
   

 

   

 

A PILOT FIELDWORK ULTRASOUND STUDY OF TONGUE SHAPE 

VARIABILITY IN CHILDREN WITH AND WITHOUT SPEECH SOUND 

DISORDER 
 

Amy Smith, Maria Dokovova, Eleanor Lawson, Anja Kuschmann, Joanne Cleland 

 

University of Strathclyde 
amy.smith@strath.ac.uk, maria.dokovova@strath.ac.uk, eleanor.lawson@strath.ac.uk, anja.kuschmann@strath.ac.uk, 

joanne.cleland@strath.ac.uk 

 

ABSTRACT 

 

Children with Speech Sound Disorders (SSD) have 

been described as having increased tongue shape 

variability during speech. However, most studies do 

not compare this variability to typically developing 

children (TD) using ultrasound tongue imaging 

(UTI). Open access corpora suitable for answering 

this question are scarce. This pilot study addresses 

both the theoretical question of whether variability 

differs between TD children and children with SSDs; 

and the feasibility of a potential solution for acquiring 

ultrasound data quickly at a public science exhibition. 

We compare tongue shapes during multiple 

repetitions of various consonants in TD children 

across different ages, and children with SSD, using 

mean Nearest Neighbour Distance (NND). Results 

suggest no significant effect of age in the TD group. 

Children with SSD had significantly higher tongue 

shape variability than TD children. Field data 

collection was a viable method for collecting UTI 

data, despite some limitations. 

 

Keywords: speech sound disorders, ultrasound, 

variability, articulation, field methods 

1. INTRODUCTION 

Speech Sound Disorder (SSD) is an umbrella term 

encompassing many subtypes that affect a child’s 

ability to acquire clear or intelligible speech. With a 

prevalence of between 2.3% and 24.6% [1], SSDs 

make up a large proportion of Speech and Language 

therapy caseloads. Disagreement in how these 

disorders are classified creates challenges for Speech 

and Language Therapists (SLTs) to diagnose and treat 

SSD. However, SSDs can be broadly divided into 

those of a phonological nature (e.g., phonological 

disorders) and those of an articulatory or phonetic 

nature (articulation disorders, childhood apraxia of 

speech). Without understanding the true nature of the 

difficulty and due to limitations of current 

investigation practices, crucial information can be 

missed. Instrumental techniques such as Ultrasound 

Tongue Imaging (UTI) can negate this problem by 

providing detailed information about articulation, 

instead of relying on perceptual tools such as phonetic 

transcription, which have reliability issues [2]. 

In UTI, a probe is placed under the chin to image 

the midsagittal, or coronal tongue surface, displaying 

movement in real time. UTI is relatively inexpensive 

and portable, and the use of UTI in SSD research is 

growing [3]. Use of UTI is no longer limited to speech 

labs and hospital rooms and, as such, it is possible to 

collect data in a variety of settings. Despite the 

challenges field collection can present, it opens the 

possibility for larger N studies. 

UTI has been shown to aid in the detection of 

covert errors in children with SSDs [4]. One of these 

is increased variability, meaning repetitions of the 

same sound in the same phonetic context are 

produced differently. Here we define variability as 

sub-phonemic, that is, repetitions are typically 

phonetically transcribed using the same symbol. This 

variability is therefore subtle and can only be detected 

using a modality such as UTI, in addition to e.g. 

auditory analysis [4]. Increased variability is 

suggestive of subtle motor difficulties [5]. This has 

strong implications for SLTs and could affect 

differential diagnosis and decisions surrounding 

therapy approaches. However, for SLTs to fully 

understand the articulatory variability associated with 

SSDs, it is essential to quantify articulatory 

variability in typically developing children of 

different ages.  

In contrast to previous evidence, which suggested 

little to no difference in articulatory gestures made by 

children when compared to adults [6], recent 

literature suggests protracted development of speech 

motor control well into adolescence [7]. Younger 

typically developing children show greater 

articulatory variability than their older counterparts. 

What is not yet known is what this developmental 

trajectory looks like and what the typical range is. 

UTI has previously been used to measure lingual 

variability by comparing sets of tongue curves and 

supports the idea of protracted development [8]. 

However, as [9] points out, “there are still crucial 

gaps in our knowledge about the developmental paths 

taken by children to adult-like speech motor control”. 
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Crucially for SLTs, we do not yet know how this 

compares to children with SSDs.  

2. RESEARCH QUESTIONS 

This is an exploratory pilot study, aiming to describe 

articulatory variability, as measured using mean 

Nearest Neighbour Distance (NND) [10] in typically 

developing (TD) children, and children with SSD 

across four key consonants: /t/, /k/, /ɹ/, /s/. Higher 

mean NND are suggestive of increased variability.  

This study explores the following questions: 

• Is it feasible to collect ultrasound data from 

children at a public event in a museum? 

• Do older TD children have lower articulatory 

variability than younger TD children? 

• Do TD children have lower articulatory 

variability than age-matched children with a 

Speech Sound Disorder? 

