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Access to spoken language represents a fundamental prerequisite for learning in educational contexts. In children with 
cochlear implants, auditory perception is restored through technological mediation, but access to sound does not neces­
sarily guarantee efficient speech comprehension or learning. The present paper introduces the Integrated Neurofunctional 
Accessibility Model (MIAN), a theoretical framework that conceptualizes accessibility as a neurofunctional condition emerg­
ing from the interaction between sensory signal quality, environmental structure, and cognitive resource availability. Within 
this model, accessibility is distinguished from audibility and defined as the degree to which linguistic information can be 
efficiently accessed, processed, and stabilized by the nervous system to support learning. Reduced accessibility increases 
listening effort, reallocates cognitive resources toward perceptual reconstruction, and constrains higher­order cognitive 
processes such as comprehension and memory encoding. The MIAN model integrates neuroscientific, cognitive, and ed­
ucational perspectives to explain how variability in learning outcomes among children with cochlear implants may reflect 
differences in accessibility rather than intrinsic cognitive limitations. The framework highlights the role of environmental 
structuring in optimizing accessibility and reducing cognitive load. 
 
L’accesso al linguaggio parlato rappresenta un prerequisito fondamentale per l’apprendimento nei contesti educativi. Nei 
bambini con impianto cocleare, la percezione uditiva è ripristinata attraverso la mediazione tecnologica, ma l’accesso al 
suono non garantisce necessariamente né una comprensione efficiente né successo apprenditivo. Questo contributo in­
troduce il Modello Integrato di Accessibilità Neurofunzionale (MIAN), un framework teorico che concettualizza l’accessibilità 
come una condizione neurofunzionale emergente dall’interazione tra qualità del segnale sensoriale, struttura dell’ambiente 
e disponibilità delle risorse cognitive. Nel modello, l’accessibilità è distinta dall’udibilità e definita come il grado in cui le 
informazioni linguistiche possono essere elaborate e stabilizzate in modo efficiente dal sistema nervoso a supporto del­
l’apprendimento. Una ridotta accessibilità incrementa lo sforzo d’ascolto, rialloca le risorse cognitive verso la ricostruzione 
percettiva e limita processi superiori quali comprensione e codifica in memoria. Il modello MIAN integra prospettive neu­
roscientifiche, cognitive ed educative per spiegare come la variabilità negli esiti di apprendimento dei bambini con impianto 
cocleare possa riflettere differenze di accessibilità piuttosto che limitazioni cognitive intrinseche. Evidenzia il ruolo della 
strutturazione ambientale nell’ottimizzare l’accessibilità e ridurre il carico cognitivo. 
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Learning, Inclusive education 
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cessibilità, Apprendimento, Educazione inclusiva
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1. Introduction 
 

Speech comprehension represents the primary gateway 
through which most school learning is accessed. In hearing 
children, spoken language provides a continuous, low­effort 
channel for the transmission of information, allowing cogni­
tive resources to be allocated primarily to meaning construc­
tion, memory encoding, and conceptual integration. In 
contrast, for children with cochlear implants, access to spo­
ken language is mediated by a technological interface that, 
while enabling auditory perception, does not fully replicate 
the fidelity, resolution, and automaticity of natural hearing 
(Wilson & Dorman, 2008; Pisoni et al., 2011). 

The cochlear implant restores access to sound by con­
verting acoustic signals into electrical stimulation delivered 
directly to the auditory nerve. However, this process inher­
ently reduces spectral resolution and alters temporal and in­
tensity cues, requiring the central nervous system to 
reconstruct linguistic meaning from a degraded or incom­
plete sensory signal (Shannon et al., 1995; Wilson & Dorman, 
2008). As a consequence, speech perception in cochlear im­
plant users is not an automatic perceptual process, but a cog­
nitively mediated reconstruction that places increased 
demands on attention, working memory, and executive func­
tions (Pichora­Fuller et al., 2016; Kronenberger & Pisoni, 
2019). 

This increased cognitive demand has been conceptual­
ized as listening effort, defined as the allocation of cognitive 
resources required to understand auditory input under chal­
lenging conditions (McGarrigle et al., 2014). In children with 
cochlear implants, listening effort represents a chronic and 
structural condition, rather than a situational one, because 
even optimal device functioning does not eliminate the need 
for active cognitive compensation. As a result, a significant 
proportion of cognitive resources is continuously engaged in 
decoding the auditory signal itself, reducing the resources 
available for higher­order learning processes such as com­
prehension, integration, and memory consolidation (Pisoni 
& Kronenberger, 2010). 

