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This paper presents the practitioners’ perspective on mixing popular music in spatial audio,
particularly Dolby Atmos and the binaural mixes generated by the Dolby and Apple renderers.
It presents the results of a dual-stage study, which utilized focus groups with eight professional
music producers and a questionnaire completed by 140 practitioners. Analysis revealed the
continued influence of stereo approaches on mix engineers, partly due to its historical dom-
inance as a production platform and consumers’ continued use of headphones. It was also
found that core elements of popular music productions, such as snare drums, tom-tom drums,
kick drums, bass guitars, main guitars, and vocals, were less likely to have binaural processing
applied compared with other sources. It was also shown there were perceived differences in the
suitability of spatial audio mixing for specific genres, with electronic dance music, jazz, pop,
classical, and world music rated as the most suitable. Regarding the binaural renderers, there
was less user satisfaction with the Apple device compared with Dolby’s, and this dissatisfaction
manifested mainly in the need for more user control. Finally, mix engineers were very aware of
the importance of their mixes translating to smaller speaker systems and headphone playback,
in particular.

0 INTRODUCTION

Despite being used in cinema and academic music com-
position for many years, spatial audio, and in particular
Dolby Atmos and binaural versions of Atmos mixes ren-
dered by the Dolby and Apple renderers, have only recently
been embraced by the music industry as a viable play-
back format for popular music [1, 2]. The slow adoption
of spatial audio by the music industry may be due to the
challenges faced by Quadraphonic sound and 5.1 surround
in the past, particularly regarding compatibility issues and
speaker setups, which could have been more practical for
many domestic listeners [3]. Furthermore, the rise of mp3
files during the early 2000s and the inclusion of music
player apps in mobile phones in the mid 2000s shifted the
focus further away from all forms of loudspeaker playback
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for the typical music consumer. Given this newfound inter-
est in spatial audio, the present study explores the impact
of spatial audio music production on the work of profes-
sional mix engineers. Thus, a questionnaire was developed
and circulated among professional mix engineers to under-
stand their approaches to mixing, their workflow, and any
perceived limitations with the current commercial systems.

To date, spatial audio research in music production has
predominantly focused on acoustic recordings and psychoa-
coustics, and this is shown in the selected works cited here
[4–13]. It is worth noting that these studies encompass a
broad spectrum of spatial audio formats and are not exclu-
sively limited to Dolby Atmos mixes. Literature specifically
on spatial audio in popular music production is minimal,
with only a few studies identified during the review. Of note
is the work by Lawrence [14] that provides an overview of
formats, tools, and workflows for immersive audio produc-
tion and highlights the benefits and opportunities of using
height channels, multiple loudspeaker arrays, and binaural
headphone applications.
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Malecki et al. [15] conducted a case study of mixing
electronic dance music (EDM) by creating an Amibsonics
remix and binaural rendered version of a stereo produc-
tion. Their findings highlighted how the spatial mixes dif-
fered not only in terms of the spatial attributes of the mix
but also in the timbral presentation and dynamics. On a
similar theme, Barboza et al. [16] highlighted the creative
use of spatial audio in a Brazilian music production that
was remixed using third-order Ambisonics, and their re-
sults showcased best practices in positioning sound sources
in space.

Sotgiu et al. [17] explored the listener’s preference and
sense of presence between stereophonic and binaural music
and noted that a lack of standards in mixing practice was one
of the challenges highlighted in their results (something the
current study hopes to address). Finally, Abehsera Morell
and Lee [18] discovered through a listening experiment
that binaural processing on all musical sources in popular
music mixes did not enhance immersion for the end listener.
Of particular interest is that they noted the optimal use of
binaural processing may depend on the music genre (again,
something this current study hopes to address).

As can be seen, to the best of the authors’ knowledge, the
current literature, particularly regarding popular music in
spatial audio, could be much more extensive. To address this
gap, the present study will investigate spatial audio through
the lens of experienced mix engineers to better understand
their needs, preferences, and approaches to popular mu-
sic production in spatial audio, specifically Dolby Atmos
and binauralized mixes. This approach will likely identify
potential enhancements in spatial audio technology and mu-
sic production workflow to ensure that advancements in the
field align with mix engineers’ practical needs and creative
aspirations and ultimately result in better-quality spatial
audio music productions for the consumer.

The paper adheres to the following structure. Firstly,
it explores the initial steps in developing a questionnaire,
which is a netnographic study, followed by an analysis of
focus group discussions (FGDs). Next, five hypotheses re-
lated to the literature review, netnographic study, and focus
groups are presented to the reader. The paper then discusses
the construction of the primary research tool, a question-
naire, to detail its design and sampling and distribution
methods. In the final sections, the questionnaire results are
presented and discussed by exploring them as they pertain
to the five hypotheses. As can be seen, the paper is struc-
tured so the reader can map the development of the study
and easily make associations between each attribute of the
work.