3. METHODS 

3.1. Participants and recruitment 

TD children were recruited at a public engagement 

event (ethics approval from the University of 

Strathclyde). This free event was held at the Glasgow 

Riverside Museum on a Saturday afternoon. 

Recordings were made at a public stall, in a large 

exhibition room. Inclusion criteria were: spoken 

English, age 5-15 years, and no developmental 

conditions. Any child who approached the exhibit 

with their family was invited to be recorded and 

parents gave consent via an online survey on their 

mobile phone or a tablet, which also collected 

demographic information. They were recorded by one 

of five researchers present at the exhibit. SSD data 

was selected from the UltraSuite corpus [11]. These 

are one-off recordings from children with unresolved 

SSD attending SLT services. After the science event, 

the TD children were age-matched with 10 children 

with SSD (2 female). The children with SSD had a 

diagnosis of any SSD of unknown origin, given by 

their SLT. The exclusion criteria were: current or 

repaired cleft lip and/or palate, no spoken English, 

severe or profound hearing loss, severe or profound 

learning disability. They received the same 

instructions and produced the same set of consonants. 

3.2. Data collection feasibility 

To address the feasibility of data collection at a public 

event, the following topics were considered:  

• How many parents and children would consent to 

recordings in a public venue? 

• Would children tolerate the headset and duration 

of the recording? 

• Would the recordings yield usable data? 

3.3. Stimuli 

Each child was instructed to produce 10 repetitions of 

all English consonants in an /aCa/ environment. Some 

children produced fewer than 10 repetitions. The 

consonants /s/ /t/ /k/ /ɹ/ were used for analysis in this 

pilot, as they represent high frequency segments in 

English, and therefore have a crucial impact on 

intelligibility [12]. Participants were given an 

orthographic representation and asked to read or were 

given a verbal demonstration and asked to imitate. 

3.4. Ultrasound Set-Up 

UTI data of the TD children were acquired using a 

Micro machine controlled via a Windows laptop 

running  AAA v. 2.20.01 [13]. The echo return data 

were recorded at ~100 fps over a field of view of 

162°. This field of view allowed the greatest view of 

the tongue, including both the hyoid and mandible 

shadows. A 5–8 MHz 10 mm radius microconvex 

ultrasound probe was stabilized with an Ultrafit 

lightweight plastic headset [14]. Audio data was 

recorded using an Audio Technica3350 microphone 

attached to the headset. The same set up and materials 

were used for both groups, however the SSD data 

were collected with Sonospeech [15] in a quiet 

clinical setting by SLTs trained in UTI data 

collection, rather than at a public event.  

3.5. Analysis 

3.5.1. Spline fitting 

The tongue surface was identified by fitting splines at 

the point of maximal lingual gesture of each 

consonant, using AAA. The frame of interest, 

containing the maximal lingual gesture was identified 

manually, using the audio, waveform, and 

spectrogram. Regions of interest were observed frame 

by frame (stop consonant closure phases and whole 

durations of continuants). Splines were added using 

semi-automatic edge detection in AAA. Regions of 

low confidence were manually trimmed and the 

automatic AAA correction “snap-to-fit” applied. 

3.5.2. Mean Nearest Neighbour Distance 

The variability of tongue shapes was analysed using 

the mean Nearest Neighbour Distance (NND) 

procedure [10], implemented in AAA (version 

220.04.01) at 80% minimum confidence. In this 

procedure splines are first analysed in pairs. The 
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distance from each point on one spline to the nearest 

point on the other spline is measured then all 

distances between the two splines are averaged. 

Using this procedure, we compared each spline from 

one half of the repetitions of one consonant from one 

child to each of the splines in the other half of 

repetitions of that consonant from that child, resulting 

in a mean and standard deviation of NND per 

consonant per child. 

3.5.3. Statistical analyses 

Data processing and visualisation were performed 

with “tidyverse” [16] in RStudio (version 

2022.02.1+461 for Windows) [17]. Statistical 

analyses were carried out using the lme4 package [18] 

(data and code available at: https://osf.io/3byvp/ ). 

4. RESULTS 

4.1. Feasibility results and descriptive statistics  

Table 1: Mean and SD of Nearest Neighbour Distance 

(cm) per consonant per age group in TD children. 

 

Eighteen children and their parents consented to 

participate at the public event, over a four-hour 

period. Of those, 7 datasets were excluded due to: 

corrupt files (n=1), missing audio (n=5), and 1 who 

had autism (identified after the event from the 

survey), leaving 11 TD participants (5 female). There 

was no age match for a 14-year-old TD participant in 

the SSD sample, so the analyses comparing both 

groups were run with and without that participant.  

Anecdotally, we consider this a higher rate of data 

wastage than previous lab-based recordings of 

children. Their mean age was 9 years (range 7-14). 

All children who consented to the recording 

completed the tasks, were enthusiastic, and tolerated 

the headset and duration of the recording. Duration of 

recordings ranged from 3-9 minutes (Mean=6 

minutes). Recording varied in length as not all 

participants completed 10 repetitions of each 

stimulus. Table 1 provides mean and SD NND (cm) 

per consonant per age for the TD children. 

