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ABSTRACT 

Based on preference, listeners adjusted the relative bass and treble levels of three music programs reproduced 
through a high quality stereo loudspeaker system equalized to a flat in-room target response. The same task was 
repeated using a high quality circumaural headphone equalized to match the flat in-room loudspeaker response as 
measured at the eardrum reference point (DRP). The results show that listeners on average preferred an in-room 
loudspeaker target response that had 2 dB more bass and treble compared to the preferred headphone target 
response. There were significant variations in the preferred bass and treble levels due to differences in individual 
taste and listener training.  

1 INTRODUCTION 

The perceived quality of recorded and reproduced sound 
is significantly influenced by the technical performance 
of the loudspeaker and its acoustical interaction with the 
listening room [1]. Below 300 Hz, loudspeaker- 

room interactions largely determine the quality and 
quantity of low frequency sounds we hear. Above 300 
Hz, the loudspeaker’s off-axis performance and 
directivity combined with the reflective properties of the 
listening room determine the quality and proportion of 
reflected sounds we hear. The performance of the 
loudspeaker and its interaction with the room acoustics 
produce errors that compromise the quality of recorded 
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and reproduced sound.  Meaningful audio industry 
standards that define both the loudspeaker’s 
performance and its calibration to a specified in-room 
target response could reduce much of the variability in 
quality within the recording and playback chain. Until 
that happens, the audio industry remains trapped in a 
“circle of confusion” [1]. 

The perceived sound quality of a loudspeaker in a 
controlled listening room can be can reliably predicted 
based on a set of anechoic measurements [2], [3].  
However, when the loudspeakers are arbitrarily 
positioned in different rooms without calibration to an 
in-room target response, the measured in-room response 
of the loudspeaker can vary significantly [1]. In a survey 
of 160 professional recording control rooms using 250 
identical factory-calibrated 3-way monitors, Mäkivirta 
and Anet measured in-room response variations of 24 
dB below 200 Hz at the mixing position [4].  Given this 
magnitude of in-room response variation one begins to 
understand why the quality of recordings is inconsistent. 

One solution for controlling loudspeaker-room 
interactions is to measure and equalize the in-room 
response of the loudspeakers to fit a standardized target 
response curve – a calibration process known as “room 
correction.”   However, there appears to be little 
consensus within the audio industry on what the optimal 
in-room target response should be, and how to best 
achieve it.  

Olive et al. performed objective and subjective 
measurements on different commercial room correction 
products [5]. Two of the room correction products 
significantly improved the sound quality of the 
uncorrected loudspeaker, while the remaining products 
either provided no improvement or made the 
uncorrected loudspeaker sound worse. A contributing 
factor was the manufacturers’ specified in-room target 
curve. The least preferred room correction specified a 
flat in-room target response whereas the most preferred 
room correction had a smooth in-room target response 
with a 10 dB negative slope from 20 Hz to 20 kHz (see 
Fig. 11 (a) of [5]). The preference ratings for the room 
corrections were influenced by the program material, 
highlighting the fact that in the absence of standards, the 
ideal target response is a moving target. 

An industry standard that defined an in-room 
loudspeaker target response would also provide 
guidance for the ideal target response for headphones. 
Recent studies on headphone target response have 

shown evidence that listeners preferred headphones that 
simulated the amplitude response of a loudspeaker 
measured in a room [6], [7]. This finding makes sense 
since most stereo recordings are optimized to sound best 
through loudspeakers in a room. Therefore, one could 
argue: the closer the headphone amplitude response 
simulates the in-room response of a good loudspeaker, 
the better it will sound. However, given that most 
recordings are monitored through non-standardized, un-
calibrated, loudspeakers and rooms, a difficult question 
is: “How do we determine what the optimal in-room 
response of the loudspeaker should be?” 

To date, there is a paucity of published studies on what 
the optimal target function should be for a headphone 
and a loudspeaker in a room. Both SMPTE [8] and ITU 
[9] have recommended in-room target response curves 
for cinema and professional loudspeakers, respectively. 
However, since both standards have never been 
scientifically tested and validated, their efficacy remains 
in doubt. There remain several unanswered questions 
including: 1) Are the preferred in-room loudspeaker and 
headphone target responses the same? 2) Can the 
current recommended in-room loudspeaker and 
headphone target responses be improved upon with 
more research?  3) To what extent is the preferred target 
response influenced by program, individual taste, and 
the methodology used to measure it? 

This paper describes a set of listening experiments 
designed to address these questions. Eleven listeners 
both trained and untrained adjusted a flat in-room target 
response of a stereo loudspeaker system in a reference 
listening room. Listeners adjusted the bass and treble 
levels based on preference using three different music 
programs. The same experiment was repeated using a 
high quality circumaural headphone (Sennheiser HD 
800) measured and equalized to produce the same flat 
in-room response as the loudspeaker.  The preferred 
bass and treble levels were measured using two different 
methods: 1) a single parameter method of adjustment 
(MOA) where either the bass or treble level was fixed 
while the level of the other parameter was adjusted, and 
2) a two-parameter MOA where the listener adjusted 
both bass and treble levels concurrently.  