1 NETNOGRAPHIC STUDY

In preparation for the focus groups, a short netnographic
study was conducted to gather information from online
sources discussing spatial audio music production. This
was necessary because the existing literature on spatial au-
dio in popular music production and spatial audio music
production was limited, and additional research was needed
to develop the questionnaire. The findings from the netno-

graphic study informed the conceptual framework for the
upcoming focus groups with professionals.

The study explored online material from the popular mu-
sic production forum Gearspace [19] and video interviews
with music producers engaging in spatial audio production
[20–22]. Netnographic techniques have been used previ-
ously in music production studies [23–25], and netnography
is a valuable method when the discourse of a particular area
is mainly active within online communities. However, as is
the case with the present study, netnography is often used
as part of a more extensive study [26] and in this instance
was used as the “front end” for the questionnaire’s develop-
ment, offering an unintrusive and immediate way to get a
feel for the practitioners’ perspective. The material was ex-
plored for patterns and themes using thematic analysis and
elements of grounded theory. In this inductive qualitative
method, a theory emerges from observations made during
the coding process [27]. The use of grounded theory and
related thematic analysis can be found in related literature
[28–30], and the coding process used in the present study
is described in detail in previous work [23]. The qualitative
software NVivo was used for textual coding.

Emerging from the coding, the following five themes
were identified:

• Translation and Playback: Specifically how Dolby
Atmos decodes and stereo compatibility.

• The Perceived Quality of Spatial Audio Mixes: In-
cluding both original Atmos and its binaurally ren-
dered versions.

• Approaches to Production and Mixing: Specifi-
cally the technical aspects of producing a mix as
well as creative decisions, particularly the use of
height channels and stems

• Technical Requirements: Pertaining to speaker
configurations and audio levels for mastering Atmos
mixes.

• Music Business Related: In particular, conversa-
tions around fees, probing whether spatial audio in
music production is on the cusp of becoming a signif-
icant trend or another element of marketing trickery.

The analysis from this study and the review of relevant
spatial audio literature informed the development of the
next stage, a series of focus groups with professional mix
engineers.

2 FOCUS GROUP DISCUSSIONS

Three FGD sessions were conducted that followed a
semi-structured interview approach [31]. The discussions
included the practitioners Andrew Scheps, Hans-Martin
Buff, Adrian Hall, Nuno Fernandes, Mike Exeter, Gary
Bromham, Phil Harding, and Lachlan Goold. All partic-
ipants had over 20 years of mixing experience; the ma-
jority had direct experience of mixing Atmos, while the
rest expressed a keen interest in this area. The authors of
this paper also contributed to the discussions to keep the
sessions focused and provide underpinning academic the-
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Table 1. Focus Group 1 themes and subthemes.

Production and Mixing Binaural Playback Music Business

Use of Height Speakers Renderer Quality Mix Approval
Use of Rear Speakers Binauralizing Music Sources Back Catalogue Mixes
Stem Mixing Binaural Plugins as Creative Processors
The Impact of Genre on Mixing Head Tracking
The Role of Mastering
Relevancy of Stereo Mixing Techniques

ory, particularly on psychoacoustics. The FGDs followed
a semi-structured interview format, with topics from the
literature review, netnographic study, and the authors’ prior
knowledge of the subject. Audio recordings of the sessions
were made, transcribed to text, and explored using the same
method as described previously.

In the third and final session, the results of the previous
two sessions, which are presented below, were shown to the
practitioners and shared via email to those who could not
attend. The purpose was to get the participants’ approval
that the key areas of conversation had been captured in the
thematic analysis and were indeed the salient areas in spa-
tial audio music production. Developing questions through
interaction with the end user is a similar method used by
Zattra and Donin [32] and is beneficial when academic
literature is limited. All the participants approved that the
analysis of the results accurately represented the FGDs.

2.1 Results of FGD 1
During the first FGD, the three core themes of discus-

sion were production and mixing (75% of the discussion),
binaural playback (21% of the discussion), and business
considerations (4% of the discussion). Table 1 shows the
core themes with their associated subthemes.

The use of height and rear speakers was discussed, par-
ticularly regarding the perceptual effects and instrument
choices. The general feeling was that not all instruments
should be placed outside of the traditional stereo field and
that there was perhaps an over expectation of what the
height channels could afford the mixer. A typical approach,
if appropriate for the mix, was to use the height channels
for ambience and space and distribute layered recordings
(pairs of double musical sources, for example) around the
height and rear channels.

