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ABSTRACT 
 

 

 

There is little information about mixing music for 9.1 surround, and the information available 

are mostly for classical music and the use of ambience in the height channels. The production 

methods for pop music differs from classical music and the productions does not have to 

sound realistic. In this study, a solo pop guitar was recorded and placed in the center channel. 

A 9.1 surround playback environment was created and two short delays were added to 

increase the perceived width of the guitar and shifted between the front L,R speakers, the 

back L,R, the front height L,R and back height L,R. A listening test was conducted where 

subjects compared how they perceived the different delay positions. The results showed that 

the positions were perceived very differently and depends on the listener, although some 

tendencies were found. The front position was perceived as broader and had were generally 

rated highest. The front height position was also described as broad but also bright and 

distinctive. The back position was generally rated lowest and perceived as thin and dull. The 

back-height position was perceived as dull and to have more bass.  
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1. INTRODUCTION 
 

 

1.1 Background 
 

Music in 5.1 surround has been around since the 90´s and is commonly accepted as the 

standard surround format for all types of music, from classical to pop. The production 

methods for different types of music, especially orchestral and pop differs and are still 

developing. 9.1 surround is a new format compared to 5.1 and has therefore not been used and 

developed to the same extent. The productions made in 9.1 are mostly classical music and 

little is written about production methods for music other than for classical, and mostly about 

recording techniques and use of ambience. This study examines mixing approaches to pop 

music mixing and pop music productions in 5.1 to see what we can derive and apply to pop 

music mixing in 9.1 surround.  

 

 

1.2 Principles of 5.1 & 9.1 Surround Sound 
 

The 5.1 surround setup has been around as a standardized format since the 90´s with the ITU-

R BS.775 (ITU, 1993) The ITU 5.1 standard utilizes five full range speakers and an additional 

subwoofer effect channel known as the LFE channel. The speakers placed in front of the 

listener with the Left and Rights speakers angled with a maximum of 30 degrees from the 

center at the listening position. The rear Left and Right speakers should be placed within 100 

to 120 degrees from the center. All of the speakers are placed at equal distance to the listener 

if possible, but the rear channels are not as critical about placement according to the ITU 

recommendations. All speakers should also be placed at the height of the listeners ear. The 

setup can be seen in figure 1 (ITU, 2013). The format became available to consumers when 

the DVD supported sound in surround. The surround channels provide a number of alternative 

uses, a common use is to put ambiences and effects in the surround channels to enhance the 

spatial impression. The surround channels can also be used to provide an aural experience that 

is impossible to achieve in conventional stereo, for example placing entire instruments behind 

the listener. (Barbour, 2002) 
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Figure 1 5.1 Surround setup, based on the ITU BS. 7750. (ITU, 1993) with additional height speakers 

for Auro 9.1 (Auro technologies, 2006) 

The 9.1 Auro-3D surround setup (Auro technologies, 2006) is based on the ITU 5.1 standard 

but with additional height speakers. The 9.1 setup uses four additional speakers above the L, 

R, Ls and Rs channels to provide information in the vertical plane. As in 5.1 the speakers 

should be positioned at equal distance to the listening position, with the height channels tilted 

approximately 45 degrees down at the listener (ITU, 2013). By adding the extra height 

speakers, there are potential additional benefits achieved compared to 5.1, such as increased 

distance/depth, spatial impression and envelopment, all of which is of course dependent on 

the material and mixing technique. (Theile & Wittek, 2011) 

  

Previous research made in the field of music mixing in 9.1 is mostly limited to classical music 

recording and is mostly about the use of ambience and reverb and how it´s applied to the 

speaker channels. The research has a limited distinction between mixing and recording for 9.1 

reproduction compared to conventional stereo production and 5.1 surround production where 

the recording is expected to be made with dry close miking and processed later in the mix. 

Recording techniques developed at this moment for 9.1 are limited to the capturing of the 

naturalness and ambience of the performance, mostly in reverberant spaces as concert halls.  

 

 Research has been done that suggest that there is no preference between artificial versus real 

acoustic ambience, while in the same experiment, immersion showed a tendency to increase 

with the artificial reverb compared to the real reverb captured in the concert hall. (King, 

Leonard, Howie & Kelly, 2017) In these scenarios, the goal with the height channels suggest 

(based on the previously mentioned research) that the main use is to send ambience or reverb 

artificially created or captured using a microphone technique, to create acoustic immersion 
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and realism. (Theile & Wittek, 2011) This use of the surround channels are most likely based 

on how we consume classical music, and most listeners would probably not accept if the 

violin for example started playing from the upper right surround as we are used to having the 

orchestra in front of us, but what about music other classical, for instance pop music? As 

research shows that there may not be a preference between real and artificial reverb, can the 

height channels be used for more prominent use than only ambience and still create an 

immersive sound experience?  

 

 

1.3 Pop Music Mixing Aesthetics  
 

If we move away from the use of reverb in classic music and how ambience can be used in 

the height channels, and instead look at mixing pop music with reverb and time-based effects, 

how can they be applied to the 9.1 surround? For pop music reverb and ambience has four 

purposes according to Owsinski which are: “To create aural space, to add excitement, to make 

a track sound bigger, wider or deeper and to move a track back in the mix (give the 

impression It´s farther away)” (Owsinski, 2006, p.39) 

 

The use of reverb or delay processing as effects are widely used in pop music, for example the 

vocal delay effect in Pink Floyd´s “Comfortably Numb” (1979) creates a surreal enhanced 

vocal effect which typically can´t be achieved in a classic recording practice. “The created 

acoustic space needn’t be a natural one. In fact, as long as it fits the music, the more creative 

the better” (Owsinski 2006 p.40) Apart from delay as effects, artificial reverb is a prominent 

effect used in pop music, and compared to classical, music which often captures the 

reverberation of the hall it is performed in, pop music is rarely influenced by the environment 

it´s performed or played back in. Pop music is almost always recorded or created without any 

reverberation, instead it is added artificially and used to enhance and suit the need of the 

music. Pop music is therefore not limited by only one reverb captured in a hall, instead a 

number of different types of reverb exists as plate, spring, hall and chamber and can be 

combined and processed to create unreal spaces and different spaces for the verse, chorus etc. 

 

“Wishing to enhance the music with lushness or some other form of beauty and held only to a 

standard that it ″sound good, ″ an engineer might dial in settings on a reverb device that 

violate the physics of room acoustics” (Case, 2007, Ch. 11.4.1). This suggest that the 

possibilities of mixing music that doesn’t have to sound natural, are greater in pop music 

compared to classical music in both stereo and surround since classical music has a more 

conservative tradition of production methods. The mixing engineer is free to use unlimited 

amounts of reverb channels and types to create the desired sound result, for example if it is 

harsh, soft, metallic or rough effect, reverb can be used to achieve these aspects. (Case, 2007). 

Will the listener accept sounds that are maybe rough or metallic, or for example a spring 

reverb or part of an entire instrument from above? And how will they affect the listener, will 

they change the tonal balance and be perceived as a prominent sound, or just blend in and 

create a more acoustically enveloping sound? 

 

1.4 Sound stage and perceived performance environment 
 

To compare 5.1 mixes to 9.1 mixes, a method or way to analyze this and compare one to the 

other is needed in order to identify the spatial qualities in stereo and surround music. We need 

a way and structure to start deconstructing the sound field. To help define the overall spatial 

sound quality in music, Moylan (2009) presents the concepts perceived performance 



 8 

environment (PPE) and the dimension of the sound stage. The perceived performance 

environment is the perceived space where the sound stage takes place and fuses all the sound 

sources in to one performance area. This means that the sound sources can be heard to have 

their own environment but the in context with the other sound sources creates the PPE whish 

the listener perceives as the whole performance. To clarify the PPE, in a typical Jazz or 

classic recording doesn’t change during the performance as you typically want to reproduce 

the captured live performance as it sounded at that time and place or the recording. The PPE 

in classical music and Jazz can be like a stage, pop music is different. In pop, the PPE can 

change or be revealed as the song progresses, as an example, Moylan brings up the song 

“Here Comes the Sun” (1969) by The Beatles where the instruments are faded in throughout 

the song which presents the listener with an expanding PPE.   