From a neurocognitive perspective, learning depends on 
the brain’s ability to construct stable internal representations 
of incoming information. Predictive processing theories pro­
pose that the brain continuously generates, and updates 
models of the environment based on sensory input, and that 
learning emerges from the progressive refinement of these 
internal models (Friston, 2010; Clark, 2013). When sensory 
input is incomplete, degraded, or inconsistent, the construc­
tion of stable representations becomes more demanding and 
less efficient. In the context of cochlear implantation, this 
means that the accessibility of spoken language cannot be 
assumed as given but must be understood as a variable con­
dition dependent on both sensory and environmental fac­
tors. 

Neurofunctional accessibility can therefore be defined as 
the degree to which the sensory and environmental condi­
tions allow the learner to access linguistic information with 
sufficient efficiency and stability to enable cognitive process­
ing and learning. Accessibility is not determined solely by the 
presence of auditory input, but by the quality, clarity, pre­
dictability, and structural support of that input within the 
learning environment. A child may technically “hear” speech 
but still lack full accessibility if the signal is degraded by noise, 
distance, reverberation, rapid speech rate, or lack of visual 
and contextual support. 

Environmental structure plays a critical role in determin­
ing accessibility. Classrooms are acoustically complex envi­
ronments, characterized by background noise, multiple 

sound sources, and reverberation, all of which reduce speech 
intelligibility even for normally hearing students (Shield & 
Dockrell, 2003; Klatte et al., 2013). For cochlear implant 
users, these conditions have a disproportionate impact, be­
cause degraded auditory input further increases listening ef­
fort and reduces speech comprehension accuracy (Nelson et 
al., 2005). This shift in cognitive resource allocation has direct 
consequences for educational outcomes. When a substantial 
portion of working memory capacity is occupied by percep­
tual reconstruction, the encoding of new information be­
comes less efficient, and memory traces may be weaker or 
incomplete (Baddeley, 2000; Pisoni et al., 2011). Over time, 
this can result in slower knowledge acquisition, increased fa­
tigue, reduced participation, and apparent learning difficul­
ties that do not originate from cognitive deficits, but from 
reduced neurofunctional accessibility. 

Importantly, accessibility must be understood not as an 
individual trait, but as a relational property emerging from 
the interaction between the learner and the environment. 
The same child may demonstrate high levels of comprehen­
sion in an acoustically optimized and visually supported en­
vironment, and significantly reduced comprehension in a 
poorly structured one. This variability reflects the dynamic 
nature of accessibility as a function of environmental struc­
ture, sensory conditions, and cognitive load. 

Learning failure cannot be interpreted solely as a prop­
erty of the learner but must be understood as a consequence 
of insufficient accessibility. When the environment does not 
provide conditions that allow efficient access to linguistic in­
formation, the brain cannot construct stable representations, 
and learning is compromised. Conversely, when accessibility 
is optimized, cognitive resources can be allocated to meaning 
construction, enabling learning to proceed effectively. 

These considerations provide the theoretical foundation 
for the Integrated Neurofunctional Accessibility Model 
(MIAN), which conceptualizes accessibility as a structural pre­
requisite for learning rather than a compensatory adapta­
tion. In children with cochlear implants, accessibility 
becomes the central factor determining whether auditory 
input can be transformed into meaningful knowledge. 

 
 

2. Methodological note 
 

This article is a theoretical­conceptual contribution aimed at 
developing and formalizing the Integrated Neurofunctional 
Accessibility Model (MIAN) as an original framework for un­
derstanding speech comprehension and learning in children 
with cochlear implants. 

The paper does not present empirical data. Instead, it is 
based on an interdisciplinary analysis and conceptual inte­
gration of literature from neuroscience, cognitive psychology, 
audiology, hearing sciences, educational research, and inclu­
sive education. The literature was selected according to its 
relevance to the relationship between sensory access, listen­
ing effort, cognitive resource allocation, speech comprehen­
sion, and learning processes in children with cochlear 
implants. 

The development of the MIAN model follows a theory­
building approach, integrating concepts derived from predic­
tive processing theories, cognitive load theory, executive 
functioning research, and contemporary frameworks of lis­
tening effort and educational accessibility. The purpose of 
the model is not to replace existing explanatory frameworks, 
but to provide an integrative perspective capable of explain­
ing how sensory, cognitive, linguistic, and environmental fac­
tors interact in determining accessibility to learning. 
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Accordingly, neurofunctional accessibility is conceptual­
ized as an emergent and dynamic condition resulting from 
the interaction between the learner and the educational en­
vironment. The MIAN model is proposed as a theoretical 
framework that may guide future empirical research and sup­
port the development of accessibility­oriented educational 
practices. 

