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 Key highlights 

• The new APD 2.0 fitting formula is designed to balance audibility, loudness and sound quality of Phonak Paradise, 

the latest generation of Phonak hearing aids. 

• APD 2.0 consists of three key changes: (1) adaptive compression speed, (2) linearized high level gain and (3) new 

precalculation for mild to moderate hearing losses. 

 

Benefits for Hearing Care Professionals 

• APD 2.0 aims to provide the best possible starting point and spontaneous acceptance for each client with hearing 

loss. 

• APD 2.0 applies less gain to loud inputs compared to APD so that loud sounds are more comfortable for clients, 

without compromising on hearing performance. 

• The new precalculation for mild to moderate hearing losses modifies the gain for G65 and G80, resulting in gain 

targets that are more closely aligned with NAL-NL2. 

 

Benefits for your clients 

• A recent study at the Hörzentrum Oldenburg, Germany, comparing APD 2.0 to APD, showed clients with mild to 

severe hearing loss reported less listening effort in noise and an overall preference in real-world environments with 

APD 2.0 (Wright, 2020).  

• Expected benefits of APD 2.0 from the literature include (1) less reverberation and background noise and 

improvements in sound quality thanks to the adaptive compression speed (Hassager et al., 2017; Moore, 2016; 

Madsen et al., 2015) and (2) natural sound quality and better speech intelligibility in noise thanks to the linearized 

high level gain (Lopez-Poveda et al., 2017). 
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Introduction 

 

When creating our latest hearing solution, Phonak Audéo 

Paradise, we turned to nature for inspiration. Hearing is an 

intricate part of our existence and fundamental to our 

overall well-being. Nature is also the source of many sounds 

that can soothe, relax and comfort us. The Adaptive Phonak 

Digital (APD) 2.0 proprietary fitting formula is designed to 

balance audibility, loudness and sound quality of Phonak 

Paradise. Consisting of three new key changes – (1) adaptive 

compression speed, (2) linearized high level gain and (3) new 

precalculation for mild to moderate hearing losses – Phonak 

APD 2.0 aims to provide the best possible starting point and 

spontaneous acceptance for each client with hearing loss. 

 

 

The challenges of cochlear dysfunction 

Clients with hearing loss experience elevated hearing 

thresholds and reduced dynamic range (the area between 

‘just audible’ and ‘uncomfortable’ sound levels). Loss or 

dysfunction of outer hair cells results in a reduction of the 

cochlear mechanical amplification of soft sounds, but does 

not reduce amplification of high-intensity sounds. As a 

result, clients often cannot detect low-intensity sounds but 

experience high-intensity sounds as loud as normal listeners, 

a well-known phenomenon called recruitment (e.g. Ruggero 

et al., 1996). It affects the audibility of many important 

sounds, including soft speech, and can lead to increased 

listening effort. This means that individuals with hearing 

loss may need to use more mental energy to not only detect 

speech but to follow a conversation. The result of hearing 

impairment can therefore lead to increased fatigue in daily 

life (Holman et al., 2019). Further, hearing loss not only 

affects speech understanding, but can reduce a sense of 

social connection and well-being (Vercammen et al., 2020). 

 

When we fit hearing aids, the input signal must therefore fit 

within a reduced dynamic range. Soft sounds require 

amplification to become audible, whereas loud sounds must 

not be amplified too much to avoid them being painfully 

loud (Heinz et al., 2005). Reduced dynamic range and 

audibility creates a challenge for hearing care professionals 

(HCPs).  

 

 

Fitting hearing aids optimally for clients 

Fitting formulae provide the best starting point for hearing 

aid fittings and compensate for the client’s hearing loss, so 

hearing aid users can enjoy conversations and the 

soundscapes around them. Fitting formulae deliver 

individualized level-dependent gain to help compensate for 

the client’s hearing loss, enabling audibility of speech 

sounds while maintaining excellent sound quality. They 

generate targets of gain as a function of frequency, within 

the client’s limited dynamic range.  

 

Fitting formulae must balance audibility, loudness and 

sound quality. Hearing aids can then be fine-tuned to match 

the individual needs of each client. Clients should leave their 

HCP’s office feeling comfortable to adapt to amplification, 

and willing to wear their instruments throughout the day. 

