  -1.17(80)  .143  -122(.50) .015"

nfvPPA Reference Reference Reference

AQ ~03(01)  .002°  -05(01)  .000° -.05(.01) .000"
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Abbreviations: PPA=primary progressive aphasia; lvPPA=logopenic variants of primary progressive aphasia;
svPPA=semantic variants of primary progressive aphasia; nfvPPA=nonfluent/agrammatic variants of primary progressive
aphasia; AQ=aphasia quotient; DK=don’t know; NR=no response

Data are results of generalized linear model for linguistic errors of nonwords using PPA variants and AQ as predictors.

“p value < .05
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Table 16. Comparison of linguistic errors of nonwords between the three PPA variants

Types of errors IVPPA Msii)nlfid) FPPA p value Post-hoc

D « IvPPA<nfvPPA
Lexicalization .29 (.09) 32 (.13) 1.26 (.29) .000 SVPPA<nfVPPA
Partial lexicalization 39 (.10) 32 (.15) .60 (.20) 444
Graphemic substitution 3.31(.30) 3.33 (.46) 3.65 (.48) .817
Graphemic omission .85 (.15) .76 (.22) .82 (.23) 944
Graphemic addition 1.01 (.16) 1.08 (.26) 1.10 (.26) 952
Syllabic substitution .03 (.03) 11 (.07) 36 (.15) 018" IvPPA<nfvPPA
Syllabic omission 20 (.07) .04 (.03) 13 (.07) 155 svPPA<IvPPA
DK/NR 20 (.07) .10 (.05) 34 (.13) 045" svPPA<nfvPPA

Abbreviations: PPA=primary progressive aphasia; lvPPA=logopenic variants of primary progressive aphasia;
svPPA=semantic variants of primary progressive aphasia; nfvPPA=nonfluent/agrammatic variants of primary progressive
aphasia; AQ=aphasia quotient; DK=don’t know; NR=no response; sd=standard deviation

Data are estimated mean and standard error of linguistic errors of nonwords based on generalized linear models for word
dictation scores using AQ as covariates.

“p value < .05
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AQell W& Aol ERLbA] @bkt (Table 17). HS wudk 23, 3

of AJefo] el R} AlFTHY 79 F WikolA PPA oo W {2
3 zpol7 vebwktl. 2o Hrbe] Wl [vPPA ©}&(.38+.10)3} nfvPPA o}
& (.77+.23)0] svPPA ©o}&(.05+.05) Kt Fo3HAl =%H(p=.004, p=.002).
o] Aol RWIEE= nfvPPA o}8(.64+.22)0] 1vPPA ©}3(.10+.05)7 svPPA
o} (L07£.07) Y Fo8HA EAUATHpP=.017, p=012). AFH o7 F A
=94 nfvPPA o}3(1.67+.34)0] 1vPPA o}&(.71+.14)3} svPPA ©}& (.37
+.15) Bt o 8tAl =kt (p=.011, p=.000)(Table 18).
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Table 17. Effects of AQ and PPA variants on visuospatial errors

Errors
Factors Stroke Stroke Stroke
. p value o p value o p value Total p value
addition omission misposition
PPA . . .
.014 .003 S71 .000
variants
IvPPA -.69 (41) .093 -1.82 (.60) .002" -42 (.79) 593 -.86 (.30) .004"
svPPA -2.70 (1.03) .009" -2.22 (1.006) 036" .35 (.76) .649 -1.51 (.45) 001"
nfvPPA Reference Reference Reference Reference
AQ -01 (.01) .100 .03 (.02) 135 -.00 (.02) 982 -.00 (.01) 814

Abbreviations: PPA=primary progressive aphasia; lvPPA=logopenic variants of primary progressive aphasia;
svPPA=semantic variants of primary progressive aphasia; nfvPPA=nonfluent/agrammatic variants of primary progressive
aphasia; AQ=aphasia quotient

Data are results of generalized linear model for visuospatial errors using PPA variants and AQ as predictors.

“p value < .05
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Table 18. Comparison of visuospatial errors between the three PPA variants

Types of errors IVPPA Msii)nlfid) FPPA p value Post-hoc
Stroke addition 38 (.10) .05 (.05) 77 (23) 014" SSV‘;P;’:;;;:}’;)AA
Stroke omission .10 (.05) .07 (.07) 64 (22) 003" iz{;iiiit;i%:
Stroke misposition 12 (.05) 25(.13) A8 (L11) 571
R

Data are estimated mean and standard error of visuospatial errors based on generalized linear models for word dictation
scores using AQ as covariates.

“p value < .05
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AlgzE FEHe & ARE dolrRr] fsl AEAE A H A Seoul
Neuropsychological Screening Battery, ©]3} SNSB) %
2} RCFT(Rey complex figure test) A4S X390, MEASsAds d

sb RCFT A= mirollA AQol whe Al o}d 7b boli= a2 gl vh(p=.000,

“
ARE A We AT As, AILEAYZT A5 RET A5 BT o

L

of mpE x}o]7} Tz A 2kt (Table 20).

Table 19. Effects of SNSB-language evaluation time gap, AQ and PPA variants on SNSB

SCOres
Scores
Factors
Ideomotor apraxia' p value RCFT? p value
PPA variants .802 257
IvPPA .14 (142) .739 291 (2.59) .266
svPPA -.16 (.54) 167 5.20 (3.14) .103
nfvPPA Reference Reference
AQ .05 (.01) .000" 21 (.07) 003"
Time gap .00 (.00) .056 .00 (.00) 512

Abbreviations: PPA=primary progressive aphasia; lvPPA=logopenic variants of primary
progressive aphasia; svPPA=semantic variants of primary progressive aphasia;
nfvPPA=nonfluent/agrammatic variants of primary progressive aphasia; SNSB=Seoul

Neuropsychological Screening Battery; RCFT=Rey complex figure test; AQ=aphasia
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quotient

' Ideomotor apraxia scores were evaluated in 63 of 76 participants.

