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ABSTRACT 
Within the scope of the literature surrounding the Loudness War, the ‘louder is better’ paradigm plays a 
cornerstone role in the motivation and also presumed justification for the continued use of hyper-compression. At 
the core of this assumption is the non-linearity of frequency response of the human auditory system, first identified 
by Fletcher and Munson [11]. Previous research into listener preferences concerning hyper-compression has 
attempted to rationalise this production practice with audience expectations. The stimuli used in these studies have 
invariably been loudness normalised to remove loudness bias in audition so that only the perceptual cues of 
dynamic range compression (DRC) are under examination. The results of these studies have proven less than 
conclusive and varied. The research study presented herein examines the extent of influence the ‘louder is better’ 
paradigm has on listener preferences via a direct comparison between listener preference tasks that present music 
that is loudness normalised, and music that retains the level differentiation which is a by-product of the hyper-
compression process. It was found that a level differential of 10dB had a significant influence of listener 
preferences as opposed to the arguably weak perceptual cues of DRC.  

1 Introduction 
The issue of the use of hyper-compression in music 
production to increase the perceived loudness of 
music masters has been discussed extensively in [1, 
2, 3, 4, 5, 6, 7]. Within the scope of the literature, what 
has been termed as the ‘louder is better’ paradigm, 
plays a cornerstone role in the motivation and also 
presumed justification for the continued use of hyper-
compression. A qualification is necessary by 
presenting this listening paradigm predominately as a 
sound quality judgment with the capacity to influence 
listener preferences, not only with music, but audio 
programs in general [8, p. 2]. At the core of this 
assumption is the non-linearity of frequency response 
of the human auditory system in which listeners are 
able to gradually perceive a more linear frequency 
response at increased levels. Therefore, this wide-
spread belief articulates that listeners consider louder 

program material both preferred and perceived as 
‘sonically superior’ to that which is softer, even if the 
audio material is identical apart from loudness [1, 9, 
10]. First discovered by researchers Fletcher and 
Munson of Bell Labs [11], the perception of loudness 
is not equal across the frequency spectrum; “we are 
more sensitive to frequencies in the range 1000-
5000Hz, while thresholds increase rapidly at very 
high and low frequencies” [12, p. 49]. This non-
linearity of frequency response of the human auditory 
system forms the basis of the ‘louder is better’ 
paradigm and as Moore asserts, this phenomenon has 
“certain implications for the reproduction of sound; 
the relative loudness of the different frequency 
components in a sound will change as a function of 
the overall level, so that unless the sounds are 
reproduced at the same level as the original, the ‘tonal 
balance’ will be altered” [ibid, p. 53]. At particularly 
low playback levels the tonal balance that Moore 

 



Taylor Testing the ‘Louder is Better’ Paradigm 

 

AES 145th Convention, New York, NY, USA, 2018 October 17–20 
Page 2 of 13 

describes, is undeniably perceived as balanced 
differently as compared to higher levels. As the 
playback level is decreased even further, the very low 
and high frequencies rapidly attenuate leaving 
predominately only the mid frequencies audible  [13, 
p. 131]. This phenomena is extensively investigated 
in [29]. 
 
Within scientific circles, hyper-compression, deemed 
to be contrary to audio fidelity, was automatically 
assumed to be not in the best interests of the 
consumer. However, of particular importance is 
determining whether listeners prefer a hyper-
compressed recording in comparison to a non-
compressed. Ronan et al. highlight the need for 
research in the area by suggesting that “uncovering 
the effect of reduced dynamic range on consumer 
preference would validate music production 
processes used to meet that preference” [14, p. 1]. 
Taylor and Martens lend support by arguing there 
should be some other justification for the use of 
hyper-compression other those offered as simply a 
commercial mechanism [15, p. 2]. 
 
In recent years, studies have attempted to gauge 
listener preferences with mixed and inconclusive 
results [8, 14, 15, 16, 17, 18, 19, 20, 21]. These studies 
have uncovered a range of difficulties in trying to 
ascertain preferences due to the vastly diverse 
subjectivity involved, and most importantly, the 
perceptual attributes of DRC which prove difficult for 
the average listener to discriminate. As a result of 
these problems encountered, Ronan et al. believe 
“these tests provide little explanatory power as to the 
reasons why hyper-compression persists” [14, p. 1]. 
It could be argued that none of these studies provides 
any clear indication of listener preferences that can be 
generalised. However, they do outline important 
issues pertaining to the way the average listener 
perceives hyper-compression, providing a much-
needed insight, not into preferences per se, but in the 
factors that may influence these preferences.  
 
