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ABSTRACT 

Background: Normal aging can affect speech fluency. Changes in anatomy and 
physiology of speech production system in elderly people may reduce speech fluency. 
However, few studies have been conducted on age-related changes in speech fluency 
and their results are very contradictory. The aim of this study was to explore speech 
fluency characteristics in elderly adults and to respond to controversies in this field. 

Methods: For this purpose, speech fluency features of 32 young adults, 37 middle-aged 
adults, 33 young-old adults and 26 old-old adults in conversation were analyzed. Speech 
and articulation rate, frequency and duration of pauses and frequency and type of 
disfluencies were calculated. 

Results: The findings showed that speech rate, frequency of other disfluencies (OD) and 
frequency of pauses in young adults were significantly different with young-old and 
old-old adults. The same significant differences were found between middle-age adults 
and both young-old and old-old groups. In terms of articulation rate, frequency of 
stuttering-like disfluencies (SLD) and duration of pause, there was a significant 
difference between old-old group and other age groups.  

Conclusions: Changes in cognitive capacity, anatomy and physiology of speech 
production system affect the speech fluency in elderly people. Therefore, aging would 
affect speech fluency even in normal elderly people. 
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INTRODUCTION 
 

Changes in speech production are expected through 
aging. Speech is a dynamic phenomenon requiring rapid 
interactions of planning processes and muscle movements.1 
Respiration, phonation, articulation, and resonance 
subsystems must work harmoniously to produce speech.2 
Speech is affected by changes in anatomy and physiology of 
speech production system, sensory feedbacks, motor control, 
and central processing of speech in older adults.3 Kent 
argues that changes in precision and fluency of speech and 
voice which occur through aging affect communication.4 In 
older adults, changes that occur in the mechanism of speech 
production can make conversation difficult and reduce 
fluency of speech.5 

Fluency of speech involves a soft, gentle, and continued 
flow that can change by various factors such as speech rate, 
pauses, hesitation, interjection, repetitions, prolongation, 
and revision.6 

Speech rate is a supra-segmental feature of speech that 
has been used to define speech fluency. This feature is a 
speech motor function that reflects coordination among 
subsystems of speech. Speech rate includes two parts: (a) 

the rate of producing speech units, and (b) duration of 
pauses between words. On the other hand, articulation rate 
is how fast articulators work during speech production. This 
is a temporal feature of speech, and reflects motor 
transferability irrespective of disfluencies and pauses, as well 
as timing aspects of speech motor control.7 Because 
articulation rate does not include pauses, hesitations, 
emotional expressions and other unique features of the 
speaker to transfer information; it shows the actual rate at 
which speech units are produced, better than speech rate.8  

Previous studies in the area of speech changes in older 
adults have led to highly contradictory results. A study by 
Duchin and Mysak on young adult (21-30 years), middle 
aged (44-54 and 55-64) and older males (75-91), which 
included reading the first paragraph of the text of "Rainbow", 
describing a picture, and conversational speech showed that 
speech rate was higher in young adults compared to the 
middle-aged and middle-aged compared to older adults, but 
no difference was observed in frequency of disfluencies.9  
Leeper and Culatta reported that there were no changes in 
the frequency of disfluencies among young adults (25-34 
years) and older adults (55-85 years).10 In their study, 
Shewan and Henderson showed decreased speech rate 
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through aging, but the decrease was not significant, and 
they also reported no significant difference in the frequency 
of disfluencies.11 

In contrast, a study by Yairi and Clifton on spontaneous 
speech in non-stuttering age groups of preschool children, 
high school seniors, and geriatric people showed that not 
only did preschool children and older adults have similar 
disfluency patterns, but also they showed greater frequency 
of disfluencies than high school seniors.12 A study by 
Andrade and Martin on 60-69 years, 70-79 years, 80-89 
years, and 90-99 years age groups showed that disfluency 
occurs more in older adults due to higher frequency and 
duration of pauses, and their speech rate decreases.6 

A number of studies have highlighted the difference in 
speech after the age of 80. For instance, Andrade and Martin 
showed greater influence of age on speech fluency 
parameters after the age of 80.6 

Few studies have been conducted on speech 
articulation rate in older adults. A study by Jacewicz et al. 
conducted on 20 to 34-year-old and 51 to 65-year-old age 
groups in two different regions in America showed that 
younger adults had higher articulation rate compared to 
older adults.13 A study by Bona on 20 to 32-year-old and 66 
to 90-year-old age groups showed that age affected speech 
rate, articulation rate, and frequency of pauses.14   

Several studies have emphasized the need for further 
collection of data on speech changes in elderly people. Such 
data can provide an insight into speech parameters in 
aging.15 On the other hand, greater attention has been paid 
to speech production ability in elderly people suffering from 
neurological damages. However, very few studies have 
investigated the normal effect of aging on speech 
production skills in elderly persons. Moreover, many of the 
studies conducted on speech in elderly adults related to 
their voice, and very few have investigated motor control in 
speech. 
 
