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Abstract

Purpose:Thegoal of this study was to develop a novel tool for connected sp@atysis in

aphasia, sthat spoken output can be characterized in adiatan and explanatory manner.

Method:We designed a multidimensional rating schexaked theAuditory-PerceptuaRating
of Connected Speech in AphasePROCSA, in which 27 common featur@gere each raidon
a 5point scale. Three researchers and twelve student clinicians rated 24 connected speech

samples from the AphasiaBank database.

ResultsRatings conducted by both researchers and student clinicians demonstratés good
excellent reliability and stray concurrent validity with AphasiaBank measures derived from
transcriptions, clinical measures, and subscores from the Western Aphasia Battery (WAB).
Factor analysis revealed that four underlying factdparaphasia, Logopenia, Agrammatism,

and Motor spedt? accounted for 79% of the variancetime connected speech profiles.
Examination of individual patient scores showed considerable diversity of factor scores among

patients of any giveaphasiasubtype.

ConclusionsThe APROCSAproved to be a reliable, wd] and efficient toofor research or
clinical purposes. The preliminary findings of the factor analysis suggestcellation of non
fluency into three distinct profilesLogopenia, Agrammatism, and Motor speéalhich may

occur in conjunction with otheronfluent profles or with the fluent profile.



Introduction

Connected speech in individuals with aphasia reflects underlying impairments in any of a
number of speech/language domains, including lexical retrieval, phonological encoding,
grammatical cortsuction, and articulatory agility. This sensitivity to many different types of
disturbances makes connected speech analysis a valuable tool for assessment, diagnosis, and
evaluation of treatment outcom@$e goal of this study was tevelop a novel todbr
connected speech analyss,that spoken output can tiearacterized ia datadriven and
explanatory manner

There are two predominant approaches to the analysis of connected speech in aphasia:
guantitative linguistic analysis and qualitative rating scales (Prins & Bastiaanse, 2004).
Quantitative linguistic analysis (e.g., Saffran, Berndt, & Schwartz, 1989; Max\&y, Fromm,
Forbes, & Holland, 2011) is comprehensive, multidimensional, and largely objective, butis time
consuming and requires highly trained transcribers with substantial knowledge of linguistics and
aphasia. Though standardized coding scheme=addy available, the application of such
schemes is still ultimately somewhat subjective. For example, one transcriber may judge an
utterance as abandoned while another may judge it as retraced. Furthermore, while quantitative
linguistic analyses offehe transcriber a wealth of data on discrete behaviors, these data do not
DOzZzD\V SURYLGH DQ H[SODQDWRU\ SLFWXUH RI WKH SDWLHQ\
Codes for Human Analysis of TranscriptsH&T) do not accommodate coding for distorted
phonemic substitutions (MacWhinney, 2000). The transcriber may choose to code them as either
a phonological error or, if phonemes are truly indiscernible, as an unintelligible word. As a
result, differentiation between phonological errors and motor speens & not immediately

clear. The transcriber must examine the transcription data for evidence in support of either



deficit, such as the number of pausing codes or the presence of neologisms. In instances such as
this, the quantitative nature of the arsdyitself may preclude the transcriber from readily
deriving meaningful information.

In contrast, qualitative rating scales, such as the Western Aphasia Battery (WAB;
Kertesz, 1982) fluency rating or the Boston Diagnostic Aphasia Evaluation (BDAE; Gesdgl
Kaplan, & Barresi, 2001) profile of speech characteristics, are quick tools intended for use by
FOLQLFLDQV (DV\ WR DGPLQLVWHU DQG VFRUH WKH\ SURYLC
The design of these instruments, however, presupposel features are important. For
example, the grammatical form feature on the BDAE profile of speech characteristics is defined
DV WKH SDWLHQWVY XVH RI PRUSKHPHY DQG YDULHG JUDPPD
however, are expressed on a contimuof agrammatism, with a score of 1 encoding the absence
of syntax, a score of 4 corresponding to simplified structures with omission of morphemes, and a
score of 7 used for normal syntax with varied structures. The scale, designed to provide a
subtype pofile, does not allow for rating of paragrammatism, adeltumented phenomenon in
aphasia. Emphasis on subtypes limits the generality of these tools because relevant behaviors
may not be captured or appropriately categorized, as the majority of pdbemis fit cleanly
into a classical aphasia profile (Prissow, & Wagenaar, 1978; Albest al., 1981). Another
disadvantage to qualitative rating scales is that they involve the rating of only one or a few
features, and so are not comprehensive. Ftange, the WAB fluency rating requires the
examiner to consider multiple linguistic domains on the same scale. Similarly, the BDAE profile
of speech characteristics includes one scale for paraphasias, regardless of whether they are the

result of phonologial or semantic deficits. Further limitations include the design of the scales



themselves, such as the Aorear scale in the WAB and the inconsistent quantification of scale
points in the BDAE, where only the extremes (1 and 7) and the middle (4) areddefi

In this study, we took a different approach to the quantification of connected speech
characteristics, inspired by the auditggrceptual approach to assessment of motor speech
disorders (Darley, Aronson, & Brown, 1969a,b, 1975), in which speecheaane rated on a
large number of perceptual dimensions. The audpergeptual approach is reliable in both
experienced and inexperienced listeners (Bunton, Kent, Duffy, Rosenbek, & Kent, 2007), and
patterns are associated with distinct etiologies @amronson, & Brown, 1969b, 1975).
Consequently, this approach remains the gold standard for assessment, diagnosis, and clinical
decisionmaking in motor speech disorders (Duffy, 2013).

We designed a multidimensiornaliditory-Perceptual Rating of Connedt&peech in
Aphasia APROCSA in which 27 features of connected speech were each scoredpoirdg 5
scale. In order to assess the reliability and validity of each feature, connected speech samples
from 24 individuals with aphasia were retrieved from tiph&siaBank database (MacWhinney,
Fromm, & Holland, 2011) and evaluated by experienced researchers and student cliffi@ans.
data were then examineddgamine the reliability and validity of the tool

We had three aimsi) to quantify the reliability ofhe APROCSAIn experienced
researchers and student clinicians, reflecting two possible ways in whisBRR@CSAmight
be used in practice; (2) to assess the concurrent validity 8fRREOCSA by examining
correlations betweeAPROCSAfeatures and meass derived from quantitative linguistic
analysis and established diagnostic measures; and€3pkareempirically motivated and

explanatory underlying factors that explain the patterns amormgRROCSAfeatures.



Method

Rating scale

Twenty-seven commofeatures of connected speech in aphasia were selected for
inclusion in theAPROCSA(Table 1). One additional featui@cumlocution was also rated but
was subsequently excled from the analyses due to notapbor interrater reliability. Features
weregrouped into seven categorfetexical retrieval, selection of words and sounds,
grammatical construction, rate and timing, s®lfrection, clarity, and diagnostichat were
identified as representative of the features collectively. Most features weogasss with
language processing, with motor speech deficits captured broadly with ratings of dysarthria and
apraxia of speech. Some features wefkective of botimotor speech and language processing
(e.g.,halting and effortful.

Features were idenigd based on previous methodologies developed for quantitative
linguistic analysis (Saffran et al., 1989; MacWhinneyQ@0Wilson et al., 2010; Yagaéd al.,
2017; McCarronet al., 2017)Each was selected based on the following criteria: (1) its
prevalence in speakers with aphasia, as identified by normative data from prior language
batteries (e.g., WAB, BDAE); (2) its salience to a listener in the absence of transcribed data; and
(3) its ability to reflect deficits in one or more language domains, a&s&homia a composite
feature designed to capture deficits across lexical access, phonology, and semantics.

The features of thAPROCSAweredefined superficiallyrequiring the rater to only
consider what they hear, rather than attempt to identify wibetture(s) are associated with
different language processes. For instance, the festtore and simplified utterancesay bea

derivative of grammatical and/or motor speech deficits. However, raters were explicitly
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instructed to not consider the undenkyiimpairment when rating the feature. In other words,
rating of the featureid not rely ona priori knowledge of aphasia typology or models of
language processing.