Stem mixing emerged as an important topic, with mix
engineers noting many spatial productions involved using
preprocessed stems from the original stereo mix; this in
turn led to the theme around how stereo mixing techniques
are used in spatial mixes and if changes in mixing approach
is necessary.

The role of mastering was introduced because at the time
it was unclear to the participants how the spatial mixes were
to be mastered; within this subtheme, there was debate
around loudness unit levels and how they differed from
stereo.

Additionally, the influence of music genres, especially
regarding the creative possibilities in spatial audio mix-
ing, was examined. It emerged that electronic music styles

are more conducive to creative spatial mixing compared
to traditional rock and pop band formats. Notably, these
observations primarily relate to music productions orig-
inally intended for stereo reproduction. However, it was
acknowledged that productions designed for spatial audio
from inception could present a different paradigm.

The sound quality of the binaural renderers was an im-
portant theme, with participants not being satisfied with the
overall timbral and spatial quality. Connected to this was
the subtheme headtracking and the role this may play on
the perceived quality of localization in binaurally rendered
mixes. A related subtheme was the perceptual impact of
binaraulizing instruments, and the general opinion was not
to binarualize key elements in pop/rock mixes such as the
vocals, snare drums, bass drums, or bass instruments. It was
felt that binaural rendering resulted in these sources losing
impact and transient detail, which from a stereo mixing per-
spective is important. In fact, this idea is important because
there was a general feeling over all FGDs that the spatial
audio mixes should be an enhanced stereo mix; the terms
“stereo plus” and “a larger version of stere” were used by
the participants.

The discussion briefly explored the innovative use of bin-
aural plugins in audio mixing. One participant highlighted
their use of these tools, emphasizing that they serve not
only for spatial audio rendering but also as creative aids in
the mix. This approach allows for the addition of unique
spatial dimensions and artistic effects, enriching the overall
sound in music production.

Regarding business considerations, there was talk around
mix approval from labels, particularly artists; dislike of bin-
aural mixes. There were also comments regarding mixes of
back catalogue material and how they constituted a signifi-
cant portion of one mixer’s work; therefore, they noted that
the original stereo mixes were still held as the benchmarks
of success when comparing the spatial mix.

2.2 Results of FGD 2
The themes emerging from the second FGD session in-

cluded once again binaural playback (48% of the discus-
sion), production and mixing (43% of the discussion), and
business considerations (9% of the discussion). However,
as can been seen in Table 2, the proportion of time spent on
each topic shifted from the first FGD.

From the production and mixing theme, discussions
surrounded the use of typical stereo mix bus processing
techniques [stereo compressors, limiters, stereo equaliza-
tion (EQ)] and their suitability in spatial audio mixing.
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Table 2. Focus Group 2 themes and subthemes.

Production and Mixing Binaural Playback Music Business

Mix Buss Processing Virtual Reality and Binaural Mix Approval
The Role of Mastering Room Divergence Effect
Mixing with Headphones Headtracking
Speaker Configurations Renderer Quality
Mix Translation Renderer Control
Creative Approaches to Atmos
Spatial Mix versus Stereo Mix

Mix translation involved a conversation around how mixes
would translate onto other systems, and mixing with head-
phones concerned the issue of whether spatial mixes could
be completed almost entirely over headphones and if those
mixes would translate appropriately over speaker systems.
The spatial mix from stereo mix theme centered around
the issue of trying to match the original stereo mix sound
quality as a starting point for the spatial mix; the motiva-
tion for this being to provide a familiar audio experience
for the listener, so their expectations were managed. This
led to a conversation about creativity in spatial mixes and
how sounds could be positioned and processed without af-
fecting the musical intentions of the production, which is
usually conceived in stereo. From the binaural playback
theme, limitations of the current binaural renderers (Dolby
and Apple) were again discussed at length, encompassing
issues regarding the accuracy of localization and external-
ization.

2.3 Focus Group Consensus
In the third and final focus group meeting, the combined

results of the previous two sessions were shown to the prac-
titioners and shared via email to those who could not attend.
The purpose was to get the participants’ approval that the
key areas of conversation had been captured in the thematic
analysis and were indeed the salient areas in spatial audio
music production. Developing questions through interac-
tion with the end user has been used in previous studies
[32] and is beneficial when academic literature is limited.
All the participants were happy with the analysis of the
results and approved that they accurately represented the
FGDs.

3 DEVELOPMENT OF CONSTRUCTS AND
HYPOTHESES

The results from the review of literature, netnographic
study, and FGDs led to the creation of seven constructs,
speaker configurations, mix translation, mix creativity,
renderer quality, renderer control, adherence to stereo
conventions, and genre suitability. These constructs were
the basis for the development of the following hypotheses
for the survey conducted.

• Hypothesis 1: When working in spatial audio, mix-
ers tend to not binauralize elements that would typi-
cally be presented as a phantom center image.