Importantly, Hjortkjær and Walther-Hansen outline 
the average listener’s inability to discriminate the 
perceptual cues of DRC and make mention that their 
results indicate that “listeners are less sensitive to 
even high levels of compression than commonly 

claimed” [17, p. 40]. It is also worth noting that 
almost all other studies on listener preferences, the 
stimuli used for the experimental procedure were 
loudness normalised, thereby removing loudness bias 
as a perceptual cue from preference ratings. 
Therefore, preferences were made only from the 
perceptual cues evident from the hyper-compression 
process itself. As a result, Ronan et al. make the 
obvious association that “logic dictates that if a 
discrimination test proves inconclusive, a preference 
test will likely provide the same result” [14, p. 1]. The 
overall ability of listeners to discriminate the 
perceptual cues of DRC was reported consistently 
worse for those that were considered ‘un-trained 
listeners’ who could be described as typical of the 
majority of the global audience. They state that “up to 
12dB of compression limiting was not discriminated 
by untrained listeners above chance levels” [ibid]. 
 
This result lends weight to the assumption made by 
those that suggest loudness normalisation may 
mitigate the use of hyper-compression [22]. If music 
is loudness normalised—removing loudness bias 
from reproduction—and the ‘average’ listener cannot 
discriminate between even large magnitudes of 
compression, then surely this would negate the need 
for the use of hyper-compression as there would no 
longer be any advantage to do so. There are, however, 
a complex array of other factors at play, stated in the 
research conducted in this area by Ronan et al. They 
assert that despite the removal of loudness bias, all 
“factors contributing to a preference for dynamic 
range compression have not been removed” [8, p. 1].  
 
The objective of the research presented herein is to 
examine the perceptual differences and subsequent 
degree of influence on listener preferences between 
loudness normalised and non-loudness normalised 
music with regards to dynamic range compression 
(DRC); effectively testing the perceptual cues of 
DRC against the  ‘louder is better’ paradigm utilising 
the same stimuli. Both could be considered by-
products of the DRC process. In contrast to previous 
research studies that have varied considerably in 
methods, this research attempts to approach the issue 
from an ecologically valid standpoint. What the 
listener would actually experience in a typical 
scenario. 
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Music of seven genres of music (rock, pop, classical, 
jazz, urban, dance (EDM) and acoustic) were 
produced specifically for the listener preference tasks. 
These recordings were then ‘mastered’ to a 
compression magnitude of 10dB (as opposed to up to 
20dB in [16]) which could be argued is closely 
aligned with a strategy of achieving transparent 
hyper-compression, and ecologically valid in a 
professional, real world sense. It was expected that 
cultural factors inherent to each genre would play a 
significant role in subject preferences. A preference 
would then be made by subjects between un-
compressed (un-mastered) and hyper-compressed 
(mastered) versions in a pairwise comparison. 
Reproduction would be achieved via speakers that 
represent a typical domestic system (Harmon Kardon 
Soundsticks III) and not via high-definition 
headphones or studio grade monitors [16, 17, 18]. The 
listening environment would represent some degree 
of acoustic isolation and treatment, similar to that 
found in an ecologically valid domestic setting and 
not a sound booth or recording studio [8, 15, 16, 17, 
18, 20, 21].  
 
The first of the two listener preference tasks presents 
subjects with a loudness normalised pairwise 
comparison between two identical musical excerpts 
in which one is un-compressed (termed as un-
mastered) and the other hyper-compressed (termed as 
mastered). This would be indicative of listening to 
music of different eras using a loudness normalised 
music streaming service such as Spotify. In the 
absence of loudness bias, subjects are forced to 
establish a decision making strategy that is either 
based on the arguably weak perceptual cues of DRC 
or other factors that are unrelated. Despite differences 
in methods, it was expected that subject preferences 
would correlate with previous studies in that a distinct 
consensus between subjects would be difficult to 
attain. In the second of the two listener preference 
tasks, subjects are presented with the same stimuli, 
however, the signal level/perceived loudness 
differential that is inherent to the DRC process was 
retained (i.e. no loudness normalisation). This 
represents an ecologically valid increase in loudness 
that the Loudness War was predicated upon; such as 
the comparison between a Compact Disc from 1990 
and 2010. It was expected that loudness as a 

perceptual cue would significantly influence listener 
preferences as per claims of the ‘louder is better’ 
paradigm. 
 
