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Abstract 
 
In live sound reinforcements scenarios, the majority of the audience is placed in a non-
optimal listening position and will not experience the stereophonic image as intended by the 
mixing engineer. This study was conducted to examine the impact of a central loudspeaker 
source and phantom center, on the stereophonic image from different listening positions. 
Sixteen subjects, consisting of audio engineering students and professionals, were subjected 
to an optimal and non-optimal listening position and a three channel and stereo system, and 
was asked to estimate the perceived location of a stimulus, consisting of a 40 ms 1 kHz tone, 
placed on five different locations within the panorama. The results of these test were then 
summarized and analyzed by utilizing three t-tests in order to examine; the difference 
between perceived and intended location for each combination of system configuration and 
listening position, the difference between the listening positions and the difference between 
system configurations. The results show that a three-channel system is less affected by the 
listening position than a stereo system, indicating that a three-channel system can provide a 
more similar experience to audience members regardless of their listening position. However, 
the preference of system configuration is not examined and should be examined before 
making the claim that one system configuration is superior. The number of t-test conducted 
may also have impacted the results and provided a false significance. Subsequent studies 
could be made to confirm or reject the results of this study.  



	 1	

Table of contents 

ABSTRACT ...................................................................................................................................................... 0 
1. INTRODUCTION ..................................................................................................................................... 3 

1.1 SOME THEORY AND A BRIEF HISTORY OF THE STEREO PA ................................................................................... 3 
1.1.1 Defining stereo ................................................................................................................................ 4 
1.1.2 Stereo as a product of time difference ............................................................................................ 4 
1.1.3 Stereo as a product in amplitude difference ................................................................................... 4 
1.1.4 Phantom imaging ............................................................................................................................ 4 
1.1.5 The perception of different stereophonic sound system configurations ......................................... 5 
1.1.6 Line source array ............................................................................................................................. 5 

1.2 THE PROBLEM OF THE LISTENING POSITION ..................................................................................................... 5 
1.3 THE POTENTIAL BENEFITS OF THE CENTER CHANNEL .......................................................................................... 6 
1.4 PREVIOUS RESEARCH ................................................................................................................................. 7 

1.4.1 My reflections and analysis of previous research ............................................................................ 8 
1.5 THE RESEARCH QUESTION ........................................................................................................................... 9 

2. METHOD ............................................................................................................................................. 10 
2.1 THE STIMULUS ....................................................................................................................................... 10 

2.1.1 The placement within the panorama ............................................................................................ 11 
2.2 SYSTEM SETUP AND CONFIGURATION .......................................................................................................... 11 
2.3 THE LISTENING POSITION .......................................................................................................................... 12 
2.4 THE TASK .............................................................................................................................................. 12 
2.5 METHOD OF ANALYSIS ............................................................................................................................. 14 

3. RESULTS .............................................................................................................................................. 15 
4. ANALYSIS ............................................................................................................................................ 17 

4.1 TEST 1 - ONE SAMPLE T-TEST: MEAN OF ESTIMATES COMPARED TO THE THEORETICALLY CORRECT POSITION ............. 17 
4.2 TEST 2 – PAIRED T-TEST: THE MEAN OF ESTIMATES FOR SYSTEM X COMPARED TO SYSTEM Y .................................. 19 
4.3 TEST 3 – PAIRED T-TEST: THE MEAN OF ESTIMATES FOR POSITION A COMPARED TO POSITION B ............................. 21 
4.4 DEVIATION ............................................................................................................................................ 22 
4.5 ANSWERS FROM THE QUESTIONNAIRE: ........................................................................................................ 24 
4.6 CONCLUSIONS: ....................................................................................................................................... 24 

5. DISCUSSION ........................................................................................................................................ 25 
5.1 POTENTIAL IMPACT OF THE EXPERIMENTAL PARAMETERS ................................................................................ 25 

5.1.1 Stimulus ......................................................................................................................................... 25 
5.1.2 System configuration .................................................................................................................... 25 
5.1.3 Listening position .......................................................................................................................... 26 

5.2 POTENTIAL IMPACT OF METHOD OF ANALYSIS ............................................................................................... 26 
5.3 PRACTICAL APPLICATIONS AND FUTURE STUDIES ............................................................................................ 26 

6. REFERENCES ........................................................................................................................................ 28 
APPENDIX A ................................................................................................................................................. 29 

 
 
  



	 2	

  



	 3	

1. Introduction 
	
In the following text I will explore the difference between stereophonic sound systems 
utilizing phantom center imaging and multichannel equivalents utilizing a central loudspeaker 
source and compare how the stereophonic image differs between the two types of systems as 
a result of non-equidistant listening position. Firstly, I will outline and give brief historical 
overview for stereophonic sound system configurations for public address systems. Secondly, 
I will describe the two overarching problem of a stereophonic system namely having a mixing 
engineer located in the systems single sonic sweet spot and mixing for an audience located in 
a less than ideal listening position. Thirdly, I will describe the potential benefits of including a 
central loudspeaker source to the main stereo system focusing on the listeners ability to, from 
a non-equidistant listening position, place discrete sound sources within a stereo panorama 
and formulate my suggested research question. 
 
 

1.1 Some theory and a brief history of the stereo PA 
 
A stereophonic system has many advantages compared to a monophonic equivalent. The main 
reason for using a stereophonic system is the addition of spatial attributes that can create an 
illusion of space that a monophonic system never could (Brown, 2002). Brown also states that 
a stereophonic sound reinforcement system offers an overall higher level of audience 
satisfaction due to overall lower sound pressure levels and thus decreasing the impact of 
acoustical feedback. 
 
In sound reinforcement system design, the designing engineer will always have to make 
compromises to certain attributes of the system as a result of the stereophonic format. Even a 
carefully designed system will always have its areas of compromise as one considers the 
listening position of the majority of the audience. Even sound pressure level and even tonal 
response for a majority of the audience seems to be the top priority of most system designers, 
and while this is important, it is of the authors understanding that the perception of the 
stereophonic image intended by the mixing engineer is somewhat forgotten, or is at least 
prioritized lower than even sound pressure level and even tonal response, as a result of the 
difficulty in accurately reproducing a stereophonic image for a listener in a non-equidistant 
listening position. 
 
Considering that the mixing engineer is ideally located in an equidistant listening position and 
is mixing for an audience primarily in a non-optimal listening position it is important to 
understand what qualities that are affected by this non-optimal listening position and how 
these affected qualities differs between different sound reinforcement system designs. 
Understanding how these qualities are affected and perceived by the audience might influence 
future design approaches by the designer of a sound reinforcement system. In order to fully 
understand this, one has to understand the basic principles of the stereophonic format which is 
elaborated on in the text below. 
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1.1.1 Defining stereo 
 
A monophonic sound source is a sound being played back through a single loudspeaker and 
takes on the characteristics of a point source. This provides no auditory information about the 
space the sound was captured in other than the distance from the source to the microphone. 
The simplest definition of stereophony is usually that you have two different sounds on two 
different channels being played back through two different speakers. This definition is 
inadequate as the two sounds are not implicitly related and thus can be considered to be two 
monophonic sources being played back through two loudspeakers. The definition of stereo is 
a single sound source being captured by a minimum of two transducers with either a 
difference in time arrival, amplitude or both and then being reproduced by two sources 
(Evers, 2005). This emulates the physical phenomena of the human binaural hearing that 
causes us to place a sounds origin in an environment. This phenomenon is the result of having 
two ears that can detect the same sound source but with a difference in either the time domain, 
the amplitude domain of both, enabling us to place a sound source within a stereophonic 
panorama. 
 