By comparing results between the two methods we 
hoped to gain insight into how the parameters (bass and 
treble) interact with each other, and if the number of 
adjusted parameters affects the accuracy and 
consistency of the listeners’ responses.  
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2 EXPERIMENTS ON PREFERRED IN-ROOM 
LOUDSPEAKER AND HEADPHONE 
TARGET RESPONSES 

Section 2 describes in detail the listening test 
methodology for this study. This includes details on the 
acoustical performance and equalization of the 
loudspeaker, listening room and headphones used for 
these experiments (sections 2.1 to 2.5), and a 
description of the listening test procedure, program 
material, and listeners (sections 2.6 to 2.11). The results 
are presented in section 3. 

2.1 Selection of Loudspeakers 

A pair of high quality three-way floor-standing 
loudspeakers (Revel Performa F208) was chosen for 
these listening experiments [10]. The loudspeaker is 
comprised of one 2.5 cm (1 in) tweeter, one 13.3 cm 
(5.25 in) midrange and two 20 cm (8 in) woofers. 

Fig. 1 shows a family of anechoic measurements of the 
loudspeaker measured at 2 m in the large anechoic 
chamber at Harman. A total of 70 measurements were 
taken in 10-degree increments in both horizontal and 
vertical orbits. The frequency resolution of the raw 
measurements was 48 points per octave, with 1/12-
octave smoothing shown here.  

The family of curves shows spatial averages that 
represent (from top to bottom) the on-axis response, the 
listening window, the first reflections, the predicted in-
room response, and the total radiated sound power. The 
bottom two curves represent the directivity indices for 
the sound power and the first reflections.  The listening 
window indicates that listeners sitting on or slightly off-
axis will receive direct sound that is neutral (flat and 
extended in frequency). The first reflection and sound 
power curves also indicate that the early and late 
reflected sounds will be similarly good (smooth and 
extended in frequency) assuming their spectra are not 
adversely altered by the acoustical treatment of the 
reflecting surfaces. Loudspeakers with this high level of 
technical performance have been found in previous 
studies to produce high preference ratings from both 
trained and untrained listeners [1]-[3],[11]. 

 
Figure 1 The family of anechoic measurements of the 
Revel Performa Three F208 loudspeaker showing from 
top to bottom the responses: on-axis, listening window, 
first reflections, predicted in-room, sound power, and 
directivity indices for the sound power and first 
reflections. 

2.2 Harman Reference Listening Room 

The listening experiments were conducted in the 
Harman International reference listening room located 
in Northridge. A detailed description of the room and its 
acoustical performance can be found in [12].  

The rectangular room’s dimensions are 7.32 m (L) x 6.4 
m (W) x 2.74 m (H) with the inner walls and ceiling 
constructed of a single layer of 1.27 cm painted gypsum 
board. The floor consists of a wooden laminate floor 
partially covered with carpet on a foam underlay. The 
only acoustical treatment consists of absorptive 
fiberglass panels located mostly on the front and rear 
walls, and some custom cylindrical diffusers. The 
background noise in the room is > NC 15. The average 
RT60 is approximately 0.4 s and constant above 125 Hz 
(see Fig. 8 in [9]), making it representative of a typical 
domestic listening room in Canada [13]. 
 

2.3 Loudspeaker Setup and In-Room 
Equalization 

The two loudspeakers were symmetrically positioned 
with respect to the listening room sidewalls with a 
stereo angle of ± 30 degrees, as recommended by the 
ITU-R BS 1116.2 [9].  The listening distance was 3.5 m. 

The steady-state frequency response of each 
loudspeaker was measured separately using a 3 x 3 
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array of nine omnidirectional microphones  (DBX RTA-
M) centered at the primary listening seat, and separated 
by 60.96 cm (2 ft). This forms a small spatial average 
around the primary listening seat, which better 
represents the average response. Fig. 2 shows the 
spatially averaged measured frequency response of left 
loudspeaker. While the raw frequency resolution of the 
measurements was 48 log-spaced points per octave, the 
curve is shown 1/12–octave smoothed.  

By comparing the in-room measurements in Fig. 2 to 
the anechoic ones in Fig. 1, one can see evidence in Fig. 
2 of room resonances and acoustical interference below 
300 Hz, exhibited in the curves as a series of bumps and 
dips.  Above 1 kHz, the in-room response of the 
loudspeaker begins to resemble its measured sound 
power response with a 6 dB downward slope at higher 
frequencies.  