• Hypothesis 2: Spatial audio suitability varies among
music genres, influenced by their technical charac-
teristics and consumer expectation.

• Hypothesis 3: Mix engineers have a negative opin-
ion of the current binaural renderers. Furthermore,
there is a difference in perceived sound quality be-
tween the two most common renders in music pro-
duction, the Dolby and Apple renderers.

• Hypothesis 4: Mix engineers adopt different ap-
proaches to audio processing when mixing in spatial
audio.

• Hypothesis 5: Mix engineers are concerned with
how their spatial mix will translate over smaller loud-
speaker systems and headphones.

4 SURVEY

The following sections describe the questionnaire and
sampling method used for the survey, and they present and
discuss the results of the survey thematically. For each hy-
pothesis, an overview of the results is presented and, where
appropriate, statistically analyzed. Finally, the results are
discussed, relative to the themes and hypotheses that were
drawn from the two focus groups.

4.1 Questionnaire
Table 6 shows the questionnaire used for the survey. The

majority of the items were developed around the seven
constructs and five hypotheses detailed above. Additional
related questions were also included for use in a future
study.

4.2 Sampling Method
To distribute the questionnaire, the authors used judge-

ment sampling [33] and contacted mix engineers within
their professional and academic networks who were cur-
rently working in spatial audio. Several engineers passed
the questionnaire on to their contacts, utilizing snowball
sampling. Additionally, professionals were contacted di-
rected by email through the Dolby Atmos music studio
list, a resource collated by Dolby that included 552 Dolby
Atmos–equipped professional studios. All 552 studios were
contacted from this list. Finally, links to the questionnaire
were posted on social media and internet forums, but the
uptake from this method was much lower than the direct
email approach.
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Table 3. Age group of
respondents.

Age Group n

18–24 3
25–34 15
35–44 20
45–54 37
55–64 20
Prefer not to say 5

4.3 Demographics
A total of 259 practitioners engaged with the survey,

with a completion rate of 54% (n = 140). The majority
of respondents were male. Table 3 presents the age groups
of the respondents and shows that over one third of the
participants were aged between 45 and 54. Over 80% of
the respondents had over 10 years experience of producing
music. Of the respondents, 67% reported having produced
over 20 Atmos mixes. These results support the view that
the questionnaire was successful in recruiting professional
music producers who were experienced in spatial audio–
based music production.

4.4 Results From Hypothesis 1
To explore the hypothesis that when working in spatial

audio, mixers tend to not binauralize elements that would
typically be presented as a phantom center image, the re-
spondents were asked to assess the propensity to binauralize
a range of musical sources typically found in popular mu-
sic productions using a five-point Likert scale (1: Never, 2:
Rarely, 3: Sometimes 4: Often, 5: Always).

The musical sources that are typically presented as a
phantom center image include kick drum, bass instrument,
snare drum, and lead vocal. Arguably these four sources can
also be considered as the principal elements in any given
popular music production. Therefore, it was hypothesized
that these four “core” sources would deviate the least from
conventional stereo mixing practice compared with other
musical sources typically used in popular music production.
The null hypothesis was that all musical sources had an
equal propensity for binauralization.

Fig. 1 presents the results for this question as a bar chart.
Because a five-point Likert scale was used, the median
ratings for each musical source are presented. Due to the
ordinal nature of the data, a test for normality was not per-
formed. Subsequently, a nonparametric Friedman test was
conducted to assess whether there were significant differ-
ences in the distribution of ratings between the musical
sources. There was a statistically significant difference be-
tween the musical sources’ ratings, χ2(19) = 397.81, p >

0.05, meaning the null hypothesis could be rejected. Pair-
wise comparisons of the musical sources assessed were per-
formed with a Bonferroni adjustment. Table 4 presents an
overview of the statistically significant differences. These
results show that the snare drum, tom drum, kick drum,
bass guitar, main guitar, and vocal sources are less likely to
be binauralized compared with the other sources assessed.

With the addition of the tom drum and main guitars, this
supports the view that the most important musical sources
in a popular music production mix are less likely to deviate
from standard stereo positioning compared with other, less
important sources.

In terms of binauralization, it is likely that the engineer
would not want to add any additional ambience to the kick
drum and bass instrument because both sources are low
frequency dominant and provide a foundation to the mix.
Arguably, this is also true for the snare drum because ad-
ditional ambience may detract from the impact of careful
designed reverb treatment by the mix engineer. Similarly,
the vocals are typically the most important track in a pop-
ular music mix and are also likely to have genre-specific,
time-based effects already applied. The result for main gui-
tars and tom drums is interesting because these two sources
were not specifically identified by the focus group partici-
pants as being musical sources that should be presented as
a phantom center image, due to the likelihood they would
be panned off-center. These results might be explained by
a desire to preserve the transient detail, which is an impor-
tant attribute in modern articulate guitar tones and impactful
drums.

