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Abstract— Speech is a series of complex movements that alter and mould the basic tone created by voice into specific 
decodable sounds. Conversational or spontaneous speech is very much essential for daily life. This paper attempts to brief 
about a literature review of Automatic Stuttered Speech Recognition. Major progress is being done on both technology and 
exploitation of automatic speech recognition of dysfluent speech. However, there are still technological barriers in the 
recognition of speech disorders. Stuttering is a speech disorder which is affecting millions of people in their day to day life. 
The flow of speech is disrupted by involuntary repetitions, interjections, prolongations of sounds. This review paper gives 
the overview of the types of stuttering, different methods available for the analysis and classification of stuttered speech.  It 
also reports the results of major feature extraction techniques and classifiers used in automatic detection of stuttered speech 
dysfluency. 
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I. INTRODUCTION 

 
Speech is the most habitually and widely used form 
of communication between human beings. Not all the 
human beings are blessed with normal means of 
speech. About 1% of the world  population suffer 
from  various speech disorders such as stuttering, 
cluttering, dysarthria, mumbling, apraxia, lisping, 
whispering and  many more. Classifying speech into 
normal speech and disorderd speech is more 
problematic  [33]. Dysfluency in a speech can be 
normal or pathological. Stuttering is one of the 
serious problems found in speech pathology. It is 
found to affect four times as many males as females. 
Stuttering is a speech disorder in which normal flow 
of speech is messed out by occurrences of 
dysfluencies. The most common types of stuttering 
are:  1. Interjections, 2.  Revisions, 3. Incomplete 
phrases, 4.  Repetition, 5.Prolonged sounds, 6. 
Broken words  [1]. Stuttering is a poorly understood 
communication disorder with 1% global prevalence. 
Stuttering is the subject of interest for the researches 
from different domains like speech pathology, 
psychology, speech physiology, acoustics and signal 
analysis. Therefore, this area is basically an 
interdisciplinary field of research.  
 
This paper reviews current advances related to 
analysis and classification of stuttered speech. This 
review paper is organized as follows: Section II will 
discuss about distinct features of stuttered speech, 
distinct features of stuttered speech are used for 
automatic  recognition of stuttered speech. section III 
gives an overview of previous works on automatic 
stuttered speech recognition system. Finally, section 
V presents discussion and conclusion based on 
performance evaluation of various feature extraction 
techniques and classifiers used for automatic stuttered 
speech recognition. 
 