 

 

Common fitting formulae  

The two main validated, generic fitting formulae currently 

used in hearing instrument fittings are NAL-NL2 (Keidser et 

al., 2011) and DSL v5 (adult) (Scollie et al., 2005). They use 

two common rationales – loudness normalization and 

loudness equalization. Loudness normalization aims to 

restore, for certain frequency bands, the loudness perception 

of the listener with hearing impairment to the same 

loudness as someone without hearing loss. Soft, medium 

and loud speech heard by normal listeners are amplified 

appropriately so that these sounds are also judged as ‘soft’, 

‘average’ and ‘loud’ for hearing-impaired listeners. Loudness 

equalization equalizes the perception of loudness over a 

range of frequencies, rather than having lower frequencies 

dominate loudness, which is the case for normal-hearing 

listeners. Generally speaking, DSL v5 is based on loudness 

normalization and NAL-NL2 on loudness equalization. For an 

extensive overview of the similarities and differences 

between NAL-NL2 and DSL v5, see Johnson (2012). 

 

All fitting formulae prescribe greater amplification at 

frequencies where the hearing loss is larger and more 

amplification for low-, rather than high-, intensity sounds. 

Fitting formulae therefore compress a wide range of sound 

intensities at the hearing aid input into a narrower range at 

the output (Lopez-Poveda, et al., 2017). An advantage of 

generic fitting formulae is that they have been validated 

with large populations of hearing-impaired people. However, 

as time is needed for validation and implementation into 

fitting software and real ear measurement systems, generic 

fitting formulae are not regularly updated and do not take 

into account proprietary signal processing. 

 

To provide an optimal fitting of our hearing aid portfolio 

Phonak developed its own fitting rule – Adaptive Phonak 

Digital (APD). APD compresses a wide range of sound 

intensities at the hearing aid input into a narrower intensity 

range at the output (greater amplification for low- than for 

high-intensity sounds), and maps the hearing-impaired V
1.
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loudness function into a normal hearing loudness function 

for different hearing losses (Latzel, et al., 2013). A benefit of 

a proprietary fitting formula such as APD is that it can be 

regularly updated, and can take into account the signal 

processing of Phonak hearing aids. Internal Phonak Target 

fitting data, which analyzed changes made within Phonak 

Target software over multiple sites and thousands of clients, 

showed that 93% of our adult fittings (aged 16 and over) 

remain on the APD fitting formula, while the remaining 

5.4% switch to NAL and 1.6% change to DSL. (Senn, 2020).  

 

 

APD was first introduced with the Phonak Savia hearing aids 

in 2005. Based on internal and external studies, internal 

Phonak Target fitting data, and feedback from fitters and 

clients, Phonak has continually optimized APD. For example, 

with the Marvel platform in 2018, the goal of providing 

comfort at the initial fit for first-time users while still 

enabling excellent hearing performance in the real world 

was met with the new precalculation (Jansen & Woodward, 

2018). Fifteen years on from the first introduction of APD, 

APD 2.0 continues to personalize and optimize our hearing 

instruments.  

 

 

APD 2.0: optimizing Phonak fittings  

APD 2.0 consists of three key changes: (1) adaptive 

compression speed, (2) linearized high level gain and (3) new 

precalculation for mild to moderate hearing losses.  

 

Adaptive compression speed – intelligent compression 

As discussed, people with cochlear hearing loss usually 

experience recruitment and a reduced dynamic range. 

Compression is used in hearing aids to compensate for this 

(Moore, 2008). Gatehouse et al. (2006) found that slow-

acting compression was preferred in terms of subjective 

listening comfort, whereas fast-acting compression was 

better for reported and measured speech intelligibility.  

 

Currently, implementation in APD is a dual-path 

compression approach. This means that in Speech-in-Noise 

(SpiN), Speech-in-Loud Noise (SpiLN), music and streaming 

programs there is a mix of slow and fast compression, while 

fast compression is applied in all other programs (Jansen & 

Appleton-Huber, 2019). 

 

With APD 2.0, Phonak introduces an adaptive compression 

speed in the fast path of the dual compression, which 

further enhances the benefits of fast and slow compressive 

gain changes. With dual-path compression, the adaptive 

compression speed is available in all programs.  