4.5 Results From Hypothesis 2
A series of questions was posed to explore the hypothesis

that certain genres are more suited to spatial formats than
other genres. The null hypothesis was that all popular music
genres are equally suited to spatial formats.

Firstly, the respondents were asked to rate the suitability
of a range of musical genres for Atmos and binaural play-
back, respectively, using a continuous scale in two separate
questions. The continuous scale featured a label at either
end (0: Very Unsuitable; 100: Very Suitable) and no ad-
ditional markings. The raw genre ratings’ responses were
normalized per participant to afford a relative comparison
of genre suitability between the respondents. A total of 26
respondents rated all genres 100% suitable for Atmos play-
back, and 16 respondents rated all genres 100% suitable for
binaural playback. To preserve this equally positive senti-
ment, in these instances, the normalized value was 1. Fig. 2
presents the mean normalized suitability ratings for all gen-
res assessed as a bar chart with 95% confidence intervals.

For five of the genres assessed (EDM, pop, jazz, clas-
sical, and world music), there were outliers present in the
data below the lower quartile. This suggests conflicting
opinions between the respondents. Given the subjective na-
ture of the question, the outliers were not removed prior
to statistical analysis using a repeated measures one-way
ANOVA. A Shapiro-Wilk test showed that normality was
violated for all 13 genres (p < 0.05). Between the direction
of skew was inconsistent between genres, the data was not
transformed prior to analysis. Mauchly’s test of sphericity
indicated sphericity had been violated, χ2(77) = 248.887, p
< 0.001. Epsilon (ε) was 0.636, and was used to correct the
one-way repeated measures ANOVA. There was a statisti-
cally significant difference in normalized Atmos suitability
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Table 5. Overview of the significantly different genre ratings for Atmos (�) and binaural (�) formats from post hoc analysis.
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Rock � � � � � � � � � � � � � �

Pop � � � � � � � � � �

Metal � � � � � � � � � � � � � � � � � �

Hip-Hop � � � �

RnB/Soul � � � �

Jazz � � � � � �

Folk � � � �

Alt Rock � � � � � �

Country � � � �

Latin
Classical
World Music

Table 6. List of questions.

Question Response Method Hypothesis

How frequently do you use the binaural settings (near, mid, and far) for the following
instruments in a mix?

5-point uniploar scale 1

Move the sliders to rate the suitability of each genre for a Binaural rendered mix. 100-point continuous scale 2
Move the sliders to rate the suitability of each genre for an Atmos mix rendered mix. 100-point continuous scale 2
An Atmos mix should be clearly derived from and an extension of the original stereo mix. 5-point bipolar scale 2
An Atmos mix should be completely new and only use aspect of the stereo mix unless

absolutely necessary.
5-point bipolar scale 2

Please provide a comment to justify your rating. Text box 3
How satisfied are you with the spatial quality of the Dolby Binaural Renderer? 5-point bipolar 3
Please provide a comment to justify your rating. Text box 3
Briefly list the strengths and weaknesses of the Dolby Binaural Renderer. Text box 3
How satisfied are you with the tonal quality of the Apple Binaural Renderer? 5-point bipolar scale 3
Please provide a comment to justify your rating. Text box 3
How satisfied are you with the spatial quality of the Apple Binaural Renderer? 5-point bipolar 3
Please provide a comment to justify your rating. Text box 3
How satisfied are you with the tonal quality of the Dolby Binaural Renderer? 5-point bipolar style 3
How frequently do you create an Atmos mix from preprocessed stems derived from a

stereo mix?
5-point unipolar scale 4

How frequently do you create an Atmos mix from a raw multitrack, i.e., not from
preprocessed stems?

5-point unipolar scale 4

I have to do less processing to make things “fit” (EQ, compression, limiting, gating, etc.)
when creating an Atmos mix compared with a stereo mix.

5-point bipolar scale 4

Compared to mixing in stereo, I use mix bus processing in a similar way when mixing in
Atmos.

5-point bipolar scale 4

Compared to mixing in stereo, I use EQ in a similar way when mixing in Atmos. 5-point bipolar scale 4
How often do you position the following audio sources above the listener? 5-point uniploar scale 4
How often do you position the following audio sources behind the listener? 5-point uniploar scale 4
When creating an Atmos mix, I first create a stereo mix and then spread out audio

elements to other locations.
5-point unipolar scale 4

What is your current Atmos mixing configuration? Single choice 5
How important is it for you to check your Atmos mix over a playback system involving a

greater number of speakers than your main mix room?
5-point unipolar scale 5

How important is it for you to check your Atmos mix over a playback system involving a
lesser number of speakers than your main mix room?