 
 

3. Neurofunctional accessibility as a prerequisite for 
speech comprehension and learning 
 

In educational contexts, access to spoken language is often 
implicitly assumed once auditory perception is technically re­
stored through cochlear implantation. However, the pre­
sence of auditory input does not necessarily guarantee 
effective comprehension. Speech comprehension requires 
not only sensory detection, but the availability of neurofun­
ctional conditions that allow the cognitive system to decode, 
stabilize, and integrate linguistic information efficiently. 

Neurofunctional accessibility refers to the set of sensory, 
environmental, and cognitive conditions that enable the 
learner to transform auditory input into meaningful and sta­
ble internal representations. Accessibility is not equivalent 
to audibility. A child may detect sound without being able to 
process it efficiently enough to support learning. The distinc­
tion between audibility and accessibility is critical in under­
standing the educational functioning of children with 
cochlear implants. 

The auditory signal delivered by a cochlear implant is in­
herently reduced in spectral resolution compared to natural 
hearing (Shannon et al., 1995; Wilson & Dorman, 2008). As 
a consequence, speech perception depends more heavily on 
top­down cognitive processes, including working memory, 
attentional control, and predictive mechanisms (Pisoni et al., 
2011; Kronenberger & Pisoni, 2019). The brain must actively 
reconstruct linguistic content from incomplete sensory infor­
mation, increasing cognitive load and reducing processing ef­
ficiency. 

This increased cognitive demand directly affects speech 
comprehension. Working memory plays a central role in 
maintaining and integrating linguistic information over time 
(Baddeley, 2000). When a significant portion of working 
memory resources is allocated to decoding the auditory sig­
nal itself, fewer resources remain available for semantic in­
tegration and long­term encoding. As a result, 
comprehension may be slower, less stable, and more vulner­
able to disruption. 

This mechanism is consistent with cognitive load theory, 
which posits that learning efficiency depends on the avail­
ability of cognitive resources for information processing 
(Sweller, 1988). When cognitive resources are disproportion­
ately allocated to perceptual decoding, fewer resources re­
main available for schema construction and knowledge 
integration. 

Environmental conditions play a decisive role in deter­
mining the level of neurofunctional accessibility. Speech per­
ception in real­world environments is influenced by multiple 
acoustic variables, including background noise, reverbera­
tion, distance from the speaker, and the presence of compet­
ing sound sources (Shield & Dockrell, 2003; Klatte et al., 
2013). These factors reduce signal clarity and increase per­
ceptual uncertainty. For cochlear implant users, whose audi­
tory input is already degraded, environmental complexity 
further amplifies cognitive demand and reduces comprehen­
sion efficiency, particularly in noisy classroom­like listening 
conditions. In poorly structured environments, the cognitive 

system must continuously compensate for incomplete or am­
biguous input. This compensatory effort increases listening 
effort, defined as the cognitive resources required to under­
stand auditory information under challenging conditions 
(McGarrigle et al., 2014). Chronic listening effort leads to cog­
nitive fatigue, reduced attentional availability, and decreased 
learning efficiency over time. 

Conversely, when the environment is structured to opti­
mize accessibility, speech comprehension improves. Environ­
mental structuring may include acoustic optimization, 
reduction of background noise, visual support, predictable 
linguistic input, and multimodal reinforcement. These con­
ditions reduce perceptual uncertainty, allowing the cognitive 
system to allocate resources to higher­order learning pro­
cesses rather than perceptual reconstruction. 

Accessibility emerges as a structural prerequisite for 
learning. Learning does not depend solely on the learner’s 
cognitive abilities, but on the degree to which the environ­
ment provides conditions that allow efficient access to lin­
guistic information. When accessibility is insufficient, learning 
may be compromised despite intact cognitive potential. 

This framework challenges deficit­based interpretations 
of learning difficulties in children with cochlear implants. Ap­
parent learning limitations may reflect reduced accessibility 
rather than intrinsic cognitive deficits. Understanding acces­
sibility as a relational and modifiable condition shifts the 
focus from the learner to the interaction between the learner 
and the environment. 

This conceptualization provides the theoretical founda­
tion for the Integrated Neurofunctional Accessibility Model 
(MIAN), which proposes that accessibility represents a fun­
damental determinant of learning. Within this model, speech 
comprehension is not solely a function of auditory capacity, 
but the outcome of the interaction between sensory input, 
cognitive resources, and environmental structure. 