 

1.1.2 Stereo as a product of time difference 
 
A difference in time arrival is one of the two qualities that enables us human to determine the 
source of origin of a sound. A sound originating from the left will first hit the left ear and due 
to the distance between the ears it will hit the right ear later and the sound will be perceived to 
originate from the left. A bigger difference in time arrival will place the perceived direction of 
the sound source more to the left. Similarly, a smaller difference in time arrival will place the 
source closer the middle (Evers, 2005). Time differences are the primarily determining factor 
for sounds of lower frequency (Rumsey& McCormick, 2014). 
 
 

1.1.3 Stereo as a product in amplitude difference 
 
Over a certain frequency (around 2 kHz) the size of the head will absorb the soundwaves 
originating from a certain location. This causes the difference in time arrival to tell us nothing 
about the sounds’ origin as the ear on the opposing side of the sounds origin is not hearing 
anything. This is the primary determining factor for the location of sound of higher frequency 
(Rumsey& McCormick, 2014). 
 
In these situations, there is a clear difference in amplitude between the signal hitting the left 
and right ear and this difference in amplitude is used for localization (Evers, 2005). 
 
Difference in amplitude is method used to change the perceived localization of a monophonic 
sound source in a stereophonic panorama. By increasing the level of the source in question in 
one speaker will cause the source of that sound to originate from that speaker. 
 
 

1.1.4 Phantom imaging 
 
When a single monophonic sound source is played back by two loudspeakers, it is perceived 
to originate from between said speakers, creating a stereophonic panorama between them. 
Changing amplitude in one speaker or delaying on speaker to adjust the time of arrival and 
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making the sound of one speaker reach the listener before the other will shift the sound 
sources position within the panorama. This is referred to as phantom imaging (Rumsey & 
McCormick, 2014). If there is no difference in either amplitude or arrival time, the sound will 
appear to originate from the central point between the speaker, henceforth referred to as 
phantom center. 
  
 

1.1.5 The perception of different stereophonic sound system configurations 
 
In order to accurately experience the stereophonic image, a proper stereophonic system will 
have to be set up. The standardized way to do this is to place the listener and two speakers in 
an equidistant triangle. This configuration has the easiest time to provide an even distribution 
of sound sources within the stereo panorama (Evers, 2005). 
 
A narrower setup of speakers i.e. decreasing the distance between the speakers but 
maintaining the same distance between the speakers and the listener, will provide a more 
narrow soundscape with a distinct lack of width. Similarly, a greater distance between the 
speakers causes the listener to perceive a wide soundscape but the space between the sound 
sources within the panorama can appear too far apart, leading to an incoherent image. 
 
Most contemporary sound reinforcement systems are set in a stereo configuration consisting 
of two main speakers, one left and one right. This practice was established in the 1950s due to 
the technological advancements and the production of two-channel stereophonic records that 
could produce an acceptable illusion of space for the average consumer, leaving the 
monophonic sound system obsolete. 
 
 

1.1.6 Line source array 
 
It is the authors experience that today, most contemporary sound reinforcement systems 
utilize line source array techniques. In these systems, the benefits of stereophonic sound 
reinforcement systems in regard to sound pressure level is amplified by the nature of a line 
source compared to a point source speaker. In theory, a line source array should produce a 
wavefront with a cylindrical sound distribution where a point source would produce a 
spherical distribution. With spherical distribution, the area of the sphere increases four times 
as the radius doubles, leading to a sound pressure level drop of -6 dB. A cylindrical 
distribution on the other hand, only has doubling of the surface area as the radius doubles, 
resulting in a sound pressure level drop of -3 (Nicklasson, 2006; L’Acoustics, 2001; Meyer 
Sound Laboratories Inc, 2002). 
 
 

1.2 The problem of the listening position 
 
A stereophonic image is best represented by a system where the listener is centered and 
placed in an equidistant listening position in relation to the distance between the speakers. For 
listeners off center, the listener will perceive a skewed stereophonic image and this shift in the 
panorama is apparent when the listener is off centered by a relatively short distance. This 
phenomenon is mainly apparent when the directional information is reliant on difference in 
amplitude (Evers, 2005). 
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As mentioned earlier, the mixing engineer is often seated in an equidistant listening position 
in relation to the distance between the main left and right speakers, also referred to as the 
“Sweet spot”. As the vast majority of the audience is not seated in the equidistant listening 
position and thus is not getting the same experience as the mixing engineer. The stereophonic 
experience will likely be perceived as narrower and to originate from between the center of 
the two main speakers and the speaker closest to the listener when the listener is located in a 
non-equidistant listening position (Brown, 2002). 
 
The problem regarding audience distribution has been addressed by the film industry. In 
movie theaters the audience is once again spread across a larger area with the majority of the 
audience in a non-equidistant listening position. The film industry adressed this problem by 
introducing multi-channel sound reproduction systems consisting of six speakers: a left/right 
(stereo)pair, a left/right surround pair, a low frequency effect speaker and a center speaker 
placed in between the left and the right speaker. 
 
 

1.3 The potential benefits of the center channel 
 
Multi-channel sound reproduction systems have been utilized in the film industry for decades 
and in the beginning, the center channel was used to improve the horizontal sound scape by 
extending the soundscape further left and right without creating a perceived sonic “hole” in 
the center (Kernis, 2011). This is a problem that can arise in practical sound reinforcement 
applications as well and solution to utilize a central loudspeaker source is applied. Very wide 
rooms are especially sensitive to this problem and it can be difficult to achieve an accurate 
stereo image due to: 
 

A) The greater width causes larger time arrival differences between the different channels 
to listening positions at greater angle to the center line. 

B) Acceptable amplitude shading from a single loudspeaker source without introducing 
sonic “hot spots” where the overall level is significantly higher is proved to be more 
difficult. 

 
But apart from “filling the gaps” caused by the nature of a stereophonic sound system, the 
center channel can be used to cement the audiences’ attention to a fixed central point. When 
Johan Ehn (2016) asked sound designer Christoffer Demby to give his view of the center 
channel, Demby’s response was: 
 
"When it comes to the center speaker the easiest answer is that the direction (panning) 
becomes more defined to the visuals and is more cohesive to the picture. Dialogue does not 
necessarily need to be placed in the center channel 100% of the time but one should be aware 
of the fact that in a cinema salon people are sitting all over the room and the listening 
spectrum, which can decrease intelligibility when dialogue is placed in other channels other 
than the center channel." 
(Ehn, 2016, p. 5). 
 
According to Jim Brown (2002), multi-channel sound reinforcement systems can provide a 
more robust stereophonic illusion and increased directional realism than a two-channel sound 
reinforcement system. As stated earlier, a two-channel sound reinforcement system is 
preferable to a monophonic equivalent because of lower overall levels causes less listener 
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fatigue and, more importantly, significantly lower the effects of acoustical feedback (Brown, 
2002). Following this logic, one might assume that the more speakers, the better but Brown 
(2002) states that in his professional experience, three speakers seems to be the practical 
upper limit for most situations including sound reinforcement systems. 
 
 

1.4 Previous research 
 
A few studies have been made on the benefits of the center channel and the addition of a 
center channel as opposed to utilizing phantom center imaging (the practice of using two 
speakers to reproduce a monophonic sound source without utilizing manipulations of the time 
or amplitude domains thus placing the perceived origin of a sound source in the middle of the 
two speakers). One of the studies reviewed below involve listening tests aimed to describe the 
difference in perceived intelligibility between phantom center and a central loudspeaker 
source, Another study reviewed in this text aim to explore how untrained listeners perceive 
difference in a few audio qualities in stereo system utilizing phantom center and a 
multichannel system that utilizes a central loudspeaker source in addition to a stereo pair. The 
same study also explores how these qualities are perceived from a non-equidistant listening 
position for sound system configuration. 
 