   

Figure 1: Adaptive compression speed in APD 2.0: fast gain decrease with door 

slamming, fast gain increase at speech onset, and slow, near-linear gain 

increase in between.  

Figure 1 shows an example of how the adaptive compression 

speed works with loud background noise, such as a door 

slamming, followed by an onset of speech. The gain of the 

hearing aid quickly decreases when the input increases, 

shown in this example by the door slamming. Such a 

compressive gain decrease always acts fast to guarantee 

loudness comfort. Following this event, the gain increases 

only slowly in the presence of reverberation or static 

background noise, thereby preventing overamplification of 

these unwanted sounds. However, as soon as a signal onset 

is detected, in this example a speech onset, adaptive 

compression increases the gain more quickly. This fast 

compressive gain increase occurs to guarantee audibility, so 

that clients can catch the beginning of an informative sound 

passage such as soft speech. This approach to adaptively 

apply both fast and slow compressive gain changes aims to 

restore audibility and natural loudness perception while at 

the same time providing high sound quality and listening 

comfort.   

 

There are many benefits of fast compression, but the 

disadvantages include degradation of the temporal envelope 

and smoothing of the spectral contrasts (Souza et al., 2015). 

Therefore, unless there is a sudden increase or decrease in 

the input, the gain remains mainly linear with slow 

compression. The benefits in the literature of a more linear 

(less compressive) system include (1) maintaining amplitude 

information and thus maintaining the temporal waveform, 

speech intelligibility and sound quality (Moore, 2016; 

Madsen et al., 2015), and (2) less reverberation and 

background noise as fast-acting compression can distort the 

auditory cues involved in the spatial perception of sounds in 

rooms (Hassager et al., 2017).  

 

The new adaptive compression speed of APD 2.0 combines 

the benefits of slow and fast compression in a dynamic way 

in all programs.  

 

Linearized high level gain 

The implementation of an additional kneepoint for loud 

inputs allows fittings to be more compressive for mid-levels, 

while loud levels are amplified linearly and mimic the 

normal loudness growth function. Research has shown that 

linear processing for loud sounds is beneficial (Lopez-Poveda 
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et al., 2017). Lopez-Poveda et al.’s study with 68 hearing aid 

users/ candidates found that intelligibility tended to improve 

by increasing amplification for low-intensity sounds and by 

using more linear amplification for high-intensity sounds. 

Figure 2 demonstrates that at a certain loudness input 

(above the loud kneepoint), the gain becomes linear and 

mimics normal loudness growth.  

 

 

Figure 2: The new linearized high level gain in APD 2.0 compared to APD. APD 

2.0 has a new loud kneepoint, which allows the gain to become linear and 

mimic normal loudness growth.  

 

New precalculation for mild to moderate 

hearing losses 

The first fit is critical in the adoption of hearing aids as it is 

the client’s first encounter with amplification. Clients with 

mild to moderate hearing loss can often find loud sounds 

too loud at first. Analysis of internal Phonak Target fitting 

data from Marvel hearing aid fittings in March 2020 shows 

that when fine-tuning is applied to the APD first-fit, it is 

most often a reduction of the gain for loud sounds rather 

than for soft or mid-level sounds (Senn, 2020). 

 

With APD 2.0, we have introduced more compression in the 

precalculation for mild to moderate hearing loss. The G50 

speech target remains the same for optimal speech 

audibility, while G65 and G80 speech targets are reduced for 

mid-loud inputs so that loud sounds are more comfortable 

(2 dB and 4 dB respectively). This new precalculation is also 

more in line with NAL-NL2 targets and is applied only for 

mild to moderate hearing losses, independent of experience 

level.  

 

 

Supporting evidence for the introduction of APD 

2.0 

A study carried out in the Hörzentrum Oldenburg, Germany, 

between May and October 2019 (Wright, 2020) evaluated 

APD 2.0 in comparison to the existing APD in Marvel 

devices, for inexperienced and experienced hearing aid users 

with mild to moderate and moderate to severe hearing loss 

(HL). Forty-one adults, aged 44–83 (average age 72) took 

part in the study and were split into two groups: (1) mild to 

moderate HL with no or short-term hearing aid experience; 

and (2) moderate to severe HL with long-term hearing aid 

experience. Several lab tests were carried out such as speech 

in noise tests (Oldenburg Sentence Test, OLSA, Wagener & 

Brand, 2005), a guided tour exposing participants to various 

sound environments and a home trial. Overall, the study 

showed a positive effect of APD 2.0 compared to APD for 

both groups of hearing losses and hearing aid experience. 

