
 SPEECH METRICS THAT DIFFERENTIATE VARIANTS OF PRIMARY 
PROGRESSIVE APHASIA DEPEND ON LANGUAGE TYPOLOGY 

Wendy Elvira-García1, Victoria Marrero-Aguiar2, Joan Borràs-Comes1, Miguel Ángel Santos-Santos3, 4 

 
1Universitat de Barcelona, 2Universidad Nacional de Educación a Distancia (UNED), 3Hospital de la Santa Creu 

i Sant Pau, 4Biomedical Research Institute Sant Pau 
wendyelvira@ub.edu, vmarrero@flog.uned.es, joanborras@ub.edu, MSantosS@santpau.cat  

 

ABSTRACT 
Primary Progressive Aphasia (PPA) variants can be 

distinguished using speech measures. In particular, a 

new one, syllabic-PVI, which computes syllable 

duration differences between unstressed and stressed 
adjacent syllables, can differentiate between the 

logopenic (lvPPA) and non-fluent (nfvPPA) variants.  

The main goal of this study is to test if syllabic-
PVI differentiates PPA variants in Spanish, a 

syllable-timed language like it does in English.  

We analysed 5 repetitions of 5 multisyllabic words 
in a cohort of 37 patients (svPPA, lvPPA, nfvPPA) 

and 15 healthy controls. Data were annotated in Praat 

(manually revised) and metrics were computed in R 

by means of Generalized Linear Mixed Models.  
Our results show that while syllable duration is a 

useful feature to distinguish lvPPA and nfvPPA in 

Spanish, syllabic PVI does not show significant 
differences between groups, which highlights the 

need of taking into account linguistic typology in 

linguistic batteries and clinical tests. 
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1. INTRODUCTION 

The Primary Progressive Aphasias (PPA) are a 

group of focal neurodegenerative syndromes 
primarily affecting language during the initial stages 

of the disease [1]. Recent studies have established the 

association between particular patterns of 
neuroanatomical damage and clinical presentation 

leading to the publication of the 2011 International 

consensus criteria for diagnosis of the three most 

common variants: non-fluent/agrammatic (nfvPPA), 
semantic (svPPA) and logopenic variants (lvPPA). 

Most cases of PPA at autopsy display frontotemporal 

lobar degeneration (FTLD)-type or Alzheimer’s 
disease (AD) pathology. The classification of PPA 

cases into these clinical–anatomical phenotypes is 

important because these syndromes have predictive 

value for underlying molecular pathology (FTLD-tau 
in nfvPPA, FTLD-TDP in svPPA, and AD pathology 

in lvPPA), however these associations are not 

absolute, posing a significant impediment for the 
development of disease-modifying therapies based 

only on clinical presentation. 

The diagnosis and differentiation of PPA is a 
challenge both for neurologists and speech 

pathologists. However, depending on the clinical 

syndrome, patients will tend to have semantic 

(svPPA), phonologic (lvPPA), or motor speech 
(apraxia of speech (AOS) +/- dysarthria) and 

grammatical (nfvPPA) problems. This makes AOS a 

crucial hint for differential diagnosis [2]–[4]. 
Research has shown that rhythmic and durational 

speech features are interesting to further distinguish 

subtypes of PPA [5] even automatically [2], [6], [7]. 
Specifically, previous research in English states that 

speech rate [6], [8]–[11], vowel duration [12] and 

Pairwise Variability Index (PVI)  [13], [14] reflect the 

severity of AOS and therefore are useful speech 
metrics for characterizing PPA. For example, relative 

vowel duration in a polysyllable word repetition task 

can distinguish between lvPPA and nfvPPA [12]. 
When analyzing apraxia on isolated words, [15] 

proved that mean syllable duration is the most useful 

parameter if the stress position is not controlled, and 
vowel duration if the stress position is controlled. In 

a larger study, [5] tested average syllable duration and 

showed that it differs between lvPPA and nfvPPA. 

More recent fine-grained research has focused on 
the duration of pre-stressed and stressed vowels’ 

duration in apraxia. [16] found that apraxic patients’ 

productions showed smaller differences in vowel 
duration between a first unstressed syllable and a 

following stressed one than controls which, 

perceptually, translates into an unclear lexical 

stressed syllable. Following this research a new 
metric that had proved valuable for patients suffering 

apraxia following a stroke, the syllable pairwise 

variability index (syl-PVI),  [17]  has been used for 
the differentiation between lvPPA and nfvPPA [5], 

[18] and has become a valuable metric in speech 

characterization of aphasic patients. 
The Syl-PVI index is a metric that computes the 

difference between stressed and unstressed syllable 

pairs (weak-strong pattern), which linguistically 

highlights inaccuracies to express lexical stress.  
As has been noted, Syl-PVI, highlights differences 

in duration between stressed and unstressed syllables, 

those differences are noticeably bigger in stress-timed 
languages than in syllable-timed languages but, to 

date, this metric has only been tested in stress-timed 

speaking populations. The goal of this study is to test 
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the syl-PVI index with a prototypical syllable-timed 

lanauge (Spanish) in order to test if this metric can be 

used in any language or its use should be limited to 
stress-timed languages.  