A central loudspeaker source can increase the intelligibility of speech in noisy environments 
for so-called “high predictability sentences” (Shirley, Kendrick & Churchill, 2007). The 
experiment was performed in the equidistant sweet spot position and thus, says nothing about 
speech perception in noisy environments from a non-equidistant listening position but in 
theory, one might assume that the effect of the inverse square law come into effect and 
increases the noise level for listeners closer to either the left or right channel. The reverse can 
be assumed for listeners positioned with equal distant to both speakers but shorter than the 
distance between the main left and right speakers, i.e. not the sweet spot. In theory, the 
listener position affects the perception of discrete sonic elements of a mix due to the 
difference in distance to the different speakers. This theoretical difference in perception in 
relation to the listening position is however irrelevant as Ehn (2016) finds that untrained 
listeners do not perceive a significant difference in depth, clarity nor the stability of dialogue 
in different combination of panning and listening positions, although, as Ehn himself states, 
this could be caused by the design of his  experiment. 
 
A standard stereophonic system can provide an overall more accurate stereo image than a 
LCR (left, center, right) system for audience members within the coverage area, but a LCR 
system can provide acceptable stereophonic illusion for most audience members (Breshears, 
1998). 
 
The impact of the central loudspeaker source has been explored from a practical standpoint by 
Vance Breshears (1998). Breshears  defined a number of criteria he deemed important for the 
performance of a sound reinforcement system. Breshears then aimed to describe a design 
approach of a system that would excel in meeting these criteria compared to other common 
design approaches. One of the criteria Breshears considered was accurate stereo imaging and 
defines this criteria as follows: “Stereo imaging should be accurate to the physical layout of 
the stage so that various sources can be localized to their physical location.” . 
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Breshears (1998) test was implicitly based on his professional experience and theoretical 
knowledge about the performance of the different systems. The different systems that was 
being compared was as follows: 
 

- An alternating left/right stereo system. 
- A discrete left/right stereo system. 
- Standard LCR (left, center, right) multi-channel system. 
- And a matrixed LCR system with distributed delay signals. This system was designed 

by Breshear (1998) and is the system design approach described in detail in his paper. 
 
Alternating LR and discrete LR refers to the feed of speakers placed throughout the venue. In 
the alternating LR system, every other speaker would be fed the left channel and every other 
would be fed the right channel regardless of their placement in the venue. Discrete LR refers 
to a system where all speakers placed on the left side of the venue would be fed the left 
channel and the speakers on the right side would be fed the right channel (Breshears, 2002). 
 
Breshears (1998) found that, when comparing the systems listed above, both the standard 
LCR approach as well as Breshears matrixed LCR approached does not provide a stereo 
image as accurate as the alternating LR design approach for direct sound arrival at the sides of 
the room, but if mixed carefully, both the LCR design approaches can provide a “nice” stereo 
image for a large portion of the audience. 
 
While Breshears (1998) states that the alternating LR design approach can provide a 
stereophonic image with greater accuracy than the both the LCR design approaches, he also 
states that this is only within the coverage area and that some areas will have inverted panning 
localization. 
 
 

1.4.1 My reflections and analysis of previous research 
 
It is curious that untrained listeners do not perceive a significant difference in clarity. 
Dialogue in the center channel should have a more pronounced mid-range, often associated 
with clarity, in the area between 1,5 kHz and 3 kHz due to the lack of stereo crosstalk that 
causes phase cancellation of that frequency range (Shirley & Kendrick, 2005). Clarity should 
have a higher increased rating for the central loudspeaker source from a non-equidistant 
listening position than the stereo configuration from the same listening position due to the 
influence of comb filtering introduced in such scenarios. 
 
It is also curious that the untrained listeners do not perceive a significant difference in 
stability between the different speaker configurations. In Ehn’s (2016) experiment, the 
subjects were asked to rate the perceived stability of a signal. The stability quality was 
defined as follows: 
 
“This quality shows how stable the soundscape seems to be, in this case I want you to focus 
on the dialogue specifically. A stable dialogue seems to originate from the actors on the 
screen, while an unstable dialogue seems to come from elsewhere than the actors.“ 
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The law of the first wave front (also known as the precedence effect) states that sounds are 
perceived to originate from the closest source (Rumsey & McCormick, 2014). Therefore, it is 
curious that untrained listeners do not perceive a significant difference in this quality either. 
 
Ehn (2016) comments on this in his thesis and states that when using untrained listener, it 
might be necessary to “adapt the tasks given to the subjects as well as the terminology and 
approach to match the knowledge level of the subjects.” This provides a reasoning as to why 
there was significance to the data collected in his experiment as the tasks given was too 
complicated for the subjects. That being said, there is a possibility that the perception of the 
difference between utilizing a central loudspeaker source and phantom center is highly 
subjective. If that is the case, one might wonder if there is a preference of the two choices 
among the listeners who do perceive a difference. 
 
 

1.5 The research question 
 
In theory, the addition of a central loudspeaker source should prove to be beneficial in 
providing an accurate stereophonic image by filling the perceived “hole in the middle” often 
present in stereophonic system applications, as well as providing the audience with an 
auditory anchor. The addition of the center channel should also provide higher intelligibility 
for audience members placed in the equidistant listening position. 
 
Most of the previous research, however, is implied to be explored from an equidistant 
listening position. What remains to be explored is whether the implementation of a central 
loudspeaker source is perceived as beneficial to audience members placed in a non-
equidistant listening position. 
 
The goal of this essay is to explore whether the addition of a central loudspeaker source as 
opposed to utilizing phantom center affects the perception of the stereophonic image, and in 
that case how,  when the listening position is non-equidistant between the listener and the 
speakers, also referred to as the “sweet spot”. 
 
The importance of understanding this stems from the fact that most members of an audience 
are not positioned in the equidistant sweet spot position. As most music is mixed and meant to 
be perceived with the spatial quality that the stereophonic format offers, it is important to 
understand how this is perceived from a non-optimal listening position and to explore if there 
are any possibilities to improve this experience with the addition of a central loudspeaker 
source as a complement to the standard stereophonic sound reinforcement systems. 
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2. Method 
 
This section will address how the experiment was conducted and the reasoning for the choices 
made in regard to the experiments design. Firstly, the experiment as a whole will be 
summarized. Then, the individual components of the experiment will be elaborated on. Lastly, 
the method of analysis will be described. 
 
The experiment examined how the listener position affected the perception of the 
stereophonic image in contemporary sound reinforcement systems. In the experiment, a 
subject was subjected to one of two possible listening positions; one equidistant listening 
position and a non-equidistant listening position. They were then subjected to one of two 
different sound reinforcement systems; One utilizing phantom center, and one utilizing a 
central loudspeaker source. 
 
The subject would then listen to a stimulus placed in one of five different locations within the 
panorama. The subjects were then asked to localize the source of the stimulus by pointing to 
one of 33 different markers on a line, equally spaced between the speakers. The subjects were 
then subjected to the same stimulus, listening position and system with the difference being 
stimulus’ placement within the panorama. This was repeated three more times resulting in the 
same person estimating the location of a stimulus five times before changing listening 
position or system configuration. Each subject provided 20 estimations each (see table 1 for 
summation). 
 
Table	1	–	Experiment	factors	summarized.	

