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ABSTRACT 

Advances in digital signal processing (DSP) have added remarkable into modern hearing aids 

(HAs), yet patients continue to report difficulties in speech-in-noise perception and listening 

effort to date. The three leading manufacturers, Unitron, GN ReSound, and Oticon, represent 

distinct philosophies when addressing these challenges. Unitron emphasizes automatic 

environment classification, GN ReSound focuses on connectivity and binaural coordination, 

and Oticon adopts an open-sound paradigm. This narrative review synthesizes comparative 

evidence on these approaches, highlighting their technical foundations, clinical outcomes, 

and limitations. Results suggest that while laboratory measures of speech-in-noise 

performance remain central, patient-reported satisfaction depends equally on ecological 

validity, personalization, and reduced listening effort. The review concludes that future 

hearing aids may integrate hybrid strategies combining environment classification, 

connectivity, and open sound, optimized by artificial intelligence (AI). 

Keywords: hearing aids, signal processing, speech in noise, cognitive load, ecological 

validity, hearing aid manufacturers. 
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INTRODUCTION 

Hearing loss is one of the most common 

chronic health conditions worldwide, 

affecting over 466 million people according 

to the World Health Organization, with 

projections rising sharply as populations age 

(WHO, 2018) . For adults and children with 

mild-to-severe sensorineural hearing loss, 

hearing aids (HAs) remain the primary 

rehabilitative intervention (Barker et al., 

2014; Iglehart, 2020). 

Over the past three decades, advances in 

digital signal processing (DSP), 

miniaturization, and wireless connectivity 

have transformed hearing aids from simple 

amplification devices into sophisticated, 

adaptive auditory prostheses (Dillon, 2012). 

Despite these advances, one barrier persists 

as the most prevalent and disruptive: 

difficulty understanding speech in noise 

(Marcos-Alonso et al., 2023). Users often 

report that even though voices may sound 

audible, separating speech from competing 

talkers, reverberation, or environmental 

sounds remains cognitively effortful, 

limiting satisfaction and real-world adoption 

(Pouyandeh & Hoseinabadi, 2019). 

The difficulty arises from the fundamental 

challenge of auditory scene analysis: the 

brain's ability to segregate a target sound 

from competing sources. Hearing aids 

attempt to assist this process by balancing 

three competing objectives: signal audibility, 

noise suppression, and minimization of 

listening effort (Humes et al., 2002). 

Traditional technologies such as directional 

microphones and wide dynamic range 

compression (WDRC) are considered as 

foundational elements in addressing this 

balance (Dillon, 2012); however, the last 

decade has witnessed the introduction of 

increasingly complex strategies: automatic 

environmental classifiers that detect and 

respond to dynamic listening conditions, 

binaural wireless coordination for spatial cue 

preservation, and connectivity-driven 

personalization tools that allow ecological 

fine-tuning outside the clinic (Jilla et al., 

2020). 

Within this landscape, three manufacturers 

illustrate divergent philosophies in 

approaching the speech-in-noise problem. 

Unitron (Sonova Group) emphasizes 

automation through its SoundNav and 

SoundCore platforms, aiming to minimize 

user involvement by automatically detecting 

and adapting to changing environments. This 

feature is supported by tools such as Flex: 

Trial and Log It All, which facilitate 

personalization and provide clinicians with 

real-world data for evidence-driven fitting 

adjustments (Hausladen et al., 2022). In 

contrast, GN ReSound (WS Audiology 

Group) prioritizes connectivity and binaural 

coordination, with systems like All Access 

Directionality leveraging real-time ear-to-

ear data exchange and ReSound Assist 

enabling remote fine-tuning and ecological 

personalization (Convery et al., 2020; 

Dittberner, 2023). Meanwhile, Oticon 

(Demant Group) has adopted a radically 

different "open sound" paradigm, embodied 

in its OpenSound Navigator (OSN) (Le Goff, 

Jensen, et al., 2016). Rather than suppressing 

off-axis signals through narrow 

beamforming, OSN preserves 360° access to 

the auditory scene while applying rapid 

multi-source noise suppression, aiming to 

reduce cognitive load while maintaining 

spatial awareness (Le Goff et al., (2016). 

These approaches highlight a deeper 

theoretical and clinical debate in hearing aid 

research: should devices maximize signal-to-

noise ratio (SNR) improvement through 
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aggressive noise suppression and 

directionality, or should they prioritize 

ecological validity and reduced listening 

effort by preserving naturalistic 

soundscapes? The answer is not only a 

matter of engineering philosophy but also of 

patient-centered outcomes (Magnusson et 

al., 2013). While laboratory-based SNR 

measures often favor beamforming 

approaches, real-world satisfaction and 

ecological listening may depend more on 

how well devices balance access to 

environmental sounds, preserve spatial cues, 

and reduce mental fatigue. This review, 

therefore, seeks to critically compare the 

signal processing strategies of Unitron, GN 

ReSound, and Oticon, synthesizing evidence 

on speech-in-noise performance, user 

satisfaction, and ecological listening 

outcomes, while debating the clinical 

implications of their contrasting 

philosophies. 