Furthermore, no negative outcomes were observed. 

Specifically, the study found (1) reduced listening effort in 

noise for subjects in both hearing loss groups as measured 

by Adaptive Categorical Listening Effort Scaling (ACALES), a 

subjective rating of listening effort (Krueger et al., 2017), (2) 

improved subjective experience in Speech in Noise (SpiN) 

and Speech in Reverberation (SpiReverb) during a guided 

tour and (3) overall preference in real-world environments 

at the end of the home trial. 

Figure 3 shows that APD 2.0 leads to reduced listening effort 

in noise for mild to severe hearing loss groups, in 

comparison to APD in Phonak Marvel (p<0.05). In other 

words, with APD 2.0, participants of both hearing loss 

groups reached lower SNRs on the ACALES test for the same 

amount of listening effort. 

 

There were also separate, specific advantages for the mild to 

moderate and moderate to severe HL groups in the study. 

For example for the mild to moderate HL group, significantly 

better results were observed for the ACALES and the 

Speech-in-Noise/Reverberation part of the guided tour for 

APD 2.0 compared to APD. For the moderate to severe HL 

group, participants reached significantly lower SNRs for the 

same intelligibility on the Oldenburg Sentence Test (OLSA), 

the same listening effort rating as measured by ACALES, and 

chose APD 2.0 significantly more often as the preferred 

setting at the end of the home trial, compared to APD. 
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Figure 3: Boxplots of ACALES results comparing APD and APD 2.0 for each 

group. For each of the listening effort categories there was a significant 

benefit of APD 2.0 over APD (p<0.05). For example, ‘very little’ listening 

effort was achieved at a lower SNR with APD 2.0 compared to APD.  

 

 

Benefits of APD 2.0 based on study evidence 

and available literature 

Regardless of hearing loss, we aim to provide the best 

possible foundation for all of our fittings and spontaneous 

acceptance of first fit. The recent study carried out in 

Hörzentrum Oldenburg demonstrated APD 2.0 performed 

better than APD among experienced and inexperienced 

hearing aid users with mild to moderate and moderate to 

severe HL in terms of: 

– reduced listening effort in noise as measured by 

ACALES 

– improved subjective experiences in Speech-in-Noise 

and Speech-in-Reverberation situations during a 

guided tour 

– overall preference at the end of the home trial 

 

In addition, based on an extensive scientific literature 

review, we expect that clients will experience: 

– less reverberation and background noise and 

improvements in sound quality thanks to the 

adaptive compression speed (Hassager et al., 2017; 

Moore, 2016; Madsen et al., 2015) 

– natural sound quality and better speech 

intelligibility in noise thanks to the linearized high 

level gain (Lopez-Poveda et al., 2017) 

– comfort at first fit thanks to the new precalculation. 

With APD 2.0, we have introduced more 

compression in the precalculation for mild to 

moderate hearing loss. 

With the additional kneepoint, HCPs also have more freedom 

to fine-tune soft, mid and loud speech targets more easily.  

 

Implementation of APD 2.0 

The adaptive compression speed and linearized high level 

gain are applied for all fitting formulae, including NAL-NL2 

and DSL v5. However, the new precalculation for mild to 

moderate hearing loss is only applied for APD 2.0.  

 

Compared to the dual-path compression approach in APD, 

where the mix of fast and slow was a fixed ratio in SpiN, 

SpiLN, music and streaming programs, APD 2.0 implements a 

mix of adaptive compression speed and slow compression. In 

the quiet/calm situation program, the adaptive compression 

speed is on 100% in order to provide the benefit of fast 

compression in quiet and give maximum audibility cues. In 

noisier situations, for music and media streaming the 

adaptive compression speed is only 40% active (mixed with 

slow compression) to provide the benefit of slow 

compression in noise and give maximum temporal cues.  

