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Introduction
Language

There is a common perception that “Language” is “what makes 
us human” [1]. The ability to manipulate our tongue and vocal cords 
and produce a great variety of sounds had evolved in humans by 
400,000 years ago [2]. Without this ability, vocalisations would be 
limited to “aah”, “ooh” and “um” [3]. It is likely that in conjunction 
with producing a new range of sounds, language evolved [2]. 
Language has enabled humans to communicate real (e.g. laws) 
and imagined (e.g. belief systems) order, so changing the course of 
evolution for our species and our planet.

Movement

Verbal communication has been replaced to some extent with 
digital, electronic and written media, but face to face conversation 
remains the most powerful as the human facial expressions and 
hand gestures add intimacy, meaning and context to spoken 
language. It is actually these actions that shape our thoughts [4] 
and paying attention to these systems in our environments, make 
us better communicators Tversky [4] believes that movements 
transcend language as a basis for consciousness.

Developmental Stutter
Children acquire language initially through babbling – 

repeating the sounds, pitch and rhythm of the language they have 
been exposed to. By age two children typically have a vocabulary 
of about 200 words [5]. While it is normal for most children to  

 
experience mild disruptions in the fluency of speech between the 
age of two and seven, for some children this continues into school 
years and even adulthood. This condition is called Developmental 
Stutter (DS). Characteristics of DS include repetitions of syllables, 
words or phrases, interjections, revisions, prolongations and tense 
pauses. The experience of DS can include avoidance of sounds, 
words, people and even places [6]. People who stutter say that they 
prefer not to talk at all rather than allowing others to hear that 
they stutter [7]. Developmental Stutter and its range of associated 
behaviours can result in reduced quality of life and well-being [8]. 
In childhood, the incidence of DS is about 5%, and its recovery rate 
is up to about 80%, resulting in a prevalence of persistent DS in 
about 1% of the adult population [9]. For individuals with DS the 
inability to speak the words they are thinking is therefore one of 
life’s cruelest inflictions.

Past

Even though reports of humans stuttering date back to 
Demosthenes in 354 BC, it is only in the last decade that this 
silenced 1% of the world’s population have been given a voice. 
This has been helped particularly by the Movie the “Kings Speech” 
which depicted living with a DS and the human trauma associated 
with the debilitating condition. Historically, theories concerning 
the cause of DS have ranged from dryness of tongue to abnormal 
speech apparatus, while in the 20th century DS was thought to be 
a psychogenic disorder [10]. Today, approaches used by Speech 
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and Language professionals in the management of DS vary greatly 
based on training, experience, and theoretical/philosophical beliefs 
about its cause [11].

Present

For childhood DS, interventions are typically behavioural [12]. 
Existing approaches can be classified as either direct or indirect. The 
direct approach works directly with the child; to modify behaviour 
patterns when stuttering occurs, the indirect with caregivers and 
the speaking environment; to modify situational factors. Both are 
supported by clinical trials and a current international research 
project is attempting to establish which is most effective [13].

Future

There appears to be a need for new innovative treatments. 
One concept being currently investigated [14] concentrates on the 
neurological systems effecting tongue movement and how to control 
them. For speech to occur we learn how to consciously manipulate 
our tongue. These conscious, learned movement patterns are 
then stored and replayed on demand. However, our conscious is 
not the only part of our brain influencing tongue manipulation 
and positioning. In 2012, Catani and his colleagues [15] named a 
newly identified white matter cortical pathway, the Frontal Aslant 
Tract (FAT) within the brain. This is only recently visible thanks to 
advances in neuroimaging technology. While the existence of the 
FAT has been established in humans and non-human primates, in 
humans it is larger in the left hemisphere and includes Broca’s area, 
long identified as a structure unique to human brains and necessary 
for language. The role of the FAT in DS was outlined by Dick. In the 
report, [16] identified three forces: limb movements, the ocular 
motor system and conscious control as competing for control of the 
motor system, via the FAT and highlighted a need for us to connect 
our mechanical functioning with our neurological functioning. 

 This new approach considers that if we have three systems 
trying to control our motor system (specifically our tongue), 
conscious movements will be enhanced if the three systems 
(forces) work together rather than competing. While we might not 
be consciously aware of it, our tongue moves all the time and only 
slows down to enable speech [17]. If we consider that all movement 
is in response to neurological signals, the obvious question is how 
do the unconscious systems (ocular/limb) influencing tongue 
movements operate? This research concept aims to examine the 
operation of these systems.