 

The soundstage is a term used to describe the singular area that is occupied by all the sound 

and instrument sources in the music at a given time or timeframe in a music playback, either 

by themselves or as a group and their position perceived by the listener. The size dimension 

of the sound stage can be defined by the dimension between the furthest sound from the Left 

to the furthest sound from the right perceived by the listener. The depth dimension can be 

defined by the closest sound source to the most distant. When using a conventional stereo 

setup, the size of the sound stage is limited by the number of speakers in which the sound 

source can be located and can shift from being very narrow to very wide, and from very 

distant to very close. In surround sound however, the sound stage gets the potential of new 

dimensions and features not available in stereo, for example the size of the sound stage can 

possibly extend behind the listener. (Moylan, 2009). 

 

1.5 The soundstage model in surround 

  
The potential of the sound stage changes in surround and gives greater flexibility and 

possibilities for emphasis and spatial impression. In surround, the depth and width of the 

sound stage gets increasingly bigger potential compared to stereo, given the additional 

speakers behind the listener. The sound source can be placed behind the listener and the direct 

sound versus the reverberant sound doesn´t have to exist in the same space, and can in 

surround have two different locations, thus placing the listener inside the music environment 

and within the sound stage instead of as a spectator. The possibility of the listener sitting 

within the soundstage as if they were in the middle of the orchestra or within the music can 

provide a real experience, as well as a possible surreal experience. To evaluate and understand 

the sound stage in surround sound, Moylan presents a set of tables and topics as a framework 

to deconstruct the sound elements. The framework presented below will be used as a 

foundation for production analysis of two surround sound pop mixes presented in more detail 

further in the paper. The selected attributes presented below are according to Moylan a part of 

defining a soundstage.  

 
Table 1 A selection of attributes from Moylan’s work to help define the soundstage.  

-What size are the instruments, lead vocal etc.., and their musical parts? 

-How far from the listener are the instruments, lead vocal, etc.., and their musical 

parts? 

-Location of sound stage 

-Related to sound sources 
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- The listener´s potential locations and relationships to the sound stage in surround 

sound recordings 

- Enveloped within the recording  

 

If the sound stage gets bigger and can occupy space both in front of the listener as well as 

behind, what happens if we bring the sound stage to 9.1 surround? From the attributes of the 

soundstage in 5.1 regarding size and width, it is likely that the soundstage will also expand to 

the vertical plane. Listeners might be able to not only distinguish sound sources in the 

horizontal plane but in the vertical as well, for example if a sound source is positioned above 

or below another? Is it above the listener or does it seem to exist on the same vertical plane as 

the listener? It is also interesting to consider how well the listener can locate sound sources in 

the vertical plane or If they appear to be a part of the lower level of surround. 

 

 

1.6 Space in pop music 
 

The aspect of the soundstage dimension and how it is used varies from genre, for example the 

classical music genre where it´s conventionally used to make the listener have the experience 

of a concert hall, to create the impression of how the music sounded when it was performed. 

As opposed to classical music, pop and rock music doesn’t have the same restrictions due to 

different goals in the production like not trying to recreate a realistic performance 

environment. Artist, composers and producers have been utilizing the 5.1 format to create 

new productions which isn´t bound by the classical approach. Music has been made where the 

listener is surrounded by instruments, as is they were standing in the middle of the band with 

sound coming from all directions. (Case, 2007). The drums can be placed far back in the 

sound stage using one reverb, the guitar in another, and the vocal up-front with long reverb-

tails that are places behind the listener. (Moylan 2009) According to Owsinski (2006) In 5.1 

surround, the use of reverb can differ due to the fact that you don´t have to recreate depth 

behind the speakers in the mix as in stereo, you might still have to use it, but the reason may 

be different. This opens up for another approach to reverb as perhaps a more artistic and 

creative effect, even more so in 9.1 were the height channels can provide even more 

information about depth and width. 

 

In order to gain insight and learn the potentials of 9.1, two 5.1 mixes have been analyzed. 

Two examples of non-conventional use of space in pop is the album “Sea Change” by Beck 

(Beck, 2002) and the album “The Dark Side of the Moon” by Pink Floyd (Pink Floyd, 2003) 

which both have been mixed in 5.1 surround. To examine how space is used one song from 

each album has been analyzed.  

 

 

1.7 Production analysis of two 5.1 music mixes 
 

1.7.1 Beck – Paper Tiger 

 

The song starts of in stereo with drums, bass guitar and vocal. The vocal is placed at the front 

of the sound stage with the drums right behind and the bass seems to be located behind the 

drums. All instruments are perceived as small regarding width and depth with the vocal 

closest to the listener and occupying more space. The guitar is placed to the right of the sound 
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stage and all the sound sources are perceived as dry. When the strings come in, the listener is 

presented with a larger soundstage as the strings move around the listeners head and utilizing 

the surround speakers. The soundstage is now around the listener instead of in front and sound 

is presented from all directions. The reverberation from the strings shifts place as the strings 

and shaker moves around and immerse the listener while the drums, bass, guitar and vocal 

stays in front of the listener the whole song. Compared to the other instruments, the strings are 

bigger and occupies more space both in the sound stage and frequency spectrum and appears 

to have artificial reverb added to them creating a larger feeling. The whole song appears to be 

mixed so the listener doesn´t lose focus of the vocal, because it is not masked by other 

instruments coming from the same space in the soundstage.  

 

When listening to the same song in stereo, the biggest difference is how much space the 

strings occupies in the sound stage and how big the impact of the song dramatically increases 

with the surround format. The contrast between the smaller sound sources like vocal and 

drums compared to the strings gets smaller in stereo, compared to the 5.1 surround. In stereo, 

they appear to be placed behind the vocal in the sound stage although they are prominent in 

volume which sometimes interfere with the vocal space, instead of having their own space in 

the soundstage.  

 

1.7.2 Pink Floyd- Time 

 

Compared to “Paper Tiger” (Beck, 2002), “Time” (Pink Floyd, 2003) presents the listener 

with surround sound from the beginning with the clocks panned around the listener along with 

the synth bass which seems to come from the middle of the room. The roto toms are placed in 

the front and so are the drums when the first verse begins. The guitar is also placed in front of 

the listener, but the reverb and delay seem to come from the surround channels as well. The 

music involves the listener in the sound stage from the start but shifts in size throughout the 

song, during the verse the sound stage is mainly in front of the listener, but expands around 

during chorus, bridge etc., but there seems to always be some information in the surround 

speakers, so the listener is always within the soundstage. The instruments shift in size during 

the song, sometimes they are smaller as the song goes down in dynamic. As the song changes 

so does the sound stage and the amount of information in the surround channels and the 

listener becomes more immersed (Moylan, 2009)  

 

The Envelopment also increases and decreases during different parts of the song. 

Envelopment can be defined as “the sensation of being surrounded by sound, and thus being 

incorporated into the space of the recording” (Holman, 2008. p 187) for example during the 

guitar solo where the amount of reverb and delay increases in the surround channels. The 

original source can still be located for most of the time but by extending the size of the guitar 

with reverb and delay, the envelopment increases along with the immersion. 

 

By shifting the size of the instruments during different parts, specific instruments can be 

highlighted, for example during a guitar solo. The listener can experience them in a different 

way and what importance the sound source plays in the composition. Compared to “Paper 

tiger” (Beck, 2002), “Time” (Pink Floyd, 2003) has more information coming from the 

surround channels, the sound stage is bigger and more complex as more sound is surrounding 

the listener which increase the immersion.   

 

The experience compared to stereo is similar to the one with “Paper Tiger” but in a slightly 

different way. In “paper Tiger” the strings are a big part of the surround effect, in “Time” it 
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feels like the whole mix has got another dimension that is present during the whole song. The 

delays in 5.1 are much deeper compared to stereo and so is the reverb.  