 

As the new precalculation for mild to moderate hearing 

losses and the linearized high level gain are part of the 

fitting formula, they are present in all programs.  

 

APD 2.0 is available for Paradise devices and is not 

backwards compatible with older generation devices.  

 

 

Hearing inspired by nature: APD 2.0  

Phonak APD 2.0 is the foundation of Phonak Paradise next-

level sound quality, the latest generation of Phonak hearing 

aids. We constantly seek to refine and further develop APD. 
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The recent study at the Hörzentrum Oldenburg, Germany, 

demonstrated that APD 2.0 showed less listening effort in 

noise for clients with mild to severe hearing loss and an 

overall preference in real-world environments at the end of 

the home trial compared to APD. With APD 2.0, we aim to 

provide the best possible starting point and spontaneous 

acceptance for each and every client with hearing loss. 

 

 

References 

Gatehouse, S., Naylor, G., & Elberling, C. (2006). Linear and 

nonlinear hearing aid fittings – 1. Patterns of benefit. 

International Journal of Audiology, 45 (3), 130–152. 

Hassager, H. G., Wiinberg, A., & Dau, T. (2017). Effects of 

hearing-aid dynamic range compression on spatial 

perception in a reverberant environment. Journal of the 

Acoustical Society of America, 141, 2556–2568. 

Heinz, M. G., Issa, J. B., & Young, E. D. (2005). Auditory-nerve 

rate responses are inconsistent with common hypotheses 

for the neural correlates of loudness recruitment. Journal of 

the Association for Research in Otolaryngology, 6 (2), 91–

105. 

Holman, J. A., Drummond, A., Hughes, S. E., Naylor, G. (2019). 

Hearing impairment and daily-life fatigue: a qualitative 

study. International Journal of Audiology, 58(7); 408–416. 

Jansen, S. & Woodward, J. (2018). Love at first sound: the new 

Phonak precalculation. Phonak Insight. Retrieved from: 

https://www.phonakpro.com/evidence, accessed 4 May 

2020. 

Jansen, S. & Appleton-Huber, J. (2019). Adaptive compression 

results in less listening effort for those with moderate 

hearing loss. Phonak Field Study News. Retrieved from: 

www.phonakpro.com/evidence, accessed 4 May 2020. 

Johnson, E. (2012). 20Q: Same or Different – Comparing the 

Latest NAL and DSL Prescription Targets. 20Q with Gus 

Mueller. Audiology Online. Retrieved from 

https://www.audiologyonline.com/articles/20q-same-or-

different-comparing-769 , accessed 4 May 2020. 

Keidser, G., Dillon, H., Flax, M., Ching, T., & Brewer, S. (2011). 

The NAL-NL2 prescription procedure. Special issue on adult 

hearing care: new perspectives. Audiology research, 1(1). 

Krueger, M., Schulte, M., Brand, T., & Holube, I. (2017). 

Development of an adaptive scaling method for subjective 

listening effort. The Journal of the Acoustical Society of 

America, 141(6), 4680–4693. 

Latzel, M., vonBuol, A., & Kuehnel, V. (2013). Adaptive Phonak 

Digital (APD): Audiological background. Insight. Phonak AG. 

Retrieved from www.phonakpro.com/evidence, accessed 4 

May 2020. 

Lopez-Poveda, E. A., Johannesen, P. T., Perez-González, P., 

Blanco, J. L., Kalluri, S., & Edwards, B. (2017). Predictors of 

hearing-aid outcomes. Trends in hearing, 21, 1–28. 

Madsen, S. M., Stone, M. A., McKinney, M. F., Fitz, K., & Moore, 

B. C. (2015). Effects of wide dynamic-range compression on 

the perceived clarity of individual musical instruments. The 

Journal of the Acoustical Society of America, 137(4), 1867–

1876. 

Moore B. C. J. (2008). The choice of compression speed in 

hearing aids: Theoretical and practical considerations, and 

the role of individual differences. Trends in 

Amplification, 12, 103–112. 

Moore, B. C. J. (2016). Effects of sound-induced hearing loss 

and hearing aids on the perception of music. Journal of the 

Audio Engineering Society, 64(3), 112–123. 