II. VARIABILITY FACTORS OF STUTTERED 
SPEECH 
 
The presence of disfluencies in stuttered speech can 
hamper transcription in several ways. Firstly, 
disfluencies such as interjections, prolongations, 
repetitions, broken words (phrases), and pauses make 
utterances longer without adding semantic 
information. An Automatic speech recognition 
system (ASR) finds difficult to recognize speech and 
wastes time in interpreting disfluencies in speech, 
resulting in inaccurate transcripts being produced. 
Secondly, ASR systems are trained on large amounts 
of normal speech, but as the stuttered speech add 
spurious content, they cause a mismatch between 
training and evaluation data that result in poor 
transcription. Since the recognizer makes predictions 
based on its language model, stuttered speech affect 
correct recognition of words that are likely to follow 
each other. For example consider the stuttered speech  
“Yes [pause] terday I I I was going to going to  uhmm 
I went to the market”. This stuttered speech includes 
silent pauses ( Pause between the word yesterday), 
repetition of the letter ‘I’, unwanted interjection 
(uhmm) . Stuttered speech result in higher number of 
substitution, insertion and deletion errors which can 
seriously affect the quality of transcription. A number 
of techniques have been proposed to find disfluencies 
in stuttered speech data, including repetitions and 
filled pauses by analyzing specific properties of 
stuttered speech and studying how they affect the 
overall speech fluency. 
Classification of stuttered speech is considered as a 
difficult and complex problem. Initially, stuttering is 
a neurologic trait that may involve specific 
abnormalities of speech motor control in the brain 
[1]. Stutterer will experience reduced blood flow; 
either there is increased or decreased electrical 
activity in regions of the brain which controls speech 
production. This area of the brain which controls the 
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muscles of  stutterer’s larynx by opening and closing 
of the vocal cords becomes malfunctioning, making 
normal speech impossible. Thus, stuttering cannot be 
permanently cured; it may go into remission for a 
time, or stutterer can learn to shape their speech into 
fluent speech with the appropriate speech pathology 
treatment. Stuttered speech assessment is essential to 
assess the improvement of the stutterers during 
speech therapy. Stuttered speech assessment is used 
to detect types of dysfluencies.  
In 1990s, Andrzej Czyzewski et al [1] have 
mentioned that stuttered speech assessment can be 
carried out through time domain analysis by 
measuring the duration of dysfluencies and 
comparing it with the duration of the entire passage. 
Howell et al [11] have carried out research on 
acoustic analysis of stuttered speech to know whether 
stuttering occurs only at specific “moments” and/or 
effected by the surrounding speech. They concluded 
that stuttering episodes affect the intensity-time 
profile of the speech and the listeners can use this 
acoustic information to recognize the presence and 
type of the stuttered speech. The most common way 
to assess stuttered speech is to transcribe the recorded 
speech and to locate occurrences of repetitions, 
syllable/word interjections, prolongations, etc.  
Several researchers have carried out classification of 
speech based on 1. Speech utterance:  such as isolated 
words, connected words, continuous speech and 
spontaneous speech. 2. Vocabulary: depending on 
small, medium, large, very large, out of vocabulary. 
3.  Speaker model: such as speaker dependent and 
speaker independent [8, 9]. In 2004, Michael D. Mc 
Clean  et al [3] achieved good results using motor 
measures. The kinematic measures that are most 
frequently examined are movements of lips, jaw and 
tongue.  From their research, it was found that speed 
of movement of lip, jaw, tongue was more in the 
stuttered speech when compared to that of fluent 
speech. In 1991, Zebrowski et al [36] have carried out 
analysis of  stuttered speech using  (a) mean duration 
of sound/syllable repetition and sound prolongation, 
(b) mean number of repeated units per instance of 
sound/syllable and whole-word repetition, and (c) 
various related measures of the frequency of all 
between and within-word speech dysfluencies. 
Research work of Jing Jiang  et  al [4] was related to 
the classification of stuttered speech  on: 1. More 
Typical (MT) of stuttering speakers (stuttering caused 
due to hesitation, repetition, monosyllabic word 
repetition , Part-word syllable repetition with 2 or 
fewer without tension and 2. Less Typical (LT) of 
stuttering speakers (Monosyllabic word repetition 
part-word syllable repetition with 3 or more 
repetitions prolongation, blocks). The results showed 
that the LT and the MT can be classified with high 
accuracy based on the brain activity. The brain 
regions that made most contribution to the separation 
of MT and LT stuttering speakers were: the left 
inferior frontal cortex and bilateral precuneus, both of 

which showed higher activity in the MT than in the 
LT; and the left putamen and right cerebellum which 
showed the opposite activity pattern. The results also 
showed that the brain activity for Whole word 
repetition (WWR) was more similar to that of the 
Less Typical (LT) of stuttering speakers  and fluent 
speech than to that of the MT. These findings provide 
a neurological basis for separating the MT and the LT 
types, and support the widely-used MT/LT symptom 
grouping scheme.  Table 1.1 indicates different types 
of stuttering dysfluencies. 

 
Table 1.1: Types of Stuttered Speech Dysfluency 

 
 

III. AUTOMATIC STUTTERED SPEECH 
RECOGNITION SYSTEM 

 
Conventionally, stuttering assessment is done by 
counting number of dysfluent words as a proportion 
of total words in a passage. Stuttering assessment is 
also done by measuring the time of dysfluencies and 
comparing with the duration of the entire passage. 
However, it is time-consuming and it results in poor 
agreement with different individuals assessing the 
same speech data. Therefore, automatic stuttered 
speech recognition system is used to automate the 
dysfluency count and type of dysfluency 
classification, thus providing an objective and 
consistent assessment of stuttered speech. Such 
approach can support Speech Language Pathology 
(SLP) by doing tedious routine works and allowing 
more time for therapeutic session between SLP and 
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stutterers [12]. This section gives an overview of 
previous work on automatic stuttered speech 
recognition system using different feature extraction 
algorithms and different classifiers. The most widely 
used classifiers are ANNs, HMMs, SVM. Each 
classifier provides different accuracies.  
 