The importance of hearing aids 

 Hearing aids (HAs) represent the most 

widely used and clinically validated 

intervention for individuals with mild-to-

severe sensorineural hearing loss. This 

condition affects hundreds of millions 

globally and significantly impairs 

communication, quality of life, and 

psychosocial well-being. The importance of 

hearing aids extends far beyond 

amplification, encompassing improvements 

in speech understanding, social participation, 

educational attainment, employment 

opportunities, and cognitive health. 

Numerous studies have demonstrated that 

untreated hearing loss contributes to social 

isolation, depression, and even accelerated 

cognitive decline, while consistent use of 

hearing aids mitigates many of these risks by 

restoring communicative function and 

maintaining auditory stimulation (Dillon, 

2012; Katz, 2009). 

From a clinical standpoint, the core benefit 

of hearing aids lies in their ability to restore 

audibility and improve signal-to-noise ratio 

(SNR) through a combination of gain, 

compression, and directional microphone 

technology. This allows individuals to access 

speech sounds that are otherwise masked by 

hearing loss, facilitating conversation and 

participation in daily life; however, the 

debate within audiology extends beyond 

simple audibility. Critics argue that hearing 

aids do not fully resolve the fundamental 

challenge of speech-in-noise perception, 

particularly in dynamic, real-world 

environments such as restaurants or social 

gatherings (Magnusson et al., 2013). This 

limitation highlights a persistent research 

and clinical gap: while laboratory results 

often show measurable improvements in 

SNR, patient-reported satisfaction does not 

always align, raising questions about the 

ecological validity of current signal 

processing strategies (Magnusson et al., 

2013). 

Another dimension of debate concerns 

cognitive load and listening effort (Kallur & 

Humes, 2012). Traditional models prioritize 

maximizing SNR, but newer approaches, 

such as Oticon's "open sound" paradigm, 

suggest that reducing cognitive strain may be 

as critical as audibility. Proponents argue 

that by maintaining access to the full 

soundscape, users experience reduced 

listening fatigue, even if SNR gains are 

modest (Oticon, 2020). Opponents, however, 

caution that prioritizing openness over 

beamforming risks compromising 

performance in particularly noisy situations. 

Similarly, connectivity-driven solutions, 

such as those from GN ReSound, raise 

questions about whether patient satisfaction 
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derives from improved auditory performance 

or enhanced convenience and accessibility 

through smartphone integration (Dittberner, 

2023). 

In sum, the importance of hearing aids is 

undeniable; nevertheless, their value must be 

understood in multidimensional terms: not 

only as amplification devices but as 

cognitive, social, and technological tools that 

mediate the user's interaction with their 

environment. The debate continues as to 

whether future designs should emphasize 

maximal SNR, reduced listening effort, or 

ecological validity (Kuk, 2002; Magnusson 

et al., 2013); however, all perspectives 

converge on a shared recognition: hearing 

aids remain indispensable in mitigating the 

functional, emotional, and societal burdens 

of hearing loss. 

Limitations of hearing aids 

Despite notable progress in digital signal 

processing (DSP), wireless connectivity, and 

miniaturization, hearing aids still face 

significant limitations that hinder their 

ability to fully restore natural hearing. The 

most persistent challenge is understanding 

speech in noisy environments. Laboratory 

and real-world research consistently show 

that, although directional microphones and 

noise reduction algorithms improve the 

signal-to-noise ratio (SNR), the benefit is 

often not enough in complex settings like 

restaurants or multi-talker conversations 

(Magnusson et al., 2013). This difficulty 

comes from the fundamental challenge of 

distinguishing target speech from competing 

signals when auditory and cognitive 

processing are already impaired. 

Another limitation is the variation in benefits 

among individuals. Patients with similar 

audiograms may have distinct outcomes due 

to factors like auditory processing abilities, 

cognitive resources, and listening 

environments (Pichora-Fuller & Singh, 

2006). This variation makes clinical fitting 

more challenging and often leads to 

mismatched expectations. For instance, 

while advanced devices include features 

such as adaptive directionality, feedback 

suppression, or frequency lowering, not all 

users see these as improvements; some 

report increased distortion or an artificial 

sound quality (Bentler, 2005). 

Device design also imposes constraints. 

Miniaturization, though cosmetically 

appealing, often restricts battery life and 

limits the acoustic power available for 

individuals with severe or profound hearing 

loss. Rechargeable batteries address some 

concerns, yet frequent charging and reduced 

lifespan maintain frustration for many users. 

In addition, while wireless streaming and 

Bluetooth connectivity have enhanced 

accessibility, they introduce new challenges 

such as latency, intermittent connections, 

and device compatibility issues, which may 

undermine user satisfaction. 

Cost represents another significant barrier. 