The Current Study 
 

As the first study of its kind in the Persian language, this 
study aims to provide further information on the 
relationship between aging and speech changes for which 
very contradictory findings have been reported, and to find 
relevant information in Persian speaking older adults. There 
is a growing population of older people in Iran. According to 
the 2012 census, 8.2% of the population of Iran is over 60 
years old. According to the International estimates, 
population of older people in Iran will grow faster by 2033, 
and will exceed the mean global growth rate by 2045.16 
Because of the increasing population of older people, 
speech-language pathologists should have sufficient 
knowledge about changes in speech that happen through 
aging, so that they can distinguish between normal 
age-related changes in speech and disfluency associated 
with common diseases in elderly population. The quality of 
life and speech characteristics begin to be affected through 
aging.17 Voice and speech are considered as the most 
important tools for daily communication and are integral to 
people’s personality, hence contributing to their overall 
goodness and quality of life.18 Oral communication forms the 

basis for various activities of daily living ranging from the 
maintenance of social and personal relationships to the 
fulfillment of routine needs. Adequate communication skills 
including speaking, listening, reading and writing have a 
critical role in obtaining of health care services. Studies have 
shown that the quality of life correlates more closely with 
health condition in the elderly. Social communication can 
affect personal health condition. Although alternations in 
communication skills may occur gradually, they can result in 
such consequences as withdrawal from social context and 
situations.19 

Communication can also be viewed as a means of 
achieving autonomy, which may become vulnerable in older 
people. The interrelationship between communication and 
autonomy necessitates speech-language pathologists and 
other health-care professionals paying attention to 
communicative peculiarities of senior citizens.6 Moreover, as 
a member of the treatment management team, they should 
also be familiar with features of speech in older people, so 
that they can contribute toward providing appropriate 
services to improve their quality of life. Hence, the results of 
this study can provide speech-language pathologists with the 
knowledge of changes in speech in aging. 

 
METHODS 

 
This article was extracted from the Master’s thesis 

entitled "study of impact of aging on temporal 
characteristics of speech". The thesis has been reviewed and 
approved scientifically by the research council of Isfahan 
university of medical sciences (registration code: 394435), 
beside the whole procedure was approved by Ethics 
Committee of Isfahan University of Medical Sciences (Ethics 
code: 394435). 
 
Participants 
 

Thirty-two young adults (M age = 36.81, SD: 6.21, 
range 20-44 years old), 37 middle aged adults (M age = 
52.43, SD: 11.4, range 45-59 years old), 33 young old adults 
(M age = 68.11, SD: 5.14, range 60-74 years old) and 26 
old-old adults (M age = 86.12, SD: 6.84, range 75-90 years 
old) voluntarily participated. All participants were 
Persian-speaking people with no history of 
speech-language disorders, stroke or brain traumas, 
depression, cognitive or mental problems, with normal 
hearing. 

Old adults were referred from the center of geriatrics 
of Isfahan. These old people get periodic checkups for their 
physical and mental health at this center and the 
assessment of their health records are recorded. After 
getting satisfaction from volunteers, their medical records 
were studied carefully. Then those who were cognitively 
and mentally healthy and had no difficulties affecting 
speech features were included in the study. Written 
consent was obtained from them again.  Young adults and 
middle aged adults were chosen from students, staff, and 
professors of Isfahan University of Medical Sciences 
through an announcement and their health and safety 
were assessed through health questionnaires.20 
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Procedures and Measures 
 

Speech sample was obtained through spontaneous 
conversation about the same subject for all participants, who 
were required to introduce themselves and talk about their 
families at normal speed and loudness. Participants were 
tested individually. Speech samples were recorded using a 
mouthpiece microphone (Headset Acorn HS50 model) with 
the sensitivity of: 105dB±3dB, at 2.5cm distance from mouth 
8, and the software Praat (5.3) at 44,100 Hz/sec. Participants 
were able to design their speech contents and language form, 
and were allowed sufficient time to talk without interruption. 
Prior to the tests, sufficient explanations were provided, and 
participants were familiarized with the test procedure. The 
first 5 minutes of participants' speech were analyzed.14 