A 5-point, equallyappearing interval scale was used to rate each feature (Table 2, Stran
Duffy, Clark, & Josephs, 2014; Bunton et al., 2007). Each point on the scale was explicitly
defined, accounting for both severity and frequency. Importantly, a score of 0 was defined as
being within the expected bounds of healthy,-etiterly adults. Idividuals without aphasia may
occasionally exhibit some of the features identified iIXARROCSA such as retracing a phrase
or pausing for wordinding or other reasons. Similarly, individuals with aphasia may only
present with a subset of the definedtteesof the APROCSA

The APROCSAwas designed to be an efficient tool that could be completed by an
experienced clinician or researcher in approximately five to ten minthtes.esultanproduct
was a ongpage score sheet that consisted of tHpeist scale definitions and a list of all 27
features (Appendix 1). A-page manual with general administration considerations and brief
explanations of each connected speech feature was also createohpany the score sheet

(Appendix 2).

Connected speech samples

Twenty-four videotaped connected speech samples of speakers with chrorstrpkstaphasia
(aged 49 to 76 years, 12 males) were selected from the AphasiaBank database (MacWhinney,
Fromm, & Holland, 2011). All speakers were righénded monolingual English speakers with
vision and hearing (aided or unaided) adequate for tefi@mgographic information and

standardized test scores are presented in Table 3.
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Samples were collected at participgtuniversities and outpatient clinics across the
country. The samples were selected such that patients were diverse in aphasia severity (Aphasia
AXRWLHQW $4 UDQJH W R DQG VXEW\SH $QRPLF
%URFDYV tad$tErtizd Motor, 1 Transcortical Sensory). WAB subtype ratios were
intended to approximately reflect prevalence of subtypes within typical outpatient populations of
individuals with aphasia (Kertesz, 197Burthermore, wthin each WAB subtype, patientgere
strategicallyselectedat equally appearing intervais represent a range of AQ severity

Excerpts were clipped to approximately 5 minutebroadly capture all connected
speech features identified on the APROCSA, as previous research idehiffiade frame as
adequatéo evaluateeommunicative efficacy in aphasia, assuming all diagnostic behaviors occur
at leasthreetimes per minut¢Boles & Bombard, 1998All excerpts were selected from the
Free Speech Samplpsrtion of the AphasiaBank gtocol, during which patients talked about
their speaking abilities, stroke, recovery, and in some cases recounted a memorable life event.
Samples with less than five minutes of recorded speech in these areas were not considered for

inclusion.

Raters

Two groups of raters were included in the study. The first group included three expert
researchers with experience in the analysis of connected speech (SMW, KR, MC). SMW was an
aphasia researcher with 14 years of experience in aphasia research and extesiséreexjih
connected speech analysis. KR was a licensed sfmsghage pathologist with more than 10

years of experience as a research clinician in an aphasia research laboratory. MC was a clinical

PDVWHUTV VWXGHQW DW W K H a8sQflexpdri¢inck W iraRscriptitdnfR QD ZL WK
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specific training in the transcription of connected speech in aphasia. The second group was
FRPSULVHG RI FOLQLFDO PDVWHUTYVY VWXGHQWY DW WKH 8C
clinical training in aphasia (Tab#. Raters in both groups passed a hearing screening and spoke
English with native proficiency.

The study was approved by the University of Arizona Institutional Review Board.
Student raters provided written informed consent for the study and were Incdegpensated

for their participation.

Rating Procedures

Expert calibration. Prior to rating speech samples, @ample from AphasiaBank, elman03a,
was selected for rating calibration and discusasimong the expert ratefSlman03a was a 52
yearold malewho was 1lyears posstroke.+LV :$% $4 ZDV ZLWK DHéeURFDYV
also had a clinical diagnosis apraxia of speechntlusionary criteria for this sample was the
same as listed above except for language status, as elman03a spoke EnglighdarthMr his
particular speech sample was selected because elman03a was one obpeakansvith
relatively moderate aphasia who presented with almost all ZRROCSAfeatures.
The three expert raters evaluagdthan03a independently and then meediscuss their
ratings.For any feature that did not demonstrate exact agreement, a consensus score was reached
through discussion and-reatching the videotaped sample. The videotaped sample and
consensus scoring was then used as part of the trairgsigiseleveloped for student raters,
which is discussed below.
Expert rating procedures. Theexpert ratershenevaluated all 24 patient samples. They

were instructed to watch each patient sample and rate all features simultaneouslgagbe 4
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manual wagprovided as a reference. Restrictions regarding rating time duration were not rigidly
enforced, though expert raters were asked to spend no more than 15 minutes on a patient sample.
Ratings were completed within a en®nth time frame using printouts oftlscore sheet and a
pencil. Videotaped speech samples were viewed using personal headphones and computers.
SMW and KR listened to each sample approximately 1.5 times while MC listened to each
sample approximately 2.5 times.

Student training. Prior to ratig speech samples, student raters participated intaoRr5
training session that reviewed the purpose oNRBROCSA administration and scoring, and an
in-depth explanation of the 27 connected speech features. Trainings were offered on two
differentdatv WR DFFRPPRGDWH UDWHUVY VFKpigsen@tlovwiti & GHOLY |
the help ofa doctoral candidate at the University of Arizona who led-anituite section on
differential diagnosis of apraxia of spegbler expertiseThe training presentatn was followed
by a practice session where students rated elman03a independently, reviewed the consensus
scores, and discussed any discrepancies in scoring. Student rater questions included clarification
on particulalAPROCSAfeatures, such as differeri@n of paragrammatism from agrammatism,
and phonological paraphasias from apraxia of speech.

Studentrating procedures.Each student then rated a randomized selection of 8 of the
24 samples. Randomization was designed to ensure that each of the 24 saaspkted 4
times. Students were instructed to watch each patient sample twice and rate all features
simultaneously, spending no more than 15 minutes per patient sample. A brief break between the
first and second listen was permitted to review notesaorks. Sessions consisted of two
appointments over a®eek period, during which ratings were completed using printouts of the

score sheet and a pencil. Videotaped speech samples were viewed using a Lenovo ThinkPad T60
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laptop and Audierechnica QuietPoimPATH-ANC7b headphones. Appointments were limited to
1 hour in length to control for fatigue (Bunton et al., 2007). As with the expert raters, students

were given the $age manual as a resource.

Reliability

The reliability of each feature was assessdadiims of intraclass correlation coefficients (ICCs)
using models described in McGraw & Wong (1996). For expert raters, we calculated ICCs for
two-way models, as each of the 24 patients naged by all 3 of the experts. Bothetpatients
rated and the experaters were treated as random factors (i.e., experts were in principle drawn
from a pool of experts), though it is important to note that there is no difference in the calculation
of ICCs whether experts were considered random or fixed. Absolute agiteasiepposed to
consistency, was identified as an area of interest, so that systematic differences between experts
regarding whether they assigned relatively high or low scores to a particular variable would be
reflected in a reduction in the estimate@fability. As such, the appropriate ICCs for the expert
group were ICC(A,1), which estimates the absolute agreement of any two measurements, and
ICC(A k), which estimates the absolute agreement of measurements that are avdrages of
independent measuremts, wherd = 3 (because three experts rated each patient). In other
words, ICC(A,1) is an estimate of reliability in a situation where patients are rated by a single
expert, whereas ICC(A k) is an estimate of reliability in a situation where patiensted by
averaging the ratings of 3 experts.

For students, we calculated ICCs for a-wreey model in which patients rated were a
random factor. Each patient was rated by 4 students, but because a different subset of students

rated each patient, there wasinherent order to the 4 ratings obtained for each patient. As a
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result, the appropriate ICCs in this situation were ICC(1), which estimates the absolute
agreement of any two measurements, and ICC(k), which estimates the absolute agreement of
measuremds that are averages loindependent measurements, whiere4 (because four

students rated each patient). In other words, ICC(1) corresponds to an estimate of reliability if
patients were rated by single random students drawn from the population otstudédave
described, whereas ICC(k) corresponds to an estimate of reliability in the situation where
patients were rated by averaging the ratings of 4 students drawn from this population.

The reliability of each individual expert and each individual sten eacMAPROCSA
feature was assessed by calculating an ICC (type A,1) between the individual and the mean of
the other two experts (in the case of experts), or the mean of the three experts (in the case of
students), on the relevant set of rated p&dié2v for experts, 8 for students). For each
individual, the 27 ICCs (one per variable) were convertesstmores (McGraw and Wong, 1996,
Appendix B), averaged together, and converted backTthe mean ICCs of the experts and

students were then compdreith a 2samplet-test (equal variance, ostailed).