Modern hearing aids are expensive, and 

insurance coverage varies widely across 

countries. High cost not only limits access 

but may also discourage regular upgrading, 

leaving users with outdated technology that 

does not reflect current advancements. Even 

among those with access, the trial-and-error 

nature of fittings can lead to dissatisfaction 

and device abandonment, with studies 

estimating that up to 20–30% of hearing aids 

are used inconsistently or not at all 

(Pouyandeh & Hoseinabadi, 2019). 

Finally, hearing aids cannot fully 

compensate for the loss of auditory fidelity. 

Unlike cochlear implants, which bypass 
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damaged hair cells, hearing aids amplify 

sound through residual pathways that may 

already be compromised. As a result, music 

perception, localization, and fine pitch 

discrimination remain problematic. Critics 

argue that despite technological progress, 

hearing aids still fall short of meeting the 

complex ecological demands of real-world 

listening. This underscores the need for 

hybrid approaches integrating hearing aids 

with cochlear implants, auditory training, 

and cognitive support strategies. 

Literature Review 

In comparing current manufacturers, it 

becomes clear that each aligns with a distinct 

set of priorities within the broader debate on 

hearing aid signal processing. Unitron 

emphasizes automation and seamless 

adaptation, with its SoundNav and 

SoundCore platforms designed to 

automatically classify environments such as 

quiet conversation, crowd noise, or music, 

thereby reducing the cognitive burden of 

manual adjustments. Clinical evidence 

suggests that this automation supports 

smoother transitions between listening 

contexts and decreases user effort (Powers, 

Branda, & Hamacher, 2018). Unitron’s Log 

It All and Flex: Trial systems, complement 

this spproach whereby they are designed to 

create feedback loops between patient and 

audiologist, enabling shared decision-

making and more personalized fittings 

(Latzel & Høydal, 2018). Yet, the debate 

remains: critics caution that environmental  

misclassification may compromise speech 

clarity, particularly in highly dynamic 

settings, while others argue that reliance on 

automation risks limiting user agency, 

potentially frustrating technologically savvy 

individuals accustomed to fine control over 

their devices. 

By contrast, GN ReSound prioritizes 

connectivity and ecological personalization. 

It's All Access Directionality coordinates 

binaural inputs across ears in real time, 

preserving spatial cues while emphasizing 

speech, and ReSound Assist extends care 

beyond the clinic through remote fine-

tuning, enabling tele-audiology and greater 

ecological validity of fittings (Convery et al., 

2020). This connectivity-driven philosophy 

empowers patients with continuous 

adjustments and higher engagement, 

particularly valuable for those with limited 

clinical access; however, laboratory 

comparisons suggest that SNR 

improvements with ReSound’s approach 

may be less pronounced than those achieved 

by aggressive beamforming strategies 

(Souza, Arehart, & Neher, 2020). The 

resulting debate centers on whether 

subjective convenience and real-world 

usability should be prioritized over maximal 

laboratory SNR improvements, raising 

critical questions about the balance between 

objective performance and patient-centered 

accessibility. 

In contrast to both manufacturing 

companies, Oticon pursues a fundamentally 

different philosophy through its open sound 

paradigm. Its OpenSound Navigator (OSN) 

maintains 360° auditory access by departing 

from traditional narrow beamforming, 

instead applying rapid noise suppression to 

competing signals without excluding 

peripheral sounds (Le Goff, Jensen, et al., 

2016). This design is intended to reduce 

cognitive load and preserve ecological 

listening. Studies report reduced listening 

effort alongside improved natural sound 

awareness in daily use; nonetheless, this 

approach cannot escape controversy: some 

argue that OSN provides lower maximal 

SNR benefit compared to aggressive 

beamforming systems (Neher, 2017). 
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Despite that, advocates contend that 

ecological validity and decreased mental 

effort outweigh modest laboratory 

disadvantages, suggesting that long-term 

user comfort and cognitive relief may be 

more meaningful for patient satisfaction than 

narrow improvements in controlled SNR 

outcomes. 

These three approaches altogether highlight 

the central debate in modern hearing aid 

design: should devices primarily aim to 

maximize measurable speech-in-noise 

performance, minimize cognitive load, or 

enhance connectivity and ecological 

usability? The literature suggests that no 

single philosophy is universally superior, but 

each reflects a trade-off between competing 

priorities. This emphasizes the need for 

nuanced patient-centered counseling and 

device selection tailored to the unique 

preferences, lifestyles, and listening 

demands of individual users. 

Objective  

The primary objective of this research is to 

undertake a comparative evaluation of the 

signal processing strategies employed by 

Unitron, GN ReSound, and Oticon, with 

particular emphasis on how their differing 

philosophies influence hearing aid 

performance and patient outcomes. In 

particular, the study aims to analyze the 

extent to which each manufacturer’s 

approach translates into measurable benefits 

across both controlled laboratory conditions 

and ecologically valid real-world listening 

environments. This dual focus allows for a 

nuanced understanding of whether objective 

performance, such as improvements in 

signal-to-noise ratio (SNR), aligns with 

subjective measures like user satisfaction 

and reduced listening effort. Moreover, the 

review seeks to identify clinical contexts in 

which each strategy demonstrates unique 

advantages or limitations, thereby offering 

evidence-based guidance for audiologists in 

tailoring hearing aid recommendations to 

individual patient needs. 