To increase the validity of a possible generalisation to 
a larger population sample, an identical experimental 
procedure was repeated with two separate subject 
groups of 25 with approximately equally matched 
demographics. To also ascertain the validity of 
generalisation within musical genres, each subject 
group was presented with a different song from each 
genre, from the same artist, from the same recording 
session and processed identically. 
 
Results of listener preference task 1 indicated no clear 
consensus for either the hyper-compressed or un-
compressed music despite some significant 
preference for either in particular genres. A 
significant difference was reported between subject 
groups meaning that the results could not be 
generalised to a larger population. Some results 
reported, however, indicate similarity with previous 
studies in that subjects in the trained demographic 
were seemingly more adept at discriminating between 
the two stimuli and marginally preferred the un-
compressed music. An examination of choice 
proportions indicated that the subjects in general were 
either guessing or relying on other factors apart from 
the perceptual cues of DRC in their decision making 
strategy. 
 
In contrast, results of listener preference task 2 
indicated a significant consensus for the perceptually 
louder hyper-compressed music with no differences 
between subject groups and training. This implies that  
the results could be generalised to a larger population 
sample and most likely repeatable. Differences 
between genres were also easily disseminated on the 
premise of cultural basis. It could be argued from 
these results that loudness, and the ‘louder is better’ 
paradigm can indeed play a significant role in 
influencing listener preference. 
 

2 Method – Musical Stimulus 
Sourcing stimuli for the experimental procedure 
required the production of musical excerpts. Two 
considerations motivated this requirement. Firstly, 
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considering that almost all popular music has been 
hyper-compressed to some degree, it was necessary 
to obtain audio files that were in a state prior to this 
process (i.e. mastering). The production of dedicated 
music for this experiment provided such audio files. 
These files could then be strategically processed to 
achieve two groups of stimuli, one un-mastered (un-
compressed) and another mastered (hyper-
compressed). 
 
Secondly, one of the main aims of the experiment was 
to ascertain if preferences could be consistent 
between two separate subject groups with different 
but similar songs within each genre. It was desirable 
in this instance to have the musical excerpts 
originating from the same artist and from the same 
recording session that presented a strong similarity. 
 

2.1   Stimulus Selection, Production and 
Processing 

2.1.1 Genre and Music Selection Criteria 
Seven musical genres where chosen: classical, pop, 
rock, acoustic, urban and electronic dance music 
(EDM). The genres, classical, jazz and acoustic were 
included as ‘control’ stimulus as it is generally 
considered that hyper-compression would be 
unexpected due to cultural and aesthetic 
considerations. It was reasoned that this control 
condition would assist in determining subject’s 
ability to discriminate between compression 
conditions. In contrast, the other four genres (pop, 
rock, urban and EDM) were chosen as typical 
examples of contemporary music in which hyper-
compression would be expected. These genres would 
also be considered to have less dynamic range 
regardless of compression magnitude than the other 
genres. The song titles and performers are as follows:  
 
Classical: Hudson Arc Ensemble.  
(1) La Réjouissance (Music for the Royal Fireworks, 
HWV 351) - George Frideric Handel. (2) Jesu, Joy 
of Man’s Desiring (Cantata BWV 147) - Johann 
Sebastian Bach 
Pop: Celebrity Drug Disasters.  
(1) Getting Better. (2) Dark Angel. 

Rock: Justin Ngariki and the Dastardly Bastards.  
(1) Highway to Hell (2) Riff Raff  (AC/DC). 
Acoustic (guitar): Stuart McBratney. (1) 
Improvisation in A. (2) Improvisation in D. 
Urban: Munny Boy feat. A$AP Jack.  
(1) King$ and Queen$. (2) Get that Ca$h. 
Jazz: Half Nelson.  
(1) East of the Sun (Brooks Bowman) (2) Swing! 
Brother, swing! (Billie Holliday) 
EDM (house): Sneaker Fox  
(1) A Night Like This.  (2) Watch the Sunrise. 
 
A criterion for the selection of the music stimulus was 
established according to instrumentation, tempo and 
compositional structure typical of each genre and 
artists/songs were chosen in accordance with these 
criteria. For example, see [15]. 

2.1.2 Stimulus Production – Recording 
All recordings were performed and recorded utilising 
the University of Newcastle (ICT) recording studios 
in individual sessions over a three-month period. All 
recordings were 96kHz, 24-bit resolution. Each artist 
per seven genres were required to supply two closely 
matched songs each; (song A—song B), totalling 14 
recordings. 