After recording samples, varieties of disfluencies were 
identified in two groups, including stuttering-like disfluencies 
(SLD), such as syllable repetition, sound repetition, 
prolongation, blocks, pauses, and intrusion of sounds or 
segments, and other disfluencies (OD) including hesitation, 
interjection, revision, non-finished words, word repetition, 
and segment repetition or phrase repetition.6 Then, 
frequency of various disfluencies (number of disfluencies in 
100 words) was calculated. Since pause as a speech temporal 
feature would affect speech and articulation rates,14 
frequency and duration of pauses were also calculated. 
Pauses lasting longer than 200 milliseconds were calculated.21 
The number of syllables was calculated according to number 
of vowels through PRAAT Script, and speech rate was found 
by dividing the number of syllables by total speech time 
(including pauses) and  articulation rate was found by 
dividing the total number of syllables by total speech time 
(without pauses).14 

The inter-reliability was determined by two researchers 
analyzing 10% of speech samples from each age group, and 
inter-agreement exceeded 92% in all calculated parameters. 
Two months after initial analysis, intra-reliability was 
determined by random selection and analysis of 10% of 
speech samples from each age group by the first researcher, 
and intra-agreement was greater than 95% in all calculated 
parameters. 

Statistical analyses were performed using one-way 
ANOVA, and Tukey post hoc test at the 95% confidence 
level. 
 
RESULTS 
 

Table 1 and Figure 1 show mean and standard deviation 
of speech and articulation rates, duration and frequency of 
pauses, and OD and SLD disfluencies in different age groups 
in conversational speech. Speech rate and articulation rate, 
duration and frequency of pauses, and OD and SLD 
disfluencies were compared using ANOVA test, and then 
Tukey post hoc test was used to compare age groups. 
 
Frequency of SLD 
 

The one-way ANOVA showed a difference between 
various age groups in frequency of SLD(Table 1). The Post 
hoc test showed that only old-old group was significantly 

different from other groups in terms of frequency of SLD 
(P<0.05). 

 
Frequency of OD 

 
The one-way ANOVA showed a significant difference 

between different age groups in terms of frequency of OD 
(Table 1). The post hoc test showed that young-adult group 
was significantly different from young-old, and old-old 
groups in frequency of OD (P<0.05). There was also a 
significant difference between middle-age group and 
young-old and old-old age groups in frequency of OD. The 
same difference in frequency of OD was found between 
young-old and old-old groups (P<0.05). 

 
Speech Rate 

 
The one-way ANOVA showed a difference between age 

groups in terms of speech rate (Table 1). The post hoc test 
showed a significant difference between young-adult group 
and young-old and old-old age groups in terms of speech 
rate. Also, speech rate was significantly different between 
middle-age group and young-old and old-old age groups 
(P<0.05). The same difference in speech rate was found 
between young-old and old-old groups (P<0.05). 

 
Articulation Rate 

 
The one-way ANOVA showed a difference between age 

groups in articulation rate (Table 1). The post hoc test 
showed a significant difference only between old-old group 
with other age groups. 

 
Duration of Pauses 

 
The one-way ANOVA showed a difference between 

various age groups in duration of pauses (Table 1) and Post 
hoc test showed that only duration of pauses in old-old 
group was significantly different from other age groups 
(P<0.05). 

 
Frequency of Pauses 

 
The one-way ANOVA showed a difference between 

various age groups in terms of frequency of pauses (Table1). 
The Post hoc test showed that frequency of pauses in young 
adults was significantly different from young-old and old-old 
age groups (P<0.05). Moreover, frequency of pauses in 
middle-age group was significantly different from young-old 
and old-old age groups (P<0.05). The same difference in 
frequency of pause was found between young-old and 
old-old groups (P<0.05). 

 
DISCUSSION 

 
This study aimed to investigate the effects of age on 

speech fluency. The obtained results showed that speech 
fluency is affected by increasing age. Furthermore, speech 
rate and articulation rate decrease and disfluencies increase 
in older adults.  
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 The obtained results are supported by previous 
studies6,8,14,22,23 that showed speech and articulation rates 
decrease and duration and frequency of pauses increase 
through aging.  