Research Questions 

1. How do Unitron, GN ReSound, and 

Oticon differ in their signal 

processing philosophies? 

2. What is the relative benefit of their 

strategies in laboratory speech-in-

noise tasks versus real-world 

listening? 

3. How do subjective patient 

preferences align with objective 

measures of benefit? 

METHODS 

This study employs a narrative literature 

review design. 

• Databases searched: PubMed, 

Scopus, Web of Science (2010–

2025). 

• Inclusion criteria: Peer-reviewed 

studies evaluating Unitron, GN 

ReSound, or Oticon devices; focus 

on speech-in-noise, listening effort, 

or user satisfaction; adult or pediatric 

populations; English-language 

publications. 

• Exclusion criteria: Case reports, 

testimonials, or studies lacking 

objective or validated subjective 

outcome measures. 

• Data extraction: Device type, 

strategy, study population, testing 

condition, and key findings. 
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• Analysis: Comparative tabulation 

and thematic synthesis, integrating 

critical debate and clinical 

implications. 

Comparative Framework 

The comparative framework for analyzing 

Unitron, GN ReSound, and Oticon reveals 

three distinct approaches to hearing aid 

signal processing, each reflecting unique 

philosophies on how to optimize speech 

understanding and user experience. Unitron, 

under the Sonova Group, relies heavily on 

automation through its SoundNav and 

SoundCore platforms. These systems 

classify listening environments—such as 

quiet conversations, noisy crowds, or 

music—and adapt processing parameters 

accordingly. By minimizing manual 

adjustments, Unitron seeks to create 

seamless transitions across auditory 

contexts, supported by tools like Flex: Trial 

and Log It All, which provide data-driven 

personalization and foster collaborative 

decision-making between clinician and 

patient. In contrast, GN ReSound prioritizes 

connectivity and binaural coordination 

through its All-Access Directionality 

platform.  

Leveraging ear-to-ear wireless data 

exchange, ReSound devices integrate remote 

fine-tuning with ReSound Assist and 

innovative features like the M&RIE 

(microphone-in-ear) that aim to enhance 

personalization and ecological validity in 

real-world use. Oticon’s philosophy diverges 

sharply through its OpenSound Navigator, 

which avoids restricting input to narrow 

beams and instead maintains 360° access to 

the full soundscape while applying rapid 

suppression of competing speech. 

Complemented by technologies such as 

SpeechGuard and Feedback Shield, this 

paradigm reduces listening effort and 

promotes a natural, balanced auditory 

experience. 

RESULTS 

Outcome-Based Synthesis of Results 

The synthesis of findings across Unitron, 

GN ReSound, and Oticon demonstrates 

that, although all three manufacturers target 

the persistent challenge of speech perception 

in noise, they achieve this through different 

technological priorities that lead to distinct 

clinical outcomes. When organized by 

outcome rather than by brand, three 

dominant themes emerge from the literature: 

impact on speech intelligibility, impact on 

listening effort, and impact on user 

satisfaction and ecological validity. To 

provide a structured overview of the 

comparative evidence discussed below, 

Table 1 summarizes the key characteristics 

and findings of the included studies. The 

table in the appendix (A) highlights study 

design, sample characteristics, devices 

evaluated, outcome measures, and principal 

results across manufacturers. 

Impact on Speech Intelligibility in Noise 

Speech intelligibility in noise remains the 

most assessed objective outcome in hearing 

aid research. Across the literature, all three 

manufacturers demonstrate measurable 

improvements compared to unaided 

listening; however, the magnitude and 

mechanism of benefit differ. 

GN ReSound and Unitron tend to achieve 

stronger speech intelligibility outcomes in 

moderately noisy environments through 

directional microphone strategies and 

adaptive processing. ReSound’s All-Access 

Directionality, which relies on binaural ear-
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to-ear coordination, has been associated with 

improved conversational outcomes and 

enhanced spatial speech cues in complex 

acoustic scenes (Convery et al., 2020). 

Similarly, Unitron’s SoundNav 

classification system adapts processing 

based on detected environments, enabling 

targeted speech enhancement in situations 

such as crowd noise or group conversation 

(Hausladen et al., 2022). 

In contrast, Oticon’s OpenSound Navigator 

(OSN) consistently shows lower signal-to-

noise ratio (SNR) gains under controlled 

laboratory conditions when compared to 

more aggressive beamforming systems (Le 

Goff, Wendt, et al., 2016). While this may 

suggest a disadvantage in maximal speech 

intelligibility, particularly in highly adverse 

noise, it reflects a deliberate design choice 

rather than a technical limitation. 

Collectively, the findings suggest that while 

ReSound and Unitron may offer superior 

laboratory-based intelligibility scores, 

Oticon prioritizes alternative outcomes that 

may better reflect real-world listening 

demands. 