5-point unipolar scale 5

How important is it that the consumer has a personalized Head-Related Transfer
Function (HRTF)?

5-point unipolar scale 5

Will head tracking have a negative or positive impact on your mix when listened to by
the consumer?

5-point uniploar scale 5

How important it is that your mix translates on the following playback systems? 5-point unipolar scale 5
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Fig. 1. Bar chart showing the median ratings for the three questions that considered the frequency with which the respondents spatialized
a range of musical sources typically found in popular music mixes. The median ratings for all three questions that consider the propensity
for musical sources to be spatialized are presented together for ease of comparison.

ratings between the genres, F(7.632, 717.454) = 27.308, p
< 0.001.

The post hoc tests show that the respondents deemed
EDM, pop, jazz, classical, and world music as the genres
most suited to the Atmos format compared with the other
genres assessed. Rock, metal, and alt rock were deemed the
least suited to the Atmos format.

The normalized suitability genre ratings for the binaural
renderer also shows outliers below the lower quartile for the
genres EDM, pop, jazz, classical, and world music genres.
A Shapiro-Wilk test showed that normality was violated for
all 13 genres (p < 0.05). Because the direction of skew was
inconsistent between genres, the data were not transformed
prior to analysis. Mauchly’s test of sphericity indicated
sphericity had been violated, X2(77) = 237.251, p < 0.001.

A repeated measures one-way ANOVA was conducted
to statistically assess differences in the genre suitability
ratings. Epsilon (ε) was 0.656, as calculated according to
Greenhouse and Geisser, and was used to correct the one-
way repeated measures ANOVA. There was a statistically
significant difference in normalized binaural suitability rat-
ings between the genres, F(7.874, 708.674) = 29.076, p
< 0.001. Table 5 presents an overview of the statistically
significant differences between the genre ratings. Again,
these results show that the EDM, pop, classical, and world

music genres were most suitable, and the rock-derived gen-
res were least suitable for binaural formats, relative to the
genres assessed.

These results confirm the null hypothesis could be re-
jected for both playback formats. It is likely that the respon-
dents were basing their suitability ratings for the two spatial
formats on songs that typify the genre. Specific songs and
subgenres within each category may be more or less suited
to this immersive format, and therefore, the discussion of
these results generalize based on typical characteristics of
each genre. EDM and pop genres are arguably more suit-
able for spatial formats because they are more synthetic in
timbre and include extensive use of effects processing and
features such as “risers” and “drops.” In contrast, mixes in
the classical and world music genres recreate a live per-
formance of acoustic instruments in a real-world acoustic
space, a goal that lends itself to spatial formats. The neg-
ative result for the rock and metal genres likely relates to
the perceived “heaviness” and “aggression” typified by this
style of music requiring a mix that is “up-front” and spa-
tially dry.

To explore the genre suitability hypothesis further, the
respondents were also asked to rate their agreement to two
statements for the same music genres using a five-point
Likert scale (1: Strongly Disagree, 2: Disagree, 3: Neither

Fig. 2. Bar chart of normalized genre suitability ratings for binaural and Atmos-rendered mixes presented with 95% confidence intervals.
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Agree nor Disagree, 4: Agree, 5: Strongly Agree). The two
statements were based on the opinions expressed in the two
FGDs:

1. An Atmos mix should be clearly derived from the
original stereo mix.

2. An Atmos mix should be completely new.

For both statements, most of the genres assessed show
a lack of consensus between the respondents, with around
40% of respondents selecting the neutral rating, 30% select-
ing the two highest agreement ratings, and 30% selecting
the two lowest agreement ratings. A Friedman test showed
that for both statements, there was a statistically signif-
icant difference in the distribution of agreement ratings
between the genres (Statement 1: X2(13) = 41.564, p <

0.001; Statement 2: X2(13) = 94.070, p < 0.001). Post hoc
pairwise comparisons were performed with a Bonferroni
adjustment for multiple comparisons. There was a signif-
icantly higher agreement rating that back catalogue mixes
should be clearly derived from the original stereo mix com-
pared with jazz (p = 0.008), classical (p = 0.015), world
music (p = 0.016), folk (p = 0.020), EDM (p = 0.024),
and Latin (p = 0.028).

It is likely that this opinion is because for all back cata-
logue mixes, there exists a stereo reference mix (the original
release). Therefore, this prior artefact is likely to provide
a reference upon which the spatial audio mix should be
based, which was a point raised during the FGDs.