2. METHODS 

2.1. Materials 

The linguistic battery used for this study is based on 

[19] which was adapted to Spanish in [20]. The 
protocol includes repetition of syllables, 

pseudowords, words, sentences, a reading of a 

phonetically balanced text (the Spanish version of 

“The North Wind and the Sun”) the description of a 
cookie theft sheet and a picnic scene sheet. This study 

is centered on the word repetition task, which is 

known to yield less promising results than elicitation 
techniques. However, it is a faster and less demanding 

task for patients [5] [21] and has shown good results 

for characterizing AOS [15]. Of those materials, this 
study uses the repetition task of polysyllabic words (3 

and 4 syllables), which includes words with the 

lexical stress in different positions (patata ‘potato’ 

[paˈt̪at̪a], bicicleta ‘bicycle’ [biθiˈklet̪a], paquistaní 
‘pakistani’ [pakis̪t̪aˈni], cúpula ‘Dome’ [ˈkupula], 

depósito ‘diposit’ [deˈposit̪o]).  

2.2. Participants 

52 participants were evaluated for this study (27 male, 

25 female, mean age= 71.04 years). All of them were 

patients at the Hospital Clínic Sant Pau (Barcelona, 
Spain). All participants were tested with neurological 

and neuropsychological tests, and image diagnostics 

(computed tomography or MRI) and tested for 

biomarkers of neurodegeneration using the 
cerebrospinal fluid using the usual method at the 

Memory Unit of Sant Pau Hospital. The results of 

these tests were used to diagnose the patients by a 
neurologist of the Unit. Of the 52 participants, 14 

were diagnosed with lvPPA, 16 with nfvPPA and 7 

svPPA, 15 were controls. Since Barcelona is a social 
bilingual community the participants also completed 

a detailed bilingualism questionnaire. 

 2.3. Procedure 

The speech sample was collected in one session (their 

first visit to the neurologist) using a Redenlab 

application and a microphone connected to an iPad. 

The sessions were carried out between 2019 and 
September 2022. Productions were 

semiautomatically annotated in Praat to segment by 

sound and by syllable. The by-sound annotation was 
done automatically and then manually corrected by 2 

expert phoneticians. Once the by-sound annotation 

was done, a script was used to create the syllable 

boundaries [22]. 

Computation of duration and different metrics was 
done using R using the TextGrid as input. In order to 

compute the metrics only correct productions of the 

words were analysed. For example, if out of the 5 
repetitions of paquistaní, a patient had produced 

[patitaˈni] in one instance, that instance has not been 

included in the database. This means that, while in 
general the analyses are based on 5 repetitions of the 

word, some patients may have less. In addition, as 

usual in clinical studies, some participants were 

unable to produce some words, the data of which PPA 
variants failed to repeat which words has been 

collected but its analysis is out of the scope of this 

paper.  
The temporal parameters analysed were: 

• Speech rate: computed as the number of sounds 

per second.  

• Average syllable duration: mean duration of 

every syllable in each word. 

• Syl-PVI: Syllabic pairwise-variability-index 
computes the normalized difference in duration 

between the stressed syllable of a word and the 

preceding one. Therefore, the word cúpula was 

excluded from the analysis. The final result is 
the mean of the 5 repetitions (when present) of 

each word [12]. 

The resulting metrics were normalized by word. 
The normalisation was performed using the 

orderNorm function from the bestNormalize package 

[23], which enforces a normal distribution. Then, the 

transformation was approximated using a cubic and 
logarithmic function. Finally, the obtained equation 

was applied to the original values. Then, data were 

analysed using Generalised Mixed Models [24] using 
the diagnosis group as a fixed factor, language and 

word as additional factors and the word by subject as 

a random slope. 

3. RESULTS 

The following section reports the results for syllable 

duration, speech rate and Syl-PVI. 
Syllable duration behaves as expected, the control 

group had the smallest average syllable duration for 

the five polysyllabic words, followed by the lvPPA, 
nfvPPA and svPPA groups (Fig. 1). The durations are  

longer in nfvPPA compared to lvPPA (Cohen’s d = 

2.249, p=0.02). And the biggest effect is found for the 
word depósito (Cohen’s d = 3.365, p<0.05). The rest 

of comparisons are not significant. 

The results differ among words, svPPA shows the 

highest syllabic duration only for the word depósito 
‘diposit’ a noun that forms a minimal pair with 

deposito “[I] deposit’ (verb). Paquistaní, an oxytone 
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four-syllable word with a coda in the 3rd syllable 

shows longest syllables, especially in nfvPPA 

patients. 