4.2. Age 

A linear mixed effects model was run with mean 

NND as an outcome variable for TD children and age 

(in years, centred around the mean) as a continuous 

predictor. The model included random intercepts per 

participant. Age was not a significant predictor for 

NND (Table 1). 

 

Predictor β t- value p- value 

Intercept 0.07 12.10 < 0.001 

Age -0.002 -0.61 0.56 

Table 1: Model results from the statistical analysis of 

age and mean NND in TD children. 

4.2. Diagnosis 

 
Figure 1: Tongue splines for /k/, /t/, /ɹ/, /s/ of a 10-year-

old male child with SSD. 

 

Lastly, we explored whether TD children had lower 

articulatory variability than age-matched children 

with SSD. We ran a linear mixed effects model with 

mean NND as an outcome variable and Diagnosis 

(TD as reference) as a predictor. The model included 

random intercepts per participant. Results suggest 

that SSD diagnosis is associated with increased mean 

NND per consonant (Table 1). Excluding the 14-year-

old TD participant did not change direction or 

significance of the results. Fig. 1 and 2 show all 

tongue splines per consonant from a TD child and a 

child with SSD. Fig. 3 shows the differences in 

variability by group.  
 

Table 2: Model results from the statistical analysis of 

diagnosis and mean NND. 

 

Age 

group 

Consonant Mean 

NND 

SD 

NND 

n 

participants 

[7-8] /k/ 0.10 0.04 4 

/ɹ/ 0.10 0.05 4 

/s/ 0.07 0.02 4 

/t/ 0.08 0.03 5 

[9-11] /k/ 0.07 0.02 5 

/ɹ/ 0.07 0.03 5 

/s/ 0.05 0.03 5 

/t/ 0.07 0.02 5 

[14] /k/ 0.07 0.04 1 

/ɹ/ 0.07 0.02 1 

/s/ 0.07 0.02 1 

/t/ 0.05 0.02 1 

Predictor β t- value p- value 

Intercept 0.14 8.79 < 0.001 

Diagnosis (TD 

vs SSD) 

0.10 4.41 < 0.001 
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Figure 2: Tongue splines for /k/, /t/, /ɹ/, /s/ of a 10-year-

old male TD child. 

 

 
Figure 3: Differences in mean NND between TD children 

and children with SSD. 

5. DISCUSSION 

This paper provides preliminary normative data on 

tongue shape variability in TD children; compares 

this to children with SSD and describes the feasibility 

of collecting data at a public engagement event. 

Despite greater losses of data, it was feasible to 

collect recordings that can be used for analysis at 

these kinds of events. For future research we suggest 

a recording protocol be established to avoid 

discrepancies between researchers undertaking 

recordings and minimise experimenter error. In 

addition, future field research should consider 

recording the age of the children in years and months, 

for increased precision in investigating age-effects. 

Tongue shape variability was measured using 

mean Nearest Neighbour Distance (NND) per 

consonant, across /s/, /t/, /k/, /ɹ/. In addition, the data 

was explored to investigate the relationship between 

age and tongue shape variability, and the relationship 

between having an SSD diagnosis and variability in 

consonant production. The results were inconclusive 

about the relationship between age and mean NND in 

TD children. However, there was a significant effect 

of SSD diagnosis. Children with SSD had greater 

tongue shape variability than children without a 

diagnosis. 

These results differ from some previous findings. 

For example, Zharkova, et al. [19] report greater 

within-speaker variability in children than in adults, 

opposite to their expectation of greater variability 

associated with larger oral cavities. Namasivayam, et 

al. [20] discuss evidence demonstrating that between-

articulator coordination tends to complete its 

development in child speech before within-articulator 

coordination, specifically the coordination of 

multiple tongue gestures. The present study has a 

limited number of participants (potentially 

contributing to the null result for the effect of age on 

consonant variability), which prevents a more 

detailed by-consonant analysis. Future research could 

explore differences in age-related variability of 

tongue gestures with only a primary lingual gesture 

e.g. /t/, compared with those with a primary and 

secondary lingual gestures such as /r/ or /l/.  

The greater tongue shape variability in the SSD 

group is consistent with an account of variability 

being linked to motor skill immaturity or disorder. 

While earlier research such as [6] did not observe 

increased variability during repetitions in most 

children with SSD, this might also be related to 

differences in instrumentation. Electropalatography, 

which was used by Hardcastle, et al. [6] only shows 

which part of the palate the tongue is in contact with. 

The advantage of using UTI is that it allows 

measurements of the whole midsagittal surface of the 

tongue, from the root to near the tip. Future research 

could explore whether any specific area of the tongue 

contributes disproportionately to increased variability 

in the SSD group. 

 In conclusion, it was feasible to collect data from 

children at a public event. The likelihood of larger 

than usual amounts of data wastage can be mitigated 

by developing a recording protocol before the event. 

Results of this pilot suggest increased variability in 

children with SSD compared to TD children. Larger 

studies are needed to examine the effects of age.  
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