Artificial Neural Networks (ANN) 
Researches from many scientific disciplines are 
designing ANNs to solve problems in pattern 
recognition, prediction, optimization, associative 
memory and control [23]. Neural networks can 
effectively be used for speech and speaker 
recognition [24]. Peter et al in their papers proposed 
stuttering recognition using ANNs by marking which 
words are repeated, prolonged and other type of 
dysfluencies. The networks were automatically 
adjusted to bring the mapping between input and 
output speech data samples [34]. 
Peter et al. have published several papers using 
ANNs as classification technique. The ANN model 
was used to detect the stuttered events. The particular 
stuttered events to be located are repetitions and 
prolongations. This is because the repetitions and 
prolongations are ubiquitous in the speech of 
stutterers and will be used in Speech Language 
Pathology (SLP). In 1997, research was done on 12 
children who stutter. The recordings were of DAT 
type and transferred digitally to computer and were 
down sampled. For most phonemes, almost all the 
energy will be contained in the 5Hz-4 kHz range, 
allowing a sampling rate of 8 kHz for further 
processing.  Differentiating between fluent and non 
fluent speech can be done by using the fragmentation 
measure, spectral measures and short time energy of 
speech[11]. 
Geetha et al [12] have presented a research on 
classification of childhood dysfluencies using ANNs. 
Their work discusses about an objective way of 
making the differentiation of normal childhood 
dysfluencies from stuttering. Artificial Neural 
Network (ANN) was used for this purpose on two 
groups of dysfluent children below the age group of 6 
years. Data from Group I (comprising of 25 dysfluent 
children) on different variables were used to train the 
ANN, whereas the data from Group II (comprising of 
26 dysfluent children) on the same set of variables 
were used for predicting the diagnoses. ANN could 
predict the sub classifications of normal non-fluency 
and stuttering. 
In 2006, Szczurowska et al [37] described the ability 
of recognition and categorizing the non-fluent and 
fluent speech samples using Artificial Neural 
Networks (ANN). The stuttered speech samples 
which were used for the research were recordings that 
were taken from 8 stuttering speakers. They analyzed 
the recordings by using 512 point Fast Fourier 
Transform (FFT) with the use of 21 digital 1/3-octave 
filters of centre frequencies between 100 Hz and 10 
kHz. They applied Kohonen and Multilayer 

Perceptron Networks to recognize and classify fluent 
and dysfluent speech. The authors achieved a best 
result of 76.67% with the best network, built using 
171 input neurons, 53 neurons in hidden layer and 1 
output neuron. 
In 2009, Swietlicka et al approached the automatic 
detection of dysfluency in stuttered speech. In their 
work, 8 stuttering people recordings were used. From 
that recordings, 59 fluent speech samples  and 59 non 
fluent speech samples were obtained from the 
recordings. 21 digital 1/3 octave filters of center 
frequencies between 100 Hz and 10KHz were used to 
analyze the speech samples. These parameters of the 
speech samples were used as an input for networks. 
They applied multilayer perceptron (MLP) and radial 
basis function (RBF) networks to recognize and 
classify fluent and non fluent speech samples. They 
yield classification correctness for all networks 
ranged between 88.1% and 94.9% [28].  
In 2015, P. S.  Savin  et al focused on repetition and 
prolongation detection in stuttered speech signal. The 
acoustic and pitch related features like Mel-frequency 
cepstral coefficients (MFCCs), formants, pitch, zero 
crossing rate (ZCR) and Energy were used to test the 
effectiveness in recognizing repetitions and 
prolongations in stuttered speech. Artificial Neural 
Networks (ANN) was used as classifier. The results 
were evaluated using combination of different 
features. The results showed that the ANN classifier 
trained using MFCC features achieved an average 
accuracy of 87.39 % for instances of repetition and 
prolongation recognition in speech [43]. 