2.1.3 Processing of Stimulus 
A University of Newcastle ICT audio production 
suite was customized to facilitate the processing of 
the stimuli, construction of experiment procedures 
and act as a dedicated space for the listening 
preference tasks. 

2.1.4 Equipment 
• Apple MacPro 2.4GHz dual quad-core 

computer. 
• AVID HD3 interface. 
• Mark of the Unicorn 1296 audio interface.  
• Apogee Mini-DAC converter.  
• AVID ProTools 10 software.  
• Logic Audio (9.1.8) including proprietary 

mastering plug-ins.  
• Waves – ‘Diamond’ plug-in package. 
• NuGen Audio VisLM-H loudness meter. 
• Genelec 1031A powered loudspeakers 
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2.1.5 Processing of Stimulus - Mixing 
The 14 recordings (7 x song A—7 x song B) were 
mixed using the ProTools DAW and equipment listed 
above to a professional standard at 96kHz, 24-bit 
resolution. Typical processing of individual elements 
was performed during the mixing including 
equalization, compression, reverb and delay. All 
master mix files were outputted at approximately the 
same mix bus output level with no mix bus 
processing. 

2.1.6 Processing of Stimuli - Mastering 
The 14 recordings were edited to a length of between 
5-7 seconds containing the main musical theme and 
converted from 96kHz, 24-bit resolution to 44.1kHz, 
16-bit resolution (CD quality) .wav files. These edited 
and un-mastered excerpts represented the first 
stimulus set of 14 audio files. 
 
The 14 audio files were then processed with a typical 
mastering strategy to achieve an outcome that is 
representative of what is known as hyper-
compression. Plug-ins supplied for this specific 
purpose in the Logic Audio software package were 
utilised; ‘Multipressor’ (multi-band compressor, 
applied first) and ‘Adaptive Limiter’ (look-ahead 
brick-wall limiter, applied second). The level gain 
achieved was approximately 10dB. The hyper-
compression processing was designed to be as 
transparent as possible, as would be the case with 
professional mastering whilst at the same time 
reducing the dynamic range sufficiently to be 
representative of typical contemporary music. These 
mastered audio files represented the second stimulus 
set of 14 audio files. 
 
A total of 28 stimulus were created which can be 
therefore delineated as two mains sets characterised 
by song A (mastered and un-mastered), and song B 
(mastered and un-mastered). Song A intended for 
subject group 1 and song B for subject group 2. The 
audio and measurement data for the stimuli can be 
found at https://www.robtaylor.id.au/louder-is-better. 
 
 
 
 
 

2.2   Processing of Stimuli – Loudness 
Normalisation 

2.2.1 Listener Preference Task 1 
For the first of the two listener preference tasks, it was 
planned to compare versions of each of seven music 
genre specifically in terms of DRC; whether the 
subjects preferred the hyper-compressed (termed as 
mastered) or un-compressed (termed as un-mastered) 
version. As the compression magnitude increases, so 
does the RMS of the signal causing an increase in 
perceived loudness. Therefore, it was important for 
these different versions to be very similar in 
perceived loudness, otherwise preferences could be 
prejudiced toward the auditory attributes associated 
with loudness and not the perceptual cues associated 
with DRC. Accordingly, all 28 stimuli (mastered and 
un-mastered) were loudness normalized using an 
EBU R128 compliant loudness meter [23]; the 
NuGen Audio VisLM-H. All stimuli were normalized 
to the target level of -23LUFS as suggested in [23]. 

2.2.2 Listener Preference Task 2 
For the second of the two listener preference tasks, it 
was planned to compare versions of each of seven 
music genres specifically in terms of DRC and 
loudness; whether the subjects preferred the louder 
hyper-compressed (mastered) or softer un-
compressed (un-mastered)  version. The 14 loudness 
normalised un-mastered stimuli were attenuated to 
exactly the difference in level between the mastered 
and un-mastered stimuli prior to loudness 
normalisation. The level differential caused by the 
initial DRC processing was calculated and applied to 
each un-mastered recording individually. In this way, 
the reproduction level of all mastered stimuli was 
consistent and also represented the base level for 
reproduction in the pair-wise comparisons (-
23LUFS). The reproduction of the attenuated un-
mastered stimuli in listener task 2 was obviously 
much lower in perceived loudness than -23LUFS 
within that particular pairwise comparison 
(approximately 10dB in signal level as according to 
the 10dB of DRC applied)(Table 1). 
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 Subject Group 1 
Song A 

LN Subject Group 2 
Song B 

LN 

Task 1 Mastered (7) P Mastered (7) P 
 Un-mastered (7) P Un-mastered (7) P 

Task 2 Mastered (7) P Mastered (7) P 
 Un-mastered (7) P A Un-mastered (7) P A 
LN = loudness normalisation   A = then attenuated accordingly 

Table 1. Delineation of stimuli groups for presentation to 
respective subject groups and listener preference tasks. 