Mechanical functioning: Tongue Movement 
Operating Systems
The first operating system – Limb Movements

The first brain operating system influencing tongue movement 
is instinctive, present at birth. These movements are reflexive and 
related to body movement and survival. They originate from the 
oldest part of our brain: the brain stem. Many of our primary reflexes 

have been linked with tongue movement: rooting, suckling, tongue, 
swallow, bite, transverse tongue and gag [18]. Linking primitive 
tactile reflexes and reflexes of position with tongue movement is 
an area that does not appear to have been theoretically explored, 
probably because these reflexes are suppressed during the first 
few months of life and replaced with postural reflexes [19]. We 
consciously learn how to move our limbs in space before we learn 
to speak.

Critical Period for Learning

Within the brain, there is a critical period for language acquisition 
that occurs up to about age three [20]. In early childhood, our brain 
is its most plastic and the nucleus basalis, crucial for forming new 
associations [21], is always activated. By two years of age the basic 
neural architecture to support how to focus attention and achieve 
a goal, and how to reorient to unexpected but relevant stimuli in 
the environment, [22] is in place. Through practice, the neural 
connections for learned, repeated movement patterns become 
stronger and faster. The critical period for ocular dominance starts 
at a young age and closes around age seven [23]. This is commonly 
the period when developmental stuttering commences. The critical 
period for development of the FAT appears to be up to 6 years 
during which time micro structural changes occur quickly. The FAT 
does not change much after age 6 except for normal age-related 
changes from age 11 on [24]. 

Second operating system - ocular motor 

 The second operating system is our ocular motor system. Even 
though we are not consciously aware of it our eyes are constantly 
on the move. These movements are called saccades and are 
directly linked with our learned behaviour patterns / unconscious 
programming. As our unconscious considers options and prepares 
us for action, our eyes identify the targets and vectors of possible 
movements [25]. These lightning fast movements are called 
saccades. Saccades can be described as the quick simultaneous 
movements of both eyes between two fixation points. These eye 
movements last between 20 – 200 milliseconds. As we spend 5% 
of our day mindful of our current environment, our unconscious is 
constantly trying to predict what action we will do next and filling 
in blanks about what our environment is like. By searching through 
our “memory “database of automated /learned actions, our 
unconscious decides what is most likely to occur given the current 
stimuli and past experience. As our eyes are constantly on the 
move, our unconscious is also predicting what we are seeing, and 
our conscious experience of the world is a combination of reality 
and virtual reality [26]. Our perception of reality is a combination 
of the “real” and the “expected”. As we are using our conscious 
brains to access memories and imagine scenarios, our unconscious 
is filling in the gaps based on our experience. This idea of predictive 
coding assumes that perception is an iterative process between 
prior knowledge and sensory feedback [27].
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Unconscious Eye Movement and Unconscious Tongue 
Movement 

Both our eyes [25] and our tongue [17] are constantly on 
the move without our conscious awareness. It may seem unclear 
how eye movements effect speech and tongue movement, but the 
mechanics behind this were outlined by [14]. If you flatten the back 
of your tongue on the roof of your mouth and move your eyes from 
side to side, you will feel the back of your tongue mirror your eye 
movements. This is because our brain is predicting that we might 
move in the direction of our gaze and preparing our body to do so. 
This effect also works in reverse, if you move your tongue from side 
to side while reading you will feel your eyes move slightly. This 
effect and indeed the effect of our tongue moving in response to our 
limbs moving can only be experienced when our tongue is touching 
the roof our mouth. When the tongue position is lower in the mouth 
the constant movement goes unnoticed.

Third operating system – conscious movement and new 
learning

The third system trying to control tongue movement is our 
conscious control or executive function. It is estimated that we 
spent approx. 5% of our time consciously aware of our movements. 
Speech involves replaying pre-stored motor programmes. For 
people with DS the pre-stored programmes do not produce clear 
speech. For the brain to focus on a new specific task, we must pay 
attention to it. To correct speech dysfluencies after the critical period 
when learning is automatic, to learn new skills, we must activate 
the nucleus basalis so we can strengthen new neural connection 
[21]. The nucleus basalis projects into Broca’s area which is part of 
the FAT. After the critical period, behavioral and context outcomes 
regulate plasticity: focused attention activates the nucleus basalis 
[28], unexpected events lead to the release of Noradrenaline to 
amplify their novelty [29] and additionally, Dopamine is released 
when we predict a reward [30].

As all three systems are influencing tongue movement, our 
executive function must be able to override the other two systems 
to successfully manipulate tongue movement and produce smooth 
speech. Out of the three operating systems, limb movements, eye 
movements and conscious control, our eye movements occur first 
as they concern predictions. Consequently, logic would suggest 
that changing the direction of our gaze changes predictions. This 
is the fundamental basis of this current concept that changing eye 
movement would make logical sense as it is the precursor to DS.