 

Both of the songs analyzed utilize the entire surround format. When comparing to the stereo 

versions, the surround mixes appear to be much more complex in terms of dynamics, 

movement and how the elements are presented to the listener in the surround. Neither one of 

the songs are made entirely from the two surround mixing perspectives Owsinski (2006) 

presents where the listener is placed in the band or as a member of the audience. The songs 

are instead shifting between these perspectives. Given how much different the 5.1 sounds to 

the stereo, how big of a difference would the additional 4 height speakers provide if the same 

songs were mixed in 9.1? In the “Paper Tiger” mix, the strings are sometimes perceived to 

appear somewhere above the listener, but in 9.1 the strings could actually come from the 

above and theoretically from 360 degrees around the listener. How will listeners perceive say 

a vocal when it´s coming from above? Will it provide a solid vocal front, meaning that the 

vocal appears to cover the whole space in front of the listener as a coherent sound source, or 

does the sound image become unstable or diffuse? Does the frequency spectrum change? Or if 

“Time” were mixed in 9.1, how would the listener perceive the sound of the solo guitar with 

the delay and reverb coming from above and behind the listener? Will it increase or decrease 

the perceived width?  

  

 

1.8 Conclusion and research question 
 

The 5.1 surround format has been established as an accepted format for a long time now, and 

there are a lot of documentation written about it. For example, the Soundstage model 

presented by Moylan (2009) which gives a way to analyze and deconstruct stereo and 5.1 

mixes and their spatial qualities. But when it comes to 9.1 mixing, there is a lack of 

information regarding mixing techniques and productions other than for classical music and to 

create realistic and natural ambience using the height channels (King, Leonard, Howie & 

Kelly, 2017) Pop music doesn’t necessarily want to achieve realism and the production 

methods are different from classical, which gives the mixer greater opportunities in 5.1 

surround with the increased space by having additional back channels. If we were to extend 

pop mixes to 9.1, where do we start? To start creating pop music mixes in 9.1, we might need 

to know how sound coming from above will be perceived by the listener to be able to create 

the desired effect with the mix. How do the listeners perceive sound in 9.1 and how do they 

describe the differences? This leads to the specific research question for this work: 

 

Mixing pop in 9.1: How do listeners perceive different delay/panning combinations, 

applied to solo pop guitar? 

 

 

1.9  Purpose 
 

Since pop music mixing in 9.1 is relatively new and undiscovered, the results from this study 

could potentially lead to a better understanding of how different panning positions in 9.1 

affects the listener, when applied to pop music mixing. The main intention is to explore how 

pop music mixing can be applied to mixing music with height channels and possibly provide 

some form of basic knowledge of how we can use the height channels.  
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2. Method 
 

A common and central instrument in pop music is the electric guitar which often has some 

sort of time-based effect applied like delay. A common thing to do when mixing pop guitar is 

to add one or more short delays no longer than 35ms to increase the perceived width. The 

short delay time is within the Haas effect timespan which is too short to be perceived by the 

human ear as a separate delay and can instead be used to enhance the perceived width by 

panning the delay in the opposite direction. (Haas, 1972) In this study, two delays were added 

to a recorded pop guitar and the delays where placed pairwise in the front speaker pair, back 

speaker pair, front height speaker pair and back height speaker pair.  A pre-study will also be 

made to evaluate the plugin choice, preset and delay time. 

 

 

2.1 Conducting a 9.1 listening environment 
 

The environment for the listening tests was created in an empty black box studio at Pitea 

music school. The black box studio is an empty acoustically treated room with low 

reverberation time, typically used for video production or concerts. The dimensions of the 

room were 12 x 6 x 5 meters. The facility was chosen due to the symmetrical shape and 

acoustic treatment for low reverberation time to minimize interference from room reflections. 

The RT60 of the room was measured at five different positions in the room with the center of 

the room as position one, which were also used as center listening position in the test. The 

estimated RT60 of the room was measured to around 0.7 seconds. The speakers used was 

d&b Audiotechnic E8 coaxial full-range speakers, driven by d&b power amplifiers. The 

speakers were chosen by several reasons, one because of the digital amplifiers which are very 

consistent and precise in output for each speaker. They were also chosen because of the lack 

of identical speakers available at Pitea music school which were necessary for the experiment. 

The speakers were placed at an equal distance of 2.7m from the listening position and 

positioned at the angles recommended by the ITU BS.775 (ITU, 1993) standard using a 360 

degrees chart. The top speakers were hung from a suspension rig in the ceiling which could be 

adjusted to the required height which in this study were 2.3 meters. The required height of 2.3 

meters was necessary to have all speakers at equal distance to the listener.  The floor speakers 

were placed on stands beneath and measured with a ruler to have the exact same distance to 

the listening position. The speaker setup and the listening room can be seen in figure 2.  The 

LFE channel were not used in this experiment as it is not typically used for guitar.  
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Figure 2 The constructed 9.1 listening environment for the test.   

2.2 Preparing the stimuli 
 

The stimuli consisted of solo pop electric guitar. The solo guitar stimuli were composed by a 

guitarist graduated from the school of Music at Lulea University of technology and were 

asked to write a variety of short, pop guitar pieces with different playing techniques typically 

used when playing solo pop guitar. The stimuli were recorded with a Shure Sm57 microphone 

slightly to the left of the speaker center, about 3 cm from the grill cloth aimed straight forward 

to a Fender Vibrolux amplifier. The stimuli were recorded directly in to Pro-Tools using an 

RME UCX interface and no post processing where done to the clips. The start and end of each 

recording were trimmed to be played back in a continuous loop without any silence or 

interfering noises. Among the stimuli recorded a total of three were chosen for the test: one 

short for a test round, one clean and one dirty for the main test. The definition of dirty guitar 

refers in this study to a heavily distorted and more aggressively played compared to the clean 

guitar. Clean guitar refers to a non-distorted clean plucked guitar. The dry guitar stimuli 

placed in the center channel without any delays and did not change place during the tests.  

 

2.3  Procedure 
 

The delay was created using Soundtoys Echoboy (Soundtoys, 2019) stereo delay plugin, the 

plugin was chosen because it´s is widely used as a delay mixing plugin for pop and other 

music genres. The plugin has different types of delay emulations, and since it´s common 

when mixing delays to remove high frequency content, a preset with limited high frequency 

content was chosen. The decision of preset and plugin were also evaluated in the pre-study. 

The delay time for left channel was set to 15ms and 25ms for the right channel. The plugin 

choice and delay time were based on common mixing practices gathered from audio 

engineering forums and magazines.  
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The stimuli were played from a MacBook Pro with Pro-Tools 12, using an Allen & Heath 

SQ5 digital mixer as audio interface to be able to have nine separate outputs from Pro-Tools. 

The dry guitar stimuli were copied to a total of five tracks labeled A,B,C and D and R 

(reference) and where all routed to the center speaker. For each track, two Auxiliary sends 

were used to feed the delay plugins for each playback position. For each stimulus, the left and 

right delay channels were routed to the left and right speaker for each speaker position. The 

result was that the same delay switched place in the 9.0 surround while the dry guitar always 

had the same position in the center speaker. 

 

The test subjects were not presented with any information regarding the stimuli or the 

surround setup, which were achieved by turning the lights off in the room so the speakers 

could not be seen. The visual information available from Pro-Tools were also limited, which 

can be seen in figure 4. The test subjects were presented with the identical waveforms of A, 

B, C, D and R but no delay settings, auxiliary channels or output information were visible. 

The track labeled R were used as a reference track with just the dry center speaker. 

 

2.4 Attributes and questions 
 

Two types of data were collected from the experiment, parametric data and qualitative data. 

The qualitative data consisted of two questions for each stimulus, one open ended and one 

more focused which are presented below:  

1. Was it hard/easy to hear a difference between each sound? 
2. If you were to hear the different sounds in a studio/production environment, how would you 

describe them?  

Both questions were presented first, and the test subjects had to answer them before the 

attributes to not be biased by the chosen attributes and instead use their own words to describe 

how they perceived the sounds. The first question was intended to see if the test subjects even 

could perceive a difference between each delay position and if they thought it were easy or 

hard and to see if there were some tendencies towards either. The second question was 

intended to get the test subjects to think of the guitar with the delays in a production or mix 

context. The idea was that the test subjects should use their own words and have an open 

mind to what they heard and be able to choose attributes of their own in terms used when 

taking about sound in a studio environment. By doing so the expected results were to 

hopefully get information about how listeners perceive sound in a 9.1 environment.  

 
The parametric data consisted of assessment of four attributes. The attributes chosen where 

Preference, Sound image depth, sound image width and Envelopment. The attributes except 

preference, were chosen based on the method to evaluate the soundstage for surround music 

suggested by Moylan, which can be seen in table 1. The term soundstage might not be 

familiar to everyone which is why in this test sound image were used instead.  