Validating this assertion, when asked how frequently
their Atmos mixes are based on preprocessed stems de-
rived from a stereo mix, 64% of respondents selected the
two highest frequency ratings (4: Often, 5: Always). Com-
paratively, only 46% of respondents selected the two highest
frequency ratings when asked how often they created their
Atmos mixes from the raw multitrack. This supports the
view that if a stereo mix already exists, the spatial mixes
are likely to be based on this original artifact.

The post hoc tests for Statement 2 validate these results
further. There was a significantly higher agreement rating
that Atmos mixes for Latin (p = 0.037), jazz (p = 0.010),
EDM (p = 0.009), world music (p = 0.005), and classical
(p = 0.003) genres be completely new compared with back
catalogue mixes.

The post hoc results for Statement 2 also showed there
was a significantly higher agreement rating that classical
mixes be completely new compared with metal (p = 0.038)
and rock (p = 0.037).

Combined, these results support the view that some gen-
res are more suited to spatial audio formats than others.

4.6 Results From Hypothesis 3
The respondents were asked to rate their satisfaction us-

ing the Dolby and Apple renders in terms of tonal and
spatial quality and control using a five-point Likert scale
(1: Extremely Dissatisfied, 2: Dissatisfied, 3: Neither Sat-
isfied or Dissatisfied, 4: Satisfied, 5: Extremely Satisfied).
A summary of the responses is shown in Fig. 3.

Fig. 3. Bar chart of respondents satisfaction ratings for the Dolby
and Apple renderers.

For all three metrics assessed, the respondents are ≤24%
dissatisfied with the Dolby renderer and ≤61% dissatisfied
with the Apple renderer, with most dissatisfaction being
shown for the amount of user control offered by the Apple
renderer. It is worth noting that this is the only attribute
that received a majority dissatisfaction score. Thus, from
the percentage of agreement and disagreement, it cannot be
inferred that participants are dissatisfied with the renderers,
except regarding the control offered by the Apple render.

Participants selecting the two highest satisfaction rat-
ings for each of the three attributes suggests that they are
more satisfied with the Dolby renderer than the Apple ren-
derer. To assess this, a Wilcoxon Signed Ranks Test was
conducted for each of the three metrics. For tonal quality,
the two renders were rated comparably, with no significant
difference in the median ratings, z = –1.735, p = 0.083.
For spatial quality, the median rating for the Dolby ren-
derer (4.0) was significantly higher than the Apple renderer
(3.0), z = –1.970, p = 0.049. For control, the median rating
for the Dolby renderer (4.0) was significantly higher than
the Apple renderer (2.0), z = –4.653, p < 0.001. Therefore,
the authors can reject the null hypothesis for control and
spatial quality but not tonal quality.

For clarity, it should be noted that the terms tonal and tim-
bral quality were not explicitly defined in the questionnaire
because the authors assumed that this was common ver-
nacular among professional music producers. Future work
should ensure these terms are explicitly defined to remove
the potential for any ambiguity. Participants of the question-
naire expressed higher satisfaction with the Dolby renderer
compared with Apple’s, and their dissatisfaction was most
marked with the lack of control over the Apple renderer.

4.7 Results From Hypothesis 4
To explore the extent to which stereo mixing approaches

inform the creation of an Atmos mix, the respondents were
asked to assess the frequency with which they would first
create a stereo mix and then spread out the musical sources
to other locations when mixing in Atmos. When answering
this question, only 23% of respondents selected Never. In
contrast, 41% of respondents selected Often or Always.
This result suggests that stereo mixing approaches can be
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Fig. 4. Respondents’ agreement ratings to the four mix processing
statements considered.

considered influential in the initial formation of the Atmos
mix.

Four statements were posed to the respondents that con-
sidered different aspects of processing when mixing in At-
mos, compared with mixing in stereo. The respondents were
required to provide agreement ratings using a five-point
Likert scale (1: Strongly Disagree, 2: Disagree, 3: Neither
Agree nor Disagree, 4: Agree, 5: Strongly Agree). Fig. 4
presents the results for all four statements as stacked bar
charts.

The results show that, overall, the respondents believed
that they had to do less processing to make the instruments
fit when mixing in Atmos compared with stereo mixing.
When comparing approaches to processing, over half of
the respondents agreed that their approach to EQ process-
ing was similar when mixing in Atmos. There was less
consensus between the respondents when considering their
approach to dynamics and bus processing with around half
of the respondents disagreeing with the two statements and
only a third agreeing with these two statements. Future work
could explore the reasons for these differences in approach.

Additionally, participants were asked to rate how fre-
quently they would position a number of musical sources
above or behind the listener when mixing in Atmos. Fig. 1
shows the median rating for each musical source assessed.
A Friedman test was conducted to statistically assess dif-
ferences between the musical sources’ ratings (p < 0.05),
meaning the null hypothesis could be rejected.

