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Abstract 
Dysarthria is defined as a locomotor disorder of the vocal 

speech organ due to a pathological change of nerve and 
muscle systems. Several methods of speaking rate control have 
been widely used for the rehabilitation of dysarthria. However, 
these methods are not always effective depending on the 
condition of the dysarthric patient. In this study, we 
investigated the performance of tempo perception of 
dysarthrias, which has not yet been fully studied. 

 Several types of experiments were conducted for both 
dysarthric patients and normal subjects. The experiments 
included speech production and tapping tasks with and 
without reference samples of utterances or tapping.

The experimental results showed that some of the dysarthric 
subjects exhibited disorders both in the locomoter of the vocal 
speech organ and in their memory of tempo and rhythm.  

1. Introduction 
The aim of the treatment for dysarthric patients having 

major problems in speech communication is the improvement 
of their speech intelligibility. Speaking rate control is a 
frequently employed strategy in treating dysarthric patients [1]. 
However, improvement in speaking rate control skills are very 
much dependent on the patient [1] & [2]. There might be 
many complex causes interacting with each other, one of 
which might have to do with the ability of tempo perception 
and its memory function, which has received some attention in 
previous studies [3] to [5]. 

In this paper, we investigate tempo perception in detail 
using several experiments to examine speaking rate perception 
and the variability of the rate of speech production. The ability 
of maintaining tempo and rhythm in a memory system is also 
investigated. Tapping tasks are conducted for dysarthric 
patients to avoid the influence of locomoter disorders in the 
vocal speech organ.  

2. Experiment 

2.1. Subjects 

The subjects included five dysarthric patients (mean age =  
73.6 years�9.2 SD), and a control group of 10 normal adults 
(mean age = 70.8years�4.4 SD). Table 1 shows the diagnosis 
and speech production performance of the laboratory tests for 
the five dysarthric subjects. Case 1, 2 and 5 were able to 
conduct the tapping tasks by their intact-side hand. Case 3 and 
4 accomplished the tasks with a bit slower tempo. 

2.2. Experimental procedure 

To investigate the ability of tempo and rhythm perception 
for dysarthria, four types of experiments (A to D) were 
conducted for all dysarthric subjects and normal subjects. For 
the five dysarthric subjects, three additional tapping 
experiments (E to G) were conducted to test their function of 
tempo and rhythm perception/memory. The dysarthric subjects 
more or less experienced some problems in conducting the 
rehearsal tasks of speech production due to a disorder of their 
vocal speech organ. 
A) Reading  (without samples) 

The subjects were asked to read aloud short sentences of a 
fable with speaking rates of “slow,” “usual,” and “fast” 
according to their own natural speaking rate.  
B) Reading (with samples) 

The subjects were asked to listen to short sentences uttered 
with “slow,” “usual,” and “fast” speeds. They were instructed 
to then read each sentence aloud with the same speed as that of 
the sample speech. The speed of the sample speech rates was 
determined according to Hiki et al. (1967) [6]. 
C) Comparison of speaking rate between reference and self-
uttered speech by the subject  

The subjects heard a pair of short sentence speech 
utterances. They were asked to then decide which of the two 
utterances was spoken with a faster rate. The speech samples 
were produced with one of the five speaking rates (“very 
slow,” “slow,” “usual,” “fast,” and “very fast”) and were 
paired with the subject’s own speech. 
D) Categorization of speaking rate for a sample speech 

The subjects heard the same speech sampled used in 
experiment C. They were asked to categorize the speaking  

Table 1. Diagnosis of speech production performance by the five dysarthric patients  
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rates using five categories as either “very slow,” “slow,” 
“usual,” “fast,” or “very fast.” 
E) Delayed repetition of tapping 

The five dysarthric subjects viewed and heard the tapping 
sounds as produced by the experimenter. Next, they were 
asked to reproduce the same tapping speed by themselves. 
F) Reproduction of sample tapping tempo 

The five dysarthric subjects were asked to follow the 
experimenter’s tapping with their own tapping. 
G) Judgment of tapping irregularities 

The experimenter made tapping sounds with either an 
irregular or constant speed each time. The five dysarthric 
subjects were asked to answer whether the speed was irregular 
or constant. 

3. Experimental Results 
A) Reading  (without speech samples) 

Some of the dysarthric subjects produced utterances with a 
faster rate of speed during the instruction of “slow” than they 
did during the instruction of “usual.” The results are shown in 
Table 2. Two of the five subjects exhibited good performance.  

B) Reading  (with  speech sample) 
The same kind of phenomenon as occurred in experiment A 

also occurred in experiment B, although the reference speech 
sample sentences were presented to the dysarthric subjects. All 
of the normal subjects showed good performance. The average 
utterance rate of the normal subjects was faster than that of the 
dysarthric subjects. 

C) Comparison of speaking rate between the reference speech 
sample and self uttered speech by the subjects 
Table 4 shows the correct response rates of the comparison 

judgments. The correct response rates for Case1 and 2 were 
60 % (6/10) and 85.7% (6/7), respectively. Case3, 4 and 5 had 
no errors. The correct response rate of the normal subjects was 
92.6% on average. 