 
 

4. The Integrated Neurofunctional Accessibility 
Model (MIAN): theoretical structure and functional 
mechanisms 
 

The Integrated Neurofunctional Accessibility Model (MIAN) 
is proposed as an original theoretical framework developed 
to explain how accessibility to learning emerges from the in­
teraction between sensory, neurocognitive, linguistic, envi­
ronmental, and sustainability­related processes in children 
with cochlear implants. 

The model was developed in response to a limitation ob­
served in existing approaches to deafness and cochlear im­
plantation. Audiological models primarily focus on sensory 
restoration, cognitive models emphasize information pro­
cessing and executive functioning, while educational frame­
works mainly address environmental and instructional 
factors. Although each perspective contributes important in­
sights, none fully explains how these dimensions dynamically 
interact to determine accessibility to learning. 

Unlike audiological models primarily focused on hearing 
restoration, cognitive models centred on information pro­
cessing, or educational frameworks emphasizing environ­
mental adaptation, the MIAN model conceptualizes 
accessibility as a multidimensional neurofunctional property 
emerging from the interaction among sensory access, neu­
rocognitive processing, linguistic representation, environ­
mental mediation, and cognitive sustainability. Rather than 
privileging a single explanatory dimension, the model inte­
grates these components within a unified framework aimed 
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at understanding how accessibility influences speech com­
prehension, participation, and learning. 

The MIAN model therefore adopts an integrative neuro­
functional perspective, conceptualizing accessibility not as a 
static condition or a simple consequence of audibility, but as 
a dynamic and emergent property resulting from the inter­
action between the learner and the environment. Within this 
framework, learning depends on the degree to which linguis­
tic information can be accessed, processed, represented, and 
stabilized with sustainable cognitive effort. 

The theoretical foundations of the MIAN model draw 
upon predictive processing theories (Friston, 2010; Clark, 
2013), cognitive load theory (Sweller, 1988), research on 
working memory and executive functioning (Baddeley, 2000), 
and contemporary frameworks of listening effort and hear­
ing­related cognitive energy expenditure (McGarrigle et al., 
2014; Pichora­Fuller et al., 2016). The model integrates these 
perspectives within a unified accessibility­oriented frame­
work. 

In its current formulation, the MIAN model is organized 
around five interrelated dimensions: sensory access, neu­
rocognitive processing, linguistic representation, environ­
mental mediation, and cognitive sustainability. These 
dimensions do not operate independently but interact dy­
namically to determine the degree of neurofunctional acces­
sibility available to the learner. 

The model is grounded in the assumption that the brain 
operates as a predictive and adaptive system that continu­
ously constructs internal representations of the external en­
vironment based on the quality and stability of incoming 
sensory signals (Friston, 2010; Clark, 2013). When sensory 
input is degraded, incomplete, or difficult to process, the con­
struction of stable representations requires greater cognitive 
effort, increasing demands on working memory, attentional 
control, and executive processes. Under such conditions, 
learning may be constrained not by limitations in cognitive 
capacity, but by insufficient accessibility to the information 
itself. 

 
Figure 1. The Integrated Neurofunctional Accessibility Model (MIAN). Conceptual representation of the five interacting dimensions of 
neurofunctional accessibility (sensory access, neurocognitive processing, linguistic representation, environmental mediation, and cognitive 
sustainability) and their contribution to speech comprehension, learning, and educational participation 

4.1. Sensory Access 
 

Sensory access refers to the quality, clarity, and usability of 
the auditory signal available to the learner. In children with 
cochlear implants, access to spoken language is mediated 
through electrical stimulation of the auditory nerve, which 
enables auditory perception but does not fully reproduce the 
spectral and temporal richness of natural hearing (Wilson & 
Dorman, 2008; Shannon et al., 1995). Consequently, the ac­
cessibility of auditory information depends not only on the 
presence of sound, but also on signal quality, listening con­

ditions, distance from the speaker, background noise, and 
device functioning. Within the MIAN framework, sensory ac­
cess represents the foundational condition upon which all 
subsequent processing depends. Importantly, sensory access 
should not be equated with accessibility itself. A child may 
perceive auditory stimuli and yet experience significant limi­
tations in the efficient processing and use of linguistic infor­
mation. This distinction highlights the difference between 
audibility and accessibility, a central assumption of the 
model. 

 
 



4.2. Neurocognitive Processing 
 

Neurocognitive processing refers to the set of cognitive me­
chanisms involved in the decoding, maintenance, integration, 
and interpretation of linguistic information. Speech compre­
hension requires the coordinated functioning of working me­
mory, attentional control, executive functions, and predictive 
mechanisms that allow the learner to construct coherent re­
presentations from incoming sensory input (Baddeley, 2000; 
Friston, 2010; Clark, 2013). When auditory information is in­
complete or degraded, greater cognitive resources must be 
allocated to perceptual reconstruction, increasing cognitive 
load and reducing the resources available for higher­order 
learning processes. Within the MIAN model, neurocognitive 
processing represents the interface through which sensory 
information is transformed into meaningful cognitive repre­
sentations. 