Number of system 
configurations: 

Number of listening 
positions: 

Number of 
locations within the 
panorama: 

Total number of 
estimations: 

2 2 5 20 
 
The two listening positions were labelled ‘A’ and ‘B’ for the equidistant listening position and 
the non-optimal listening position respectively. The two system configurations were labelled 
‘X’ and ‘Y’ for the three-channel system and the conventional stereo system respectively 
 
The order of system configuration, listening position and the stimulus’ location within the 
panorama was randomized. 
 
Lastly, the subjects were asked if they perceived any difference in difficulty when estimating 
the sound source location for the different locations as well as the different systems. 
 
 

2.1 The Stimulus 
 
The stimulus used in this experiment had to be transient in nature as the human hearing have 
difficulty in localizing a static sine tone (Evers, 2005; Rumsey, McCormick, 2014). The 
stimulus used was a 1 kHz sine tone with a duration of 40 ms. This was repeated one every 
second five times to provide the subjects with an integration time to more thoroughly 
determine the perceived location. 
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The reason for using short bursts of a sine rather that short burst of a full range stimulus was 
to minimize the effect of phase cancellation and comb-filtering that could change the timbre 
of the stimulus and thus affecting the results. 
 
 

2.1.1 The placement within the panorama 
 
The stimulus was placed in one of five different locations within the panorama. These 
locations were: Far left, far right, center, between center and far left and between center and 
far right. The positions between the center and the extremities (-15° and 15°) where based on 
the theoretical position within the panorama when using practical tools, in this case, a Pro 
Tools system. 
 
In order to create five different locations within the panorama, phantom imaging was utilized 
by having multiple loudspeaker sources reproduce the stimulus with different levels. The 
level at which the stimulus was sent to the different channels is summarized in table 2 for the 
two-channel system configuration and in table 3 for the three-channel system configuration. 
 
Table	2	-	Showing	the	level	of	the	stimulus	sent	to	the	different	channels	in	a	two-channel	system	configuration.	

Location within the 
panorama: 

Left channel level (dBFS): Right channel level 
(dBFS): 

Far left (-30°) -13 -∞ 
Between left and center (-
15°) 

-14 -21 

Center (0°) -16 -16 
Between right and center 
(15°) 

-21 -14 

Far right (30°) -∞ -13 
 
 
Table	3	-	Showing	the	level	of	the	stimulus	sent	to	the	different	channels	in	a	three-channel	system	configuration.	

Location within the 
panorama: 

Left channel level 
(dBFS): 

Center channel 
level (dBFS): 

Right channel 
level (dBFS): 

Far left -13 -∞ -∞ 
Between left and center -16 -16 -∞ 
Center -∞ -13 -∞ 
Between right and center -∞ -16 -16 
Far right -∞ -∞ -13 

 
 
The stimulus was played back from the digital audio workstation Pro Tools through a Tascam 
US20x20 interface. 
 
 

2.2 System setup and configuration 
 
In order for the results to be useful in common practical applications, line source arrays were 
utilized as it is the authors experience that these types of speaker arrays are the most common. 
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The experiment utilized three, equally spaced, arrays with each array consisting of four T10 
speakers from d&b technologies. Each speaker array was powered by a d&b technologies D6 
amplifier. The distance between the centers of the speaker arrays was 4 meters, resulting in a 
distance of 8 meters between the left and right speaker arrays. 
 
The center speaker was placed directly in between the left and right speaker, resulting in this 
speaker being closer in proximity than the main left and right speaker arrays. While this 
differs from the ITU-R BS.775-3 (ITU, 2012) standard which states that all speakers should 
be of equal distance to the listener, it did so in order to mimic the practical limitations often 
encountered in sound reinforcement scenarios. This meant that sounds played from the central 
speaker array would have an earlier arrival time and be louder in level than the left and right 
speaker arrays. This was not adjusted in order to mimic the most basic of three-channel sound 
reinforcement systems. 
 
The speaker arrays were hung in approximate ear-height of a standing person resulting in a 
distance of 1,6 meters between the center of the speaker array and the floor, and a distance of 
approximately 1.93 meters from the closest wall. 
 
In the experiment, the speaker arrays were visible to the subjects due to a lack of access to 
means of concealing the speaker arrays. Furthermore, the visibility of the speakers was 
deemed to not affect the results in a significant way. 
 
 

2.3 The listening position 
 
As the distance between the left and right speaker arrays were 8 meters, the equidistant 
listening position was located were the distance from the listener to the left and right speaker 
was 8 meters, resulting in an equidistant triangle. This meant that the equidistant listening 
position was placed directly in front of the central loudspeaker source and the distance from 
the listener to the closest speaker array was approximately 6.9 meters. 
 
The non-optimal listening position was positioned 4 meters to the side so that the listener was 
positioned directly in front of a side speaker array and the distance between the listener and 
the central speaker array was 8 meters. In this experiment, the non-optimal listening position 
was placed directly in front of the left speaker with a distance of approximately 6.9 meters 
between said speaker and the listener. 
 
 

2.4 The task 
 
The subjects were exposed to the stimulus and were provided with a laser pointer. They were 
then asked to point to one of thirty-three signs placed with an equal distance of 25 centimeters 
between the left and right speaker arrays. Each sign correlates to a difference of 1.875° from 
the equidistant listening position. 
 
The subjects were then given a questionnaire asking them if they perceived a difference in 
difficulty level between listening position A and B and if so; which was harder? 
 



	 13	

They were also asked a similar question relating to the different systems. 
 
The subjects were asked to begin in one of the two listening position the order of which 
alternating between each subject. They were then exposed to one of the two system 
configurations. They were then exposed to the stimulus five times, with each of the five 
position within the panorama being represented once in random order and asked to estimate 
the perceived source location by pointing to one of the thirty-three signs, which was 
documented. 
 
The subjects were then exposed to the other system configuration from the same position and 
were one again presented the stimulus in with each position in the panorama being 
represented in random order. This procedure was then repeated with the subject positioned in 
the other listening position. The starting listening position was alternating so that the 
equidistant listening position (A) and the nonoptimal listening position (B) were equally 
exposed to listeners for the first time. 
 
The three-channel system (X) and two-channel system (Y) was randomized so that each 
listening position and system configuration combination were represented. This resulted in 4 
different combinations (see table 4) which was repeated every four subjects. 
 
Table	4	-	Listening	position	and	system	configuration	combinations.	

 
 
 
 
The subjects were then asked to answer a short questionnaire (see Appendix A) in order to 
examine whether they perceived any difficulty in estimating the source location from any 
listening position or system configuration, and if yes; which listening position or system 
configuration. 
 

Subject nr Listening position System configuration
Subject 1 A X
Subject 1 A Y
Subject 1 B X
Subject 1 B Y
Subject 2 B X
Subject 2 B Y
Subject 2 A Y
Subject 2 A X
Subject 3 A Y
Subject 3 A X
Subject 3 B Y
Subject 3 B X
Subject 4 B Y
Subject 4 B X
Subject 4 A X
Subject 4 A Y
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2.5 Method of analysis 
 
The data collected in this experiment was of the interval type with the goal of determining 
how skewed the stereo panorama is perceived between the two system configurations and the 
two listening positions. This will be done by performing three tests: 
 
The first test comparing the subjects estimates to the theoretically correct position, The 
second comparing the estimates between the two system configurations and the third test 
comparing the estimates between the two listening positions. Since each dataset will be 
subjected to testing three times in total, a correction has to be made to critical t-value. The 
correction used will be the so-called Bonferroni correction. 
 
The Bonferroni correction divides the significance level by the number of tests (Kenton, 
2019). 
 