Validity

The concurrent validity ahe APROCSA connected speech featusased on the mean of the 3
expertswas investigated by calculating Pearson correlations with 25 AphasiaBank measures,
including 17 quantitative linguistic measures, two motor speech measures (clinical diagnoses of
apraxia and dysarthria), and six WAB measures (AQ and subscores for information content,
fluency, comprehension, repetition, and naniguantitative linguistic meases were derived

from transcriptions coded by AphasiaBank administrators using CHAT and calculated using

FREQ and EVAL analyses t@omputerized Language ANalysis (CLAMacWhinney, 2000).
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FREQ analysis performs frequency counts of designated-\eoedl ard utterancdevel error

codes, such asarphosyntactic errors, and pastdes, which capture other utteraheeel

phenomena, such as retracing or pausing. EVAL analysis performs calculations that are
commonly used by aphasia researchers or cliniciank,aamean length of utterancM{U).

The majority of measures were presented as proportions, either in comparison of 4wfe part

speech elements, such as pronouns and nouns, or per hundred words (phw). A description of each
measurgalong withits relevantCHAT code(s) is provided in Table 5.

Twenty-four of the 27APROCSAconnected speech features were identdiguiori as
representing a similar construct to one or more AphasiaBank measures. Importantly, neither the
selected\phasiaBankneasures nor thePROCSAfeatures washosen with the goal of
duplicating the other. Rather, the measures were selected in an effort to identify and analyze
existing correspondences.

The remaining threAPROCSAfeatureg paragrammatismperseverationsand
stereotypied wereinitially identified a priori as having related AphasiaBank measures but were
not included in our analysis due to insufficient use of their corresponding CHAT code(s). In the
case oparagrammatismthe CHAT manual defines several wdedel codes designed to
capture paragrammatism; however, only ohthesecodes was used in the transcripts we
reviewed. The code [+grang measure of ungrammatical utteraneess also designed for
coding of paragtmmatism, as wells agrammatism, thoughis code appeared to be used
primarily for agrammatic utterances in our transcripts. Similarly, the CHAT codes identified as
representative of theerseverationsndstereotypiegeatures, [per] and fn:uk:s]resgectively,

were not present in our patient transcripts and consequently could not be analyzed.
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Patterns

To examine relationships among BEROCSAfeatures, pairwise Pearson correlations were
first computed between all features.

Then, factor analysis witharimax rotation was performed based on the mean of the 3
experts. Four connected speech featarésR Q G X L W H ,GfffiodcdysarthkaHandoverall
communication impairmedtwere removed from analysis, as the algorithm required fewer
features than pients. Three of the four featuresF R Q G X L W H ,@6fftiofcSaddR F K H
dysarthria? were excluded due to their relatively low reliability and relatively restricted
distribution among the patient sampl@serall communication impairmentas removed to
decreae redundancy in the analysis, as it was similar to and highly correlated watkptiessive
aphasiafeature.

Factor analysis was performed usfagtoranin MATLAB (Mathworks, Natick, MA).
Fourfactorswere foundo be the most meaningful reduction bétdata, as described in the
results section. Correlations between the resultant factors and AphasiaBank measures were
calculated usingairwisePearson correlations. Finally, the factor loadings for each patient were

derived from the results of the facemalysis.

Results

Most APROCSAfeatures demonstrated wide distributi@amsong the 24 patients (Figurgfar
both the expert and student raters, showing that the selected patient sample varied in terms of its

presenting features and the severity of tHeaéures.
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Reliability

ICCs of type (A,k), an estimate of reliability when ratings were averaged across 3 experts, were
excellent{ IRU IHDWXUHV JRRIRU IMDWXUHVr<DQG IDLU
0.60) for 2 features (Figure 2). ICGbtype (A,1), an estimate of reliability in a situation where
patients were rated by a single expert, were excellent for 7 features, good for 6 features, fair for
IHDW XU H¥ 0.60), ahd poor for 3 featuras |

Results for ICC(k), anstimate of r@ability where patient scoresere averaged across 4
students drawn from the population of students described, demonstrated excellent reliability for
11 features, good for 12 features, fair for 2 features, and poor for 2 features. |IC@&ljnate
of reliability where patients were rated by single random students drawn from the population of
students described, showed excellent reliability for 4 features, good for 7 features, fair for 12
features, and poor for 3 features.

The mean ICCs dhe three experts were very similar (SMW: 0.68; MC: 0.69; KR: 0.69),
while the students were much more variable (mean = 0.56 + 0.11 SD, range 0.42 to 0.70). As a
group, the experts were more reliable than the studgh® € 1.90p = 0.040), but at leas of
the 12 students were as reliable as the experts (means of 0.68, 0.70 and 0.70), suggesting that a
subset of students can be identified who will perform comparably to experts. Given that the
expert group was found to be more reliable, subsequerssasset of validity and factor

DQDO\WHV ZHUH FDOFXODWHG XVLQJ WKH PHDQ RI WKH H[SHL

Validity

Concurrent validity was assessed by examining correlations betweeoféhel27APROCSA

feature andhe 25measureselectedrom AphasiaBank (fgure 2). As mentioned above, 24 out
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of 27 APROCSAfeatures were identified priori as representing a similar construct of one or
more AphasiaBnk measures, whidre outlined in yellow in igure 2. Of the 24APROCSA
features examined, 18 showed strong correlation(s) @ atlleAsKone of theelevant
measure(s)or examplecorrelations betweethe APROCSA featuremission of function
wordsand theCHAT transcript measuredosed class words (proportioafjdagrammatic
utterances (phwiyere-0.70 and 0.90 respectiveljwo of the 24 feature3 off-topic and
dysarthria? demonstrated significant but not strong correlations with their corresponding
measure(s)our of the 24 featuréssemantic paraphasiaphonent paraphasiasconduite

G 1 D S S,@Rigdfabtia of speech did not exhibit a significant correlation with their respective
AphasiaBank measu®. Despite the lack of correlation with the aforementioned features, the
correlations observed for the great ardy of features support the validity of tAdPROCSA

and many of théailings of the correlations werlikely due to inherent limitations of the

AphasiaBank measures, as explained in the discussion.

Patterns

Correlations amongAPROCSA features.Pearson arrelations between each pair of
APROCSAfeatures were computed (Figure 3). As anticipated, there were many instances in
which pairs ofAPROCSAfeatures correlated strongly (| ZLWK REbHexaoReW KH U
the correlation betwearmission of bounchorphemesandomission of function wordsas 0.92

In some instances, features were anticorrelated, such as a correlafigfbbetweensemantic
paraphasiasandomission of bound morpheme&iventhese findings, factor analysis was

performed to further define the relationships amongARROCSAfeatures.
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Factor analysis.Patterns among th®PROCSAfeatures were identified using factor
analysis (Figure 4). A model with four factors proved to provide the most explanatory
dimensionality eduction of the data, accounting for 79.5% of the variance in the data. We
labeled the factors Paraphasia, Logopenia (paucity of speech), Agrammatism, and Motor speech,
based on the features that loaded on them, as described in detail below. The eigehvadse
factors were 5.31, 5.21, 4.38 and 3.39, and the percentage of variance explained was 23.1%,
22.6%, 19.1% and 14.7% respectivélpmmunality valuesf the APROCSA featureasnged
from 0.56 to 0.97, indicating that a high proportion of the vagdor each feature was
explained within the four factors.

Models with fewer than four factors conflated one or more of these four factors, and
explained substantially less of the variance in the data. In particular;fa¢teo model
conflated the Logopea, Agrammatism, and Motor speech factors, and explained only 58.8% of
the variance, whereas a thifaetor model conflated the Logopenia and Motor speech factors,
and explained only 70.2% of the variance. In contrast, afdie®®r model yielded four fagrs
similar to those identified in the fodiactor model, as well as an additional factor with an
eigenvalue of 0.73 (i.e., less than 1) that explained only 3.2% of the variance, and the factor
loadings of which had no obviously meaningful interpretation.