 
Figure 2 The in-room amplitude response of the left 
loudspeaker measured at the primary listening seat in 
the reference room before equalization. 

 
For the purposes of these listening experiments, the 
loudspeaker response was “flattened” by equalizing the 
in-room response of the left and right channels to a flat 
target function. This was done using the auto-EQ 
function in the Harman Audio Test System (HATS), 
which applies a specified number of bi-quad infinite 
impulse response (IIR) filters to achieve the best fit to 
the defined target curve. The filter coefficients were 
downloaded to a digital equalizer (BSS Audio BLU-
800) to flatten the response of the loudspeaker. Fig. 3 
shows the average in-room response of the left and right 
loudspeaker after the response has been equalized to a 
flat in-room target response.   
 
 

 
Figure 3 The average in-room amplitude response of the 
left and right loudspeakers after equalization to a flat 
target response. 

2.4 Headphone Selection 

A high quality circumaural, open-back headphone 
(Sennheiser HD 800) was chosen for its smooth and 
extended linear frequency response, low distortion, and 
good fit and seal on the listeners’ ears [14]. Together 
these features facilitate headphone equalization to a 
target curve, allow up to 15 dB bass boosts with 
minimal distortion, and ensure consistent bass 
performance across the listening panel. The reseating 
repeatability of the headphone was verified by 
measuring it on a GRAS 45CA test fixture in IEC 60711 
configuration (KB0071 pinnae) eight times. Four reseats 
were made with the headphones more or less centered 
over the pinnae, and four were made where it was 
positioned slightly left, right, up and down relative to its 
center position on the pinnae. From 20 Hz to 5 kHz, the 
standard deviation of its measured response never 
exceeded 3 dB, which is exceptional for a headphone. 

2.5 Headphone Measurement and 
Equalization 

The frequency response of the headphone was measured 
on the same GRAS 45CA test fixture using HATS.  The 
average frequency response of the left and right 
channels of the headphone are shown in Fig. 4 based on 
eight re-seats of the headphone at slightly different 
positions on the GRAS pinnae. This technique reduces 
measurement errors related to headphone position.  
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Figure 4 The averaged left (black) and right (red) 
frequency response of the Sennheiser HD 800 
headphone based on eight re-seats on the GRAS 45CA 
test fixture. 

The amplitude response of the headphone was first 
flattened and then equalized to match the in-room target 
response of the loudspeaker measured at the DRP. The 
equalization was done using the auto-eq function in 
HATS and a software equalizer (Max software by 
Cycling 74) using digital IIR filters.  

Fig. 5 shows the frequency response of the equalized 
left (green) and right (red) channels of the headphone 
compared to the intended target response. The equalized 
response is very close to the target response up to 9 kHz 
above which there are small errors over a narrow 
bandwidth.  

 
Figure 5 The frequency response of the left (green 
curve) and right (red curve) channel of Sennheiser HD 
800 headphone after equalization to the flat in-room 
target response of the loudspeaker (black curve), 
measured at the DRP. 

2.6 Method of Adjustment (MOA) 

A method of adjustment (MOA) procedure was used to 
measure listeners’ preferred bass and treble levels for 
the in-room loudspeaker and headphone target response.  
In the MOA task, listeners were able to listen to a music 
loop and directly adjust the level of the bass and/or 
treble according to preference.  For each music 
program, the adjustment was repeated nine times over 
three listening sessions to get a measure of the 
repeatability of the preferred bass and treble level.  

We were interested in studying whether the number of 
parameters (i.e. bass and treble) listeners adjusted at a 
time influenced their performance and preferences. 
Therefore, we designed two different MOA tasks: a 
single parameter and a two parameter task  (see Table 
1). For the single parameter task, there were four tests 
where the bass and treble level was adjusted separately 
while the level of the other parameter was fixed at one 
of two possible levels, each separated by 4 dB. For the 
two parameter MOA task, both bass and treble levels 
were adjusted concurrently in the same trial.  

 

Table 1 A description of the single and two parameter 
method of adjustment listening tasks. 

Method of 
Adjustment 

Bass 1 Bass 2 Treble 1 Treble 2 

Single 
Parameter 
Task  

Treble 
Level 
Fixed at 
0 dB 

Treble 
Level 
Fixed at 
– 4dB 

Bass 
Level 
Fixed at 
6 dB 

Bass 
Level 
Fixed at 
2 dB 

Two 
Parameter 
Task 

Bass and Treble levels are both adjustable 
with initial levels randomized 

To administer the listening tests, a custom listening test 
software program was written for Mac OS using Max 
software. The software controlled the music playback, 
provided real-time digital signal processing of the bass 
and treble filters (see section 2.7) based on the listeners’ 
input, and collected and stored their responses in a 
MySQL database. The graphical user interface (GUI) 
for the two-parameter MOA task is shown in Fig. 6.  
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Figure 6 The GUI used to administer the two parameter 
listening test and collect and store the listeners’ 
responses. 