𝛼
𝑛 = 𝛼!"## 

 
The significance level 𝛼 chosen for this experiment is 5% or 0.05. Since each set of data will 
be tested three times, the corrected significance level is calculated as follows: 
 

0.05
3 = 0.017 

 
The new significance level is thus 0.017 or 1.7%. 
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3. Results 
 
In tables 5A and 5B, the data collected from the subjects are summarized. Since the subjects 
provided their estimations by pointing at signs, these answers have, for enhanced clarity, been 
translated into a more appropriate scale in the form of degrees, ranging from -30° to 30° 
where these represent far left and far right respectively. 
 
 
Table	5A	-	Data	collected	from	listening	position	A	summarized.	Green	field	represents	the	intended	position	of	the	
stimulus	within	the	panorama.		

 
 
 
Table	5B	-	Data	collected	from	listening	position	B	summarized.	Green	field	represents	the	intended	position	of	the	
stimulus	within	the	panorama.		

 
 
In tables 6A and 6B, the results in tables 5A and 5B are summarized to show the mean of the 
subjects estimates as well as the difference between the theoretically correct position within 
the panorama and the subjects perceived position. 

A
X (LCR) Y (LR)

-30 -15 0 15 30 -30 -15 0 15 30
-30,000 -3,750 0,000 0,000 28,125 -30,000 -9,375 7,500 18,750 30,000
-28,125 0,000 1,875 0,000 30,000 -28,125 -9,375 7,500 20,625 30,000
-30,000 -3,750 0,000 -16,875 28,125 -30,000 -22,500 0,000 20,625 30,000
-28,125 -3,750 0,000 1,875 30,000 -30,000 -11,250 0,000 16,875 30,000
-30,000 -1,875 0,000 0,000 28,125 -30,000 -15,000 7,500 15,000 30,000
-30,000 0,000 1,875 7,500 30,000 -30,000 -15,000 5,625 20,625 30,000
-30,000 -1,875 0,000 -1,875 30,000 -30,000 -18,750 11,250 24,375 30,000
-30,000 0,000 0,000 0,000 30,000 -30,000 -15,000 0,000 18,750 30,000
-30,000 0,000 0,000 0,000 30,000 -30,000 -15,000 0,000 13,125 30,000
-30,000 0,000 0,000 3,750 30,000 -30,000 -3,750 13,125 22,500 30,000
-22,500 0,000 -5,625 0,000 22,500 -30,000 -16,875 0,000 15,000 26,250
-30,000 0,000 0,000 -3,750 30,000 -30,000 15,000 9,375 20,625 30,000
-30,000 1,875 0,000 1,875 30,000 -30,000 -9,375 9,375 26,250 30,000
-30,000 0,000 0,000 9,375 30,000 -30,000 -15,000 13,125 24,375 30,000
-30,000 1,875 0,000 -3,750 30,000 -30,000 -7,500 15,000 20,625 28,125
-28,125 5,625 -7,500 0,000 30,000 -30,000 -9,375 0,000 15,000 24,375

B
X (LCR Y (LR)

-30 -15 0 15 30 -30 -15 0 15 30
-30,000 -30,000 1,875 3,750 28,125 -30,000 -30,000 -30,000 -30,000 30,000
-30,000 -30,000 0,000 0,000 30,000 -30,000 -30,000 -30,000 -28,125 30,000
-30,000 -30,000 0,000 1,875 30,000 -30,000 -30,000 -30,000 -28,125 28,125
-30,000 -22,500 1,875 9,375 30,000 -30,000 -30,000 -30,000 -30,000 30,000
-30,000 -28,125 0,000 0,000 30,000 -30,000 -30,000 -28,125 -28,125 30,000
-30,000 -24,375 5,625 1,875 30,000 -30,000 -28,125 -28,125 -16,875 26,250
-30,000 -30,000 5,625 1,875 30,000 -30,000 -30,000 -30,000 -28,125 30,000
-30,000 -30,000 0,000 0,000 30,000 -30,000 -30,000 -30,000 -30,000 30,000
-30,000 -30,000 0,000 1,875 28,125 -30,000 -30,000 -30,000 -30,000 28,125
-30,000 -30,000 3,750 0,000 28,125 -30,000 -30,000 -30,000 -30,000 28,125
-28,125 -26,250 7,500 3,750 26,250 -30,000 -28,125 -24,375 -15,000 30,000
-30,000 -30,000 0,000 7,500 30,000 -30,000 -30,000 -30,000 -30,000 30,000
-30,000 -30,000 5,625 7,500 30,000 -30,000 -30,000 -30,000 -22,500 30,000
-30,000 -28,125 7,500 0,000 30,000 -30,000 -30,000 -28,125 -28,125 30,000
-30,000 -30,000 0,000 0,000 30,000 -30,000 -30,000 -30,000 -30,000 30,000
-30,000 -22,500 15,000 5,625 26,250 -30,000 -26,250 -30,000 -22,500 30,000
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Table	6A	-	The	results	of	table	5A	summarized	to	show	the	mean	of	the	subjects	estimates,	the	difference	between	the	
theoretically	correct	position	and	the	subjects	estimates	and	the	standard	deviation	of	estimates.	

 
 
 
Table	6B	-	The	results	of	table	5B	summarized	to	show	the	mean	of	the	subjects	estimates,	the	difference	between	the	
theoretically	correct	position	and	the	subjects	estimates	and	the	standard	deviation	of	estimates.	

 
 
 
Tables 6A and 6B also show the standard deviation (S) of the sample estimates. 
 
Answers collected from the questionnaire shows that eight out of sixteen subjects experienced 
that the location of the stimulus was more difficult to estimate from one listening position 
over the other, with four subjects experiencing an increase in difficulty in estimating the 
location from position A and four subjects experiencing an increase in difficulty from position 
B. Out of these eight subjects that did experience a difficulty in estimating the location of the 
stimulus, six of them chose the position they were first subjected to. 
 
When asked if they experienced a difference in difficulty estimating the location of the 
stimulus between the two system configurations, eight out of sixteen subjects answered yes, 
with three subjects experiencing that the location of the stimulus was more difficult to 
estimate in the conventional stereo system, and five subjects experiencing that the location 
was more difficult to estimate in the three-channel system. Four out of these eight subjects 
experienced that the location was more difficult to estimate in the system they were first 
subjected to. 	

A
X (LCR) Y (LR)

-30 -15 0 15 30 -30 -15 0 15 30
Mean -29,180 -0,352 -0,586 -0,117 29,180 -29,883 -11,133 6,211 19,570 29,297
Difference -0,820 -14,648 0,586 15,117 0,820 -0,117 -3,867 -6,211 -4,570 0,703
S 1,933 2,393 2,442 5,665 1,933 0,469 8,398 5,508 3,810 1,659

B
X (LCR Y (LR)

-30 -15 0 15 30 -30 -15 0 15 30
Mean -29,883 -28,242 3,398 2,813 29,180 -30,000 -29,531 -29,297 -26,719 29,414
Difference -0,117 13,242 -3,398 12,188 0,820 0,000 14,531 29,297 41,719 0,586
S 0,469 2,778 4,233 3,137 1,364 0,000 1,083 1,512 4,865 1,129
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4. Analysis 
 
The first null hypothesis on which this analysis is based, states that there is no difference in 
the perceived location of discrete sound sources within the panorama from the theoretically 
correct position of said source, in a contemporary sound reinforcement system utilizing line 
source arrays. The alternative hypothesis to this is that there is a difference. 
 
The second null hypothesis states that there is no difference in the perceived location of 
discrete sound sources in the panorama between a conventional stereo speaker configuration 
and three-channel ditto utilizing a central loudspeaker source. The alternative hypothesis to 
this is that there is a difference in the perception of the stereophonic image between the two 
system configurations. 
 