2RCFT scores were evaluated in 65 of 76 participants.

Data are results of general linear model for SNSB scores using SNSB-language evaluation
time gap, AQ and PPA variants as predictors.

“p value < .05

Table 20. Comparison of SNSB scores between the three PPA variants

Mean (sd)
Score p value Post-hoc
IvPPA svPPA nfvPPA
Ideomotor 3.95 (.20) 3.65 (42) 3.81 (.35) 802
apraxia
RCFT 2832(1.25)  30.61(2.34)  2541(2.16) 257

Abbreviations:  sd=standard  deviation; PPA=primary  progressive  aphasia;
IvPPA=logopenic variants of primary progressive aphasia; svPPA=semantic variants of
primary progressive aphasia; nfvPPA=nonfluent/agrammatic variants of primary
progressive aphasia; SNSB=Seoul Neuropsychological Screening Battery; RCFT=Rey
complex figure test; AQ=aphasia quotient

Data are results of general linear model for SNSB scores using SNSB-language evaluation
time gap and AQ as covariates.

“p value < .05
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Appendix 1. Stimuli of word dictation

Types of word Stimuli

Regular words

52
iy}

Irregular words Fla=eals

2
ot

°
N
Ho,

i
kv
(2

6 6



HGlkis

TH
e

o

7
o}

of

ar

—_

g

Nonwords

EER

=
Ho

ey
il
ﬁo

2

4o

o

154

4

6 7




Appendix 2. Examples of error types

Target Response

Ct|— =

Graphemic substitution

Target Response

b

Graphemic omission

Target Response

B

Graphemic additon

Target Response

(= £

=1 ko
Graphemic transposition

6 8



Target Response

—
~

uy — =

Syllabic substitution

Target Response

=7 | — | 3 7

Syllabic omission

Target Response
o |
AT || £22

Syllabic additon

Target Response
Bhatht | —| ot

Syllabic transposition
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Target

AlA

Response

D\

Word substitution

Target

chik

o

Response

PPE (Phonologically Plausible Error)

Target

O|Lt

-

Response

Lexicalization

Target

Response

XALRTS

Partial lexicalization




Target Response

1 | — 2

Stroke addition

Target Response

i — 17

— <
[ -

Stroke omission

Target Response

RS

Stroke misposition

Target Response

-

Graphemic misposition

71



Target Response

H} i
= Z

Unintelligible

Target Response

0 —

Fragment
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ABSTRACT

Characteristics of word-writing errors in Korean patients
with primary progressive aphasia

Yoonji Lee

Graduate Program in Speech and Language Pathology,
Yonsei University

(Directed by Professor HyangHee Kim)

Primary progressive aphasia (PPA) is a neurodegenerative disorder that causes
loss of language skills. Language impairment in PPA is prominent although other cognitive
functions remain unaffected until two years after onset. Based on the language symptoms,
PPA is classified into logopenic variant PPA (IvPPA), semantic variant PPA (svPPA), and
nonfluent/agrammatic variant PPA (nfvPPA). Since PPA patients exhibit impaired writing
skills, it is important to perform not only linguistic analysis but also visuospatial analysis
of the writing difficulty in the syllabic writing system of Hangul. Thus, this study aimed to
investigate the characteristics of linguistic and visuospatial errors in writing Korean words
(regular words, irregular words, and nonwords) by PPA patients.

Seventy-six patients with PPA were classified into three groups according to the
classification criteria by Gorno-Tempini et al. (2011). The IvPPA group included 43
patients (men:women = 21:22; age = 71.4£9.05), the svPPA group had 16 patients
(men:women = 10:6; age = 70.1%9.02), and nfvPPA group had 17 patients (men:women =
6:11; age =71.7£6.90). These patients were asked to write regular words, irregular words,
and nonwords, and writing responses were analyzed linguistically and visuospatially.

In linguistic terms, the phonologically plausible error (PPE) (e.g., '$HeF4H —
'3Fe}4H) was frequently observed in the svPPA group during irregular word writing. This

PPE is a major characteristic of lexical dysgraphia, and the presence of this error suggests
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that svPPA patients with temporal atrophy write words by activating the phonological route
instead of the impaired lexical route. Conversely, in nonword writing, lexicalization error
(e.g., "] d'—"1]'F") was frequently observed in the nfvPPA group. Lexicalization error is
considered as a feature of phonological dysgraphia in which the phonological route is
damaged and the lexical route is activated. Furthermore, visuospatial errors appeared most
frequently in the nfvPPA group, especially stroke additions were also found in the IvPPA
group. This pattern of error may be ascribed to ideomotor apraxia and visuospatial deficits
that are frequently observed in patients with IvPPA and nfvPPA.

This study is the first to perform a visuospatial analysis of word writing errors in
PPA. Several visuospatial errors were observed in the IvVPPA and nfvPPA group, which
might be due to impaired motor planning and visuospatial deficits in patients with the two
groups. PPEs and lexicalization errors were observed in svPPA and nfvPPA groups,
respectively, which is similar to the results of previous studies. Although our study showed
that frequent visuospatial errors in the IVPPA and nfvPPA group are associated with
programming damage and visuospatial deficits in writing, it remains unknown which stage
of writing is damaged. Therefore, further studies are needed for a more comprehensive

understanding.

Key Words : primary progressive aphasia, dysgraphia, word dictation, linguistic

error, visuospatial error
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