 

2.5  Pre-Study 
 

In a pre-study, three third year students from the audio engineering program were asked to 

perform a set of tasks. The first was to set the level of the dry guitar in the center channel to 

their preferred listening level. The second task was to balance the delay signals in relation to 

the center channels, and they were asked to balance according to their personal preference for 

each position. They were also asked to balance the clean guitar stimulus against the dirty 

guitar stimulus so that they were equal in perceived loudness. The levels were adjusted using 
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the faders on the Sq5 mixer and the adjusted values from each person were gathered and the 

levels were set at the average value. The adjusted levels from each person differed very little 

from each other, only a couple of decibels and they had no problem performing the tasks. 

They were also asked about the delay plugin choice and the delay time settings and they all 

approved and that the choices made would be sufficient for the listening test.  

 

2.6  Listening test 
 

The listening test took place over a period of two days and the average time for each test was 

around 40 min. The test subjects were guided in the dark environment and was not presented 

with any visual information about the room except the desk with the computer. They were 

asked to read the instructions and repeat them before they were presented with a training test 

before the actual test to make sure they felt comfortable by switching between each stimulus 

using the solo function. After the training round they were presented with the first question 

paper, and after they had completed it, they were presented with the second paper with the 

attribute rating. The attribute rating interface was a customized version inspired by the 

MUSHRA test in paper form where the test subjects were asked to rate each delay position on 

a scale of 0-100 relative to each other by marking with an X for each attribute. The 

customized paper form can be seen in figure 3 and did not. The interface did not include an 

anchor or hidden reference. The test subjects didn´t have to rate any attribute 100 and the 

reference were only used for the subjects as a mono reference which were not to be rated. The 

first stimuli that were played back to the participants were altered for each trial, meaning that 

test subject one was presented with the clean guitar and then the dirty guitar, and participant 

two was presented with the dirty guitar first, and then altering for each participant. This was 

done to avoid potential errors caused by the playback order. The number of participants that 

were presented with the clean guitar stimuli first were equal to the number who were 

presented with the dirty guitar stimuli first.  

 
Figure 3 The custom MUSHRA interface used in the test.  
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Figure 4 Pro-Tools 12 Playback interface for the listening tests with sound A,B,C, D and the reference 

track visible. (Avid, 2018) 

2.7  Test subjects 
 

In total, each test subject had to rate four attributes for each delay position and for two 

stimuli, plus two qualitative questions for each stimulus. The test subjects were all students at 

Lulea University of Technology and were all either musicians with studio experience or 

sound engineers. The test subjects that participated in the study did all have experience of 

listening critically to guitar in a production or studio environment. None of the listeners had 

knowledge of the experiment in advance which was an important factor for the project. In 

total 14 test subjects did the test. Demographic data was collected but was not used in the 

study.  
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3 Results 
 

The raw data from the test is presented in the appendix, this includes the attribute rating 

values and the transcribed answers from the open questions.  

3.1  Average test score and boxplot distribution 
 

Table 2 Average test score 

 
 

 

 

      
Figure 5 Clean guitar                                               Figure 6 Dirty guitar 

    

 

 

Stimuli

Preference A-Front B-Rear C-Front H D-Back H

1 - Clean  Git 74,4 56,2 58,4 60

2- Dirty Git 54,5 51,7 58,5 56,2

Width A-Front B-Rear C-Front H D-Back H

1 - Clean  Git 70,3 46,4 69,1 59

2- Dirty Git 61,5 51,3 57,1 51,6

Depth A-Front B-Rear C-Front H D-Back H

1 - Clean  Git 68,4 61,3 62 47,9

2- Dirty Git 56,5 58,5 58,4 62,9

Envelopment A-Front B-Rear C-Front H D-Back H

1 - Clean  Git 70,5 49,1 58,5 62,7

2- Dirty Git 62,9 46,9 54,3 56,3

Avrage test Score



 18 

    
Figure 7 Clean guitar                                               Figure 8 Dirty guitar  

    
Figure 9 Clean guitar                                               Figure 10 Dirty guitar 

    
Figure 11 Clean guitar                                             Figure 12 Dirty guitar 
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3.2  Questions analysis  
 

3.2.1 Question one  

 

Was it hard/easy to hear a difference between each sound? 

 
Table 2 Compilation of results from question one, categorized  

 
 

 

 

 
Figure 12 Bar chart showing how many subjects who answered that it was easy or hard 

 

 

3.2.2 Question two  

The second open question were- If you were to hear the different sounds in a 

studio/production environment, how would you describe them? The raw data from the 

answers can be found in the appendix and has not been translated from its original language 

pre-analysis to not lose any vital information in translation. A compilation can be seen in sec 

4.3 and 4.4.  

 

 

 

Positive Total Negative Total Neither easy/hard Total

Easy 8 Hard 4

Easier than stimulus  2 3 Harder than stimulus 2 1

Easy against the reference track 1

Can hear a difference but hard 

to identify 4

Easy 6 Hard 2 No difference 1

Easy against the reference track 3 Harder than stimulus 1 1

Hard to tell what difference 2

Stimuli 1 Clean guitar

Stimuli 2 Dirty guitar

0

1

2

3

4

5

6

7

8

9

Easy Hard Easy Hard No difference

Clean guitar                                                                       Dirty guitar

Was it easy / hard to hear a difference?
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4 Analysis  
 

4.1  Pairwise comparison of both stimuli combined 
 

Table 3  P-values for both guitar stimuli combined. A = Front, B = Back, C = Front height, D = Back 

height. The highlighted values are those which are lower than 0,05  

 
 

Since the data is compared more than once, the significance level is compensated according to 

Bonferroni, which means that the significance level should be divided by the number of 

comparisons. In this case, the significance level is 5 % and the number of comparisons that 

has been made is 6 so the significance level should be 
0,05

6
= 0,008. (Statisticssolution, 2019) 

. The highlighted results in table 5 show the values between 0,05 and 0,008 which show that 

there is some evidence that there is a difference in rating between those clips. However, the 

significance level is not low enough to say that the result is statistically significant.   

 

4.2  Analysis of separated stimuli 
 

As mentioned in section 2.2, the clean guitar refers to stimuli 1, which was a non-distorted 

plucking guitar, and stimuli 2 to the dirty guitar which was heavily distorted and aggressively 

played. Based on figure 5-12 (sec.3.1), the clean guitar stimuli seem to have the biggest 

variations between each position, compared to the dirty guitar stimuli. Stimuli 2 has generally 

a bigger difference between the upper and lower quartile and there is hard to see a position 

that were more favored for any of the attributes which may point to that stimuli 2 was harder 

to evaluate. For stimuli 1, figure 5, 7 and 11 seem to have the front position rated higher than 

the back position for those attributes. The back position was rated lowest for all four attributes 

for the clean guitar, except sound image depth where the back-height position was rated 

lowest. To see if there is a significant difference in rating between those position, t-tests were 

made and can be seen in table 4. The result shows that there is a significant difference 

between the front and back position in preference, sound image width and envelopment for 

the clean guitar. Another interesting observation can be made in figure 9 – sound image depth 

for clean guitar. The back-height position seems to have a lower dispersion of values and are 

more gathered around the mean. To see if there is a statistic significance between the A and 

D, an F-test were made comparing the standard deviation between the front position and the 

back-height position which resulted in the value 0,0403 which shows that there is a 

statistically significant dispersion for the front and the back-height position. This implies that 

the test subjects were more in agreement for the back-height depth rating. A note to be made 

for these t-test and f-test is that they were made after looking at the results and not pre-

planned.  

Preference A vs B A vs C A vs D B vs C B vs D C vs D

0.1209 0.4344 0.3286 0.5185 0.3317 0.9557

Width A vs B A vs C A vs D B vs C B vs D C vs D

0.0182 0.6747 0.1607 0.0424 0.2846 0.2085

Depth A vs B A vs C A vs D B vs C B vs D C vs D

0.6730 0.7120 0.2079 0.9624 0.2980 0.4334

EnvelopmentA vs B A vs C A vs D B vs C B vs D C vs D

0.0153 0.0304 0.2876 0.2281 0.1240 0.6102
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Table 4 P-value for stimuli 1 front vs back position with a significance level of 0,05 

 

 

P-Value Front vs back

Preference 0.0391

Width 0.0070

Envelopment 0.0248

Paired T-test
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4.3  Coded results from question 2 
Table 5 Coded results for the clean guitar. Ranked from most frequent used attributes to least frequent 

and color coded based on attribute type.  