The third and final null hypothesis states that there is no difference in the perceived location 
of discrete sound sources within the panorama between an equidistant listening position and a 
non-optimal listening position. The alternative hypothesis to this is that there is a difference 
between the two listening positions. 
 
The first hypothesis was tested with a one-sample t-test, comparing the mean of the subjects 
estimates for each position to their theoretically correct counterparts (-30, -15, 0, 15, 30). 
 
The second and third was tested with a paired t-test, comparing the estimates of one factor to 
the estimates of the other. For the second hypothesis, the estimates of the three-channel 
system were compared to the estimates of the conventional stereo system. For the third 
hypothesis, the estimates of the equidistant listening position were compared to the estimates 
of the non-optimal position. 
 
The base significance level for this analysis was 0,05 or 5%. However, since each set of data 
is tested three times, the significance level needed to be compensated for multiple 
comparisons. This was done by dividing the significance level (a) with the number of tests 
performed on each dataset which, in this case, was three. 
 
The significance level (a) was therefore adjusted to 0.017 or 1.7%. 
 
Since the number of subjects (n) used in this experiment was 16, the degrees of freedom (df) 
used to perform these tests was 15 (n-1). 
 
 

4.1 Test 1 - One sample t-test: Mean of estimates 
compared to the theoretically correct position 

 
 
When comparing the means of the subjects estimates to the induced mean in the form of the 
theoretically correct position, one can see in tables 6A and 6B that the means of the estimates 
differ from the induced mean. When a T-test is performed on this sample of data, one can see 
whether this difference is statistically significant with 95% confidence or if the probability 
that it is a result of chance is greater than 5%. The results from these tests, which can be seen 
in tables 7A and 7B, show that there is a statistically significant difference between the 
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perceived location and intended location of the stimulus in some areas of the panorama, 
meaning that the null hypothesis can be rejected. 
 
Table	7A	-	The	results	of	test	1,	showing	whether	the	difference	between	mean	of	the	subjects	estimates	and	the	induced	
estimate	is	statistically	significant.		

 
 
Table	7B	-	The	results	of	test	1,	showing	whether	the	difference	between	mean	of	the	subjects	estimates	and	the	induced	
estimate	is	statistically	significant.		

 
 
In tables 7A and 7B, it can be seen that the difference between the intended position and 
perceived position for sound sources placed far left (-30) and far right (30) is not significant 
for neither system configuration nor listening position. This indicates that there is real benefit 
nor drawback in regard for the perception of the stereophonic image for choosing either 
system configuration for sounds placed on these locations within the panorama. For these 
positions within the panorama, the null hypothesis could not be rejected. 
 
It can also be seen that there is a significant difference between the intended position and 
perceived position for sound sources placed in the center (0) between the listening positions, 
when a central loudspeaker source is utilized. In addition to this, it can be seen that there is a 
statistically significant difference between intended and perceived position for sounds placed 
in the center when phantom imaging is utilized. This difference is present in both the 
equidistant as well as the non-optimal listening. When comparing the estimates for sounds 
placed in the center from the non-optimal listening position, one can see that while the 
difference is significant compared to the intended location, the difference is not as palpable in 
the three channel system as in the stereo system, with a difference of 3.398° for the three 
channel system and 29.297° for the stereo system. This indicates that utilizing a central 
loudspeaker source provides a benefit in cementing the central point of the stereophonic 
image across the listening space. 
 
Regarding the positions between the left or right speaker and the center (-15 and 15), there is 
a statistically significant difference between intended and perceived position for a three-
channel system configuration. These differences are rather palpable as the perceived positions 
are -0.35° with the intended position of -15 and -0.12° with the intended position of 15, 
resulting in differences of -14.65 and 15.12 respectively. This results in the perceived position 
being skewed towards the nearest speaker. This difference is similarly palpable in the three-
channel system from the non-optimal listening position with the differences between intended 
and perceived position being 13.42° and 12.19° for position -15 and 15 respectively. Once 
again, this results in the perception being skewed towards the nearest speaker. In the three-

TEST 1 A

X (LCR) Y (LR)

Stim.Pos -30 -15 0 15 30 -30 -15 0 15 30
Mean -29,180 -0,352 -0,586 -0,117 29,180 -29,883 -11,133 6,211 19,570 29,297
Difference -0,820 -14,648 0,586 15,117 0,820 -0,117 -3,867 -6,211 -4,570 0,703
P-Value 0,1102 <0,0001 0,3523 <0,0001 0,1102 0,3332 0,0854 <0,0001 <0,0001 0,1108
Significance NO YES NO YES NO NO NO YES YES NO

TEST 1 B

X (LCR Y (LR)

Stim.Pos -30 -15 0 15 30 -30 -15 0 15 30
Mean -29,883 -28,242 3,398 2,813 29,180 -30,000 -29,531 -29,297 -26,719 29,414
Difference -0,117 13,242 -3,398 12,188 0,820 0,000 14,531 29,297 41,719 0,586
P-Value 0,3332 <0,0001 0,0058 <0,0001 0,0295 1,0000 <0,0001 <0,0001 <0,0001 0,0555
Significance NO YES YES YES NO NO YES YES YES NO
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channel system configuration, the stereo panorama is about equally skewed from either 
listening position, which can be interpreted as that a three-channel system provides a more 
homogenous stereophonic image for a majority of the audience. On closer inspection 
however, it is clear that this is not the case as the perception of sources placed in position 
between left and center (-15) differs approximately 27.89° as the listening position changes 
from an equidistant listening position directly in front of the central loudspeaker to a non-
optimal listening position placed directly in front of the left speaker. 
 
For sounds placed in positions -15 and 15, the difference between intended location and 
perceived location within the panorama is smaller in a conventional stereo system than a 
three-channel system, when experienced from an equidistant listening position 
 
The difference between perceived and intended position in a conventional stereo system is 
approximately -3.87° and -4.57° for positions -15 and 15 respectively, with both perceived 
locations being skewed towards the right. The mean of estimates for position -15 is -11.113 
resulting in a difference of -3.867 which is not statistically significant, while the difference 
between perceived and intended position for position 15 is. The relevance of this significance 
can however be questioned as the difference between intended and perceived position sounds 
placed in position the mirrored position (15) is insignificant despite the symmetry of the 
system and listening position. 
 
From the non-optimal listening position, the difference between intended and perceived 
location is more palpable for sound represented by both speakers in a conventional stereo 
system. For sounds intended to be perceived in the center is skewed towards the closest 
speaker by approximately 29.3°. Sounds intended to have the perceived location of between 
the center of the panorama and the closest speaker is skewed approximately 14.53° towards 
the closest speaker, resulting in the location seeming to originate from the closest speaker. 
Sound placed between the center of the panorama and the loudspeaker array placed the 
furthest away from the listener have a difference of approximately 41.72° between intended 
position and perceived position which is the largest difference between intended and 
perceived location observed in this study. 
 
 

4.2 Test 2 – Paired t-test: The mean of estimates for system 
X compared to system Y 

 
As a complement to comparing the perceived location to the intended location, the two 
system configurations were compared to each other to examine whether there is a significant 
difference between the two from each listening position. This was done by comparing the p-
value, calculated using the “t.test” function in Microsoft Excel, to the corrected significance 
level. The results of these tests are shown in figures 8A and 8B. 
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Table	8A	-	Results	from	test	2A.	The	mean	of	estimates	for	system	X	(LCR)	compared	to	the	mean	of	estimates	for	system	Y	
(LR)	from	an	equidistant	listening	position.		