 
 

4.3. Linguistic Representation 
 

Linguistic representation refers to the development and or­
ganization of the linguistic system through which sensory in­
formation acquires meaning. Accessibility to learning 
depends not only on auditory perception and cognitive pro­
cessing, but also on the availability of stable lexical, semantic, 
and syntactic representations. Language functions as the pri­
mary medium through which educational content is inter­
preted, stored, and communicated. Within this dimension, 
speech comprehension is understood as the interaction bet­
ween incoming sensory information and previously establi­
shed linguistic knowledge. The MIAN framework 
acknowledges the diversity of possible developmental tra­
jectories, including spoken language, bimodal communica­
tion approaches, and bilingual perspectives involving sign 
and spoken languages. The effectiveness of accessibility ulti­
mately depends on the extent to which linguistic represen­
tations support the construction of meaning and 
participation in learning contexts. 

 
 

4.4. Environmental Mediation 
 

Environmental mediation refers to the role of the physical, 
communicative, and educational environment in shaping ac­
cessibility. Speech comprehension occurs within contexts 
characterized by varying levels of acoustic complexity, in­
structional organization, visual support, and communicative 
structure. Factors such as classroom acoustics, background 
noise, reverberation, teacher positioning, visual aids, and in­
structional predictability influence the degree to which lin­
guistic information can be efficiently accessed and processed. 
Within the MIAN framework, accessibility is considered a re­
lational property emerging from the interaction between the 
learner and the environment. Educational environments the­
refore function not merely as contexts for learning, but as ac­
tive mediators of accessibility. 

 
 

4.5. Cognitive Sustainability 
 

Cognitive sustainability refers to the capacity to maintain effi­
cient cognitive functioning over time without excessive ex­
penditure of cognitive resources. This dimension 
incorporates the concepts of listening effort, cognitive fati­
gue, attentional endurance, and long­term resource alloca­
tion. Children with cochlear implants frequently experience 

increased listening effort due to the need to reconstruct de­
graded auditory input, resulting in greater cognitive energy 
expenditure (McGarrigle et al., 2014; Pichora­Fuller et al., 
2016). When cognitive demands persist over extended pe­
riods, fatigue may emerge, reducing attentional availability 
and learning efficiency. Within the MIAN model, accessibility 
is not evaluated solely in terms of immediate comprehen­
sion, but also in terms of the sustainability of cognitive en­
gagement over time. Learning environments characterized 
by high accessibility reduce unnecessary cognitive effort and 
support long­term participation, comprehension, and acade­
mic achievement. 

Within the MIAN framework, neurofunctional accessibil­
ity emerges from the dynamic interaction among the five di­
mensions of the model: sensory access, neurocognitive 
processing, linguistic representation, environmental media­
tion, and cognitive sustainability. It represents the degree to 
which the nervous system can access, process, stabilize, and 
use linguistic information efficiently enough to support com­
prehension, participation, and learning. Accessibility is there­
fore not an intrinsic property of the learner alone, but a 
relational and dynamic condition that depends on the con­
tinuous interaction between the learner and the environ­
ment. 

Within this model, listening effort represents a key me­
diating mechanism linking accessibility to learning outcomes. 
When accessibility is reduced, increased cognitive resources 
must be allocated to signal decoding and perceptual recon­
struction, leaving fewer resources available for higher­order 
cognitive processes such as semantic integration, abstrac­
tion, reasoning, and memory consolidation (McGarrigle et 
al., 2014; Pichora­Fuller et al., 2016). As a consequence, 
learning efficiency may be reduced even in the absence of 
primary cognitive deficits. 

The MIAN model challenges deficit­based interpretations 
of learning difficulties in children with cochlear implants. Tra­
ditional approaches often attribute learning variability to in­
trinsic cognitive limitations. However, the MIAN framework 
proposes that many observed learning differences may in­
stead reflect variability in neurofunctional accessibility. When 
accessibility is optimized, cognitive resources can be allo­
cated efficiently to learning processes. When accessibility is 
reduced, learning may be constrained despite intact cogni­
tive potential. These considerations have important implica­
tions for educational practice, suggesting that learning 
outcomes depend not only on learner characteristics, but 
also on the sensory, linguistic, cognitive, and environmental 
conditions that shape accessibility. By optimizing environ­
mental mediation and reducing unnecessary cognitive load, 
it becomes possible to improve speech comprehension, par­
ticipation, and learning efficiency. 