 

Color coding

A - Front B - Back C-Front height D-Back height Green= Spatial 

Broad 4 1 4 1 Dark blue = Tonal

Chorus 4 2 1 1 Light blue - Spectral

Even 1 1 2 1 Orange = Modulation

Enveloping 4 2 1 2 Yellow = Loudness

Narrow 4 1 1

More bass 5 3 2

Less treble 2 1 3

Soft 1 1 2

Blurry 2 1

Presence 2 1

Deep 2 1

Louder 2 1

Distinctive 1 1

Snappy 1 1

Flat 1 1

More treble 2 6

Sound from behind 1

Far away 1

Diffuse 1

Full 3

Warm 1

Realistic 1

Modulated 1

More midds 1

Open 1

Focused 1

Clean 1

Dry 1

Movement 1

Blurry 1

Further back 1

Thin 1

Compressed 2

Cold 1

Less base 2

Close 2

Dull 2

Bright 2

Strong low midd 1

Scooped

Stimuli 1 - Clean Guitar



 23 

Table 6 Coded results for stimuli 2. Ranked from most frequent used attributes to least frequent and 

color coded based on attribute type.  

 
 

4.4  Questions analysis 
 

4.4.1 Comments about the coding 

The raw data from the second question can be found in its original language in the Appendix. 

The coding was made after reading the results, no method for the analyze or the coding was 

planned in advance. The five coding categories were created based on the answers from the 

test subjects. The coding has been sorted in table 5 and 6 with the attributes that were 

mentioned for every delay position at the top and the attributes that were unique for each 

position at the bottom. The number in each cell refers to how many subjects that made 

identical or similar comments in their descriptions. The cells that has thicker outer line were 

attributes that more than two test subjects used to describe the same position. Some of the 

spatial attributes like “diffuse”, can also be interpreted as a tonal attribute but have in context 

with the other descriptions made by the subjects been interpreted as a spatial attribute.    

 

 

Color Coding

A - Front B - Back C-Front height D-Back height

Deep 4 1 1 1

More midds 1 2 1

Broad 4 3 2

Enveloping 1 1

Narrow 5 1

Height 1

Bright 4 3

Distinct 2 3

Dull 6 5

More bass 2 3

Less treble 1 1

Phaser 2 1

Even 1

Presence 2

Angry 1

Metallic 1

Flat 1

Ambient 1

Intimate 1

Full 1

Blurry 2

Far Back 1

Small room 1

Reverberant 1

Hollow 1

Less midds 2

Less bass 1

Stimuli 2 - Dirty Guitar

Green= Spatial 

Dark blue = Tonal

Light blue - Spectral

Orange = Modulation
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4.4.2 Question one 

Most test subjects answered that it was easy to hear a difference between each sound, which 

can be seen in fig 12.  Four of the test subjects thought that it was easier to hear a difference 

between the sounds for stimuli one which were the clean guitar, than the distorted guitar in 

stimuli two. Four test subjects indicated that they could hear a difference, but it was hard to 

identify what the difference was. Three test subjects thought it was easy to hear a difference 

between each position and the mono reference in the center speaker but not between each 

sound. One test subject commented that no difference could be heard for stimuli 2 which 

seem to coincide with that stimuli two was harder to evaluate (sec. 4.2).  

 

4.4.3 Clean guitar stimuli 

 

For both stimuli one and two, most of the comments were regarding the spatial qualities or the 

tonal qualities for the different positions. Stimuli one was the only to have comments 

regarding different loudness for the delay positions. Two test subjects thought that the front 

position was louder than the other positions and one test subjects commented that the back 

were louder.  

 

For the clean guitar stimuli one, the attributes that most test subjects had in common in their 

responses where for the front Broad, enveloping, full and more bass. These attributes are 

summarized in table 5 and has been highlighted with a thicker border. Broad and enveloping 

are spatial qualities, full refers to a tonal quality and more bass to a spectral quality. For the 

back surround, narrow and to have more bass were the most common answers, where narrow 

refers to a spatial quality. The front height had broad and more treble (spectral) as most 

common answers, where equally many subjects described broad for sound C as for sound A. 

The front height position also had most similar answers as six subjects described it to have 

more treble than the other sounds. The last back height position only had one spectral attribute 

that had more than two similar comments, which were less treble.  

 

The attributes derived from the comments that were unique for each position, meaning that 

they were only used for one of the positions by one or more test subjects, were nearly all 

about spatial or tonal qualities. These attributes are summarized in table 7.  

 
Table 7 Unique attributes used to describe the clean guitar 

 
 

4.4.4 Dirty guitar stimuli 

 

As for the clean guitar, most comments were regarding spatial or tonal qualities for each 

position which can be seen in table 6. The attributes that most test subjects had in common for 

the dirty guitar were for the front position: deep, broad which are spatial qualities and bright 

A - Front B - Back C-Front height D-Back height

Sound from behind Open Movement Close

Far away Focused Blurry Dull

Diffuse Clean Further back Bright

Full Dry Thin

Warm Less base Compressed

Realistic Cold

Strong low midd
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which is a tonal quality. The back position had one spectral and one tonal attribute rated 

highest which were narrow and dull. The front height had broad (spatial), bright and distinct 

(Tonal). The back height had dull rated as highest which is a spatial quality and more bass 

which were coded as a spectral quality. 

 

 For the back position, dull were rated by six subjects which is the highest individual rated 

attribute for stimuli two.  The back-height position was also described as dull by five subjects, 

and the attribute dull were only used for the back and back height. The front and front height 

positions had three attributes that were only used to describe the sound for those positions, 

these were bright, distinct and phaser.  This may point to that sound coming from behind the 

listener were perceived as dull and sound coming from in front of the listener were perceived 

as brighter and more distinct.  

 

The attributes derived from the comments that were unique for each position for stimuli two, 

meaning that they were only used for one of the positions by one or more test subjects, were 

nearly all about spatial or tonal qualities. These attributes can be seen in table 8. For the dirty 

guitar, the back-height position has some interesting descriptions which can be seen in table 8. 

The attributes suggest that the back height might have been perceived to have a small reverb 

or ambience added to the original sound. 

 
Table 8 Unique attributes used to describe the dirty guitar  

 
 

4.4.5 Comparing the results  

 

The result from each stimulus differs quite a lot, but some patterns can be seen in the coded 

results. For the front position, broad has a more frequent rating than the other positions, the 

same pattern seems to apply for the front height positions as well. This suggest that sound 

coming from the front were perceived as broader compared to sound coming from the back. 

The front height position was described by several subjects as bright, distinctive and to have 

more treble compared to the back height which had a higher number of subjects describing it 

as dull, to have more bass and to have less treble. The back position was described by several 

subjects as narrow for both stimuli, as well as dull and to have more bass. Both back and 

back-height were perceived to have some sort of reverberant/ambient characteristics. 

 

 Many of the same attributes occurs for all of the delay positions which makes it hard to draw 

any conclusions from them. For the front position, the answers between the stimuli seems to 

vary most. For the clean guitar, the front position was described as full, warm, far away and 

diffuse while for the dirty guitar, the front position was described to have more presence, 

angry and metallic. This suggest that the front is more sensitive to what is being played and 

that the other positions might be less affected by the type of stimuli.  

 

 

A - Front B - Back C-Front height D-Back height

Even Flat Blurry Small room

Presence Ambient Far Back Reverberant

Angry Intimate Less midds Hollow

Metallic Full Less bass
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4.5  Comparing results from attribute rating and questions 
 

The number of subjects who answered that it was easy to hear a difference between each 

position are fewer for the dirty guitar. The boxplot distribution for the attribute rating for the 

dirty guitar in figure 6,8,10 and 12 shows that the answers were more scattered compared to 

the clean guitar. This might suggest that the dirty guitar was harder to evaluate than the clean 

guitar. However, the chosen attributes by the subjects for the second open question were fever 

and were more coherent compared to the clean guitar which had a greater number of unique 

attributes chosen by the subjects.  The perceived sound image width for the front position 

seen in figure 7 and 8 seems to correspond to the most frequent attributes in table 4 and 5. The 

same pattern can be seen for sound image depth and envelopment. The front height position 

rating also seems to cohere with the results from question two.    