 

 
Figure 1: Average duration (s) box and violin plots for 

syllable duration for each diagnostic group by word. 
 

Speech rate results (Fig. 2) follow the same line, 
which is expected given that all participants had 

repeated the same words (i.e. have produced the same 

number of sounds), the highest effect is found 
between lvPPA and nfvPPA but it does not reach 

significance (Cohen’s d = 1.434, p=0.07). As noted 

by a reviewer, speech rate and average syllable 
duration should (and do) exhibit a strong inverse 

correlation. However, in the analysis conducted, we 

observed that only the average syllable duration 

showed statistical significance. This result can be 
attributed to the method used to calculate speech rate, 

the number of sounds produced per second. The 

duration of individual sounds can vary widely, as 
exemplified in the contrast between the length of a 

final vowel and a spirant approximant. In contrast, the 

duration of syllables exhibits relatively lower 

variation, contributing to the significant results 
observed for average syllable duration. 

 

Fig. 3 illustrates the syl-PVI by word. According 
to the formula, lower (negative) values imply more 

syllable reduction at the pre-stressed position, 

whereas a value of 0 indicates the equal duration of 
both syllables. Syllable reduction at the pre-stressed 
position is a phenomenon of “normal” speech in 
English which is absent or reduced in patients with 
AOS. Therefore the lowest values should be expected 
for the control group, whereas apraxic patients should 

show values closer to 0. Our results show that nfvPPA 

tends to have the value closest to 0, but the effect size 
does not reach significance for any word. 

 
Figure 2: Speech rate box and violin plots for syllable 

duration for each diagnostic group by word. 
 

 

 
Figure 3: Average syl-PVI box and violin plots for each 

diagnostic group by word. 

3. DISCUSSION 

The results of the previous section show that in a 

polysyllabic repetition task, syllable duration is a 

relevant parameter while the Syl-PVI has no effect. 
The result is striking because previous studies have 

found that a diminished Syl-PVI is more specific to 

apraxia of speech whereas diminished speech rate can 

be found in more PPA variants. [5] found in their 
study that Syl-PVI was the most determinant factor 

for AOS even with fewer participants than in the 

present study: they included 10 patients with nfvPPA, 
10 lvPPA and 5svPPA. 

However, from a typological point of view, it is 

not surprising that there are no differences in syllabic-

PVI in Spanish. While English is one of the most 
prototypical stressed-timed languages with big 
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durational differences between stressed and 

unstressed differences, Spanish is one of the most 

prototypical syllable-timed languages (sometimes 
called pure) in which duration and stress are always 

aligned [25]. 

Therefore, English apraxic patients who struggle 
with the expression of stress will have durational 

inaccuracies, failing to shorten unstressed syllables. 

Spanish syllables do not undergo this phonological 
process, each syllable being approximately equal. 

Moreover, we know that syllable-time rhythm 

production is easier as children produce it earlier [26] 

and it is less difficult to learn for foreign students than 
stress-timed timing (for example, we are seeing a 

change towards a syllable-timed rhythm in World 

Englishes [27]). In that sense, we could claim that 
apraxic patients make the “default” rhythmic pattern 

but that change is more noticeable in stress-timed 

languages. 
However, if we take into account syllable duration 

instead of the syl-PVI we can see differences between 

the diagnosis groups. Those differences could be due 

to differences in timing or rhythm but also due to 
differences in speech rate given that all participants 

produced the same items. This is expected given that 

most research dealing with lvPPA and nfvPPA finds 
differences in speech rate notwithstanding the task 

(see section 1).  

From a clinical point of view, the explanation why 

Syl-PVI is not significant in our results could lie in 
differences among the cohort and specifically their 

apraxia level. For this study, we have analysed the 

patient’s first visit to the neurologist, which means 
that most patients are in an incipient stage of the 

disease and hence they could show mild apraxia in 

comparison with other studies. In order to minimize 
this and given that syl-PVI is primarily an indicator 

of the presence of apraxia, a follow-up study should 

be conducted correlating the level of AOS in these 

patients with their alteration of Syl-PVI. This way we 
could discard that our negative results are due to an 

incipient stage of the disease in our patients. 

4. CONCLUSION 

Our results show that syllable duration is useful for 

distinguishing the logopenic and non-fluent variants 
of PPA in Spanish, but syllabic PVI does not show 

significant differences between groups.  

This is probably due to a typological difference 

between English (a prototypical stress-timed 
language) and Spanish (a prototypical syllable-timed 

language) given that the syllabic-PVI computes 

differences between the duration of unstressed and 
stressed syllables and those differences are smaller in 

syllable-timed languages. Our results highlight the 

necessity of taking into account language 

particularities when using clinical tests and metrics. 

And, in particular, this case shows the inadequacy of 
using syllabic-PVI in prototypical syllable-timed 

languages such as Spanish. 
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