Impact on Listening Effort and Cognitive 

Load 

Listening effort emerges as a critical 

outcome that differentiates the three 

manufacturers more clearly than speech 

intelligibility alone. Oticon’s open sound 

paradigm demonstrates the strongest 

evidence for reducing listening effort. 

Multiple studies report that OSN lowers 

perceived cognitive load and listening 

fatigue by maintaining access to the full 

auditory scene rather than suppressing off-

axis sounds (Le Goff, Jensen, et al., 2016). 

Users consistently describe a more natural 

and less mentally demanding listening 

experience, particularly during prolonged 

daily use. 

Unitron also contributes to reduced listening 

effort, though through a different 

mechanism. By minimizing the need for 

manual program changes, SoundNav and 

SoundCore reduce the cognitive and 

operational burden placed on users. This 

benefit appears particularly salient for older 

adults or first-time users who may struggle 

with complex device interfaces (Hausladen 

et al., 2022). However, this advantage is 

contingent on accurate environmental 

classification; misclassification in rapidly 

changing environments can increase effort 

rather than reduce it. 

GN ReSound’s impact on listening effort is 

more indirect. While its connectivity and 

personalization tools do not explicitly target 

cognitive load, remote fine-tuning and 

ecological adjustments may reduce 

frustration and listening strain by better 

aligning device settings with real-world 

conditions. Nevertheless, the literature 

provides less direct evidence for systematic 

reductions in listening effort compared to 

Oticon’s approach. 

Impact on User Satisfaction and Ecological 

Validity 

User satisfaction emerges as a 

multidimensional outcome shaped by 

accessibility, perceived control, and real-

world usability rather than by intelligibility 

scores alone. GN ReSound demonstrates the 

strongest association with long-term user 

satisfaction through its emphasis on 

connectivity and tele-audiology. ReSound 

Assist enables remote fine-tuning, allowing 

users to receive adjustments in their 

everyday environments rather than relying 

solely on clinic-based fittings. This approach 

has been shown to increase user confidence 
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and satisfaction, particularly among 

individuals with limited access to in-person 

care (Convery et al., 2020). 

Unitron’s satisfaction outcomes are closely 

linked to ease of use and automation. Users 

report appreciation for seamless transitions 

across listening environments and reduced 

reliance on manual controls. Additionally, 

tools such as Flex: Trial and Log It All 

enhance shared decision-making between 

patients and clinicians, potentially 

strengthening engagement and trust. 

However, satisfaction remains variable and 

depends heavily on clinician involvement 

and patient feedback literacy. 

Oticon’s satisfaction outcomes are primarily 

driven by perceived naturalness and comfort. 

Although OSN may underperform in 

laboratory speech-in-noise tests, real-world 

studies consistently report high user 

preference, reduced fatigue, and improved 

environmental awareness. These findings 

reinforce the argument that ecological 

validity and comfort may outweigh maximal 

intelligibility for many users during daily 

listening. 

Integrative interpretation 

Taken together, the outcome-based synthesis 

reveals that each manufacturer excels in 

different domains. Unitron primarily reduces 

operational and cognitive burden through 

automation, ReSound enhances satisfaction 

and accessibility through connectivity and 

remote care, and Oticon prioritizes listening 

comfort and ecological validity by reducing 

cognitive load. These findings reinforce the 

conclusion that hearing aid success is 

context-dependent and cannot be defined by 

a single performance metric. Instead, optimal 

device selection should be guided by 

individual patient priorities, cognitive 

capacity, lifestyle demands, and access to 

clinical support. 

DISCUSSION 

Ecological Validity Versus Laboratory SNR 

as the Central Performance Debate 

The findings of this review reinforce a long-

standing tension in hearing aid research: the 

discrepancy between laboratory-based 

measures of performance, particularly 

signal-to-noise ratio (SNR) improvement, 

and the lived experience of hearing aid users 

in everyday listening environments. 

Traditionally, laboratory speech-in-noise 

tests have been treated as the gold standard 

for evaluating hearing aid efficacy because 

of their objectivity, repeatability, and 

sensitivity to signal processing changes 

(Christensen, 2013; Oeding et al., 2010). 

However, the results synthesized in this 

review demonstrate that laboratory SNR 

advantage alone does not reliably predict 

long-term user satisfaction, perceived 

benefit, or sustained device use. Instead, 

ecological validity—the degree to which 

hearing aid performance aligns with real-

world communication demands—emerges 

as a more powerful explanatory framework 

for understanding patient outcomes. 

Across manufacturers, a consistent pattern 

appears devices that demonstrate superior 

laboratory SNR performance do not 

necessarily yield the highest real-world 

satisfaction, while approaches that prioritize 

ecological listening and reduced cognitive 

load may appear disadvantaged under 

controlled test conditions yet perform more 

favorably in daily life. This divergence 

challenges the continued reliance on 

laboratory metrics as the primary benchmark 

of success and suggests that current 

evaluation paradigms may insufficiently 
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capture the complexity of real-world 

hearing. 