 

5 Discussion 
 

The results show that the listeners could perceive a difference between each delay position. 

Sound coming from the front were perceived as broader while sound coming from the back 

were described to be narrower and not as deep. Sound coming from the front height were also 

described to be broad but also to be brighter and to have more treble. The back height was 

described to be duller and to have more bass, while the lower back position also was 

described as thin. The back position was also the least favored in the attribute rating by 

looking at the boxplots in figure 5-12. The front position also seems to have been most 

preferred, which isn´t that surprising as it might have been because the subjects are more used 

to sound coming from the front. It is also not that surprising that envelopment did not increase 

with the surround positions, and instead were rated highest when the sound was coming from 

the front position, as the test subject most likely are more used to stereo. As envelopment as 

defined by Holman (2008) sound has to come from all around for the listener to be enveloped, 

and in this study, the mono front might have been too narrow to fully envelope the listener 

when combined with the surround speakers. Another study by Hyunkook (2013) showed that 

envelopment was dependent on the distance from the source to the listener, and that the sense 

of envelopment decreased with increased distance. It is possible that the participants 

perceived sound coming from the surround speakers to be further away compared to the front 

speakers, and therefore the envelopment did not increase.  

 

Several test subjects commented that they heard a modulation effect in both stimuli. Eight test 

subjects commented that they heard some type of chorus effect applied to the clean guitar and 

four of these comments were regarding the front position. Since the delay were applied to the 

front speakers with the center speaker in between, a time issue between these three speakers 

might have caused some phasing issue resulting in a modulating effect on the guitar. Whether 

this effected the result or not is hard to say but it might have drawn focus from what was 

actually changing, but since it occurred at the other delay positions as well, it might have been 

caused if the subjects moved their head.  

 

The front position was described to be louder by two subjects and one subject thought that the 

back position was louder. Since the different delay positions was not measured and instead set 

to a perceived equal level in the pre-study, the front or back might have been slightly louder. 

It might also have been a result caused by the test subject being more used to hearing sound 

coming from the front and not from above or behind.  
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The attribute rating shown in figure 5 to 12 shows that the clean guitar stimuli had bigger 

differences between each position compared to the dirty guitar stimuli. Although the number 

of unique attributes that were used by the test subjects when they answered the open questions 

are greater and there are harder to find a unanimous description of the different delay 

positions. This result might be caused by that the subjects thought the clean guitar were easier 

to describe and rate, and therefore felt more comfortable to describe the differences they 

heard in a more nuanced way. The attributes the test subjects used to describe the dirty guitar 

in question two are fewer and the subjects were more in agreement, which is shown in table 6, 

and it’s easier to find patterns in the coded data. A possible conclusion is that a distorted 

guitar is not as affected by individual preference as a clean guitar and might therefore be 

easier to be perceived as intended by the mixing engineer.  

 

If we think of a pop music mixing scenario, how can we apply the results from this study? 

The front speakers still play an important role in keeping the listeners attention forward and 

the front position showed to be preferred for several aspects. The height channels were 

perceived quite differently, as the front height were perceived as more bright, distinct and 

trebly, sounds with fast transients like cymbals and bright sounds would probably work well 

without the need of much extra processing. The back height might be good for sounds that 

you don´t want do draw the listeners attention to, for example pads, organs, reverb, and 

sounds that doesn´t have distinctive transients can work well. A snare drum or cymbals might 

not work as they might lose vital information as the height position were described as duller. 

If you’d want to add more treble or presence to an instrument or a sound, it could be added to 

the front height and if you would want to add more body and mass to a sound it could be 

added to the back height.  

 

A question that wasn´t present in the study was if the subject could localize the position of the 

sound, which wouldn´t have been possible as they were supposed to be unaware of the 

speakers. But it would have been interesting to see how well the listener can point out the 

direction when sound is coming from above. However, only a couple subjects mentioned that 

it sounded like from above or far behind and no one could tell that more speakers than the 

three in front when they were asked after the test. This could mean that the height speakers 

might not be “sensitive” to what you place in them, meaning that the listener might not 

immediately spot if the guitar is panned to the back height. To create more extreme effects, 

like the strings in “Paper Tiger” that appears to move over your head, the effect must be made 

intentionally.  

 

The results from the questions were coded and showed one result, if another person were to 

read these answers and code them, the result would probably look different and other patterns 

may be visible. There might also be more data to be collected than what has been brought up 

for this study. The parametric data showed that there was some evidence that the subjects 

could hear a difference between some of the positions given the attributes provided for the 

test, but for further test the significance level should be lower for more secure results.  

 

The method used in this experiment was in some aspect successful by means that the subjects 

heard a difference and could describe the differences they heard. The method doesn´t however 

describe fully how what they described will translate to a context with other instruments. The 

comments and rating describe the positions in solo and might change when you have more 

sound simultaneously. The method of having only the center speaker playing the original 

unprocessed guitar sound might also have altered the result, because when only the center 

speaker had sound coming from the front, the listener might think that it is narrow just 
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because of the mono source in front when they are used to have stereo from the front. This 

could have been done differently by using the front left and right speakers as the main source 

and just shift the delay position between. The back, back height and front height 

 

6 Further applications and Post-study 
 

As mentioned in the background section, the intention with this study is to explore the 

possibilities of pop music mixing in 9.1 surround and more specific how differently panning 

setting are perceived by the listener. One possible further study could be how the listeners 

perceive the same sounds and positions but in the context of a whole song or with additional 

instruments like drums and bass. Another possible study could also be about which 

instruments are more suited to be placed in the height channels and not only solo pop guitar. 

A third possible study would be to see how listeners perceive sounds that are panned between 

positions and not only in the back height, for example between the back height and the back 

channels.  

 

In an in-official listening test that were made after the main study, a whole song was up-

mixed in 9.0 surround from a previously made stereo mix. The song was an instrumental rock 

song with acoustic drums, bas, organ, piano and electric guitar. The song had been made for 

stereo reproduction and the same mix were used without any additional EQ and dynamic 

processing except volume and panning. The drum overhead microphones were panned to the 

front height speakers and the snare and kick were panned with roughly 40 % to the center 

channel. The base was also added extra in the center speaker but mainly in the front speakers. 

The organ was placed in the rear height speakers with some reverb and the guitar in the front 

with added delay and reverb in the back and back height speakers. The piano was placed in 

between the left front and left back with reverb in the front height. 

 

The test subjects were presented with the stereo mix first and then the 9.1 mix to compare the 

two mixes and their thoughts and opinions were recorded afterwards. After listening to both 

of the mixes, all six participants thought that the 9.1 mix sounded better. All participants 

described the 9.1 mix to have more separation between each instrument and increased depth 

and envelopment. One participant described the sound image to be as if you were at a live 

performance. Almost every participant thought that the drums sounded like they were played 

in front of them as a whole sound image, which were probably caused by the placement of 

overhead microphones in the front height speakers. As mentioned in the main study, the front 

height position was described as broader, distinct and bright which might translate well to 

sounds with high frequency content and lots of transients. The participants were asked if they 

could hear if a sound was coming from a specific location and more specifically if they could 

hear the height speakers, but every participant responded that they could not distinguish 

specific locations, only that the whole sound image felt more dynamic and fuller and almost 

3-dimensional. When doing the 9.1 mix, it was discovered that the mix felt thin and limited in 

bandwidth because the material had been mixed to fit in two speakers instead of nine 

speakers. For further 9.1 mixing, the extended headroom and bandwidth provided by more 

speakers, might need different production methods to utilize the increased headroom and 

spectrum of each full-range speaker.  
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Appendix 
 

Participant Stimuli 1    

  Preferens   

 A B C D 

1 15 65 78 92 

2 57 31 64 20 

3 73 63 25 57 

4 93 40 69 77 

5 75 58 94 57 

6 70 72 30 31 

7 85 41 41 64 

8 93 74 49 78 

9 98 80 19 49 

10 89 64 61,5 71 

11 76 59 37,5 50 

12 95 21 75 44 

13 44 60 76 83 

14 79 60 98 67 

     