D) Categorization of speaking rates of speech samples  
Figures 1 and 2 show the judgment results of both the 

normal and dysarthria groups. The vertical axis shows the 
speed of the speech samples divided into five categories, and 
the horizontal axis shows the results categorized by subject. 
 The number in each square is the frequency of categorization 
for each speech sample. For the normal subjects, the deviation 
of categorization is less than one category from the intended 
speech rate. However, for the dysarthria subjects, the 
categorization deviation was very widely spread, especially for 
the “very slow” and “slow” categories. Assuming that a 
deviation of more than two categories is an error, the error 
rates for the normal and dysarthria groups were 0% and 13.3%, 
respectively. In particular, the number of errors occurred more 
frequently in Case1 (7/15) and Case2 (2/15), compared with 
Case3 (1/15) and Case4 and 5 (0/15).  

Table 3. Utterance speed disorders by the dysarthria 
group  

Table 4. Comparison of correct response rates between self–
uttered and reference speech 

Figure 2:  Categorization of speech sample rates  
by the dysarthric group  (N=5)

Figure 1:  Categorization of speech sample rates  
by the normal  group (N=10)

Table 2. Spontaneous utterance speed disorder of the dysarthria  
group (without sample speech sentences) 
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E, F, & G) � Performance in production and perception of  
 tapping tempo.  

Table 5 shows the results of experiments E, F, & G. In 
experiment E (reproduction of sample tapping), Case1 & 2 
exhibited a faster tapping tempo than that of the reference 
sample produced by the experimenter, while Case3 & 4 
exhibited a slower tapping tempo than the presented sample. 
Case5 had the same tempo as that of the reference sample. In 
experiment F (reproduction of sample tapping), Case1 could 
not participate in the experiment. Performance in the other 
cases was good. 
  

 Detection of tapping rhythm irregularities were good except 
in Case1. 

The summarized results for the all Cases are shown in Table 
6. Case1’s performance was not good in all the tests. Case 2’s 
performance was not good during experiments A and C, and 
only marginal during experiments B and E. Case3 showed a 
little faster speaking rate than that of every reference speech 
sample. Case3 and Case4 both exhibited fairy good 
performance on all the experiments except experiment B. Case 
5 exhibited good performance on all the experiments.  

Table 5. Production and perception of tapping tempo

Figure 3:  Factors related with the experimental tasks to analyze the performance of the cases 

Table 6. Summary of experimental results of the dysarthria group 
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4. Discussion 
To systematically check the disorders in detail we used a 

diagram of functional modules, and their output is described in 
Fig. 3. This diagram was used only for a check of the temporal 
and rhythmic performance obtained in the experiments 
mentioned above. The capital letters, which indicate the name 
of the experiments, along with the arrows in Figure 3, show 
the paths related to the experimental tasks.  

Table 7 shows the input (stimulus) and output (task 
performance) for each experimental task. The number in Table 
7 indicates the same one described in Figure 3. 

The experimental results for each case are summarized in 
Table 6. It is suggested that Case1 & 2 had experienced some 
disorders in tempo perception and/or its memory function. On 
the other hand, Case3 and 4 had difficulties only in speaking 
rate control. Based on Figure 3 and Table 6, the related factors 
to the degradation of each case are presented in Table 8. 

Case1 did not perform well in any of the experimental tasks 
except in experiment F, which was not conducted because of 
her movement to another hospital. Thus, it was not clear 
whether or not she had maintained good hand tapping motor 
control. However, it might be the case that she had a disorder 
not only in the locomotor of vocal speech organ but also in 
tempo perception and memory function.  

Case2 exhibited good performance during the experiment F 
task. This indicates his motor control of the hand tapping 
motion was maintained perfectly. However, his performance 
of delayed repetition of tapping, adjustment of speaking rate 
with the reference speech samples, were somewhat degraded, 
as were the comparisons of speaking rate of his own utterances 

with the reference speech samples. This would seem to suggest 
that his tempo perception and/or its memory function played 
some role in the degradation. 

Case3 & 4 exhibited the same profile of degradation in 
adjustment of their own speaking rates with the reference 
speech samples, and a slight degradation of self-monitoring of 
speaking rate. The causes are limited to locomoter degradation 
of the vocal organ, for their performance of the hand tapping 
tasks were good. However, there might be some possibilities 
for slight degradation in tempo perception and memory 
function. 

Although the speech intelligibility of Case5 was not good, he 
exhibited good performance in all of the experimental tasks. 
This indicates that his degradation was limited only to the 
locomotor of the vocal speech organ. 

The seven experimental tasks revealed that the profiles of 
each of the cases were quite different. Some cases had 
degradation both in the locomotor of the vocal organ and in 
tempo perception and its memory function. Other cases, 
however, had degradation only in the locomotor of the vocal 
organ. 

5. Conclusions 
Seven experiments were conducted to examine the 

performance of tempo perception and its memory function in 
five dysarthria case subjects and ten normal subjects who all 
were of about the same age. The results revealed that there 
were dysarthria cases having disorders in tempo perception 
and/or its memory function, in addition to degradation of the 
locomotor of the vocal organ.  

Based on these results, it is recommended that appropriate 
speaking rate rehabilitation methods might be selected by 
taking into account these different types of dysarthria cases. 
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Table7 � Input and output of each experimental task 

Table 8. Factors related to degradation within each case 
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