Pairwise comparisons of the musical sources assessed
were performed with a Bonferroni adjustment (see Table 4).
The results of the pairwise comparisons show that the snare
drum, tom drum, kick drum, bass guitar, main guitar, and
vocal sources are less likely to be positioned above or be-
hind the listener compared with the other sources assessed.
Akin to the results presented in SEC. 4.4, this supports the
view that the most important musical sources in a popular
music production mix are less likely to deviate from stan-
dard stereo positioning compared with other, less important
sources. The results also show that Effects, Backing Vocals,
and Additional Synth are the most likely candidates to be
spatialized above or behind the listener.

Fig. 5. Median Likert importance rating for mix translation to a
common range of audio formats.

4.8 Results From Hypothesis 5
To explore the hypothesis that mix engineers are con-

cerned with how their spatial mix will translate over smaller
loudspeaker systems and headphones, the respondents were
asked a number of questions relating to mix translation and
audio playback systems. The two most common Atmos
mixing configurations were 7.1.4 and 9.1.4, with 69% re-
spondents using 7.1.4 and 18% of respondents using 9.1.4.

The respondents were asked to rate the importance of
checking their Atmos mixes over playback systems with a
greater number of speakers using a five-point Likert scale
(1: Not Important at All, 2: Slightly Important, 3: Mod-
erately Important, 4: Important, 5: Extremely Important).
Overall, the respondents did not deem the act of checking
mixes on “bigger” systems necessary, with only 13% of the
respondents selecting the two highest importance ratings
and 58% selected Not Important at All. In contrast, 59%
of respondents considered the act of checking their Atmos
mixes on systems with fewer speakers to be Extremely Im-
portant.

The respondents were also asked to rate a range of com-
mercial playback systems in terms of mix translation im-
portance, using the five-point Likert agreement rating scale
presented above. Fig. 5 presents the median importance
ratings for the playback systems assessed.

A Friedman test was conducted, which revealed a sta-
tistically significant difference in the importance ratings
between the playback devices, X2(5) = 191.18, p = >

0.05. Pairwise comparisons with Bonferroni adjustments
for multiple comparisons show that Headphones (median =
5.0) and Atmos Loudspeaker systems (median = 5.0) were
deemed to be the most important playback systems in terms
of mix translation. Headphones with headtracking, Atmos
soundbars, and stereo playback systems (median = 4.0) are
comparable and of secondary importance. The rating for
Headphones was significantly higher than the ratings for
Headphones with headtracking and for Mono and Stereo
playback systems (p < 0.001). The rating for Atmos Loud-
speaker systems was significantly higher than Headphones
with headtracking, Atmos soundbars, and both Mono and
Stereo playback systems (p < 0.001). Mono playback sys-
tems were deemed the least important overall, with ratings
(median = 2.0) significantly lower than all other playback
systems assessed (p < 0.001).
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Overall, the respondents deemed headtracking to have
neither a positive nor negative impact on their mix, with
42% of respondents selecting this rating. There were mixed
opinions on the importance of a personalized head-related
transfer function on music mixes, with 42% of respondents
selecting the two highest importance ratings and 31% se-
lecting the two lowest importance ratings.

5 CONCLUSION

This paper employed a three-step methodology: netno-
graphic study, FGDs, and questionnaire. The netnographic
investigation documented online discourse regarding spa-
tial audio music production, highlighting five prominent
themes: Translation and Playback, The Perceived Qual-
ity of Spatial Audio Mixes, Approaches to Production and
Mixing, Technical Requirements, and Music Business Re-
lated. Subsequently, the FGD phase engaged industry pro-
fessionals, who provided insights into the core themes of
spatial audio production and mixing techniques, binaural
playback considerations, and business-related aspects such
as mix approval and back catalogue mixes.

The questionnaire results have highlighted that mix en-
gineers are still working within some of the confines of the
stereo paradigm. This is understandable because stereo has
been the dominant playback system for 60 years, and many
music listeners consume their music over headphones. It
was shown that mixers tend not to binauralize core music
elements, which would typically be presented as phantom
stereo image. It also appears that mixers consider some
genres of music to be more suitable for Atmos than others
and that specific instrumental sources are more suited to
placement outside of the typical stereo image. Regarding
the two popular binaural renderers, mix engineers do not
have a negative perception of their sound quality. They do,
however, feel negative toward the lack of control offered by
them.

Finally, it was shown that mix engineers are mindful
of mix translation to playback systems with limited loud-
speakers (but not mono playback systems) and especially
headphones. Further work intends to expand upon the find-
ings from the survey by carrying out several semi-structured
interviews with mix engineers and using participant obser-
vation to better understand their working practices in an
ecologically appropriate environment, such as their own
mixing rooms.
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