  Bredd   

 A B C D 

1 84 25 67 67 

2 65 80 60 32 

3 24 9 50 20 

4 98 75 52 73 

5 93 55 72 57 

6 40 44 80 69 

7 88 21 76 50 

8 51 68 94 79 

9 99 54 52 78 

10 70 30 86 87 

11 67 55 26 55 

12 68 13 88 41 

13 62 36 71 58 

14 75 84 94 60 

  Djup   

 A B C D 

1 90 29 74 50 

2 42 62 84 27 

3 60 76 47 70 

4 10 74 15 45 

5 93 50 73 49 
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6 63 61 37 38 

7 86 21 66 29 

8 77 55 93 54 

9 77,5 90 39 56 

10 97 84 51 51 

11 49 50 72 51 

12 93 74 44 20 

13 23 68 84 53 

14 97 64 89 77 

  Omslutenhet  

 A B C D 

1 90 26 90 45 

2 83 64 64 34 

3 49 71 37 44 

4 74 53 61 90 

5 89 74 81 75 

6 21 29 57,5 58 

7 87,5 21,5 41 66 

8 49,5 92 66 79 

9 67,5 57,5 38 85 

10 87 45 73,5 51 

11 64 50 37,5 50,5 

12 93 32 74 32 

13 62 28 33 70,5 

14 71 44 65 98 

 

 Stimuli 2    

  Preferens   

 A B C D 

1 48 48 49 48 

2 5 74 95 47 

3 40 68 53 30,5 

4 89 34 67 50 

5 93 61 82 60 

6 33 31 73 74 

7 75 74 37 32 

8 24 49 60 78 

9 97,5 72,5 59 89 

10 55,5 25 93 56 

11 78 77 50 76 

12 0 0 0 0 

13 39 55,5 24 74 

14 86 55 77 72 



 33 

  Bredd   

 A B C D 

1 21 23 19 20 

2 65 75 85 65 

3 50 65 28 34 

4 100 46 82 5 

5 90 77 75 56 

6 17 16 16 16 

7 66 27 82 40 

8 39 37 67 82 

9 88 70 54 97 

10 98 41,5 88 66 

11 62 75 29 74 

12 91 70 38 18 

13 40 32 55,5 75 

14 34 63 81 75 

  Djup   

 A B C D 

1 40 40 40 40 

2 38 46 90 19 

3 46 78 60 34 

4 31 52,5 45 81 

5 80 64 90 59 

6 22 20 62 30 

7 35 74 41 57 

8 74 51 28 83 

9 79 94 82,5 87 

10 57 68 70 97 

11 59 59 76 60 

12 90,5 50 26 71 

13 73 61 16,5 51,5 

14 50 43 72 88 

     

  Omslutenhet  

 A B C D 

1 36 36 35 35 

2 66 66 81 24 

3 51 71 50 25 

4 100 16 30 15 

5 63 76 60 77 

6 66 68 42 43 

7 80 32 60,5 50 

8 67,5 46 25 85,5 
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9 95,5 77 70 65 

10 94 30 82 67 

11 51 66 26 68 

12 40 21 68 87 

13 41 32 71 57 

14 30 20 59 90 

Stimuli 1 

 

Fråga 1 

 

S.1 - Först trodde jag det var väldigt enkelt, sedan blev jag mer och mer osäker för att 

slutligen landa I att jag kunde höra en viss skillnad mellan klippen. Vissa var svårare, vissa 

var lättare 

S.2 – Det var lätt att höra skillnad. Svårare att identifiera vad det var för skillnad 

S.3 – Det var tydligt när man byter mellan spåren 

S.4 – Det var tydligare vid denna del. Men skillnaderna märks men svårt att definiera exakt 

vad. Omslutenheten blev mer markant vid B. A har kvar den bred frontbilden 

S.5 – Små skillnader men ändå urskiljbara när man fokuserar på enstaka egenskaper i ljuden 

S.6 – Det fanns subtila skillnader, ganska lätt att höra skillnad 

S.7 – Ganska lätt att höra skillnad mellan A och resten, den känns bredare/mer modulerad än 

de andra. D känns aningen brightare än de andra. Men B,C och D tycker jag är väldigt nära 

varandra 

S.8 – Lättare än exempel 2. Skillnaderna känns ändå ganska små 

S.9 – Det är ganska svårt, man hör en viss skillnad men det är svårt att säga exakt vad som 

skiljer sig. Jag uppfattar en viss skillnad i frekvensinnehåll och panorering 

S.10 – Inte jättesvårt, men svårare än Stimuli 2. Dock hörs mindre/större skillnader vid olika 

tidpunkter och mellan olika spår 

S.11 – Det var lätt att höra skillnader mellan referensspåret och de övriga, men svårare mellan 

de processade ljuden. Jag hade svårt att skilja mellan C, A och D 

S.12 – Lätt till att börja med, blev svårare ju mer jag lyssnade 

S.13 – Det var relativt lätt att höra skillnad men svårare att urskilja vad det var som skiljde 

dem åt.  

S.14 – Lättare att höra än stimuli 2, fortfarande svårt. Bredd, omslutenhet och djup är inte 

alltid lätt att särskilja 

 

Fråga 2 

 

S.1 
• A – Jag upplevde jag som något kladdig och grötig. Den tappade något av den kristallklara 

känsla jag i övriga uppskattade i ljudet 

• B – B kändes torr och något steril i sig själv men jag kan tänka mig att den skulle låta väldigt 

bra i en mix 

• C - Denna var svår att skilja från D. Tyckte också den kändes bra men kanske lite plattare. 

Svårplacerad 

• D – Detta klipp hade bäst balanserat i mina öron. Det fanns en klar kärna och ton samtidigt 

som reverbet känes naturligt mjukt och nästan ”akustiskt”  

S.2 
• A – Lite starkare än dem andra. Mycket närhet och djup 

• B – Öppet, nära och brett 

• C – Längre bak än de andra. Tunnare 
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• D – Nära utan mycket djup eller bredd.  

 

S.3 
• A – Lite jämnare frekvensåtergivning 

• B – Man hör ett djup, relativt stark bas 

• C – Relativt stark låg mid 

• D – Lite dovt och något platt 

 

S.4 
• A – Stor bredd, närvarande, Placerad långt fram i djupled. Starkare än övriga. Chorus fast utan 

modulation 

• B – Lik D men känns mindre omslutande 

• C – Liten stereobild men omslutande atmosfär. Jämn spektralbalans 

• D – Mest omslutande, upplevs som att ljuden kommer strax ovanifrån.  

 

S.5 
• A – Mer ”chorus” än dom andra, bredare, mer bas 

• B – Lite smalare än de andra 

• C – Lite längre efterklang än de andra 

• D – Svår att urskilja från B, låter likadant som den.  

 

S.6 
• A – Samma som D med högre EQ i mellanregister, låter komprimerat 

• B – Samma som D 

• C – Samma som D med högre EQ i det höga mellanregistret. Låter komprimerat 

• D – Låter lite som Chorus effekt. Kanske beroende på en viss tidsskillnad mellan rum och 

närmickar.  

 

S.7 
• A – Varmt, Brett, fylligt, Chorus, mullig bas, omfamnande 

• B – Tycker att jag hör lite smygdist, mer centrerad, fokuserad, känns städad och välbalanserad 

frekvensmässigt 

• C – Också bred men inte lika varm. Brightare än A, också snärtig, städad.  

• D – Bright, snärtig, känns lite scoopad typ 

 

S.8 
• A – Bitig, påminner nästan om dist, lite modulerad och 80-talig 

• B – Smal men behaglig 

• C – Lite för bred, inte så behaglig att lyssna på, låter nästan som L,R är ur fas 

• D – Basig och något diskantfattig. Mysig 

 

S.9 
• A – Samma som B men låter som att mer av ljudet är panorerat bakom en. Ganska omslutande 

• B – Mer luddigt än D, känns som det är mycket låg mid/mid och lite diskantfattig. Låter lite 

som fusk-stereo dvs samma monospår duplicerat men lite fördröjt.  