The four factors were representative of a constellation of phenomena associated with fluent
(Paraphasia) or neffluent (Logopenia, Agrammatism, Motor Speech) aphasia profiles. The
Paraphasia factor was characterized by paragrammatic utterances thaitlfyemuntained
selection errors in phonology and semantics, with heavy factor loadings par#ggammatism

semantic paraphasiaphonemic paraphasiaseologismsandjargon features. Other
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characteristic features included empty utterances that wene@ied and retraced, as evidenced
by loadings orempty speeclialse startsabandoned utteranceandmeaning unclear

The Logopenia (paucity of speech) factor represented patients with significant anomia who
produced halting and slow speech punctuatetiequent pausing and perseverations, as
represented by positive loadings on #m®mig halting and effortfulpauses between utterances
pauses within utteranceseduced speech ratandperseverationgeatures Furthermore,
utterances were often sha@nd abandoned with a poorly understood message, as evidenced by
loadings on thehort and simplified utterancgsieaning unclegrandabandoned utterances
featuresNotably,phenomenassociated with grammatical fomvere not characteristic of the
Logopenia factor, with minimal loadings on thmission of function wordamdomission of
bound morphemdegatures, and a negative loading onpaeagrammatisnfeature.

In contrast, the Agrammatic factor was characterimedimplified uncleamtterances with
frequent stereotyped phrases and grammatical omissions, as evidenced by heavy loadings on the
short and simplified utterancesieaningunclear, stereotypiesomission of function worgdsnd
omission of function wordeaturesRetracing and false starts were infrequent, with negative
loadings on theetracingandfalse startdeatures.

The Motor speech factor was representative of patients whose speech was halting, effortful,
slow, and contained frequent pausing,\d@denced by heavy loadings on thalting and
effortful, slow speech ratg@ausing between utterancemdpausing within utterancegatures.
Phonemes were distorted or imprecise and motor planning deficits were evident, with positive
loadings on théarget unclearandapraxia of speecfeatures.

Factor analysis correlations with AphasiaBank measurenother way of

understanding the meaning of the four factoas wo correlate them with the pBeviously
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examined AphasiaBank measures (Figure 5). Data tinssranalysis provided a similar picture
to the previous correlation analysisAPROCSAfeatures. Patterning of correlations in the
guantitative transcription, WAB, and motor speech measures from AphasiaBank appeared
congruent with the factors identifiedth the APROCSA

To determine whether similar factors would emerge from quantitative linguistic measures
from AphasiaBank, factor analyses were run on these 17 measures. Models with between 2 and 7
factors explained between 66.6% and 90.8% of the \@iauth all factors having eigenvalues
greater than 1 and explaining Roiivial proportions of the variance. However, the factors tended
to have much less clear interpretations than those derived froMPBROCSAvariables. For
example, the 4actor analgis explained 80.0% of the variance, with three factors seeming to
reflect Agrammatism, Empty speech, and Paraphasia (bphooemic paraphasiasand a
fourth factor that loaded heavily &thonemic paraphasiasit the other loadings of which were
difficult to interpret. In short, factor analyses based on quantitative linguistic measures from
AphasiaBank yielded factors that were only sometimes readily interpretable in terms of
underlying deficits.

Factor loadings by patient.The factor loadings for indigtual patients were plotted and
showed considerable diversity among patients of any gipbasisubtype(Figure 6). For
instancepatients with nonfluent aphasia subtypes loaded on several of the nonfluent factors. The
PDMRULW\ RI WKRYV HiaZddatlédKoihe RgranmatiBnsEdr (scale33a, TCUO8a,
BUO8a), as expectethoughone patient (BUO8a) loaded on the Motor speech factor and three
patient TCUO8a, TAP11a, BUO8a) loaded theLogopenia factoto varying degreeg he two

patients withGlobal aphasia presented with remarkably different profdas who loaded
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moderately on Logopenia and Agrammatism (scale@8d)the other who loadéaavily on
ParaphasiéTAP09a).

Significant variety was also observed among the patients identifiadluaint aphasias,
with loadings observed on both fluentandod XHQW IDFWRUV 21 WKH IRXU ZLW
aphasia, onlpneloaded on the Paraphasia fag@imanl14a)One (kurland18a) loaded heavily
on the Logopenia factor, while another (thompson@&sjed on the Agrammatism factor. The
fourth patient (elmanl2a) had no positive loadings. Of those with Conduction aphasia, two of the
five (kurland20a, TCUO7a) demonstrated loadings on the Paraphasia factor, with one (TCUO7a)
loading additonally on the lbgopenia factorTwo additional patients (willamsomO04a,
ACWTO09a) loaded primarily on the Logopenia factor. One (wright203a) had no positive
loadings. Of those with Anomic aphasia, one patient (adlerOla) loaded heawis/Ndotor
speeclHactor, whiletherest demonstrated relatively small loadings across the Motor speech
(TAP18a, whiteside06a), Paraphasia (adlerOla, kurland07a), and Agrammatism (scale30a)
factors.Two (fridriksson05a, kurland28a) appeared to have no positive loadings.

In looking at the faiors, patients with similar qualities in their connected speech were
identified as having a variety of different aphasia subtypes. For instance, patients who loaded on
the Paraphasia factor spanned a wide range of subtypes and AQ sd@&i@ie¢s 20.5)Four of
the 8 patients who loaded on the Paraphasia factor had Anomic aphasia (kurland20a, TCUQ7a) or
&ERQGXFWLRQ DSKDVLD DGOHU D NXUODQG D 7TKH UHPDLQ
DSKDVLD HOPDQ D %URFDYV DSKDYVead), or%@ns@ical* OREDO DSK
sensory aphasia (williamnsonl6&imilarly, AQ severitiesvere variedor those who loaded on
the Agrammatism factq®©0.3 to 20.3)Five of the 10 patients who loaded on this factor had

%URFDYV DSKDVLD VFDOH Idbal dphdsia TARPOS, ddaleRdd). Two
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patients each had Anomic aphasia (TAP18a, scale30&}@miliction aphasia (ACWT09a,
ZLOOLDPVRQ D 2Q0H DOVR KDG :HUQLFNHYTVY DSKDVLD WKRP
Those who loaded on the Logopenia factor wenearily individuals with AQ severities
the 50s or lowe(58.1t020.3) )LYH RI WKH VHYHQ SDWLHQWYV KDG %URFD
7$3 D %8 D RU *OREDO DSKDVLD 7%$3 D VFDOH D 7KH UH
aphasia (kurland18a) or Conductigrhasia (TCUO7aPatiens with loadings on the Motor
speech factor were highly diverse inith®Q severity range (90.3 to 20.but primarily loaded
on Anomic aphasia (TAP18a, whitesideO6a, adler01a) and nonfluent aphasias associated with
co-morbid motor VSHHFK GLVRUGHUYV VXFK DV 7TUDQVFRUWLFDO PRW
aphasia (scale33a, BUO8a), and Global aphasia (TAPQ09a).
Of note, 4 of the 24 patients did not load pesiy on any factor. All had AQ severiti@s
the 70s or highg{74.4 to 92.7and had a fluent aphasia subtype: two had Anomic aphasia
NXUODQG D IULGULNVVRQ D RQH KDG &RQGXFWLRQ DSKD

aphasia (elmanl2a).

Discussion

The APROCSAproved to be an efficient, reliable, and valid means of chemaing connected
speech in aphasia, revealing explanatory factors underlying the multidimensional profiles
observed. It warrants further investigation as a tool for assessment, diagnosis, and evaluation of

treatment outcomes in aphasia.
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Reliability

The APROCSAwas observed to be a reliable tool for quantifying connected speech in aphasia,

with raters from both groups demonstrating go@eéxcellent reliability on the majority of the

features. While experienced researchers were generally more reliabétutiant clinicians, a

subset of student clinicians performed comparably to researchers, suggesting that extensive

experience is not prerequisite to being a good rater. Given the reliability demonstrated by both

groups, theAPROCSAshows potential for uses a assessment tool in research almical

settings. Experienced spedeamguage pathologists or aphasia researchers may use the

APROCSAto efficiently and reliably capture characteristics of connected speech in aphasia. The

datadriven approach to thePROCSA coupled with its relatively simple administration and

rating scheme, makes it an attractive tool for aphasia assessment. Student research assistants may

also serve as effective raters, though the increased variability observed within therstadent

group suggests that structured training and screening of students by comparing performance to

the data described here may be necessary for identifying reliable raters.
SomeAPROCSAfeatures were shown to be more reliable than othersloWer

reliability observed across both groups édtopic may have been due to the relative difficulty

in judging the presence and severity of this feature, wigighires theater to make inferences

RQ WKH TXDOLW\ RI WKH SDWLHQWTV XWWHUDQFHYV LQ UHVSF

off-topic requires greater contettian the other features, which may have contributed to the

variance in rater scores. Inherentreteristics of the feature may have played a role in the

relatively low reliability ofphonemic paraphasiasvhich captureerrors at the level of the

phoneme. Errors such as these often difficult to parcellate from similar sounding errors due to

aprxia of speech, such as phonemic distorti@ns the other hand, features representative of
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phonemic paraphasias larger linguistic units, such asologism@andjargon, demonstrated
goodto-excellent reliability and correlated strongly wghonemic parphasias These results
suggest that phonentevel errors were captured BWPROCSAfeatures with similar constructs
despite the relatively low reliability of the feature itself.