 
Hidden Markov Model (HMM) 
In the earlier years, speech recognition was done by 
using dynamic programming techniques to solve 
pattern recognition problems [15]. Speech recognition 
research in the 1980’s was characterized by a shift in 
methodology from template-based approach to 
statistical modeling framework. Although the basic 
idea of the Hidden Markov Model (HMM) was 
known and understood early in a few laboratories 
(e.g., IBM and the Institute for Defense Analyses 
(IDA) [36]), the methodology was not complete until 
the mid- 1980’s. The HMM became the preferred 
method for speech recognition. In the recent times, 
HMM, ANN or hybrid forms are being adopted for 
speech recognition. Speaker identification can be 
done based on the matching function in vector 
quantization. Larger weights will be assigned to 
vectors that have high discriminating power between 
the speakers [16].Word fragments occur frequently in 
dysfluent speech. Incomplete pronunciation of word 
results in ill-form fragment in word-building that 
causes the performance of language model in speech 
recognition to be dramatically decreased. Instead of 
lexical word, prosody word was used to be building 
block for spontaneous speech processing. 
Prosody word include variations in melody, 
intonation, pauses, and stresses, intensity, vocal 
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quality and accents of speech. As a result, prosody 
has a wide array of functions, including expression on 
linguistic, attitudinal, pragmatic, affective and 
personal levels of speech. Jui-Feng Yeh et al 
proposed a method for word fragment detection with 
prosody features for spontaneous speech recognition. 
Prosody features were extracted from prosody word 
and fed into the decision tree to judge the prosody 
word is a complete word or word fragment. Speech 
recognition with word fragment detection using 
prosody features instead of lexical features for 
spontaneous speech detection was evaluated by using 
HMM and it was found that this method of 
recognition out performs traditional speech 
recognition especially in insertion and deletion error 
[18].  
Among the three classifiers, HMMs gives the highest 
accuracy of 96% [22]. HMM is a stochastic model 
that captures the statistical properties of observed real 
world data. In speech recognition, speech signal 
could be viewed as a piecewise stationary signal [34]. 
HMMs are widely used in recognition of stuttered 
speech dysfluency such as prolongation and 
repetition. Tian-Swee et al [35] presented automatic 
stuttering recognition system using HMM technique 
to evaluate stuttered speech problem in children. 
Speech therapy assistance tool is a system assists SLP 
to diagnose children for language disorder and to 
train children having stuttering problem. 
In 2009, Ravi Kumar . K. M et al [9] proposed an 
objective assessment of syllable repetition in stuttered 
speech using MFCC features which had four stages 
comprising of segmentation, feature extraction, score 
matching and decision logic. The proposed objective 
approach had an advantage over the  subjective 
approach, which provided consistent measurement 
required for assessment. The assessments by human 
assessment on the read speech of 15 adults who 
stutter were described. 80% of data was used for 
training and 20% for testing. The average result was 
found to be 93.45%, which was better than their 
previous work [80.78%] using HMM.  
Tian-Swee et al [35] used HMM technique to 
diagnose stuttered speech dysfluency among children. 
The voice pattern of the normal and stuttered speech 
dysfluency of the children were used to train the 
HMM model. HMM is used by the markov process to 
model the changing statistical characteristics that are 
only probabilistically manifested through actual 
observation. Speech signal is assumed as a stochastic 
function of the state sequence of the markov chain. 
The state sequences itself  is hidden. There are 2 
types of HMM differentiated by its observation 
probability functions called discrete HMM (DHMM) 
and continuous density HMM (CDHMM). Fig. 1 
shows the type of HMM  used by them. It is a 5 state 
left-to- right model.  The database which consisted of 
20 samples of normal speech data and 15 samples of 
artificial stutter speech data. 10 samples of each 
normal and artificial stutter speech were used to 

generate a speech model. Remaining 5 samples of 
normal speech data and stuttered speech data were 
used to test by using Hidden Markov Model (HMM) 
models. Hidden Markov Model (HMM) requires high 
levels of agreement as prerequisite before attempting 
to train and test to classify fluent and stuttered 
speech. If the score is greater than threshold’s value, 
it is diagnosed as fluent speech and if the score is less 
than threshold’s value it is diagnosed a stuttered  and 
vice versa. An average percentage of correct 
recognition rates were 96% achieved for normal 
speaker and 90% for the artificial stutter speech.  