• C – Bra balanserad frekvensgång 

• D – Lite luddigt ljud, mycket mid och lite diskant. Omslutande 

 

S.10 
• A – Mer distans till ljudkällan/större djup. Efterklang med mindre diskant. Känns mer 

verklighetstroget. Omslutande efterklang 
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• B – Smalt mindre rum, smal ljudkälla. Mest efterklang i sidorna/L,R 

• C – Rörelse i ljudkällan, efterklangsrik. Framträdande diskant i direktljudet 

• D – En hel del direktljud som träder fram genom efterklangen. Brett rum  

 

S.11 
• A – Något mer spridning än C 

• B – Rent elgitarrljud med mycket stereo spridning av någon typ av chorus effekt.  

• C – Liknar B mycket men har inte lika tydlig placering i stereobilden 

• D – Snarlik A 

 

S.12 
• A – Fylligt, mjukt 

• B – Mjukt, lite nasalt 

• C – Tydligt, bright 

• D – Bright, närvarande 

 

S.13 
• A – Mycket bas, annars likt de övriga 

• B – Vädligt lik ljudexempel C. Lite mindre botten kanske? Skulle gissa att spåret är fasvänt 

från C 

• C – Mid”scoopat” och bright men med ganska mycket botten också. Lätt chorus effekt. 

Upplevde även ljudet som ganska komprimerat 

• D – Mera mjukt och middigt än B och C. inte lika bright 

 

S.14 
• A – Fyllig, basigare, bra kompgura till sång, omslutande, svårt att höra skillnad mot D men 

båda känns väldefinerade även om C och B har tydligare riktning.  

• B – Lika som C fast med mer botten för en mysig halv.omslutenhet 

• C – Känns bred men inte så omslutande. Tydlig riktning men saknar botten som finns i de 

andra exemplen  

• D - Mer omslutande än C fast resonerar, fasknasar lite i låg/mid frekvenser. D känns mer 

omslutande. C känns bredare.  

 

Stimuli 2 

 

S.1 – Mycket svårt. Så svårt att jag faktiskt skulle säga att jag inte kunde höra någon skillnad 

S.2 – Ja, det var stor skillnad från referensen. Men A-D så var det svårt att höra skillnad 

sinemellan 

S.3 – Det var svårare att höra skillnad (mot 1) men det hörs ändå tydligt när man byter mellan 

dem 

S.4 – Det var svårt att identifiera de exakta skillnaderna. Den tydligaste skillnaden är mellan 

A och övriga spår. A upplevs som bredare. Jag hör ingen stor skillnad på B OCH D. C 

upplevs ha ett större djup än de övriga 

S.5 – Lätt att höra skillnad mellan A,B och C men D åter likt B.  

S.6 – Ja det var lätt 

S.7 – Ganska lätt. A sticker ut som bred. D,B och se känns något dovare. B snäppet djupare.  

S.8 – Det var lätt att höra skillnad mellan referensen och övriga ljud. Framförallt i 

stereobredd. Mellan de andra var det svårare. Det gick dock att höra en viss skillnad.  

S.9 – Hör lätt skillnad på ljudens panoreringar och frekvensgång. Man märker tydlig skillnad i 

omslutenhet och bredd 

S.10 – Det var ganska lätt att höra skillnad mellan dem 



 37 

S.11 – Det var tydlig skillnad mellan R och de övriga. B skiljer sig mellan A,C och D men 

svårt att skilja mellan de andra.  

S.12 – Det var ganska svårt. Stor skillnad mellan referensspåret och de andra men inte så stor 

skillnad mellan A,B,C,D.  

S.13 – Lätt att höra skillnad mellan C,D mot A,B. Svårare att höra skillnad mellan C och D 

samt B och D 

S.14 – Jag förväntade mig större skillnad efter att ha hört provlyssningen. Svårt att hitta och 

definiera skillnader som hörs, även om man märker skillnaden.  

 

Fråga 2 

 

S.1 
• A – Snygg och säker klang utan att bli kladdig eller överdriven 

• B - Snygg och säker klang utan att bli kladdig eller överdriven 

• C - Snygg och säker klang utan att bli kladdig eller överdriven 

• D - Snygg och säker klang utan att bli kladdig eller överdriven 

S.2 
• A – Stort upplevt djup, både mycket närhet och djup långt bak 

• B – Ganska smalt, lite dovt.  

• C – Låter långt bak och brett, inte samma närhet som A 

• D – Ganska smalt, kort klang/litet rum 

 

S.3 
• A – A har nästan lite phaser karaktär. Skulle beskriva det som lite metalliskt 

• B – B låter relativt balanserat, dock eventuellt lite platt 

• C – C låter mest nasalt av dem 

• D – D låter dovast av spåren 

 

S.4 
• A – Upplevs som bred även om den kanske inte är det. Relativt jämn spektralbalans.  

• B – inte mycket bredd men har någon typ av atmosfär. Känns som att det finsn dkjup i denna 

• C – Upplevs som frånvarande på grund av det djup klippet har, saknar lite brillians 

• D – mindre lågfrekvent information, upplevs att det kommer lite högre uppifrån än de andra.  

 

S.5 
• A – Mest djup 

• B – Mest intim 

• C – Mest djup 

• D – Lik B 

 

S.6 
• A – Högre EQ i mellanregistret 

• B – Samma som D 

• C – Högre EQ i övre mellanregsitret 

• D – Mycket basregister, högre EQ i det låga registret 

 

S.7 
• A – Sjukt bred, bright, arg, stickig 

• B – Dov, muddig, middig 

• C – Bred stickig och aggressiv, scoopad 

• D – Mycket botten, dov, blir mycket tyngd i anslagen, lite ihålig 
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S.8 
• A – Lite fasigt/modulerat. Klangen påminner om chourus eller liknande, ganska ljus klang 

• B – Lik A, Lite dov. Inte lika bred som övriga 

• C – Lite fasig/modulerad fast mindre än A, ganska lik A 

• D – Tjockt och lite dovt, ganska stor bredd 

 

S.9 
• A – Låter ganska klar och tydlig, bra bredd 

• B – Mycket mid, bra omslutenhet 

• C – klar och tydlig, låter som att ljudkällan är i mitten med reverb i surround och front.  

• D – Låter lite muddig, lite fejkstereo om den 

 

S.10 
• A – Bredast av de fyra. Större djup i bilden. Rum placerat framför lyssnaren. Gitarren upplevs 

komma en bit framifrån. Mer diskant i efterklangen. Dovare fast mer fuzzig.  

• B – Känns smalast av de fyra. Doivare efterklang(mindre diskant) mindre diskant i 

direktljudet.  

• C – Brett ljud. Nära till källan/mycket direktljud men ändå märkbar efterklang. Mest distortion 

av de fyra 

• D – Djup i efterklangen. Direktljud/efterklangs balansen gör att ljudets direktljud hörs men 

efterklangen spelar ändå  en stor roll.  

 

S.11 
• A – Snarlik C 

• B – Distat elgitarrljud med tydlig centerplacering i stereobilden 

• C – Som B men mer omslutande och otydligare position 

• D – Snarlik B 

 

S.12 
• A – Stort, djupt 

• B – Fylligt och lite grumligt 

• C - tydligt 

• D – lite grumligt, otydligt 

 

S.13 
• A –Lik ljudexempel C men med vassare ton. Lite mindre tydlig än C. Mer tydlig än B och D 

• B – Mindre instängd ton. Mindre tydlig än C 

• C –  Stor klang med mera treble. Tydlig 

• D –  Väldigt lik ljudexempel B. Aningen mindre instängd ton än C 

 

S.14 
• A – Mindre brillig än C men tydligare ton och transient. Känns mer clean än C som i kontrast 

känns mer 800 Hz burkig. Föredrar denna för genren mer än C 

• B – Mer ”kött på benen” utan att ljudet blir odistinkt. Kanske lite 200 Hz tung i kontext men 

solo fungerar det bra tycker jag.  

• C – Spontant känns denna mer bright än de andra, men efter ett par lyssningar är jag inte så 

säker. Hyffsat mid fattig (400-500 Hz?) Med tanke på genre känns ljudbilden lite tunn 

• D – Känns bredare än A på samma sätt som C känns bredare än B. Upplever lite störande 

resonans för vissa frekvenser (250 Hz?) känns mer lik A. 
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