Based upon the pairwise comparisons between what has 
been termed ‘mastered’ (hyper-compressed) and ‘un-

mastered’ (non-compressed) music.  

 

3 Method – Listener Preference Task 
 
The listening task took place in the audio production 
suite as mentioned in 2.1.3 providing an environment 
with some degree of acoustic isolation and treatment, 
similar to that found in an ecologically valid domestic 
setting (Figure 1). This environment was consistent 
with the overall motivation of the experiment 
procedure to recreate a listening scenario that the 
average listener would most likely encounter. 
Furthermore, computer satellite speakers (3.1.1) were 
utilized that are also typical of the audio reproduction 
system used in such an environment, but of sufficient 
quality to not introduce unnecessary distortion or 
degradation. The speakers were placed approximately 
1m apart with a horizontal angle of 30 degrees from 
centre. 
 

 
Figure 1. Room dimensions and configuration for the 

listener reference tasks. 

Subjects were presented with a pairwise comparison 
between two stimuli. Subjects were then asked to 
confirm a preference for either via a two alternative, 
forced choice (2AFC) method. Seven genres of music 
were individually presented to determine how 
musical genre influences responses. The two subject 
groups were presented with exactly the same 
procedure but delineated only by different but similar 
songs of each genre. The overarching preference test 
was separated into two individual listener tasks 
explained in 3.1.6 and 3.1.7. 

3.1.1 Equipment 
Stereo PCM audio files were played from hard disc 
using the standard audio conversion hardware of an 
Apple MacPro desktop computer. Reproduction was 
via Harman Kardon Soundsticks III ‘satellite’ 
loudspeakers, typical for domestic use with 
computers. 

3.1.2 Reference Level for Loudspeakers 
The playback level for the stimuli was calibrated as 
per monitoring requirements outlined in [25]. 500Hz 
– 2kHz band limited pink noise at -20dBFS was 
replayed via the loudspeaker system and level 
adjusted to an output SPL of 76 dB at the listener 
position using slow reading (1 s integration time) and 
C weighting, per speaker. This corresponds to 
requirements for a monitoring room of less than 457 
cubic meters as used in the experiment. SPL was 
measured using a calibrated ‘Standard’ model 
ST8852 IEC61672-1 CLASS 2 sound level meter. 
The reading was measured at the position of the 
centre of the head of the listener, seated in position 
and oriented towards the speaker under calibration. 

3.1.3 Subjects  
50 subjects sourced from the student body and staff 
of the University of Newcastle participated in the 
listener preference task (22 female to 28 male; 28 
trained to 22 untrained; 18 – 63 years old). Subjects 
were screened informally for any obvious hearing 
impairment. Trained subjects were those considered 
to either have professional experience in audio 
production or extensive musical training. Untrained 
subjects had neither of the above. The 50 subjects 
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were then separated into two subject groups of 25 
with approximately equal demographics. 

3.1.4 Listener Preference Task Interface  
The listener preference task was conducted using a 
specially constructed GUI in the Matlab environment. 
Subjects were guided by pre-recorded verbal 
commands to start each pairwise comparison and then 
the stimuli would playback automatically. Subjects 
would be then prompted to enter their response with 
keystrokes, which would then activate the next 
pairwise comparison. After the final comparison the 
program would close and the data recorded. This 
would be repeated seven times, one for each genre. 

3.1.5 Training 
Subjects were introduced to the listening task 
procedure and GUI via a training task. A single 
pairwise comparison repeated five times was 
performed with verbal instructions on how to conduct 
the listening task. Subjects were not made aware of 
any specific differences between the two music 
excerpts and simply asked to indicate their preference 
for either A or B in the pairwise comparison. They 
were also informed that there was no right or wrong 
response and that their own preference was the in fact 
the correct response. 

3.1.6 Listener Task 1 
Subjects were asked to choose a preference between 
the loudness normalised mastered and un-mastered 
version of the music. Each of the seven genres were 
presented with the same pair repeated five times in 
random order for choice proportions. This repetition 
was conducted due to previous research that has 
indicated the difficulty for many listeners to 
discriminate between even large magnitudes of DRC 
when music is loudness normalised [17]. It has been 
suggested that the residual perceptual cues solely 
attributable to DRC are too weak for many listeners 
to perceive, especially those categorised as un-trained 
[14]. 