Ruggero, M. A., Rich, N. C., & Recio, A. (1996). The effect of 

intense acoustic stimulation on basilar-membrane 

vibrations. Auditory Neuroscience, 2, 329–345. 

Scollie, S., Seewald, R., Cornelisse, L., Moodie, S., Bagatto, M., 

Laurnagaray, D., Beaulac, S., & Pumford, J. (2005). The 

Desired Sensation Level Multistage Input/Output Algorithm. 

Trends in Amplification, 9(4), 159–197. 

Senn, M. (2020). An analysis of fine-tuning applied at first fit. 

Phonak Target Fitting Data. Unpublished data. Contact 

claims@phonak.com if you are interested in further 

information. 

Souza, P. E., Arehart, K. H., Shen, J., Anderson, M., & Kates, J. 

M. (2015). Working memory and intelligibility of hearing-

aid processed speech. Frontiers in Psychology, 6, 526. 

Vercammen, C., Ferguson, M., Kramer, S., Meis, M., Singh, G., 

Timmer, B., Gagné, J. P., Goy, H., Hickson, L., Holube, I., 

Launer, S., Lemke, U., Naylor, G., Picou, E., Scherpiet, S., 

Weinstein, B. & Pelosi, A. (2020). A Phonak position 

statement about why hearing healthcare is vital for healthy 

living. The Hearing Review. Retrieved from: 

https://www.hearingreview.com/hearing-loss/patient-

care/counseling-education/well-hearing-is-well-being, 

accessed 4 May 2020. 

Wagener, K. & Brand, T. (2005). Sentence intelligibility in 

noise for listeners with normal hearing and hearing 

impairment: Influence of measurement procedure and 

masking parameters. International Journal of Audiology, 

44(3), 144–156. 

Wright, A. (2020). Adaptive Phonak Digital 2.0 – Next-level 

fitting formula with adaptive compression for reduced 

listening effort. Field Study News. Retrieved from 

www.phonakpro.com/evidence accessed 19 August 2020. 

 

 

  

https://www.phonakpro.com/evidence
http://www.phonakpro.com/evidence
https://www.audiologyonline.com/articles/20q-same-or-different-comparing-769
https://www.audiologyonline.com/articles/20q-same-or-different-comparing-769
http://www.phonakpro.com/evidence
mailto:claims@phonak.com
https://www.hearingreview.com/hearing-loss/patient-care/counseling-education/well-hearing-is-well-being
https://www.hearingreview.com/hearing-loss/patient-care/counseling-education/well-hearing-is-well-being
http://www.phonakpro.com/evidence


 

 Phonak Insight : APD 2.0          7 

Experts 

Volker Kühnel, Principle Expert Hearing Performance, 

Phonak HQ 

Volker Kühnel, PhD, received his 

degree in Physics in 1995. From 

1995 to 1997 he worked in 

Oldenburg as a post-doc in the 

group of Medical Physics of Prof. Dr. 

B. Kollmeier, Oldenburg, Germany. 

Since 1998, at Phonak/Sonova he 

has worked in product development 

at the interface between hearing aid 

algorithms, fitting software and 

audiological design. His work focuses on the audiological 

quality of hearing instruments in order to achieve the 

highest benefit for clients. 

 

 

Sofie Jansen, Expert Hearing Performance – Hearing loss 

compensation, Sonova HQ 

 

Sofie Jansen, PhD, is a research 

audiologist at Sonova Research & 

Development. She received her 

Master of Science degree in Speech 

Therapy and Audiology at the 

University of Leuven (Belgium), 

where she also completed her PhD 

in 2013. 

 

 

 

Author 

Jane Woodward, Audiology Manager, Phonak HQ 

 

Jane develops audiology training, 

coordinates studies and writes 

articles to provide evidence-based, 

impactful products, features and 

training. She holds an MSc 

(Audiology) and BSc (Psychology) 

from Southampton University and 

has many years of experience in 

hearing aid and software 

development. Jane gained extensive 

pediatric and adult clinical experience during her work in 

clinics in the NHS and Switzerland. 

 

 

02
8-

21
6

6
-0

2
/V

1.
00

/2
02

0
-0

6 
©

 2
02

0
 S

o
n

o
va

 A
G

 A
ll 

ri
gh

ts
 r

es
er

ve
d

 

 
  