 
Fig 1 Representation of left to right HMM 
 

Stuttered speech recognized by using MFCC and two 
classifiers LDA and K- nearest neighbors has an 
average accuracy of nearly 90% [25]. When 
compared to MFCC, stuttered speech recognized by 
using LPCC is more accurate [29]. Automatic 
recognition of speech can be done by MFCC code. It 
has four stages comprising of segmentation, feature 
extraction, score matching and decision logic. The 
result obtained by using this method was 93.45% 
which was 80.78% by using HMM method [19]. 
In 2009, Thiang et al implemented [38] the speech 
recognition for controlling movement of mobile robot 
on ATmega162 microcontroller. The techniques used 
by them was Linear Predictive Coding (LPC) 
combined with euclidean squared distance and 
Hidden Markov Mode (HMM) and the experimental 
results show that the highest recognition rate that can 
be achieved by the system is 87%. The mobile robot 
can move in accordance with the voice command that 
is given to the robot. 

 
Support Vector Machine (SVM) 
Acoustic waveform is taken as an input and produce 
output as a string of words. In order to recognize 
speech, the system has two phases: pre processing 
and post processing. The suitable feature extraction 
and speech recognition engine should be selected for 
the given application [13]. 
One of the most powerful signal analysis techniques 
is linear prediction. It is a predominant technique for 
estimating the basic parameters of speech. Speech 
sample can be approximated as a linear combination 
of past speech sample by minimizing the sum of 
squared difference between the actual speech samples 
and predicted values, a unique set of parameters or 
predictor coefficients can be determined. These 
coefficients form the basis for linear prediction of 
speech samples [14]. The importance of this method 
lies in its stability to provide extremely accurate 
estimates of the speech parameters from data samples 
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and may have applications in understanding non-
minimum phase characteristics of speech. 
In 2008, K. M Ravi Kumar et al have worked on 
objective assessment of Stuttered speech detection by 
segmentation using syllable boundaries. The speech 
samples were segmented manually, which is tedious 
but straight forward. The segmented speech samples 
were subjected to feature extraction. Several feature 
extraction algorithms exist such as LPC, PLP, and 
MFCC [19]. After that, score matching was done 
using DTW. Using dynamic programming, the 
minimum cost path through the matrix was found [20, 
21], and then it is given to the decision logic wherein 
support vector machine (SVM) was used to classify 
speech data into fluent and non fluent speech. 
Syllable boundaries is subjective and is not unique. 
Automatic segmentations of syllable can be done by 
using many methods such as autoregressive 
coefficient, group delay, parametric segmentation and 
Bayesian Information Criterion (BIC) [28].  
In 2011, Ravi kumar K M et al have done their 
research on objective assessment of stuttered speech 
by detecting syllable repetition. The detection scheme 
that was used for assessment was divided into four 
steps: segmentation, feature extraction, score 
matching, and decision logic. The MFCC features of 
12, 13, 26 and 39 dimensional MFCC were compared 
and it was found that 39 dimensional MFCC is better 
for assessment of stuttered speech   objectively with 
an accuracy of 84.58% [19]. 
Walter Dosch et al [7] in their research implemented 
an interactive system which operates by the 
communication between its components which 
transmits and receives messages on their input and 
output channels. Stream functions describe the 
component's input/output behavior by mapping input 
streams to output streams. They adapted classical 
mealy machines and classical moore machines as 
needed for the state-based modeling of interactive 
components. They have compared mealy 
implementation and moore implementation, the 
formal methods as how to implement a stream 
function in a correctness preserving way. Both 
transformations involve abstractions which relate 
observable input streams with internal states. They 
compared the different implementation frame works 
by constructing a Mealy style and a Moore style 
implementation for the same component. This work 
was illustrated with a component which removes 
subsequent duplicate messages in an input stream 
which aroused through stuttering. 
Hariharan et al [2]  in their research on stuttered 
speech analysis proposed an objective evaluation of 
speech  dysfluencies based on the wavelet packet 
transform with sample entropy features. Three 
different classifiers such as k-nearest neighbor (K-
NN), linear discriminant analysis (LDA) based 
classifier and support vector machine (SVM) were 
used to investigate the performance of the sample 
entropy features for the classification of speech 