3.1.7 Listener Task  2 
Subjects were asked to choose a preference between 
the louder loudness normalised mastered version and 
the softer attenuated un-mastered version which 

represents the innate loudness differential caused by 
the DRC process. Each of the seven genres were 
presented individually with the same pair repeated 
only once because it was considered that the 
difference between stimuli would be very obvious 
due to the significant change in perceived loudness 
(approximately 10dB in signal level) and evaluation 
of choice proportions were considered unnecessary. 
 

4 Results 
The analysis was carried out using IBM SPSS and 
SAS JMP Statistical software, supervised by the 
University of Newcastle Statistical Services. 

4.1   Listener Preference Task 1 
 

 

Figure 2: Summed preferences illustrating choice 
proportions (%), skewness towards non-compressed 

stimuli (red line) and interquartile range (top). A median 
response of 2 out of 5 choice proportions is reported. 

 
Choice proportions are represented in the following 
analysis as ranging from: (0) - indicating subjects 
chose the uncompressed stimuli 5 out of a possible 5 
pairwise comparisons; to (5) indicating subjects 
chose the compressed stimuli 5 out of a possible 5 
pairwise comparisons, for each genre. Therefore, a 
score of (0) or (5) indicates that subjects were very 
consistent with preference response, were most likely 
able to discriminate between the stimuli pairs and 
made a meaningful choice of stimuli for the given 
genre. Alternatively, scores of (1) to (4) indicate 
inconsistency of preference choices for stimuli pairs 
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and in particular, scores of (2) and (3) suggest the 
subjects were unable to discriminate between stimuli 
and were guessing. As no genre presented a 
statistically significant consensus for either the un-
compressed or compressed stimuli, an analysis of 
groups within the sample of subjects and stimuli sets 
was necessary. Summed preferences were analyzed 
for goodness-of-fit via a Shapiro-Wilk test (p = 
0.0001), indicating that the data was not from a 
normal distribution and skewed towards the non-
compressed stimuli; skewness = 0.1115, median of 
(2) (Figure 2). 

4.1.1 Choices as a Function of Genre 
A one-way analysis of preferences by genre indicated 
significant difference between genres (p = 0.0016). 
This confirms 𝐻" that genre would have a significant 
influence on preferences (as per the findings of 
previous research studies). A non-parametric 
comparison of all pairs using the Steel-Dwass Method 
identified differences between classical compared to 
urban, jazz and dance: Urban/Classical, p = 0.0220; 
Jazz/classical, p = 0.0085; Dance/classical, p = 
0.0025. No other comparison of genres indicated any 
difference. Interestingly, subjects most preferred 
hyper-compression on the control genre classical, and 
less on Urban which is generally found to be 
significantly hyper-compressed (Figures 3 & 4). 
Although this overall result is consistent with 
previous studies, the results for individual genres (i.e. 
classical and urban) is not. 
 
 

 

Figure 3: Interquartile ranges of preferences per genre. 
The blue line represents the medians. A significant 

difference in responses is found only between classical 
compared to urban, dance (EDM) and jazz. 

 

Figure 4: Choice proportions (%) of subject preferences 
per genre. 

4.1.2 Choices as a Function of Subject Group 
A one-way analysis of preferences by subject group 
indicated a significant difference between these 
groups (p = 0.0013), rejecting 𝐻" that due to the 
similar nature of the songs, recorded by the same 
artist and from the same recording session that 
preference choices would be similar (Figure 5). A 
significant difference in responses was found 
between the two experiment subject groups. Subject 
group one preferred less compressed overall than 
subject group 2. 

 

Figure 5: Interquartile ranges (left) and choice proportions 
of preferences (%) (right) as a function of subject groups 

(presented with different but similar songs from each 
genre). The blue line represents the median. A significant 

difference in responses was found between subject groups. 

 
To ascertain what constituted this difference required 
further analysis. Non-parametric regression models 
of ranked average responses compared to the main 
variables were undertaken. The results indicated that 
genre, age, gender and training had influence on 
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preferences. A non-parametric regression model of all 
groups considered to have influence was undertaken: 
analysis of variance, p = 0.001; Summary of fit, 
RSquare  = 0.059206. The genre classical presented 
the greatest influence (p = 0.0011) of the genres, and 
pop the least (p = 0.9087).  
 