The comparative findings across Unitron, 

GN ReSound, and Oticon illustrate this 

debate not as a technological failure, but as a 

philosophical divergence in defining what 

“successful” hearing aid performance should 

mean. While some strategies emphasize 

measurable intelligibility gains under 

controlled conditions, others implicitly 

prioritize usability, comfort, and sustained 

engagement in complex acoustic 

environments. Importantly, none of these 

priorities is inherently incorrect; rather, they 

reflect different assumptions about how 

users interact with sound in everyday life. 

From an ecological perspective, real-world 

communication rarely resembles laboratory 

test scenarios. Daily listening environments 

are dynamic, multi-talker, and cognitively 

demanding, often requiring users to divide 

attention, monitor surroundings, and 

maintain situational awareness. Under such 

conditions, aggressive noise suppression 

strategies that optimize SNR for a single 

frontal talker may inadvertently increase 

listening effort, reduce environmental 

awareness, or contribute to listening fatigue. 

This may help explain why approaches that 

preserve broader sound access and reduce 

cognitive strain are frequently preferred by 

users, even when they deliver smaller 

objective SNR improvements. 

The results of this review therefore support 

the growing body of literature suggesting 

that ecological validity and listening effort 

are critical mediators between signal 

processing and user satisfaction (Magnusson 

et al., 2013; Kallur & Humes, 2012). Devices 

that align more closely with real-world 

listening demands—by supporting natural 

sound awareness, reducing the need for 

constant user intervention, or enabling 

adjustments in situ—appear better 

positioned to support long-term hearing aid 

use. In contrast, strategies optimized 

primarily for laboratory intelligibility may 

overestimate their functional benefit outside 

controlled conditions. 

This mismatch has important clinical 

implications. If hearing aid success 

continues to be judged predominantly 

through laboratory speech-in-noise 

outcomes, clinicians risk undervaluing 

technologies that enhance comfort, reduce 

fatigue, and promote sustained daily use. 

Conversely, overreliance on subjective 

reports without objective benchmarks may 

obscure situations where maximal 

intelligibility is genuinely required, such as 

in highly adverse noise with a single speech 

target. The challenge, therefore, is not to 

replace laboratory metrics, but to 

contextualize them within a broader 

evaluative framework that includes 

ecological listening outcomes. 

The present findings also highlight the need 

for more ecologically valid outcome 

measures in hearing aid research. Traditional 

speech recognition scores and SNR metrics 

offer limited insight into cognitive load, 

listening effort, and environmental 

adaptability. Incorporating methodologies 

such as ecological momentary assessment 

(EMA), real-world data logging, and long-

term usage patterns may provide a more 

comprehensive understanding of how 

hearing aids perform in everyday life. Such 

approaches would better align research 

outcomes with the factors that ultimately 

determine device acceptance and quality of 

life. 

Looking forward, the most promising 

direction for hearing aid development may 
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lie in adaptive systems capable of 

dynamically balancing laboratory-optimized 

intelligibility and ecological listening 

demands. Advances in artificial intelligence 

and scene analysis offer the potential for 

context-sensitive processing that shifts 

between strategies depending on 

environmental complexity and user needs. 

Rather than committing to a single 

philosophical stance, future devices may 

integrate multiple processing priorities, 

thereby narrowing the gap between 

laboratory performance and real-world 

benefit. 

In conclusion, this review demonstrates that 

the debate between laboratory SNR and 

ecological validity is not merely 

methodological, but foundational to how 

hearing aid success is defined. The evidence 

suggests that ecological listening 

outcomes—such as reduced listening effort, 

comfort, and sustained usability—are at least 

as important as maximal intelligibility under 

controlled conditions. Recognizing this 

balance is essential for both clinicians and 

researchers if hearing aid technology is to 

meaningfully improve everyday 

communication and quality of life for users 

Future Directions 

The trajectory of hearing aid development 

suggests that the next generation of devices 

will likely move beyond the philosophical 

divisions that currently separate Unitron, GN 

ReSound, and Oticon. Rather than 

privileging either maximal SNR 

improvement, ecological validity, or 

connectivity, future devices are expected to 

adopt hybrid strategies that integrate the 

strengths of all three approaches. Artificial 

intelligence (AI) and machine learning are 

already being tested as mechanisms for real-

time environmental scene analysis, enabling 

hearing aids to dynamically adjust between 

narrow beamforming, open sound access, 

and automated classification depending on 

the acoustic and cognitive demands of the 

moment. This adaptive capacity could 

resolve one of the fundamental limitations 

identified in current devices: the rigidity of a 

single dominant philosophy that does not 

always align with every listening context. 

