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ABSTRACT 

This paper outlines new developments and recent research 
in electropalatography (EPG) and discusses how they have 
contributed to theoretical issues in speech pathology and 
clinical practice. A central theoretical issue in speech 
pathology is defining the articulatory processes underlying 
speech disabilities. EPG data are providing increasing 
evidence that abnormal speech motor control underlies at 
least some disorders that were previously thought to have a 
linguistic origin. The technique also provides visual 
feedback of tongue-palate contacts, which has been shown 
to be an effective approach to the treatment of articulation 
disorders in children and adults. Portable units have 
increased the effectiveness of feedback therapy because 
they allow for more frequent practice. Recent initiatives 
have successfully widened access to EPG therapy. Case 
illustrations show how the new Windows® EPG provides 
researchers and clinicians with a more technological 
advanced system and a wider range of facilities than 
previous versions. 

1. INTRODUCTION 

The number of EPG studies of normal and disordered 
speech is growing. There are now 400 research papers 
published in English in our EPG bibliographic database, 
which covers 1957-2003. Of these, 148 (37%) focus on 
clinical applications and cover diagnosis and therapy of a 
wide range of speech pathologies. A breakdown of clinical 
articles by type of pathology is in Table 1. 

Type of Speech Pathology 
No. of 
articles % 

Functional articulation disorder 38 26 
Cleft palate 36 24 
Acquired neurogenic disorder 23 16 
Review articles 13 9 
Hearing impairment 12 8 
Cancer (glossectomy/laryngectomy) 7 5 
Malocclusion and osteotomy 6 4 
Developmental motor speech disorder 6 4 
Dysfluency/stuttering 4 3 
Down’s syndrome 3 2 
Total 148 100 
Table 1. EPG articles on different speech pathologies 
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1 shows that the number of research studies varies for 
nt clinic populations, with two pathologies 
ating the EPG clinical scene: functional articulation 
ers and cleft palate. Together, they account for half 
inical literature. The following sections discuss how 
 developments in EPG have improved our 
standing of speech disorders as well as increasing the 
cy of diagnosis and effectiveness of therapy for 

e with speech disabilities.  

2. USING EPG FOR DIAGNOSIS 

rch is showing increasingly how EPG data can assist 
inician in the diagnostic process. For example, the 
can be used to provide objective information to 
m the accuracy of inferences about articulation made 
transcription. EPG data can also provide important 
ation that is not readily available from transcription 
es alone. Four examples illustrate how EPG can 
the diagnostic process: revealing the precise details 

 spatial distortions; identifying the presence of covert 
sts; discovering new types of articulation errors 
usly undescribed in the literature; and quantifying 
ture and extent of articulatory variability. These four 
are expanded in the sections that follow. 

ATIAL DISTORTIONS 

l distortions are EPG patterns where the 
uration of contacted electrodes is unlike that seen in 
l speakers. If the whole palate is contacted during 
ction of /s/ or /t/, for example, then this is considered 
ial distortion. One type of spatial distortion involves 
erentiated lingual gestures UGs [1]. UGs are defined 
G patterns that have, at maximum constriction, 
t in the midsagittal anterior region of the palate 

ring simultaneously with midsagittal contact in the 
ior region (Figure 1). The EPG configuration 
ed in UGs suggests that the tongue tip/blade and 

e body are active simultaneously. This 
erentiated tongue apex and tongue body action results 
reased contact across the palate.  

nding that the occurrence of UGs tends to occur with 
ed tongue palate shape repertoires suggests a 
mental motor constraint, i.e. the basic control 
nism that allows the tongue apex, lateral margins and 

e body systems to operate relatively independently is 
t developed. Kent [2] suggests that during the early 



stages of speech development, articulators operate 
according to the “everything moves at once principle” (p.70) 
whereby sets of articulatory gestures are produced in a 
largely synchronous manner. UGs are a good example of 
this type of immature speech motor control. 

A follow up study by Gibbon and Wood [3] identified 
articulation drift in alveolar stop targets (/t/, /d/) produced 
by children with functional articulation disorders. Drift 
involves an abnormal change in place of articulation that 
occurs during stop closure. Figure 1 is an example of drift, 
and shows a /d/ target (word initial /d/ in “dolls”) produced 
with alveolar placement at onset (O), a UG at maximum 
constriction (M) and velar placement at release (R).  