The MIAN model therefore provides a theoretical frame­
work for understanding learning as a function of accessibility 
rather than ability. In children with cochlear implants, learn­
ing depends fundamentally on the degree to which the en­
vironment allows the nervous system to access, stabilize, and 
process linguistic information under sustainable cognitive 
conditions. Accessibility is not a compensatory adaptation, 
but a structural prerequisite for learning. 

 
 

5. Application of the MIAN model to children with co­
chlear implants in educational settings 
 

Educational environments represent the primary context in 
which speech comprehension supports learning. For children 
with cochlear implants, access to spoken language in the cla­
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ssroom is a necessary condition for participation, compre­
hension, and knowledge acquisition. However, access to 
sound through a cochlear implant does not automatically 
guarantee accessibility to spoken language. The MIAN model 
provides a framework for understanding how sensory access, 
neurocognitive processing, linguistic representation, environ­
mental mediation, and cognitive sustainability interact to de­
termine whether spoken language can be effectively 
transformed into learning. 

In educational settings, accessibility depends on the dy­
namic interaction among the five dimensions of the model. 
Sensory access influences the quality of the auditory infor­
mation available to the learner. Neurocognitive processing 
determines how effectively this information can be decoded 
and integrated. Linguistic representation provides the se­
mantic and lexical structures necessary for meaning con­
struction. Environmental mediation shapes the conditions 
under which communication occurs, while cognitive sustain­
ability determines whether comprehension can be main­
tained over time without excessive expenditure of cognitive 
resources. 

Classroom environments frequently present conditions 
that challenge accessibility. Background noise, reverberation, 
distance from the speaker, overlapping conversations, and 
rapid verbal exchanges increase perceptual uncertainty and 
reduce signal clarity (Shield & Dockrell, 2003; Klatte et al., 
2013). For children with cochlear implants, whose auditory 
input is already characterized by reduced spectral resolution, 
these conditions may significantly increase cognitive de­
mands and listening effort. 

Within the MIAN framework, reduced accessibility does 
not merely affect perception; it influences the entire chain 
of processes that support learning. When auditory informa­
tion is difficult to access, additional cognitive resources must 
be allocated to perceptual reconstruction. Consequently, 
fewer resources remain available for semantic integration, 
memory encoding, reasoning, and knowledge consolidation 
(Pisoni et al., 2011; McGarrigle et al., 2014). Learning diffi­
culties may therefore emerge even when intellectual abilities 
are preserved. 

The MIAN model challenges explanations that attribute 
educational difficulties primarily to learner characteristics. 
According to this framework, variability in educational per­
formance may reflect differences in accessibility rather than 
intrinsic limitations in cognitive potential. Learning outcomes 
can therefore be understood as the product of dynamic in­
teractions among sensory, linguistic, cognitive, and environ­
mental conditions. Educational accessibility can be enhanced 
through targeted environmental and instructional modifica­
tions. Acoustic optimization, reduction of background noise, 
strategic classroom seating, visual supports, multimodal 
communication, predictable instructional structures, and ex­
plicit linguistic scaffolding may all contribute to reducing lis­
tening effort and increasing accessibility. These interventions 
do not alter the learner’s cognitive capacity; rather, they im­
prove the conditions under which cognitive resources can be 
effectively allocated to learning. 

The model also highlights the importance of considering 
cognitive sustainability within educational planning. A 
learner may successfully comprehend information during 
short periods of instruction while experiencing significant fa­
tigue over longer periods of cognitive engagement. Accessi­
bility should therefore be evaluated not only in terms of 
immediate performance, but also in relation to the long­term 
sustainability of participation, attention, and learning. 

From an inclusive education perspective, accessibility 
cannot be reduced to physical presence within the class­

room. Genuine inclusion requires conditions that allow learn­
ers to access, process, and use linguistic information effi­
ciently and consistently (Booth & Ainscow, 2011; UNESCO, 
2020). Within the MIAN framework, inclusion is therefore 
understood as the creation of environments that support 
neurofunctional accessibility across sensory, cognitive, lin­
guistic, and educational dimensions. 