Reliability of theAPROCSAwas comparable to established assessment measures fo
aphasia and motor speech disorders. For instance, interjudge reliability of quantitative linguistic
analysis has been established in a study examininguaetiativePhraseAnalysis method
(QPA; Rochon, Saffran, Sloan, Berndt, & Schwartz, 2000). Ritglior rating agrammatic
speakers was determined by comparing scores of two independent raters from randomly selected
patient transcripts. ICCs for twelve QPA measures were derived, all of which were in the
excellent range, varying from 0.89 (numbeeaibeddings) to 0.98 (number of closed class
words, number of pronounslaboration of auxiliariesdleterminer/noun ratio).

Inter-rater reliability is also commonly reported for qualitative rating scales. Correlation
coefficients for the BDAE profile of g@ch characteristics, in which three raters evaluated 99
subjects, ranged from 0.78 for word finding to 0.90 for phrase length, articulatory agility, and
grammatical form (Goodglass, Barresi, & Kaplan, 1983). Although an actual ICC was not
calculatedtheir correlation of the most disparate raters on each scale likely represent®-good
excellent reliability. Interrater reliability was also examinéor the WAB fluency scalewhere 8
judges evaluated 10 patients of varying types and severity (Kertesz, A98age
intercorrelations were reported to be 0.98. While this report is remarkably high, the
unidimensional nature of the scale likely limited the potential variability in scoring-retesr
reliability of a novel, sevepoint rating scale created byagenaar, Snow, & Prins (1975) was

additionally established using the Kendall coefficient of concordance. Coefficients were found to
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EH ZLWKLQ WKH H[FHOOHQW UDQJH . UDQJHG IURP WR

variables (communicative cagty, syntactic complexity, melody, articulation) were examined.
Finally, the reliability of the auditorperceptual approach to motor speech assessment

was recently established, where 20 raters evaluated 47 patients of varying dysarthria types on 38

pereptual features (Bunton et al., 2007). Differences between speakers accounted for 36% to

62% of the variance, corresponding to a paRisbm 0.60 to 0.79. This is comparable to an

ICC and is likely representative of reliability in the getoeexcellentrange. Interestingly, no

significant difference between inexperienced and experienced raters was found by Bunton and

colleagues, suggesting that the significant differenbsgrvedetweerrater groupsn our study

may be the result of inherent differesade rating linguistic versus speech features.

Validity

Most of theAPROCSAfeatures showed good concurrent validédative toquantitative
measures of connectedegeh, motor speech diagnoses\WAB subscores. Some of the weaker
correlations likely rdéctthe ambiguity of some of the features in the APROCSA.instance,
the absent correlation betweginonemic paraphasiaand phonological errors (phw) may
partially be the result of thelatively low reliability ofphonemic paraphasiaand the difficulty
distinguishingohonemic paraphasias from errogsulting from apraxia of speeds previously
discussed.

Other weaker correlations may be duélifferences in specificity between the
APROCSA features and tiighasiaBank measures.Hastancejn the APROCSAapraxia of
speech was rated directly through its own diagnostic feature and indirectly through other features

(e.g.,reduced speech ratkalting and effortful. In contrast, apraxia of speesfas not tested
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directly through AphsiaBank protocol. Insteaelxaminers from the AphasiaBank docuneeht
the presence or absence of apraxia of spee@hbinary scale’hen collecting demographic
information.

A mismatch in construct criteria betweRRROCSAfeatures and CHATranscription
variables may have also played a role. The absence of a correlation betwesatic
paraphasiasand semantic errors (phw) was likely the result of déifiees in hoveemantic
paraphasias were categorized in CHAT. While our manual stipulates that thraustenake a
judgment as to whether an error is phonological or semantic in n@ideel coding for
semantic errors with an unknown target, [*s:uk], makes no distinction regarding the nature of the
error.This particular code is defined as an error thsiilte in a real word with an unknown
target (MacWhinney, 2000). Given that both semanticpdrmhemic paraphasiasay result in a
real word with an unknown target, either may be labelled as such using the CHAT coding
scheme. As a resufthonemic paraphasmaybeinadvertently labeled with this code, thereby
confounding the correlation analys&@milarly, FR Q G XL W H [K§Ipfaiedi& coKdthte
with the CHAT transcription measurestraced sequences (phw) and false starts (phw), as
neither was aicect measuref the construct. Whileetracingand false starts may be the result of

FRQGXLWH GIDSSURFKH WKH\ RIWHQ RFFXU LQ WKH DEVHQFI

Patterns

As expected, many features patterned together with strong correlations within identified
APROCSAcategories. Unanticipated anticorrelatigns., negative correlationg)ere also

observed among the features. For instaooession of bound morphemesdomission of
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function wordsvere both anticorrelated widemantic paraphasias is unclear whether these
findings are spurious or reflective of patterns that warrant further investigation.

Four readily interpretable underlying factors were shown to atéoumuch of the
variance across the 27 connected speech fea@nesfactor loaded on phenomena associated
with fluent aphasia (Paraphasia), while the other thileggopenia, Agrammatism and Motor
speecl? reflected a parcellation of dimensions of farency. Much previous research has
shown that aspects of ndlmency can dissociate (Goodglass, Quadfasel, & Timberlake, 1964,
Benson, 1967; Wilson et al., 2010; Thompson et al., 2012), but oudaaea identification of
precisely three specific dimensioimgluding a Logopenia dimension is intriguing. Individual
patients presented with varying mixtures of the threefluant factors, as well as the fluent
factor (Paraphasia), which was not simply the opposite oflnency, but could occur in
conjunctionwith the nonfluent dimensions-actor loadings by patiematere varied within a
given WAB subtype, wittmultiple factor loadings often observed within a single patiEms
variation within a given WAB subtype has been previously documented, shdisggiation of
a given WAB subtype and grouping of multiple WAB subtypes within a single cluster pattern
(Kertesz & Phipps, 1977).

It is difficult to ascertairthe extent to whickhe observed factors were determined by our
cohort of patients with chronic pbstroke aphasia. In a cohort of patients with acute-gtoske
aphasia where motor and linguistic deficits commonkpceour, we may expect to see
dissociation of the Motor speech factor, with one representing amfeseeectand the other
dysarthriaA cohort of patients with primary progressive aphasia may result in parcellation of the
Paraphasia factor into two separate factong, characterized lsemantic angghonemic

paraphasigsand the otherepresentative afonspecific and empty speech.