Another area of growth is user-driven 

personalization. Given that Unitron’s Flex: 

Trial and Log It All, ReSound’s remote fine-

tuning, and Oticon’s emphasis on naturalistic 

processing represent important steps toward 

patient-centered care, future devices will 

likely expand these principles by integrating 

direct user feedback loops (J. Christensen et 

al., 2021; Dittberner, 2023; Le Goff, Wendt, 

et al., 2016). For example, mobile 

applications could allow users to tag 

listening experiences in real time, with 

cloud-based AI analyzing patterns across 

environments and suggesting automatic 

adjustments. This would bridge the gap 

between subjective patient preferences and 

objective clinical data, potentially improving 

both user satisfaction and fitting precision. 

Connectivity will also continue to expand, 

particularly through integration with broader 

health-monitoring ecosystems. GN ReSound 

has already demonstrated the clinical utility 

of tele-audiology, but the next frontier may 

involve cross-platform synchronization with 

smartphones, wearables, and even cognitive 

monitoring devices. Such integration could 

allow hearing aids not only adapt 

acoustically, but also respond to markers of 

fatigue, stress, or attention, tailoring 

processing to the user’s physiological state in 

addition to the auditory scene. This bio-

ecological model of hearing aid use would 

represent a radical extension of the patient-
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centered paradigm, embedding hearing care 

into the broader landscape of digital health. 

From a research perspective, there is also a 

pressing need to refine outcome 

measurement frameworks. Current clinical 

trials often emphasize SNR gains, word 

recognition scores, or speech-in-noise tests, 

but these do not adequately capture real-

world communication challenges. 

Incorporating ecological momentary 

assessment (EMA), long-term logging, and 

measures of cognitive load could provide a 

more holistic evaluation of hearing aid 

effectiveness. Importantly, such outcome 

measures would better align with user-

reported priorities, which increasingly 

highlight reduced fatigue, improved social 

participation, and convenience as equal or 

greater in importance than maximal 

intelligibility. 

Finally, the debate over whether hearing aids 

should prioritize objective performance or 

subjective experience may be supplanted by 

a more nuanced question: how can devices 

flexibly balance both depending on context? 

The integration of AI-driven adaptive 

processing, enhanced personalization, and 

multimodal connectivity suggests that the 

future lies not in choosing between 

philosophies but in merging them into 

unified, context-sensitive systems. Such 

progress will require close collaboration 

between manufacturers, clinicians, and end-

users, ensuring that technological innovation 

remains grounded in the lived realities of 

those who rely on hearing aids for daily 

communication and quality of life. 

CONCLUSION 

The comparative analysis of Unitron, GN 

ReSound, and Oticon reveals that hearing aid 

performance cannot be understood simply 

through laboratory metrics of signal-to-noise 

ratio (SNR) improvement or speech 

recognition scores. Instead, the debate must 

recognize that hearing aid success is 

multidimensional, encompassing objective 

acoustic performance, user-centered 

personalization, ecological validity, and 

cognitive effort reduction. Each 

manufacturer represents a distinct 

philosophy: Unitron focuses on automation 

and shared decision-making through its 

SoundNav and Flex: Trial platforms, GN 

ReSound prioritizes connectivity, tele-

audiology, and real-world personalization 

while Oticon advances an open-sound 

paradigm designed to reduce listening effort 

and preserve natural soundscapes. 

Collectively, these strategies highlight the 

diversity of approaches available to address 

the persistent challenges of hearing aid users. 

The results suggest that there is no universal 

“best” solution, but rather context-specific 

advantages that align differently with patient 

profiles. Unitron excels for individuals who 

prioritize simplicity, seamless adaptation, 

and clinician-supported personalization, but 

faces limitations when automatic 

environment classification misfires. GN 

ReSound provides unparalleled connectivity 

and remote care (Convery et al., 2020), 

which is invaluable for patients in rural or 

underserved areas in addition to those who 

value convenience, yet its lab-based SNR 

outcomes are often modest compared to 

more aggressive beamforming approaches. 

Oticon, with its OpenSound Navigator, 

reduces cognitive load and enhances 

naturalistic awareness; an advantage for 

patients who struggle with fatigue and value 

ecological listening, though it trails behind in 

raw SNR gain in challenging noise 

environments. This reinforces the insight of 

Magnusson et al., (2013) objective measures 

alone fail to predict user satisfaction, 
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necessitating a broader framework that 

integrates subjective experience, lifestyle, 

and cognitive capacity into clinical decision-

making. 

The discussion also underscores a central 

philosophical debate: should hearing aids 

aim to maximize intelligibility through a 

narrow focus, or to preserve naturalistic 

listening environments that mirror everyday 

communication? Evidence shows that both 

philosophies carry strengths and trade-offs, 

depending on the individual’s priorities. 

Most importantly, the clinical role extends 

beyond prescribing the most technically 

advanced device; it instead involves guiding 

patients through a nuanced decision-making 

process that aligns technology with personal 

goals, environmental demands, and 

psychosocial factors. 