All things taken into consideration, the variables 
mentioned here only constitute a relatively small 
influence on the difference between subject groups 
(5.9%), indicating there are much greater factors at 
play that are not included in this analysis. 

4.1.3 Choices as a Function of Training 
A one-way analysis of preferences by training 
indicated a significant difference between these 
groups (p = 0.0333), confirming 𝐻"  that trained 
listeners would be able to discriminate better than 
untrained listeners (as per the findings of previous 
research studies) and prefer the un-compressed 
stimuli over the compressed (Figure 6). The 
experiment subjects identified as ‘trained’ preferred 
less compression. This result is consistent with 
previous studies. 
 

 

Figure 6: Interquartile ranges (left) and choice proportions 
of preferences (%)(right) as a function of musical training. 

The blue line represents the medians. There was a 
significant difference in responses found between these 

groups. Trained subjects preferred less compression. 

4.2   Listener Preference Task 2 
Frequency of choices between the louder mastered 
and the softer un-mastered stimuli was 79.1% to 
20.9% respectively, initially indicating that 
preferences were not random and subjects preferred 

the louder stimulus (Figure 7). Subject groups, genre 
and training groups were further analysed. 
 

 

Figure 7: Summed responses for listening task 4 indicating 
that participants preferred the louder hyper-compressed 

stimuli 79.1% to 20.9% respectively. 

4.2.1 Choices as a Function of Genre 
The assumptions of a Pearson Chi Square test were 
met: a value of 24.198; degrees of freedom = 6; P = 
0.000. This confirms 𝐻"  that musical genre would 
have an influence on preferences (Table 2). Genre 
was found to have a significant influence on subject 
preferences. Furthermore, preference for all control 
genres (classical, jazz and acoustic) for the softer 
stimuli was marginally greater than for the popular 
music genres (dance, rock, urban and pop) which was 
expected. 
 
 

 Preference for loudness 
Genre Soft Loud 

Acoustic 38% 62% 
Classical 30% 70% 

Dance 12% 88% 
Jazz 30% 70% 
Pop 14% 86% 

Rock 14% 86% 
Urban 20.9% 79.1% 

Table 2: Percentage of preference choices between genres. 
Genre was found to have a significant influence on subject 

preferences. 

4.2.2 Choices as a Function of Subject 
Groups 

The assumptions of a Pearson Chi Square test were 
met: a value of .848; degrees of freedom = 1; P = 
0.367. This confirms 𝐻" that due to the similar nature 
of the songs, recorded by the same artist and from the 
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same recording session that preferences would be 
similar (Table 3). No significant difference was found 
between subject groups. 
 

 Preference for loudness 
Subject Group Soft Loud 
Group 1/song A 18.9% 81.1% 
Group 2/song B 22.9% 77.1% 

Table 3: Percentage of preference choices between subject 
groups. No significant difference was found between 

subject groups and songs. 

4.2.3 Choices as a Function of Training 
The assumptions of a Pearson Chi Square test were 
met: a value of 1.058; degrees of freedom = 1; P = 
0.304. This rejects 𝐻"  that training would have an 
influence on preferences (Table 4). No significant 
difference was found between trained or untrained 
subjects. 
 

 Preference for loudness 
Training Soft Loud 

Un-trained 23.4% 76.6% 
Trained 18.9% 81.1% 

 
Table 4: Percentages of preference choices between 

trained and un-trained listeners. No significant difference 
was found between trained or untrained subjects. 

 

5 Conclusion and Discussion 
The results reported in listener preference task 1 
indicated that listeners most likely experienced 
difficulty in discriminating the relatively weak 
perceptual cues of the DRC process and therefore had 
difficulty in reaching any compelling consensus for 
either loudness normalised hyper-compressed or non-
compressed music. This result was most likely 
exacerbated by the ecologically valid methods 
employed which included the processing of stimuli 
where the hyper-compression process was 
deliberately made to be as transparent as possible in 
accordance with professional mastering practice. This 
result in particular correlates well with [17] where 
pairwise comparisons were made between original 
and re-mastered versions of well-known artists. The  
highest increase in compression reported in this study 
was Michael Jackson’s Billie Jean at 7.10dB. 
Therefore, the results reported herein in this instance 

are not surprising when taking into consideration 
previous research that have extensively outlined this 
phenomena [for example see: 14, 17]. Despite 
indications in the results reported that trained listeners 
were better equipped to discriminate which also 
correlates well with previous studies, the choice 
proportions reported indicate  preferences being more 
of a random nature overall. From this, it could be 
argued that the subjects in general were either 
guessing or relying on other factors apart from the 
perceptual cues of DRC in their decision making 
strategy. Also confirming this assumption was the 
significant difference between subject groups which 
suggests that the results could not be generalised to a 
broader population sample and not repeatable. 
Furthermore, as different but very similar songs from 
each genre were presented to each subject group, the 
results cannot seemingly be generalised to other 
songs from within the same genre either. 
Confounding this even further was the control genre 
classical in which hyper-compression could be 
considered culturally invalid, reported the highest 
preference of all genres for hyper-compression. 
 