30

Future directions

The results observed in this study warrant further investigatioriiethPROCSAas a clinical

and research tooAs mentioned above, one potential area of research is the administration of the
APROCSAwith different cohorts, such as acutespstroke aphasia or primary progressive

aphasia, to examine whether the factors observed in this study were spdwfic or

generalized behaviors in aphasia. Another possible avenue is to determine the reliability and
validity of rating the four facte derived from thAPROCSAdirectly, as opposed to rating the

27 connected speech features. Finally, quantifying correlations bedMQCSAderived

variables and factors and neuroimaging data is an important next step in determining whether the
observedehaviors follow the neuroanatomy and neurophysiology of patientaplidsia of

differing etiologies.
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Table 1. The 27 features of t ePROCSA

Connected speech features

Definition

Lexical retrieval
Anomia
Abandoned utterances
Empty speech

Selection of words and sounds
Semantic paraphasias
Phonemic paraphasias

Neologisms
Jargon
Perseverations
Stereotypies

Grammatical construction
Short and simplified utterances

Omission of bound morphemes
Omission of function words

Paragrammatism
Rate and timing
Pauses between utterances

Pauses within utterances

Halting and effortful

Reduced speech rate
Selfcorrection

False starts

Retracing

&RQGXLWH GIDSSUE

Clarity
Target unclear
Meaning unclear
Off-topic
Diagnostic
Expressive aphasia
Apraxia of speech

Dysarthria

Overall communication
impairment

Overall impression of worfinding difficulties
Utterances are lefbcomplete
Speech that conveys little or no meaning

Substitution of a content word for a related or unrelated content worc

Substitution, insertiorgeletion, or tragposition of one or two clearly
articulated phonemes

Word forms that are not real English words
Fluent, prosodically correct but meaningless speech
Repetition of a previously useudbrd or utterance

Commonly used words or phraggeduced with relative ease and
fluency

Speech is reduced in length or complexity

Inflectional or derivational morphemes are not used where they shot
Function words are not used where they should be

Inappropriate juxtaposition or misuse of words

3DXVHV EHWZHHQ WKHRWSHEMERQV KWW H
guestions

Filled (um, uh) or silent pauses within an utterance
Prosody or melodic line idisrupted or unnatural
Rate in typical sequences is slower than expected

Partial words are abandoned after a few phonemes

Sequences of one or more completedgpmwhich are madeedundant by
subsequent revisions

Successive attempts at an apparent target form

It is not clear what phonemes the speaker is
7KH FRQWH[W RI WKH Vst HUTYV XWWHU
7KH VSHDNHUYV XWWHUDQFHYV DUH FOHD

Language production is disrupted

Speech contains distortions, substitos, or omissions that tend to
increasewith length or complexity of the word or phrase

Speech is difficult to understand and characterizesieieed, choppy
or mumbled

Extent to which the speaker ekfis difficulty conveying their
message




Table 2. The 5point rating scale used in tAdd°PROCSA

Score  Severity Description

0 Not present  Not present or within the range of healthy older speak
1 Mild Detectable but infrequent

2 Moderate Frequently evident butot pervasive

3 Marked Moderately severe, pervasive

4 Severe Nearly always evident

The scale is based on Strand, Duffy, Clark, & Josephs (2014).
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Table 3. Patient characteristics

BNT
Duration WAB-AQshort forn
Age Educatiorpostonse (outof (outof  Aphasia
Patient  (years) Sex Race (years) (months) 100) 15) subtype Apraxia Dysarthric
fridriksson05¢ 58.3 F WH 12 149 92.7 13 Anomic Y N
TAP18a 53.7 F WH 16 23 90.3 12 Anomic Y N
whitesideO6a 62 M WH 12 91 88.8 8 Anomic Y N
adlerOla 58.8 M WH 13 16 86.8 12 Anomic Y Y
kurland07a 70.6 F WH 16 13 83 11 Anomic N N
kurland28a  62.5 M WH 16 6 78.7 4 Anomic N N
scale30a 48.9 M WH 18 46 68.5 7 Anomic N N
ACWT09a 56.2 F WH 13 94 80.1 11 Conduction Y N
wright203a  66.4 M WH 18 80 76.3 11 Conduction N N
williamson04: 60.9 M WH 14 296 70.6 2 Conduction Y N
kurland20a  50.1 F AA 12 6 67 6 Conduction N N
TCUO7a 49.2 F WH 16 15 52 1 Conduction Y N
Trans
williamsonl16: 63.5 F WH 16 58 66.4 2 Sensory N N
ACWTO02a 53.1 F WH 14 39 74.6 8 Trans Motot Y N
elmanl2a 57.4 M WH 20 54 74.4 10 Wernicke N N
elmanlda 76.3 F AA 17 55 65.7 9 Wernicke N N
thompson05a 63.9 F WH 16 155 58.5 14 Wernicke - -
kurland18a 74.3 M AA 16 9 44 2 Wernicke N N
scale33a 57.3 F WH - 104 71.1 7 Broca N N
TCUO8a 57.2 M AA 14 95 63.9 4 Broca Y N
TAPlla 62.7 F WH 14 44 58.1 1 Broca Y N
BUO8a 64.6 M WH 12 110 39.7 1 Broca N N
TAPQ9a 71 M WH 16 36 20.5 1 Global Y N
scale09a 66.2 M WH 12 240 20.3 2 Global Y Y

The- symbol indicates no information was provided.
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Student rater characteristics

Age
Sex
First language

Highest degree earned
Clinical experiencén adult language
Clinical settings in adult language

Research experience

Transcription experience
Auditory-perceptual experience
Confidence in aphasia

Confidence in motor speech disorders

Graduate course in language disorders

22 £33 years (mean: 25.5 £ 3.3)

11 female, 1 male
10 English, 1 Shanghainese and English, 1
Korean

10 Bachelors, 2 Masters

25 +200 hours (mean 86 = 50 hours)

University aphasia clinic (all), acute care (5),
inpatient rehabilitation (5), private clinic (2)

0 4220 hours (mean 1099 + 1211 hours)

0 £1920 hours (mean 376 £ 677 hours)

0 £50 hours (mean 12.5 £ 16.0 hours)

4 15 on a 5point Likert scale (mean 4.4 £ 0.5)

2 +4 on a5-point Likert scale (mean 3.2 £ 0.7)

All completed

Graduate course in motor speech disorde 1 completed; 11 in progress
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Table 5. Quantitative linguistic meases derived from CHAT and CLAN

Quantitativelinguistic measure

Description

Anomia (phw)

Abandoned utterances (phw)
Empty speech (phw)
Semantic errors (phw)
Phonological errors (phw)
Neologisms (phw)

Jargon (phw)

MLU (morphemes)

Boundmorphemes (proportion)

Closed class words (proportion)

Pronouns (proportion)
Agrammatic utterances (phw)

Pauses (phw)

Words pe minute
Retraced sequences (phw)

False starts (ph)

Unintelligible sequences (phw)

B3RVW FRGHV « "IRU DEDQGRQHG XWWHL
for pausing, and [&ah] [&eh] [&ew] [&hm] [&mm] [&uh] [&uhm] [&um]
for filled pauses were summed using FREQ and the proportionupeired
words was taken.

B3RVW FRGHV «
hundred words was taken.
Post code [+es] was summed using FREQ and the proportion per hund
words was taken.

Word-level error codes [*s:r] [*s:ur] [*s:uk] [*s:per] were summed using
FREQ and the proportion per hundred words was taken.

Word-level error codes [*p:w] [*p:m] [*p:n] were summed using FREQ a
the propotion per hundred words was taken.

Word-level error codes [*n:K] [*n:uk] were summed using FREQ and the
proportion per hundred words was taken.

Word-level error codes [*s] for semantic errors, [*p] for phonological errt
ard [*n] for neologistic errors were with post code [+jar] using FREQ. Tt
proportion per hundred words was then taken.

" ZHUH VXPPHG XVLQJ )5¢(

MLU in morphemes was calculated using EVAL. Revisions, fillers, and
unintelligible utterances were excluded.

%mor line codes for bound morphemes (plurals, 3S, 1S/3S, PAST, PAS
PRESP) and free morphemes (nouns, verbs, auxiliaries, prepositions,
adjectives, adverbs, conjunctions, determiners/articles, pronouns) were
summed using EVAL. Thproportion of boundo-free morphemes was the
taken.

%mor line codes for closed class words (auxiliaries, prepositions,
conjunctions, determiners/articles, pronouns) and open class words (nc
verbs, adjectives, adverbsgre summed using EVAL. The proportion of
closedto-open class words was then taken.

%mor line codes for nouns and pronouns were summed using EVAL. T
proportion of pronoungo-nouns was then taken.

Post code [+gram] was summed using FREQ and the proportion per hu
words was taken

Post codes (.) (..) (...) [&ah] [&eh] [&ew] [&hm] [&mm] [&uh] [&uhm]
[&um] were summed using FREQ and the proportion per hundred word
was taken.

Words per minute was calculated using EVAL and were based on time
stamped codes embedded in the transcript file.

Post codes [/] [//] were summed using EVAL and the proportion per hur
words was taken.