The results of the Gibbon and Wood [3] study showed that 
drift was higher in children who produced undifferentiated 
gestures. The authors hypothesised that gestures that have 
high drift values generate conflicting placement cues for 
listeners and that the occurrence of high articulation drift is 
one possible explanation for the perceptual variability of 
lingual placement frequently reported to occur in the 
speech of children with functional disorders. 

 

Figure 1. A UG involving drift. The utterance is the 
phrase “the dolls”. Onset of /d/ closure is labeled O 
(frame 93), maximum contact is labeled M (frame 100) 
and release is labeled R (frame 110) below the 
waveform and on the EPG printout. 

The occurrence of UGs is relevant to the diagnosis of 
childhood apraxia of speech because these articulations 
could explain some key symptoms of this complex disorder. 
For example, the presence of UGs could explain: 
perceptually inconsistent productions; a lack of motorically 
complex sounds and sound sequences (e.g. sibilants and 
cluster); slow DDK rates; and failure to respond to speech 
therapy. 

2.2 COVERT CONTRAST 

Kornfeld [4] was probably the first to identify covert 
contrasts in child speech. He described typically 
developing children’s productions of words “grass” and 
“glass”, reporting that both targets were transcribed as 
[gwas]. Although homophonous, spectrographic analysis of 
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terances showed differences in F2 locus and duration 
 glide segment between the [w] in the target word 
” compared with the [w] in the target word “glass”. 
eld concluded, “adults do not always perceive 
ctions that children make” (p. 462), and that adult 
rs are biased to hear children’s speech in terms of the 

ctions present in the target system. In other words, an 
may judge as neutralised two distinct phonological 
ries produced by a child. This phenomenon has come 

known as covert contrast [5]. 

n [6] summarises current knowledge about covert 
st in children with functional articulation disorders. 
sts 30 studies of covert contrast, of which 80% used 
tic analysis and 20% used EPG. Covert contrasts have 
een found in cleft palate speech. For instance, a recent 
used EPG and acoustic data to investigate /t/and /k/ 
s produced by an adult with a repaired cleft palate [7]. 
ugh /t/ and /k/ targets were judged by phonetically 
d listeners as homophonous (i.e. both produced as [c]), 
G data revealed that the place of articulation for the 

oduced for /t/ was more anterior than the place of 
lation for the [c] produced for /k/. 

e 2. Graph showing mean and standard deviations 
 and /k/ produced by two normal adults (N1, N2) 
n adult with cleft palate (CP). 

 2 shows centre of gravity (COG) values from the 
er described in the Gibbon and Crampin study. COG 
 reflect placement on the palate in the front-to-back 
sion. Higher values indicate a more forward 
ent, with lower values reflecting more posterior 
ent. Compared to two normal speakers (N1, N2), the 

er with cleft palate (CP) has low values for /t/ targets 
ting retracted placement. Values for /k/ targets show 
posite trend, indicating a more fronted placement 
normal. Statistical analysis showed significant 
nce in COG values for alveolar and velar targets, 
gh the perceptual analysis indicated placement 
lisation. This is a clear example of how EPG can 
in identifying covert contrasts. 

n and Crampin [7] argued that for research and 
al purposes it is important to distinguish between 
ed placement separation and placement neutralisation. 

N1 N2 CP

t k



Evidence of an articulatory distinction between phonemic 
contrasts, such as occurs in reduced separation, 
differentiates speech errors that are phonetic in origin from 
those that have a phonological basis [8]. Differentiating 
phonetic and phonological speech errors has therapeutic 
implications. Phonetic errors are viewed as requiring 
motor-oriented therapy, whereas phonological errors 
require an approach focusing on linguistic 
conceptualisation and organisation.  

2.3 NEW TYPES OF ARTICULATION ERRORS 

A variety of new types of abnormal articulation, previously 
undescribed in the literature have been identified using 
EPG. UGs, which involve simultaneous alveolar, velar and 
sometimes palatal contact and described in section 2.1, are 
a good example. A second type of speech error revealed by 
EPG that was previously undescribed in the cleft palate 
literature is labial-lingual double articulations. These 
double articulations are speech errors involving 
simultaneous valving at the lips and in the linguapalatal 
region. A study involving analysis of articulatory data from 
27 speakers with cleft palate with a median age of 11 years 
found that three speakers (11%) produced these abnormal 
articulations for bilabial targets [9]. Although these double 
articulations occurred in a minority of speakers 
investigated, nevertheless, the authors argued that it is 
important to identify them for clinical decision-making and 
for research purposes.  