Zellner argued that continuous speech cannot occur in 
normal people due to physiological factors such as 
respiration and cognitive planning.24 Accordingly, it seems 
that continuous speech decreases in older people more than 
younger people. One of the reasons for increased frequency 
and duration of pauses, and the subsequent reduced fluency 
of speech through aging is considered to be a decrease in 
processing speed. Decreased processing speed may lead to 
poorer encoding and reduced ability to store data, which 
leads to difficulty in retrieval of words. Although this may 
happen at any age; word-retrieval difficulty appears to 
increase through aging. These difficulties can present as a 
variety of disfluencies, especially pauses, which ultimately 
lead to reduced fluency in older adults. Pause is a temporal 
feature speech, which can cause discontinuation of flow of 
speech, and show difficulty in word retrieval.14 Duration of 
pauses indicates the length of time needed to replan speech, 

25 increased pauses lead to reduced rate of speech. In other 
words, pauses create an opportunity for speech processing 
in elderly people. 

The internal control of articulatory timing is another 
reason for reduced speech rate,26 since these timing changes 
through aging, lead to reduced speech rate. Older people 
take more care in monitoring their speech compared to 
young people, and this reduces their speech rate. Sluggish 
neuromuscular and cognitive activities through aging can 
also lead to reduced speech rate and articulation rate.27 
Goozee et al. showed that older adults are slower in 
articulatory movements than the younger adults.28 These 
results indicate motor control function, and also that older 
adults may show reduced neuro-sensory and motor function. 
27 The present study results also suggest reduction in motor 
control function in older adults, and these changes were 
greater in old-old group compared to young-old, which 
showed greater effect of age on fluency in old-old group 
compared to other groups. 

On the other hand, physiological conditions and 
neuromuscular system become weaker through aging. 29, 30 
Atrophy and fibrosis of the tongue muscle reduces muscle 
strength and regular and rhythmic movements of the tongue, 
and ultimately affect speech rate. Reduced 
neurotransmission speed in neuro-peripheral system, and 
reduced central neurotransmitters also reduce speech rate. 
31Since it does not include pauses, articulation rate reflects 
the actual production rate of speech segments better, which 
does not include data transmission methods that are 
speaker-specific, such as pauses, hesitations, or emotional 
expressions, etc. In this study, articulation rate reduced 
through aging, which showed changes in speech motor 
control through aging. 

Changes in cognitive capacity in old age should also be 
taken into account. Cognitive capacities affect motor 
behaviors. 4 These changes also appear to affect speech 
fluency features in elderly people.  

As the age increases, there are some changes in 
cognitive capacities like memory and speed of process. This  
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Figure 1. Changes in SLD, OD, speech rate, articulation rate, duration of pauses and frequency of pauses in decade life 

 

reduce helps the required time for processing and 
integrating information for motor programming to 
increase which caused longer time needed for old adults 
to start the movements such as motor speech. This can be 
the reason why pause and disfluency increase in old 
adults.32,33 

Another factor affecting speech fluency is a reduction in 
lung volume. Even in healthy old adults, lung function 

reduces. Loss of elasticity in the respiratory system can lead 
to reduce in power in this system and the speaker’s need to 
have more effort to talk. As a result of a reduction in lung 
volume, the speaker sets his or her speech function to have 
less number of syllables every time he or she breathes and 
more pauses which lead to an increase in disfluency. 34 
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This study is a cross-sectional one. Longitudinal studies 
are recommended to be done in this area. Participants in this 
study were those old adults referred from the center of 
geriatrics; therefore, the old adults registered in this center 
were the only subjects of our study which can affect 
generalizing the results. Conversational speech was studied in 
this paper in which the results cannot be generalized to other 
modalities like reading. 

 
CONCLUSIONS 

 
The present study results support the idea that 

increasing age affects fluency of speech. Changes in speech 
fluency can be expected even in normal old people without 
neurological or other disorders, due to changes in cognitive 
skills and capacities, and also due to anatomical and 
physiological changes, as normal outcomes of aging. 

According to the results of this study and other related 
studies, it seems that regardless of age and language, as the 
age increases, speech rate and articulation decrease, whereas 
frequency of pauses and following that non fluency increase. 
As every language has its own unique features, and lingual, 
accentual, and geographical variants affect the speech and 
articulation rate and also the fluency, therefore, languages 
need to have to have their own standard data. 
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