Post code [&] was summed using FREQ and the proportion per hundre
words was taken. [&] codes for gestures and filled pauses were not incl
in the calculation.

Word-level error code xxx was summed using FREQ angbtbportion per
hundred words was taken.
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Figure captions

Figure 1. Distribution and reliability of the 27 connected speech variables. Each row shows one
FROQQHFWHG VSHHFK YDULDEOH 7KH ILUVW FROXPQ VKRZV W
wheree D FK SDWLHQWYV VFRUH LV WKH PHDQ RI WKH WKUHH H[S]
Whiskers: ranges excluding outliers; circles: outliers; red lines: medians; blue asterisks: means.

The second column shows the intraclass correlation coefficien},(t@g Ak, for the three

experts. This is the expected correlation between scores averaged across the three experts, and
scores averaged across three different hypothetical experts from the same population of experts.
Error bars indicate 95% confidenggarvals. The third column shows the ICC, type A,1, for the

three experts. This is the expected correlation between individual experts from the population of
HISHUWYV 7KH IRXUWK FROXPQ VKRZV WKH GLVWULEXWLRQ R
score is the mean of four student ratings (only 4 of the 12 students rated each patient). Red lines:
medians; blue asterisks: means; black circles: outliers. The fifth column shows the ICC, type 1,k,

for the students. This is the expected correlation éetvscores averaged across four students,

and scores averaged across a different set of four students, with all students drawn at random

from the population of students. The sixth column shows the ICC, type 1, for the students. This

is the expected corrdian between individual students from the population of students. The
ICCsarecolorFRGHG SRRU IDLU [ VR JRRG U

0.75), following Cicchetti (1994).

Figure 2. Concurrent validity of the 27 connectepeech features. Pearson correlation
coefficients are indicated by depth of color, and Pearsaifues are shown for correlations with

uncorrecte@ < 0.05. They axis shows the 27 connected speech featuresx @kis shows: (1)
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25 quantitative measureéerived from the transcription and coding of the speech samples in
AphasiaBank; (2) two binary motor speech diagnoses reported in AphasiaBank; and (3) the five
subscores and the Aphasia Quotient from the Western Aphasia Battery (ARBRCSA

connected speh features are all defined such that high scores are indicative of impairment. The
other measures differ in terms of their directionality. In general, the blue color scale is used to
encode correlations of scores indicating impairment with scores imgjcatpairment, whereas

the red color scale is used to encode correlations of scores indicating impairment with scores
indicating sparing. Exception to this are three AphasiaBank quantitative meabonasd

morphemes (proportion), closed class words (pro@g, and pronouns (proportior?) since
WKHVH PHDVXUHY FDQ EH SHUWXUEHG LQ HLWKHU GLUHFWLR
of these scores were arbitrarily defined as the direction of impairment. Yellow boxes indicate
AphasiaBank measures thvagre considered priori to be measuring the same or similar

phenomena to each connected speech feature.

Figure 3. Patterning of connected speech variables: correlation matrix. Each variable is shown
on both the x and y axes, so the matrix is symmetric around the diagonal. Positive correlations
are indicated in blue and negative correlations in red. Pearson r vas®an for correlations

with uncorrected p < 0.05.

Figure 4. Patterning of connected speech features: factor analysis. Only 23 of the 27 features
were used, since there were only 24 patients. Aflactor rotated model provided the most
explanatory aamunt of the data. The factors were labeled Paraphasia, Logopenia, Agrammatism

and Motor speech. Loadings of each feature on each factor are shown, and accompanied by bars:
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positive in blue and negative in red. Communality indicates the proportion of caonéeach

feature that is explained by the four factors.

Figure 5. Concurrent validity of the four factors. Pearson correlation coefficients are plotted for
correlations between each factor and a number of variables from AphasiaBank. See Figure 2

captionfor details.

Figure 6. Characteristics of individuals with aphadi@r each of the 24 patients, the scores on
each of the four factors are shown. Patients are ordered by WAB subtype, with less severe
subtypes first, then by descending AQ within subtgaients with the same WAB subtype

showed different connected speech characteristics.
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Appendix 1. The APROCSArating form

Rate connected speech using the following scale:
Not present (0)= not present or within the bounds of healthy,‘etderly speakers
Mild (1) = mild impairment or detectable but infrequent
Moderate (2) = moderate impairment or frequently evident but not pervasive
Marked (3) = modeately severe impairment or pervasive
Severe (4 severe impairment or nearly always evident

Connected Speech Features 0 1 2 3 4
Lexical retrieval
Anomia not present mild moderate  marked severe
Abandoned utterances not present mild moderate marked severe
Empty speech not present mild moderate marked severe
Selection of words and sounds
Semantic paraphasias not present mild moderate marked severe
Phonemic paraphasias not present mild moderate  marked severe
Neologisms not present mild moderate marked severe
Jargon not present mild moderate marked severe
Perseverations not present mild moderate marked severe
Stereotypies not present mild moderate marked severe
Grammatical construction
Short and simplified utterances not present mild moderate marked severe
Omission of bound morphemes not present mild moderate  marked severe
Omission of function words not present mild moderate marked severe
Paragrammatism notpresent mild moderate marked severe
Rate and timing not present mild moderate  marked severe
Pauses between utterances not present mild moderate marked severe
Pausesvithin utterances not present mild moderate marked severe
Halting and effortful speech productiot not present mild moderate marked severe
Reduced speech rate not present mild moderate  marked severe
Seltcorrection
Retracing not present mild moderate marked severe
False starts not present mild moderate marked severe
& R Q G Xdppvddhes not present mild moderate marked severe
Clarity
Target unclear not present mild moderate marked severe
Meaning unclear not present mild moderate marked severe
Off-topic not present mild moderate  marked severe
Diagnostic category
Expressive aphasia not present mild moderate  marked severe
Apraxia of speech not present mild moderate marked severe
Dysarthria not present mild moderate  marked severe
Overall communication impairment not present mild moderate  marked severe
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Appendix 2. The APROCSAmanual

The Auditory-PerceptuaRating of Connected Speech in Aphasi®@ROCSA is a multidimensionakating scheme
designed to comprehensively assess the presence and severity of common characteristics of connected speech in
aphasia. The features are representative of sgaeghage impairments that manifest in aphasia of all etiologies or
typologies. Collectively,ite connected speech features are representative of all language domains (i.e., phonology,
morphology, syntax, semantics). A few features additionally represent the speech subsystems (i.e., respiration,
phonation, resonance, articulation).

The APROCSAconssts of 27 connected speech features that are each scored usinparftvacale, similar to the
rating systems developed for dysarthria and apraxia (Darley, Aronson, & Brown, 1969; Strand et al., 2014). Terms
and definitions for the point scale are dsllows:

Not Present (0)= not present or within the bounds of healthy +etaerly speakers
Mild (1) = mild impairment or detectable but infrequent

Moderate (2) = moderate impairment or frequent but not pervasive

Marked (3) = moderately severe impairmemt pervasive

Severe (4 severe impairment or nearly always evident

More specific guidelines for certain connected speech features are described below.

Many individuals with aphasia will exhibit only a subset of the features. Moreover, healthy individialst

aphasia will often exhibit some of these features. In particular, healthy speakers commonly retrace, produce false
starts, and pause for word finding or other reasons. Some people speak slowly. It is not uncommon for healthy
speakers to produce @asional paragrammatic utterances or to abandon utterances. Consequently, if an individual
with aphasia exhibits a dimension that would be considered within the expected bounds for a helithgriyon
person, rate the dimension with a score of not ptg&gn

Furthermore, the connected speech samples collected for this experiment may not represent the full spectrum of
aphasia severity, particularly those with more severe aphasia. HowevePR@CSAIs designed to capture

aphasia severity for all indiduals with aphasia. Consequently, always consider-fhaari scale within the context

of aphasia severity overall, not simply those with aphasia in these selected speech samples.

In some forms of aphasia, patients will attempt to repair their errogsEtould still be counted as contributing to
the relevant dimension even if they are successfully repaired. Repairs will generally contribute to one or more of the
retracing false startsorc RQGXLWH GhbieSURFKH

Try to be as objective as podsilin rating each dimension. Regardless of whether you think the dimension directly
reflects an underlying impairment, or is secondary to some other linguistic, cognitive, or motor process; simply rate
what is present in the sample.

