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1 Introduction 

Alzheimer’s disease (AD) is a progressive neurodegenerative 
disorder, and the most common cause of dementia [1]. Previ-
ous research has documented changes to the speech of AD 
patients, including altered voice quality [2] and reduced pitch 
modulation in speakers of English [3]. Martínez-Sánchez et 
al. [4] compared the prosodic profile of Spanish-speaking AD 
patients and neurotypical controls and found AD speech was 
characterized by a flattened prosodic profile, including re-
duced variability of F0 and flattened prosodic trajectories 
within and across syllables. 

To our knowledge, no work has investigated whether a 
flattened prosodic profile can be observed in AD patients 
speaking a tonal language such as Mandarin. The present 
study seeks to substantiate the utility of prosodic change as 
an acoustic biomarker for AD in Mandarin speech. Our study 
provides insights into how prosodic impairment caused by 
AD affects users of tonal languages. 

 
2 Methods 

2.1 Participants 

Speech from ten AD patients (5 male, 5 female) were ex-
tracted from DementiaBank Lu corpus [5]. Patients per-
formed picture naming tasks and the Cookie theft picture de-
scription task [6]. As no control data was provided in the Lu 
corpus, speech from ten gender-matched neurotypical older 
controls (mean age: 65.6, range: 54-74) were extracted from 
YouTube interviews and talks. Speech samples in both 
groups were selected to provide naturalistic speech in Taiwan 
Mandarin. Approximately 50 seconds of continuous speech 
was extracted for each speaker in both groups. No demo-
graphic information was provided for AD patients in the Lu 
corpus.  
  
2.2 Data processing and analysis 

Each audio file was trimmed to remove speech from addi-
tional interlocutors. Trimmed files were then run through 
Prosogram [7] to extract prosodic features. For all files, man-
ual pitch ranges were specified based on gender (males: 70-
200 Hz, females: 100-300 Hz) and automatic syllable seg-
mentation was employed. The glissando threshold was spec-
ified to 0.16T², DG=20, dmin = 0.035) and frame period to 
0.005. 
 

We investigated eight prosodic features, including pitch 
range (Pitch range), average F0 value (Mean F0), standard 
deviation of F0 (SD F0), percentage of nuclei with pitch 
change greater than 4 semitones (% dynamic nuclei), percent-
age of nuclei with pitch rising greater than 4 semitones (% 
rises), percentage of nuclei with pitch falling greater than 4 
semitones (% falls), intra-syllabic pitch change per second 
(Intrasyll traj) and inter-syllabic pitch change per second (In-
tersyll traj). Using the statistical software suite R [8], a one-
way analysis of variance (ANOVA) was conducted to evalu-
ate the effect of condition for each feature.  
 
3 Results 

We present results for all eight metrics that are summarized 
for each group in Table 1. All measurements are taken in sem-
itones to allow comparisons between genders. Except for 
mean pitch, the AD group had reduced means for all metrics. 
ANOVA test results demonstrated a significant effect of con-
dition for pitch range, SD pitch, % dynamic nuclei, % rises, % 
falls, intrasyllabic and intersyllabic trajectories observed in 
the control group compared to the AD group. However, no 
significant difference was observed for mean pitch between 
the AD and the control group. 

Table 1: Mean and standard deviation of eight prosodic features 
among AD and control speakers, and ANOVA test results between 
two groups for each feature. 

 AD Control  
ANOVA results 

 Mean (SD) Mean (SD) 

Pitch range 11.7(2.1) 14.8(1.3) Df =1, F=15.4, p = 0.001 

Mean pitch 
(ST) 

87.1(4.6) 86.6(3.7) Df =1, F=0.09, p = 0.772 

SD pitch 
(ST)  

2.6(0.5) 3.6(0.4) Df =1, F=24.3, p <0.001 

% dynamic 
nuclei 

7.3(4.2) 17.2(5) Df =1, F=23.2, p < 0.001 

% rises 0.3(0.3) 1.3(0.7) Df =1, F=19.6, p < 0.001 

% falls 7.1(4.1) 16(5.5) Df =1, F=17.1, p < 0.001 

Intrasyll 
traj. 

11.4(4.3) 19.6(3.2) Df =1, F=23.7, p < 0.001 

Intersyll 
traj. 

17(3.2) 27(4.5) Df =1, F=32.5, p < 0.001 

 
Figure 1 provides comparative prosograms illustrating 

prosodic trajectories in the AD (top) and the control group 
(bottom). Within each prosogram, the y-axis reflects pitch 
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range, and the x-axis reflects time. Intrasyllabic trajectories 
are denoted by black bars. Green and magenta contours rep-
resent absolute and band-passed intensity. Note that F0 tra-
jectories in the AD group are observably flatter than those in 
the control group within individual syllables, reflecting re-
duced intrasyllabic trajectory measurements. Variation in F0 
between syllables is also reduced, reflecting reduced inter-
syllabic trajectories. 

 

 

 

Figure 1: Comparative prosograms of an AD patient (top) and con-
trol (bottom). 

4 Discussion and conclusion 

The results of our prosographic analysis align with previous 
observations of a flattened prosodic profile for AD patients 
in Spanish [4] and English [3].  

In the present analysis, AD patients exhibited reduced pitch 
range and reductions to pitch trajectories within and across 
syllables, comparable to those previously observed in [4]. 
Our data suggests that prosodic impairments observed in AD 
affect speakers of languages that make use of phonemic tone.  

We acknowledge that differences in the nature of speech 
samples between AD and control groups (experimental 
speech task vs interview/lecture) may have contributed to dif-
fering prosodic profiles, but consistency between the present 
findings and previous work grant us confidence in our find-
ings. Future work may benefit from comparing a larger num-
ber of speakers and ensuring consistency between speech 
tasks in the control and AD group.  
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