2.4 VARIABILITY 

EPG can prove valuable in quantifying the nature and 
extent of articulatory variability in speech. A recent study 
measured changes in accuracy and stability of 
tongue-palate contact patterns during a 14-week course of 
visual feedback therapy using EPG for a 10-year-old girl 
with Down’s syndrome (P) [10].  

 /t/ targets /k/ targets 
 tap top cap cop 

P (pre-therapy) 5.3 5 5.3 8 
P (mid-therapy) 22 10 13.8 14.6 
P (post-therapy) 4.3 3 14.9 17.7 
Normal 3.7 4 5.9 8 

Table 2. Variability index values from a child (P) with 
Down’s syndrome and an adult with normal speech. 

EPG therapy in this study successfully resolved a 
long-standing pattern of velar fronting whereby P produced 
targets /k, g/ with alveolar placement [t, d]. P’s speech was 
recorded with EPG on three occasions during a 14-week 
course of therapy: pre-therapy; midway through therapy; 
and post-therapy. To capture variability, a variability index 
was used. Variability index values, shown in Table 2, 
revealed relatively stable contact patterns before therapy 
for /t/ and /k/ targets, but both became highly unstable 
midway through therapy, with a return to stability, at least 
for /t/ targets, post-therapy. Facilities within the Windows 
EPG system now make it possible to calculate many indices, 
including the variability index, easily and quickly. 
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is able to measure temporal aspects of articulation 
recisely. This ability has been utilised to investigate 

mal timing of articulation in disorders in a variety of 
h disorders. In one type of timing difficulty, two 
es are present, usually with normal spatial patterns, 
r speakers with acquired apraxia, there is abnormal 
 between the gestures.   

e 3. Ten repetitions of the /kl/ sequence in “clock” 
ced by a normal speaker (from [11]). 

 3 depicts normal timing relationships between /k/ 
/ in the word “clock” produced 10 times by a normal 
er. The figure shows that in most cases (except R4, R6) 
is temporal overlap between the gestures. 

e 4. Ten repetitions of the /kl/ sequence in “clock” 
ced by a dyspraxic speaker (from [11]).  

praxic speaker produces a /k/ and an /l/, but as Figure 
s, there is no overlap.  Also, for the apraxic speaker, 

/ and /l/ are excessively long. None of the 10 apraxic 
ers that Wood described could produce /k/ and /l/ 
es that overlapped in time. 



3. USING EPG FOR THERAPY 

The number of studies reporting EPG therapy is growing, 
although evidence of its effectiveness is currently heavily 
reliant on single cases or small group studies. The majority 
of studies report children with either cleft palate or 
functional articulation disorders, but research on the effects 
of EPG therapy for those with other disorders, such as 
Down’s syndrome and cerebral palsy, is also now underway 
[10]. The evidence that it is an effective form of treatment is 
strongest for those with cleft palate, for example [12] with 
the result that EPG is now recommended for clinical use by 
the Royal College of Speech and Language Therapists in 
their publication of clinical guidelines for the management 
of individuals with cleft palate. 

3.1 WIDENING ACCESS TO EPG 

A major new development has been to widen access to EPG 
therapy by setting up CLEFTNET [13]. This project 
provided speech and language therapists working in four 
cleft palate centres in Scotland with EPG and established 
electronic links between the centres and Queen Margaret 
University College (QM). Articulatory data gathered at the 
centres are sent to QM, where experts carry out a detailed 
analysis leading to a precise diagnosis of the speech 
difficulty and to therapy guidelines for use by the therapists. 
Researchers at QM provide technical support and expert 
advice for the therapists in the network, and also run regular 
workshops. CLEFTNET is a unique EPG therapy service, 
providing all speakers with cleft palate living in Scotland 
access to visual feedback therapy.  

Portable training units have enabled more people to access 
visual feedback therapy. They were designed for those 
living a long distance from an EPG centre [14]. The 
portable units have a real time display for visual feedback 
of tongue contact. They are small and lightweight and 
because they are technologically simpler than the full 
systems, they are also relatively inexpensive. The portable 
units allow therapy to take place at a convenient location, 
such as a nearby speech therapy clinic, a child’s school, or a 
person’s home. Their use has not only widened access, but 
also increased effectiveness of visual feedback therapy by 
enabling clients to practise new articulation patterns on a 
more intense and frequent basis. 
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