Also, consider the feates within the context of an utterance. While determining an utterance can be somewhat
VXEMHFWLYH LW LV DQ LPSRUWDQW YDULDEOH WKDW UHIOHFWYV WKH OH(
following factors: a sentence is an utterance; seetenonjoined witlandare separate utterances; falling intonation

suggests the end of an utterance; and pauses are unreliable markers of utterance boundaries in people with aphasia.

Lastly, remember that the last dimensioverall communicatiommpairment is not an average of the other features.

In other words, a person does not automatically receive a score of moderftiee(®)ajority of the preceding

features received a score of moderate (2). The severity of some features (e.g., agnanamtites effective use of
communication strategies (e.g., circumlocution) may influence the overall presentation. As with the other features,
try to objectively rate what is present in the sample.
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Directions

As a rater, your job is to listen carefullgcadetermine the appropriate rating for each dimension. In order to

thoroughly consider each rating scale, the following protocol should be followed when rating each connected speech
sample:

1. Listen to the sample once. As you listen, rate features as aigpecgnd take notes on behaviors observed.
Do not pause the video recording. Score the protocol online as you would if you were in a clinical setting.

2. Review your scores and notes. Refer to the descriptions of the connected speech features as needed.

3. Listen to the sample again. Verify your ratings and make changes as needed.
Connected Speech Features
The following is a list of the connected speech features and their corresponding definitions. All of the features are
arranged into categories, which ameant to serve as a guideline while rating. Keep in mind that features will often

interconnect within and across categories.

Features Description and Comments

Lexical retrieval
Anomia Overall impression of worfinding difficulties, which can béstantiated in many
different ways: wordinding pauses typically before nouns, and to a lesser extent, ver
abandoning utterances after failing to retrieve a word; commenting on the inability to
retrieve or say words; empty speech; circumlocution. @spgcific behaviors are scorec
on their own scales.

Abandoned utterances Utterances are left incomplete. The speaker may move on to another idea, stop spe
attempt to use another modality (e.g., gesture), give a vague conclusion to the utterz
(e.g., shrugs shoulders and sgyy know, or explicitly comment that theF DQ TW W
theword FDQ TWekD\ LW

Empty speech Speech that conveys little or no meaning due to lack of specificity. Pronouns or gene
words such athing, stuffor do are substituted for content words.

Selection of words anc

sounds

Semantic Substitution of a content word for a related or unrelated content worddegdar cat).

paraphasias Sometimegphonemic paraphasiasn result in real words. If the rater believes the
paraphasia to be phonemic in origin, score it as such.

Phonemic Substitution, insertion, deletion, or transposition of one or two phonemeggpglefor

errors apple. The target is uslly apparentPhonemic paraphasias/olving more than two
phonemes should generally be considered neologisms instead. Despite being misor
incorrect, phonemes should be correctly articulated (i.e., not distorted), unless there
coexisting dysahria or apraxia of speech. If you believe that there is a coexisting mo
speech impairment, try to quantify phonological errors here and motor errors in the
DysarthriaandApraxia of speecfeatures.

Neologisms Word forms that are not real Endiisvords due to substitution, insertion, deletion, or
transposition of multiple phonemes. The target may or may not be apparent.

Jargon Mostly fluent and prosodically correct but largely meaningless speech that contains

paraphasias, neologisms,urintelligible strings. Resembles English syntax and inflect
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Repetition of a previously used word or utterance in a context where it is no longer
appropriate.

Commonly used words or phrases are produced with relative ease and fluency (e.qg.
nJ R G G P Hay\ls§ be recurring neologisms or ngards.

Speech is reduced in length or conxithe A mild rating (1) should reflect utterances the
are sometimes shorter than expected based on the context (e.g., simple sentence st
lack of subordinate clauses). A severe rating (4) should be reserved forveamgle
utterances. Nosentenceesponses (e.ges orwho did you come withiWly wife.) should
not be considered.

Inflectional (e.g..worked, slowes) or derivational dishonestdrinkable) morphemes are
not used when they should be. Omission of these elements generally results in
ungrammatical utterances (e.gamgoto the storg and reduces the length and comple:
of utterances. A marked rating (3) should be reserved for speeadnth&bntains single
word utterances that have bound morphemes. A severe rating (4) should be given fc
speech that is exclusively uninflected singlerd utterances.

Function words (e.g., determiners, prepositigmenouns, conjunctions, auxiliaries) are
not used when they should be. Omission of these elements generally result in
ungrammatical utterances (e.ggoing to the store A severe rating (4) should be given
for speech that only contains singlerd uttegances.

Inappropriate juxtapositions of phrases and misuse of words, including violations-of |
of-speech constraints and substitutions of grammatical words and morphemesweigy,
much wonderfylMakes it hard to speeh

Pauses between the question of an examiner and the response of the speaker, as w
SDXVHV EHWZHHQ WKH VSHDNHUTVY XWWHUDQFHV
string together multiple utterances, can be scored here. This dimensionfecagedres ir
other features, such asiomig Halting and effortful speech productioReduced speech
rate, etc.

Pauses may be filled (e.gun uh) or silent. Both prevalence and length of pauses shol
be taken irh account in assessing severity. A small number of pauses, filled or unfille
should be scored as not present (0).

Prosody or melodic line is disrupted and lacks a natural contour. Intonation, rhythm,
stress pattesimay be reduced, absent, or inappropriately placed.

7KH SHUVRQTV VSHHFK UDWH L H VSHHFK SURGX
sequences of speech is not within the expected bounds of a healthypevkier.
Stereotypies should not be considered.

Sequences of one or more complete words, which are made redundant by subseque
repetitions, amendments, elaborations, or alternative expressions. Retracing may oc
ary point within an utterance and can be of varying lengths (i.e., one word to whole
phrases). An exampleisl, | was, | went to the store
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Partial words that are abandoned after one or two phonemes have been producd (i
shrshHe is 10 years oljl. The speaker may or may not subsequently produce the inte
word.

Successive attempts at a clearly apparent target formgeug, start, starling, startinépr
startling). The target may or maynhbe achieved. The patient is aware of their errors.
These instances also contribute to scoreR&iracing Phonemic paraphasiasr
Neologismglepending on how close the attempts are to the target.

It is not clear what phonemes the speaker is attempting to produce, generally becau
distortions, apraxia of speech, muttering, mumbling, or in some cases, severe jargor
dimension captures words or utterances that you would be hard presseddokieain
IPA simply because you cannot determine what the target sounds/words might be. |
FRQWUDVW LI \RX ZRXOG EH DEOH WR WUDQVFULE
understand their meaning, that would contribute taMkaning uncleadimenson.

It is not clear what the speaker is talking about, or the topic may be clear but what is
VDLG DERXW LW LV QRW 'R QRW FRQVLGHU WKH H
clarification questions) when rating this dinsgon; rate the clarity of the message base
RQO\ WKH SDWLHQWYV YHUEDO RXWSXW

It is clear what the speaker is talking about, but it is not clear how it relates to the col

Language production is disrupted; the speaker experiences difficulty expressing one
Disruptions may occur across any or all language domains (i.e., phonology, morphol
syntax, semantics). Receptive language should not be considered.

Speech is characterized by distortions, substitutions, or omissions. Errors may or ms
be consistent. Errors tend to increase with the length of the word or phrase. Automa
speech (e.g., name, birthday) often contains fewer errors titional speech. Groping
behaviors or impaired intonation may be present.

Speech is difficult to understand and can be describstliasd, choppy or mumbled
Errors are consistent and are the result of impaired strength, tonepfanggon, or
sequencing. Speech breathing, phonation, resonance, articulation, and prosody may
impaired.

Overall impression of the extent to which the speaker is impaired in conveying their
message. The following are intended as guidelines for rating this dimension. A mild
(1) should reflect an evident spedanguage impairment, but no limitation irsdussing
all topics. A moderate rating (2) should be used when the speaker can readily comnr
about everyday topics, but spedahguage impairment limits discussion of more comp
topics. A marked rating (3) should be used when communication ebertday topics is
possible with help from the listener, but the patient shares the burden of communica
severe rating (4) should be used when all communication is fragmentary, and the lis
carries the burden of communication. These guidelimek)ding some of the specific
wording, are based on the BDAE Aphasia Severity Rating Scale.



