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Abstract 

We present a computer system for the automatic evaluation of speech disorders. The system can be accessed via 
internet or public telephone. A text or pictures to be named are presented on the computer screen. Speech data is 
then analyzed by automatic speech recognition technique. The measurements do not require experts’ knowledge 
but yield results on experts’ level. This is shown for the global outcome parameter of disordered speech – the 
intelligibility. 

1 Introduction 

In this paper, we present PEAKS (Platform for 
Evaluation and Analysis of all Kinds of Speech 
disorders), a new recording and analysis environment 
for the automatic evaluation of speech disorders for 
medical purposes. Communication disorders are 
frequent but their diagnostic methods lack 
standardized and objectified evaluations. Until now, 
diagnostics still rely on perceptual assessments by 
human experts with only moderate reliability and 
accuracy. The new system ameliorates the medical 
diagnostic procedure and avoids time-consuming 
perceptual assessment.  
Its validity for intelligibility as the global parameter 
for the speech outcome was tested on different speech 
disorders (children with cleft lip and palate and 
patients with cancer in the oral cavity). Both corpora 
contained a wide range in intelligibility. 
 
 
2 Materials and Methods 

2.1 PEAKS 

PEAKS is a client-server system implemented in 
Java. The client-applet runs in any web-browser and 
is thus platform-independent. All transfer between the 
client and the server is encrypted using SSL sockets 
and ensures the privacy of the patients’ data.  
The system can easily be accessed via internet, i.e. the 
system does not require either special hardware or 
software except for a standard PC with internet 
access, a soundcard, and a microphone nor expert’s 
knowledge. The patient performs a standardized test 
for speech assessment presented on the screen divided 
into smaller segments. Acoustic data is then 
automatically evaluated w.r.t. different aspects such as 

intelligibility in half of real time. For the analysis we 
use an automatic speech recognition (ASR) system. 
The outcome of the ASR system is the word 
recognition rate. The result numerically describes the 
degree of the disorder on a continuous scale.  
 
2.2 Automatic Speech Recognition 

System 

For the objective measurement of the intelligibility of 
pathologic speech, we use a hidden Markov model 
(HMM) based ASR system. It is a state-of-the-art 
word recognition system developed at the Chair of 
Pattern Recognition (Lehrstuhl für Mustererkennung) 
of the University of Erlangen-Nuremberg. In this 
study, the latest version as described in detail in [1,2] 
was used.  
A commercial version of this recognizer is used in 
high-end telephone-based conversational dialogue 
systems by Sympalog (www.sympalog.com), a spin-
off company of the Chair of Pattern Recognition. 
We use a standard feature vector as input to the HMM 
recognizer: 11 Mel-Frequency Cepstrum Coefficients 
(MFCCs) and the energy of the signal. In addition, 12 
delta coefficients are computed. 
The recognition is performed with semi-continuous 
Hidden Markov Models. The codebook contains 500 
full covariance Gaussian densities. The elementary 
recognition units are polyphones [3], a generalization 
of triphones. Polyphones use phones in a context as 
large as possible which can still statistically be 
modeled. The HMMs for the polyphones have three 
to four states. The polyphones were constructed for 
each sequence of phones which appeared more than 
50 times in the training set. 
 
 
 

http://www.sympalog.com/


2.3 Speech Data 

Recordings of 46 adults with speech disorder due to 
oral carcinomas, mean age 59.8 ± 10.1 years, form the 
first corpus. They read the fable “The North Wind 
and the Sun”, which is a phonetically rich text with 
108 words (71 disjoint). 
The second patient database consists of recordings of 
34 children and adolescents with cleft lip and palate. 
The patients of this database were between 3.5 and 
18.7 years old (μ=8.6 ± 3.5) and spoke a standard test 
for children’s speech.  
All patients were recorded with a close-talking 
microphone at a sampling frequency of 16 kHz and 
quantized with 16 bit.  
 
2.4 Subjective Evaluation 

In order to prove the validity of the new system we 
compared its results to the perceptual evaluations of 
the intelligibility by human speech experts. The 
experts rated each segment of a test on a Likert scale 
between 1 (very good) and 5 (very bad). So a floating 
point value was computed for each patient to 
represent his intelligibility. The datasets were rated by 
a panel of 4 experts. 

3 Results 

The recordings showed a wide range of intelligibility 
(Adults WR 49 ± 19; Children WR 48 ± 18). 
Subjective speech evaluation showed good 
consistency. The lowest correlation value between a 
rater and the mean of the other raters is 0.81, the 
highest 0.95 (see Table 1). The results for the 
correlations of the WR and the subjective speech 
evaluation are shown in Table 2. 
 

Rater Correlation to 
the mean of the 
other raters 
Adults 

Correlation to 
the mean of the 
other raters 
Children 

Rater 1 0.91 0.92 

Rater 2 0.81 0.95 

Rater 3 0.91 0.90 

Rater 4 0.95 0.93 

Table 1: Agreement between the different raters 

When compared to the average of the raters, the WR 
for the recognizer has a high correlation for both 
patient groups. The coefficients are negative because 
high recognition rates represent “good” speech with a 
low score number and vice versa. 

Speech Recognizer Correlation to the mean 
of the raters 

Adults speech -0.92 
Children’s speech -0.90 

Table 2: Agreement between the human raters and 
the speech recognition system 

 
4 Discussion 

The method presented evaluates the intelligibility as 
good as a panel of experts. It is suitable for the 
evaluation of speech for clinical and scientific 
purposes. The recording environment is highly 
accepted by the medical staff. One major reason is 
that there is no installation cost, since practically all 
examination rooms already have access to a PC with 
internet. The analyses can be performed by non-
experts in half of real time, minimizing time-
consuming experts’ evaluations for the assessment of 
speech. Of course, it does not replace the 
interpretation of the results according to any other 
diagnostic tool. Currently, we are expanding the 
method to other German clinics. 
In conclusion our evaluation system provides an easy 
to apply, time effective, instrumental, and objective 
evaluation for disordered speech. 
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