 
 

6. Implications for theory, research, and educational 
practice 
 

The Integrated Neurofunctional Accessibility Model (MIAN) 
provides a theoretical framework that reconceptualizes lear­
ning in children with cochlear implants as a function of ac­
cessibility rather than ability. By formalizing accessibility as 
a neurofunctional construct, the MIAN model provides a uni­
fied theoretical account of how sensory access, neurocogni­
tive processing, linguistic representation, environmental 
mediation, and cognitive sustainability jointly determine le­
arning efficiency. Such a conceptualization has important im­
plications for theoretical models of learning, empirical 
research, and educational practice. From a theoretical per­
spective, the MIAN model challenges traditional deficit­
based interpretations of learning variability in children with 
hearing loss. Conventional approaches often interpret lear­
ning difficulties as consequences of intrinsic cognitive limita­
tions or developmental delays. In contrast, the MIAN 
framework proposes that learning constraints may emerge 
from insufficient neurofunctional accessibility rather than re­
duced cognitive capacity. This distinction is critical because 
it shifts the focus from the learner as the locus of limitation 
to the interaction between the learner and the sensory and 
environmental context. 

This reconceptualization aligns with contemporary neu­
rocognitive theories that emphasize the role of environmen­
tal input in shaping neural processing and learning (Friston, 
2010; Clark, 2013). Learning depends on the brain’s ability to 
construct stable internal representations based on incoming 
sensory information. When accessibility is reduced, the con­
struction of these representations becomes more effortful 
and less efficient. As a result, learning outcomes may reflect 
differences in accessibility rather than differences in cognitive 
potential. 

The MIAN model also contributes to theoretical under­
standing by integrating sensory access, neurocognitive pro­
cessing, linguistic representation, environmental mediation, 
and cognitive sustainability into a unified framework. Previ­
ous models have often considered these dimensions sepa­
rately. Audiological models primarily focus on hearing 
restoration, cognitive models emphasize information pro­
cessing, while educational approaches focus on environmen­
tal adaptation. The MIAN framework integrates these 
domains, emphasizing their dynamic interaction in determin­
ing accessibility and learning. 

From a research perspective, the MIAN model provides 
a conceptual framework for investigating the mechanisms 
underlying variability in learning outcomes among children 
with cochlear implants. Variability in academic performance 
is well documented in this population (Pisoni et al., 2011; 
Kronenberger & Pisoni, 2019), but its underlying mechanisms 
remain incompletely understood. The MIAN model suggests 
that differences in neurofunctional accessibility may repre­
sent a key explanatory factor. Future research may investi­
gate how sensory signal quality, environmental structure, and 
cognitive resource allocation interact to influence compre­
hension and learning. Future empirical studies may also con­
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tribute to the validation of the MIAN framework by examin­
ing the relative contribution of its five dimensions and their 
relationships with educational participation, academic 
achievement, and cognitive sustainability. 

The model also provides a framework for examining lis­
tening effort as a central mechanism linking accessibility and 
learning. Traditionally viewed as an outcome of auditory pro­
cessing difficulty, listening effort is reconceptualized within 
the MIAN framework as a mediating mechanism linking ac­
cessibility and learning. By influencing the availability of cog­
nitive resources, it directly affects learning efficiency and may 
represent a key target for future research on environmental 
interventions and educational outcomes. From an educa­
tional perspective, the MIAN model has direct implications 
for instructional design and inclusive practice. If learning de­
pends on accessibility, then improving accessibility becomes 
a primary educational objective. This perspective is consis­
tent with the principles of inclusive pedagogy, which empha­
size the design of learning environments that enable the 
participation and learning of all students by proactively re­
ducing barriers while also recognizing the importance of re­
sponding to individual learning needs (Florian & 
Black­Hawkins, 2011). This requires a shift from focusing ex­
clusively on compensatory strategies directed at the learner 
to addressing environmental conditions that influence acces­
sibility. 

Environmental structuring plays a central role in improv­
ing accessibility. Acoustic optimization, reduction of back­
ground noise, improved signal clarity, visual support, and 
predictable instructional organization all contribute to reduc­
ing perceptual uncertainty and cognitive load. These modifi­
cations improve the efficiency with which linguistic 
information can be processed and learned. 

The MIAN model also provides a theoretical foundation 
for understanding inclusion as functional accessibility rather 
than physical placement alone. This perspective is consistent 
with contemporary approaches to inclusive education, which 
conceptualize inclusion as the removal of barriers to partici­
pation and learning rather than merely ensuring physical 
placement in mainstream educational settings (Booth & Ain­
scow, 2011; Florian, 2014; UNESCO, 2020). Educational as­
sessment and intervention should therefore consider 
accessibility as a central variable in the interpretation of 
learning difficulties. In children with cochlear implants, edu­
cational challenges should not be viewed solely as indicators 
of cognitive limitation, but also as potential consequences of 
reduced accessibility. Enhancing accessibility may improve 
learning outcomes without requiring changes in cognitive ca­
pacity. 