Looking forward, future hearing aids will 

likely dissolve the boundaries between these 

competing philosophies. Advances in 

artificial intelligence, machine learning, and 

real-time user feedback loops point toward 

hybrid systems that can dynamically switch 

between beamforming, open-sound access, 

and automated classification depending on 

context. Integration with telehealth, mobile 

platforms, and even physiological 

monitoring suggests a future in which 

hearing aids become fully adaptive health-

supporting devices. This evolution will shift 

the definition of success from static 

performance metrics to dynamic adaptability 

and long-term quality of life outcomes. 

In sum, the comparative review highlights 

that the future of hearing aid development 

lies not in choosing between automation, 

connectivity, or open sound, but in 

synthesizing their strengths into flexible, 

context-sensitive strategies. Clinicians, 

therefore, must adopt a patient-centered 

framework that accounts for cognitive load, 

lifestyle, and real-world needs, ensuring that 

device recommendations are both 

technologically informed and personally 

relevant. By doing so, hearing care will 

continue to move closer to its ultimate goal: 

restoring not just audibility, but meaningful, 

effortless, and fulfilling participation in 

everyday life. 
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APPENDIX 

Table 1. 

Summary of included studies evaluating signal-processing strategies in Unitron, GN 

ReSound, and Oticon Hearing Aids.  

 

Author / 

Year 

Study Design Sample Size Device(s

) Tested 

Outcome 

Measures 
Key Findings 

Convery 

et al., 

2020 

Clinical 

usability study 

(tele-audiology 

intervention) 

Adults with 

hearing aids 

(exact n not 

specified in 

results 

section) 

GN 

ReSound 

devices 

with 

ReSoun

d Assist 

Speech-in-

noise 

outcomes, 

usability, 

user 

satisfaction, 

remote fine-

tuning 

effectivenes

s 

Remote fine-tuning 

improved real-world 

satisfaction and 

accessibility. 

Enhanced ecological 

validity of fittings. 

Laboratory SNR 

improvements were 

moderate but patient 

confidence increased. 

Hauslade

n et al., 

2022 

Clinical 

comparative 

study 

(technology 

level 

evaluation) 

New adult 

hearing aid 

users (exact 

n not 

specified in 

results 

section) 

Unitron 

devices 

with 

SoundN

av / 

SoundC

ore 

Speech 

intelligibilit

y, listening 

effort, 

technology 

level benefit 

Automation reduced 

need for manual 

adjustments and 

decreased operational 

burden. Benefit 

depended on accurate 

environmental 

classification. 

Le Goff, 

Jensen et 

al., 2016 

Clinical 

evidence / 

manufacturer-

supported 

research 

Adult 

hearing aid 

users 

Oticon 

devices 

with 

OpenSo

und 

Navigat

or 

(OSN) 

Listening 

effort, 

speech-in-

noise, 

cognitive 

load 

OSN reduced 

perceived listening 

effort and cognitive 

fatigue. Provided 

lower maximal SNR 

gain compared to 

aggressive 

beamforming but 

improved natural 

sound awareness. 

Le Goff, 

Wendt et 

al., 2016 

Clinical 

evidence study 

Adult 

hearing aid 

users 

Oticon 

Opn 

(OSN 

platform

) 

Speech 

recognition 

in noise, 

spatial 

awareness 

Demonstrated 

improved 

environmental 

awareness and reduced 

listening fatigue. SNR 

benefit lower than 

narrow beamforming 
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systems in lab 

conditions. 

Magnusso

n et al., 

2013 

Experimental 

laboratory 

study 

Bilateral 

open-fit 

hearing aid 

users 

Bilateral 

open-fit 

HAs 

with 

direction

al 

microph

ones & 

noise 

reductio

n 

Speech 

recognition 

in noise 

Limited additional 

benefit of directional 

microphones in open-

fit devices. Laboratory 

SNR gains did not 

consistently translate 

to subjective benefit. 

Souza, 

Arehart 

& Neher, 

2020 

Comparative 

laboratory 

evaluation 

Adult 

hearing aid 

users 

GN 

ReSound 

direction

ality 

systems 

vs 

beamfor

ming 

systems 

Speech 

intelligibilit

y in noise 

(SNR 

improveme

nt) 

ReSound provided 

moderate SNR 

improvements but less 

aggressive than narrow 

beamforming 

strategies. Highlights 

trade-off between 

spatial preservation 

and maximal SNR. 

Powers, 

Branda & 

Hamache

r, 2018 

Performance 

evaluation 

study 

Adult HA 

users 

Unitron 

automate

d 

classifica

tion 

systems 

Speech-in-

noise 

performanc

e, 

environmen

t adaptation 

Environmental 

classification 

improved contextual 

adaptation and 

smoother transitions. 

Potential 

misclassification may 

impact clarity in 

dynamic scenes. 

Dittberne

r, 2023 

Technical/clini

cal report 

Adult HA 

users 

GN 

ReSound 

neuromo

rphic 

processi

ng 

Speech-in-

noise 

perception, 

brain-based 

processing 

Emphasizes brain-

inspired processing for 

natural listening. Focus 

on usability and 

ecological listening 

rather than maximal 

lab SNR. 

 