 
 
 
In tables 8A it is clear that, when placed in an equidistant listening position, the listeners’ 
perception of sources placed in positions -15, 0 and 15 differs. When switching between these 
systems, one will experience a difference in stereo imaging with the perceivable difference 
being that sound placed in positions -15 and 15 in a three-channel system is perceived to 
originate closer to the center and that the perceived location of sounds placed in the phantom 
center of the stereo system differs approximately 6.80° from the corresponding position of the 
three-channel system. 
 
 
Table	8B	-	Results	from	test	2B.	The	mean	of	estimates	for	system	X	(LCR)	compared	to	the	mean	of	estimates	for	system	Y	
(LR)	from	a	non-optimal	listening	position.		

 
 
 
The results from test 2B, comparing the mean of the estimates for both system configurations 
for listeners placed in non-optimal listening position, show that the perceived location of 
sounds placed in location -30, -15 and 30 do not differ between the two system configurations 
in a significant fashion. Sounds placed in positions 0 and 15 do however with the difference 
between the means of the estimates being -29.53° and -26.72° respectively. 
 
From the equidistant listening position, the choice of system configuration matters as middle 
half of the panorama differs between the two systems. From a non-optimal listening position, 
the perceived location of sounds placed on far left and far right side of the panorama do not 
differ between the system configurations. Neither does the perceived location of sounds 
placed between the center and the speaker closest to the listener. The perception of sounds 
placed in the center and between the center and the speaker the furthest away from the listener 
does matter. However, the number of positions within the panorama that differs between the 
two system configurations is greater in from the equidistant listening position as opposed to 
the non-optimal one, making the choice of system matter more for the listeners placed in the 
equidistant listening position. 
 
 
 
 

Test 2A A
-30 -15 0 15 30

Mean X -29,180 -0,352 -0,586 -0,117 29,180
Mean Y -29,883 -11,133 6,211 19,570 29,297
Difference 0,703 10,781 -6,797 -19,688 -0,117
P-Value 0,1639 0,0001 0,0001 <0,0001 0,8172
Significance NO YES YES YES NO

Test 2B B
-30 -15 0 15 30

Mean X -29,883 -28,242 3,398 2,813 29,180
Mean Y -30,000 -29,531 -29,297 -26,719 29,414
Difference 0,117 1,289 32,695 29,531 -0,234
P-Value 0,3332 0,0289 <0,0001 <0,0001 0,6091
Significance NO NO YES YES NO
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4.3 Test 3 – Paired t-test: The mean of estimates for 
position A compared to position B 

 
The final t-test aimed to investigate there was a difference between the listening positions for 
each system configuration. 
 
Table	9A	-	Results	from	test	3X.	The	mean	of	estimates	for	position	A	(equidistant)	compared	to	the	mean	of	estimates	for	
position	B	(non-optimal)	for	system	a	three-channel	system.		

 
 
 
The results from test 3X, which can be seen in figure 9A, show that, when a central 
loudspeaker source is utilized, only one position within the panorama differs between the 
listening positions in a significant way. The one position that differs is position -15 with a 
difference of the perceived location being approximately 27.89° between the two listening 
positions. In position A, the mean of estimates for sounds placed in this location is 
approximately -0.35° and in position B, the mean of estimates is approximately -28.24°, 
which means that, as the listener position changes, the perceived location of sounds placed in 
this position changes to be perceived to originate from the closest speaker. 
 
Table	9B	-	Results	from	test	3Y.	The	mean	of	estimates	for	position	A	(equidistant)	compared	to	the	mean	of	estimates	for	
position	B	(non-optimal)	for	system	a	stereo	system.		

 
 
 
In figure 9B it can be seen that perceived location of sounds placed in position -30 and 30 
remains unaffected by both listener position and system configuration. In a stereo system 
however, the perceived location of sounds placed in locations -15, 0 and 15 differs quite a bit 
between the listener positions with the difference between the perceived location for these 
placements being 18.4°, 35.51° and 46.29° respectively. 
 
For the conventional stereo system configuration, a non-optimal listening position will skew 
the panorama for all sound sources reproduced by both speakers (positions -15, 0 and 15), 
making not only the intended to be perceived to originate from the center, but also sounds 
intended to be perceived to originate from locations -15 and 15, to be significantly skewed. 
 
For a three-channel system however, the listener position has a lesser impact on the 
perception of the stereophonic image, and while sounds placed between the central 
loudspeaker and the speaker closest to the listener will be skewed, a three-channel system 
provides an experience less affected by listening position. 

Test 3X X (LCR)

-30 -15 0 15 30
Mean A -29,180 -0,352 -0,586 -0,117 29,180
Mean B -29,883 -28,242 3,398 2,813 29,180
Difference 0,703 27,891 -3,984 -2,930 0,000
P-Value 0,0825 <0,0001 0,0219 0,0962 1,0000
Significance NO YES NO NO NO

Test 3Y Y (LR)
-30 -15 0 15 30

Mean A -29,883 -11,133 6,211 19,570 29,297
Mean B -30,000 -29,531 -29,297 -26,719 29,414
Difference 0,117 18,398 35,508 46,289 -0,117
P-Value 0,3332 0,0000 0,0000 0,0000 0,8353
Significance NO YES YES YES NO



	 22	

 

4.4 Deviation 
 
In tables 6A and 6B, the standard deviation of the sample estimates was shown. In figures 1, 
2, 3 and 4, the standard deviation is visualized so show the mean of estimates ±1 standard 
deviation. 
 

 
Figure	1	-	Showing	the	deviation	of	sample	estimates	for	the	equidistant	listening	position	and	three-channel	system	
configuration.	

 

 
Figure	2	-	Showing	the	deviation	of	sample	estimates	for	the	equidistant	listening	position	and	conventional	system	
configuration.	
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Figure	3	-	Showing	the	deviation	of	sample	estimates	for	the	non-optimal	listening	position	and	three-channel	system	
configuration.	

 

 
Figure	4	-	Showing	the	deviation	of	sample	estimates	for	non-optimal	listening	position	and	conventional	stereo	system	
configuration.	

 
When analyzing the data shown in figure 2, it may seem that from an equidistant listening 
position, the stereo system configuration more closely represents the intended positions within 
the panorama. However, there were a significant difference between intended and perceived 
location for two positions within the panorama. The three-channel system also had two 
positions within the panorama with a significant difference between intended and perceived 
location from the same listening position. On closer inspection, when comparing figures 1 and 
2, one can see that the three-channel system had lower variance than the stereo system which 
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indicates that most of the subjects had a more similar experience in terms of locating discrete 
sources in the three-channel system when placed in an equidistant listening position. 
 
When comparing the two system configurations for the non-optimal listening position, it is 
clear that the subjects were more in agreement regarding the perceived location of a sound for 
the stereo system than for the three-channel system. However, the analysis made in parts 4.2 
and 4.3 indicates that these variations are not significant. 
 
 

4.5 Answers from the questionnaire: 
 
The answers collected from the questionnaire indicate that there is no discernable pattern in 
regard to the subjects perceived difficulty in determining a position within the panorama. 
Eight out of sixteen subjects stated a perceived difficulty in estimating the location between 
the listening positions with four subjects experiencing a difficulty in position A and four 
subjects in position B, which, as previously stated, do not indicate a discernable pattern. 
 
The same can be said for the experience between the systems. Eight out of sixteen subjects 
stated a difference in difficulty in determining the location of a sound, with three subjects 
expressing a perceived increase in difficulty in determining the location for the stereo system 
and five subjects expressing an increase in difficulty in the three-channel system which, once 
again, do not indicate a discernable pattern. 