The results of listener preference task 2, however, 
were far more conclusive indicating a significant 
consensus for the perceptually louder hyper-
compressed music with no differences between 
subject groups, songs and training. As opposed to 
listener preference task 1, differences between genres 
were noticeably disseminated on the correct premise 
of cultural basis. These results point to a well-founded 
assumption that the results could be generalised to a 
larger population sample and most likely repeatable. 
It could therefore be argued that loudness as a 
perceptual attribute, and the ‘louder is better’ 
paradigm as a phenomena, can indeed play a 
significant role in influencing listener preference if 
the two listener preference tasks are to be directly 
compared. 
As a point of difference to all other studies in this 
area, examining the ‘louder is better’ paradigm 
further highlights the important point that in the 
absence of a strong perceptual attribute such as 
loudness, the weaker perceptual cues of DRC may 
simply not be as easily recognised. It is also important 
to take into account the multi-dimensional nature of 
music. This combined with the arguably weak and 
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multifarious nature of the perceptual cues of DRC in 
general, it is suggested that listeners use myriad other 
abstract cognitive structures to form their decision-
making strategy. Therefore, it brings into question 
whether singularly seeking objective answers to 
highly subjective and abstract responses in this 
instance is the most effective way to investigate 
listener preferences concerning hyper-compression. 
As Blauert and Jekosch suggest, methods that 
highlight the communicative aspect of this kind of 
cognitive abstraction may be necessary [26]. 
Therefore, it could be argued that qualitative 
methodology in conjunction with quantitative – 
commonly known as a “multi-strategy design” (see 
for example: [27, pp. 161-172] - may help explain 
these abstract cognitive processes used in making 
preferences with regards to hyper-compression. 
Exactly what choice of methods could be employed 
would need careful consideration and requires further 
investigation. 
 
There are two other very relevant points that could be 
extrapolated from this research study which are 
relevant to the issue of the Loudness War. The first is 
related to listener preference task 1 concerning the 
difficulty of listeners to discriminate ecologically 
valid magnitudes of compression when the music 
under question is loudness normalised. This would 
suggest that regardless of whether music recordings 
have been hyper-compressed or not, the average 
consumer is unlikely to perceive any substantial 
difference in this instance. This is particularly 
relevant considering that loudness normalised music 
streaming services are rapidly becoming the 
dominant form of music delivery [28]. It therefore 
presents a compelling argument that there is possibly 
no direct benefit in hyper-compressing recordings 
due to the removal of the “louder is better” paradigm 
or loudness bias. If the average listener is unable to 
discriminate between a hyper-compressed or non-
compressed recording, then justifications for the use 
of hyper-compression should possibly retreat to those 
only concerning aesthetic decisions. 
 
Secondly, in contrast to listener preference task 1, it 
could be argued that subjects were significantly 
influenced by loudness as a dominant perceptual 
attribute. This suggests that the “louder is better” 

paradigm as such has a tangible influence on 
preferences. The level differential reported was 
approximately 10dB, so we can assume this is 
adequate for loudness to have a distinct influence on 
listener preferences. It would be logical to assume 
that below 10dB, preferences would gradually return 
to that of more random inconclusive nature as that 
reported in listener preference task 1. At what specific 
level increase that this influence on preferences starts 
to take effect is unknown and therefore it is 
recommended that further research is required on this 
issue. It is suggested that this type of research may be 
of significant value in deterring those in record 
production from using excessive hyper-compression 
that causes significant signal degradation for reasons 
that are known to have no credible influence on 
listener preference. Put simply, a small increase in 
loudness may not be enough to have any influence on 
listener preference. The commonly held belief by 
some in record production that an extra 1-3dB louder 
than other already hyper-compressed music will 
make a difference to listener responses may be 
unfounded and will only lead to needless degradation 
of both the signal quality and musicality. 
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