The MIAN model may also be extended beyond cochlear 
implantation to other conditions in which learning depends 
on the interaction among sensory input, cognitive process­
ing, linguistic representation, and environmental structure. 
In this sense, the framework offers a broader perspective for 
understanding accessibility as a fundamental determinant of 
learning across a range of neurodevelopmental and sensory 
conditions. This perspective is consistent with contemporary 
approaches to inclusive education, which conceptualize in­
clusion as the removal of barriers to participation and learn­
ing rather than merely ensuring physical placement in 
mainstream educational settings (Booth & Ainscow, 2011; 
Florian, 2014). By conceptualizing accessibility as a structural 
prerequisite for learning, the MIAN model offers a framework 
for understanding how sensory and environmental condi­
tions shape cognitive processing and educational outcomes. 
Such an approach may guide both research and educational 
practice, supporting the development of learning environ­

ments that optimize accessibility and promote learning. Ul­
timately, accessibility emerges not merely as a condition for 
participation, but as a central neurofunctional determinant 
of learning itself. 

 
 

6.1. Future Research and Validation 
 

As a theoretical framework, the MIAN model requires empi­
rical validation through future research. The model generates 
testable hypotheses concerning the relationships among sen­
sory access, cognitive resource allocation, linguistic represen­
tation, listening effort, educational accessibility, and learning 
outcomes in children with cochlear implants. Future studies 
may investigate the relative contribution of each dimension 
and examine how variations in neurofunctional accessibility 
influence participation, academic achievement, and cognitive 
sustainability across educational contexts. 

The MIAN framework may also provide a basis for the de­
velopment of assessment tools, observational protocols, and 
accessibility­oriented educational planning models. Future 
validation efforts should not be limited to audiological indi­
cators alone, but should include cognitive, linguistic, environ­
mental, and educational variables capable of capturing the 
multidimensional nature of accessibility. 

 
 

7. Conclusions 
 

The Integrated Neurofunctional Accessibility Model (MIAN) 
proposes a theoretical framework for understanding learning 
in children with cochlear implants as a function of neurofun­
ctional accessibility rather than sensory restoration alone. 
Access to sound does not necessarily guarantee access to lin­
guistic information in a form that can be efficiently proces­
sed, represented, and transformed into learning. Educational 
functioning depends on the conditions that allow the ner­
vous system to access, stabilize, integrate, and use informa­
tion under sustainable cognitive conditions. 

Within the MIAN framework, accessibility is conceptual­
ized as an emergent property arising from the dynamic in­
teraction among five interrelated dimensions: sensory 
access, neurocognitive processing, linguistic representation, 
environmental mediation, and cognitive sustainability. To­
gether, these dimensions determine the degree to which lin­
guistic information can support comprehension, 
participation, and learning. 

The MIAN model shifts the interpretation of learning vari­
ability from deficit­based explanations toward an accessibil­
ity­oriented understanding of educational functioning. 
Learning constraints may emerge not from intrinsic cognitive 
limitations, but from insufficient accessibility to information. 
Consequently, educational outcomes should be interpreted 
in relation to the interaction between learner characteristics 
and the sensory, linguistic, cognitive, and environmental con­
ditions that shape accessibility. 

The MIAN model provides an integrative framework for 
understanding how accessibility influences learning pro­
cesses and educational participation. By identifying accessi­
bility as a structural prerequisite for learning, the model 
highlights the importance of designing environments that re­
duce unnecessary cognitive effort, support speech compre­
hension, and promote sustainable engagement in learning 
activities. 

Understanding learning through the lens of neurofunc­
tional accessibility provides a framework for interpreting ed­
ucational functioning in children with cochlear implants. The 
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MIAN model highlights accessibility as a fundamental deter­
minant of educational success and proposes that learning 
outcomes are shaped not only by individual characteristics, 
but also by the degree to which the environment supports 
access to linguistic information. Accessibility therefore 
emerges not as a compensatory adaptation, but as a struc­
tural prerequisite for participation, learning, and inclusion. 

Future empirical research will be necessary to validate 
the model and examine the relative contribution of its di­
mensions across different educational contexts. Neverthe­
less, the MIAN framework offers a conceptual foundation for 
advancing accessibility­oriented approaches to research, ed­
ucational planning, and inclusive practice in children with 
cochlear implants and, potentially, in other neurodevelop­
mental and sensory conditions. Viewed in this way, accessi­
bility emerges not merely as a condition for participation, but 
as a fundamental neurofunctional determinant of learning 
itself. 
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