 
4.6 Conclusions: 

 
Sounds placed in the extremities of the panorama are unaffected by system configuration or 
listening position. When utilizing a central loudspeaker source, sounds placed in the center 
are less affected by the listening position. When utilizing a conventional stereo system, and 
the listening position less than ideal, the panorama will be greatly skewed as compared to the 
perception of the stereo panorama when experienced from the equidistant listening position. 
When utilizing a three-channel system, there is no significant difference in the perceived 
location for 4 out of the 5 placements within the panorama used in this experiment as a result 
of different listening positions, while only 2 out of 5 positions within the panorama are not 
significantly affected by the listener position in a conventional stereo system. This means that 
a three-channel system provides a more similar experience of the stereophonic image across 
the listening space than a stereo system configuration can. 
 
While the mean of estimates for sounds placed in positions -15 and 15 for a stereo system 
experienced from an equidistant listening position is closer to the intended position, than 
sounds placed in the corresponding locations for the three-channel system, this difference is 
still relevant so to make the conclusion that a stereo system configuration more closely 
represents the intended position within the panorama from an equidistant listening position 
holds no statistical significance.  
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5. Discussion 
 
The conclusions made in part 4.5 comes with some reservations. No experiment is perfect, 
and this chapter aims to address the parameters that possibly could have affected the results. 
 
Firstly, the various parameters of the experiments potential impact on the results will be 
addressed. Secondly, the method of analysis will be examined to determine its potential effect 
on the results. Lastly, suggestions for subsequent studies will be presented as well as the 
potential practical applications of the results from this experiment. 
 
 

5.1 Potential impact of the experimental parameters 
 

5.1.1 Stimulus 
 
As the human auditory mechanisms used to determine the location of a sound consists of both 
amplitude differences as well as time differences, the choice of stimulus becomes important. 
Different mechanics are utilized in order to determine the location of different frequency 
ranges. The location of low frequencies is primarily determined by time differences between 
the ears while the location of higher frequencies are determined by amplitude differences. In 
this experiment, level differences between the ears serves as the primary mechanism. 
 
By choosing a stimulus of a lower frequency, time differences would have become a more 
contributing factor. This experiment provides no information about the perception of the 
stereo panorama for lower frequencies. This could have affected the results but by choosing a 
stimulus of a lower frequency, the experiment says nothing about the perception of the 
stereophonic image for higher frequencies. A stimulus which would have examined both of 
these mechanics is pink noise which consists of the entire audible frequency spectrum, which 
would more closely represent the frequency range of music. The reason this was not chosen 
was to eliminate the potential effects of phase cancellation which could have skewed the data. 
The assessment that a sine tone would decrease the chance of these effects affecting the 
results, was made. The use of a different stimulus could be a factor in a future study. 
 
 

5.1.2 System configuration 
 
The reason for using line source arrays rather than point source speakers, was to increase the 
ecological validity of the study. In this experiment, each line source array consisted of four 
speaker cabinets. In most professional applications a lot more speaker cabinets are typically 
used. The reason only four cabinets per speaker array was used was due to accessibility. The 
number of speaker cabinets available were twelve which results in four cabinets per speaker 
array. It is possible that the number of cabinets per array affected the radiance characteristics 
of the speaker arrays to not quite be perceived as a line source but something in between a 
line source and point source. 
 
Another parameter that almost certainly would have granted a different result is the 
configuration of the central loudspeaker array and its deviation from the ITU-R BS.775-3 
standard (ITU, 2012). If digital signal processing were utilized to compensate for the speaker 
placement in regard to arrival time and amplitude, the system configuration would more be 
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more reminiscent of the standard and possibly produce different results. In theory, adjusting 
the arrival time to be equal in all loudspeaker arrays would reduce the effect of the precedence 
effect and therefore not skewing the -15 and +15 positions for the three-channel system in 
such a significant manner. 
 
A third parameter regarding the speaker configuration that could have affected the results is 
the fact that they were visible to the subjects which may have inclined the subjects’ 
estimations to gravitate closer to a speaker source. The reason for the speaker arrays to be 
visible was due to a lack of acoustically transparent cloth to cover the speakers without 
affecting the timbre. 
 
	

5.1.3 Listening position 
 
Only two listening positions do not represent the entire listening space and in an ideal world, 
every possible listening position would have been examined. This is obviously very 
impractical but ignoring the fact that this would affect the results cannot be ruled out. Having 
more listening positions with the way this experiment was designed could have caused 
listening fatigue which would affect the accuracy of the data. In addition, more listening 
positions would lead to more tests having to be performed. This in turn would lead to lower 
significance level as per the Bonferroni correction and this would have affected the results. 
 
 

5.2 Potential impact of method of analysis 
 
The sheer number of tests is the factor most probable to contribute to the accuracy of the data. 
While the assessment that these tests were necessary to answer the research question, it is 
negligent to ignore the fact that the number of tests affects the significance level. This is not 
problematic in a study where one is examining whether data is statistically significant or not 
as it only makes it more difficult to declare a statistical significance. In this study however, 
conclusions are drawn from the lack of significance as well the presence of it. This means that 
the number of tests could be have led to a false analysis as a difference between two datasets 
analyzed as statistically insignificant would be significant if only one test was performed on 
each data set. 
 
 

5.3 Practical applications and future studies 
 
This experiment provides insight in how the use of a central loudspeaker source, as opposed 
to phantom center, is experienced from different listening positions. While it would be simple 
to state that the system that provides the most consistent stereophonic image across the 
listening space is superior, the topic unfortunately is more complex than that. This study says 
nothing about the listeners preference of system configuration or listening position and there 
is a myriad of factors that could affect this. For instance, there could be artefacts such as 
comb-filtering that was not noticed in this experiment due to the choice of stimulus and that 
disturbs the experience of the listener and a mixing approach not suitable for this kind of 
system could be used. There are mixing engineers however, who utilize a panning technique 
where all sources are panned either hard left, hard right or center. Based on experience this is 
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not most common approach for live mixing, engineers who do utilize this technique could 
reap great benefits from a three-channel system configuration. 
 
Also, this experiment says nothing about the perception of the stereophonic image for the full 
audible frequency range. 
 
One possible subsequent study is to examine whether the data gathered with the stimulus used 
in this study is comparable with a full-range stimulus such as noise or music. 
 
Another future study could build on this study, utilizing a three-channel system with a delay 
and amplitude compensated center array or perhaps examine the differences between a 
compensated and a non-compensated central loudspeaker array to draw possible conclusions 
on the impact of the precedence effect in sound reinforcement scenarios. 
 
Another possible future study could be to examine mixing approaches for these kinds of 
systems. Finding which approaches work and don’t work as well finding mixing approaches 
comparable between both a conventional two channel system and a three-channel system. 
 
The preference of listeners is the most important factor to examine in order to create a 
bedrock of knowledge on which to base the choice of system configuration. At the end of the 
day, the goal of a system design is to satisfy a majority of the audience. It is equally possible 
that the stereo system is preferred as the three-channel one. With this study, a piece of the 
puzzle is added and shines a light on how the stereophonic image is perceived. 	
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Appendix A 
 

Upplevde du att riktningen var svårare att skatta från någon lyssningsposition (A/B)? 

 

Ja 

Nej 

 

 

 

Om ja; Vilken lyssningsposition? 

 

A 

B 

 

 

 

Upplevde du att riktningen var svårare att skatta i något ljudexempel (X/Y)? 

 

Ja 

Nej 

 

 

 

Om ja; Vilket ljudexempel? 

 

X 

Y 

 
 