Saccadic Eye Movement Studies
Saccadic eye movements are immediately altered by changing 

their starting position [31], thereby causing us to pay attention. 
Modification of saccadic eye movements has been directly linked 
to neuroplasticity [32]. It is important that we are aware of the 
predictive nature of DS as anticipation of DS is a core aspect of 
the stuttering experience [33]. In a reading task, stutterers’ eyes 

fixate on the words on which they anticipate difficulty [34]. The 
anticipation of the stutter has already altered the tongues starting 
position long before the stutter occurs. The links between the 
three systems are evident as unusual eye movement and hand 
gestures typically accompany stuttering behaviour. Indeed, for an 
evolutionary neurological perspective, both language and tool use 
(involving limb movements) share parts of Broca’s area [35]. If we 
do not alter the prediction of stuttering, the experience of stuttering 
becomes a self-fulfilling prophecy as the tongue has already moved 
making the production of clear speech difficult. 

In a UK Randomised Control Trial (RCT) study by [36] of 
69 adults (16male) aged (27.5±9.5 yrs.), 23 were assigned to 
three eye conditions, bilateral saccades, vertical saccades and no 
eye movement. Standardized testing showed bilateral saccades 
enhanced autobiographical memory fluency for retrieval of episodic 
information. In a., French study, ninety-five healthy children were 
assigned to 5 groups: Group 1 n=19 aged 5-7 years (mean age: 
6.4460.08 years); Group 2 n= 22 children aged 7-9 years (mean 
age: 7.6260.13); Group 3 n=16 16 children aged 9-11 years (mean 
age: 9.5860.12); Group 4 n=20 children aged 11-14 years (mean 
age: 12.1960.16) and Group 5 n=18 children aged 14-18 years 
(mean age: 15.0460.20). All participants were tested on two visual 
tasks fixations and saccades and postural stability was measured 
using a platform. One of their findings showed that performing 
saccades improves postural stability with respect to a simple task 
(fixation) regardless of age. A review of the role of Eye Movement 
Desensitization Reprocessing Therapy in the treatment of both 
psychological and somatic disorder [37], 20 RCT indicated positive 
effects of bilateral eye movements in the desensitization stage of 
the therapy. Twelve randomized studies of the eye movement 
component noted rapid decreases in negative emotions and/or 
vividness of disturbing images, with an additional 8 reporting a 
variety of other memory effects.

Moving your eyes from side to side on a horizontal plane 
creates a mid-point or “average” tongue position, on the roof of 
the mouth. There is a growing body of research suggesting that 
this specific tongue position is optimal for body functioning. This 
evidence spans many disciplines: malocclusion and posture [38], 
heart function [39], muscle strength [40]. 

New Approach to Developmental Stutter
The link between this tongue position and our primary 

reflexes may be of great importance. As we habitually develop a 
dominant hand, eye, foot, and our body posture slowly move off 
centre, which effects functioning and development. This is because 
our skeletal muscles have a memory and do not return to their 
original starting position, but the average of our last movement. 
The long-term effects of this process can be clearly seen in the 
study of facial symmetry [41]. To nullify this incorrect learned 
predicted movement, it is necessary to use both eyes equally and 
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be centred- this can be achieved by looking down in the direction 
of your navel. The movement required is only concerning your 
eyes, not your head. This redirection of gaze causes the posterior 
part of the tongue to be placed in the optimal position previously 
described. For DS, the downward gaze is required only for the 
start of the word. This novel approach explores modifying the 
unconscious neural programs responsible for tongue movement 
and positioning. From a chronological perspective, after the critical 
period, the first operating neurological system to activate and 
control our movements, in response to any stimulus, is the ocular 
motor system. 

The viability of this novel approach has already been explored. 
In 2018, McDonagh reported a case study of 23-year-old female 
with a persistent developmental stutter since age five. Fluidity 
of speech was assessed before and after instruction. The % of 
dysfluencies dropped from 6.8% per minute before intervention to 
0.8% after intervention. The rate of speech measured in syllables 
per minute increased from 175.2 before intervention to 259.2 
after intervention. The intervention required looking down in 
the direction of her navel at the start of any word on which she 
predicted difficulty. This success was replicated with a 5-year-
old girl, who could resolve her stuttering behaviour by saying the 
words she was stuck on to her tummy. This viability approach is to 
be piloted in RCT. If modifying our tongue position can have such a 
powerful effect on neurological functioning in DS, a future direction 
in research must be to ascertain what learned movement patterns 
alter tongue position and how they could be modified.
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