dysfluencies. Ten fold cross validation method was 
used to ensure the reliability of the results [2]. The 
experimental investigations revealed that the 
proposed method shows promising results in 
distinguishing stuttered speech. 
Stuttering is an impairment in verbal speech, which is 
determined mainly based on involuntary 
prolongations, repetitions and interjections. 
Bahadorinejad. A et al [5] designed an electronic 
device to cure stuttering patients and relieve patients 
from the stress which is the cause for stuttering. 
Delay Auditory Feedback (DAF) technique can be 
used to reduce the problem of stuttering. Basically, 
the program and the hardware records the voice of 
patients from a microphone, delays it by a number of 
milliseconds, and plays the delayed sound back 
through headphones or speakers. The aim of this 
paper was to design DAF in order to cure stuttering 
and relieve patients from stresses that are causes for 
stuttering. Microphone was used to take the analog 
samples and A/D converter was used to convert 
analog to digital signals. Finally, the small “anti-
stuttering” device that uses hearing aid technology to 
deliver delayed auditory feedback (DAF) was 
designed [26]. 
Sriharuksa and Janwit implemented a complete 
design and layout of an ASIC design of real time 
speech recognition [39]. They introduced a novel 
method for isolating features that does not contribute 
in stuttered speech recognition of higher order 
polynomials in linear predictive systems. Y.M. Lam 
et al. implemented fixed point implementations for 
speech recognition, they achieved recognition rate of 
81.33% [40].  
 
CONCLUSION 

 
Speech is the most important mode of communication 
among human beings. Stuttering is a speech disorder 
which is affecting millions of people.  The literature 
survey of stuttered speech analysis and recognition is 
carried out. Over the past 2 decades, there are a lot 
researchers being done on analysis and classification 
of stuttered speech recognition. It is observed that 
there are certain deviations in stuttered  speech when 
compared to normal speech. The most common 
deviations identified are repetition of a sound, 
repetition of a syllable, repetition of a phrase or a 
sentence. The less common stuttering features include 
prolongations, blocking, and interjections. The 
research till now is not been able to identify any 
single cause for stuttered speech. Stuttering is 
currently thought to be a problem with the neural 
processing ( brain activity) that underlies speech 
production. From the analysis carried out, it is evident 
there are modifications in speech production 
mechanism in the production of stuttered speech with 
respect to normal speech [41]. 
This analysis features of stuttered speech helps in 
identifying the best suitable feature extraction and 
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classifier for the automatic identification of instances 
in stuttered speech. The most commonly used 
classifiers and  feature extraction techniques to 
classify types of dysfluencies and also between 
stutterers and non stutterers are ANNs, HMM, SVM, 
Mel Frequency Cepstral Co efficient (MFCC), 
Dynamic Time Wrapping (DTW) . Each classifier 
and feature extraction technique provides different 
accuracies where in Mel Frequency Cepstral Co 
efficient (MFCC) feature extraction technique and 
classifier Hidden Markov Model (HMM) is proven to 
give highest accuracy 96% [32]. Table 1.2 gives the 
comparison between different classifiers and feature 
extraction techniques for an analysis and 
classification of stuttered speech. 

 
Table 1.2: Comparison of Classifiers and Feature 

Extraction Techniques 
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