 

The GUI provided the listener status information and 
some visual arrows to indicate whether they were 
increasing or decreasing the level of bass and treble 
while making level adjustments.  

In each trial, the initial level of the adjusted parameter 
was randomly determined by the software program and 
fell within a bracket that avoided extreme values near 
the upper and lower range. This was done to avoid 
introducing a bias in the listener responses. Listeners 
made level adjustments via two Griffin Powermate USB 
assignable controllers [15] that provided the listener an 
endless rotary volume knob with no detents or visual 
markings. This important feature ensured that the 
listeners’ responses were not biased by visual or tactile 
cues related to the position of the knob. A buffer or 
“dead zone” was incorporated at the extremes of the 
adjustment range to prevent subjects from using the 
extremes as reference points, another attendant bias. 

2.7 Bass and Treble Filters For Method 
Adjustment Task 

The preferred in-room loudspeaker and headphone 
target responses were based on listeners adjusting to 
taste the bass and treble levels of an otherwise flat in-
room target response. This section describes the digital 
filters used for adjusting the bass and treble levels of the 
target response. 
 
Listeners could adjust the bass level in 0.25 dB 
increments over a +15 dB to -5 dB range that was 
implemented using a second order bass shelf filter set at 
105 Hz. Adjustments in treble level were made in 0.25 
dB increments over a +5 to -10 dB range using a second 
order treble shelf filter set at 2.5 kHz. The frequency 
response of the two filters are shown in Fig. 7 with the  

 

 
Figure 7 The upper and lower range of gain values are 
plotted for the bass and treble shelving filters used in the 
MOA listening experiments. 

 
 
bass and treble filters set at their maximum and 
minimum level settings. The upper and lower limit gain 
values were sufficiently large to accommodate a variety 
of programs and individual tastes based on informal 
listening.  We also verified that the maximum gain 
values did not overload or distort the playback chain. 
 
The frequency (105 Hz) of the bass filter was chosen for 
several reasons. First, the majority of subwoofers are 
crossed over to the main speaker near (or slightly 
below) this frequency, so there are practical reasons to 
start from here. Secondly, variations in bass level due to 
acoustical interactions between loudspeakers and rooms 
occur near and below near this frequency. Thirdly, 
informal investigations by the authors found that 
extending the bass shelf frequency to above 105 Hz had 
an adverse affect on the timbre of vocals and other 
instruments whose fundamental pitches fall within this 
frequency region. On the other hand, boosting the bass 
below 150-200 Hz tends to enhance bass instruments 
without impacting the sound quality of the higher 
pitched instruments. 
 
The treble filter frequency of 2.5 kHz was chosen 
because this is a common midrange-tweeter crossover 
frequency where the directivity of the loudspeaker 
begins to increase, and the in-room response of the 
loudspeaker begins to fall downwards (see Fig. 2). The 
exact amount of high frequency drop will depend on 
directivity of the loudspeaker, the ratio of direct-
reflected sounds at the listening seat, and the absorption 
characteristics of the room. 
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2.8  Calibration of Playback Level 

For the loudspeaker listening test, the playback SPL was 
measured at the listening seat using a calibrated Type I 
sound level meter. The playback level was adjusted to 
82 dB (C-weighting, slow) with the loudspeakers set to 
the flat in-room response. The headphone playback 
level was set to the same playback level as the 
loudspeaker. This was done by adjusting the input level 
to the headphones measured on the GRAS 45CA test 
fixture until it matched the same SPL (i.e. 82 dB, C-
weighting, slow) measured with the device in the 
listening room at the primary listening seat.  This 
ensured that the playback SPL’s for both loudspeaker 
and headphone listening tests were identical. 

2.9 Listening Test Procedure 

Listeners completed a total of 27 trials (3 programs x 9 
observations) for the five different listening tasks. Each 
task was repeated for both loudspeaker and headphone 
reproduction. In total, each listener completed 270 trials 
(27 trials x 5 tasks x 2 playback conditions = 270 trials). 

Approximately half the listeners completed the 
loudspeaker tests first, while the other half completed 
the headphone tests first. The order in which the five 
tasks were completed was randomized to minimize 
order-related effects. Most listeners completed the three 
sessions within 30 minutes.  

2.10 Program Selections 

Three different music selections were used for this 
experiment summarized in Table 2.  

 

Table 2 Details on the music programs used for these 
listening experiments. 

Program/Artist/Track/ Album  Description 
JW - Jennifer Warnes / Bird on a 
Wire / BMG Records, 1989, 
B00000DN6J 

Female Pop 
Vocal 

SD - Steely Dan / Cousin Dupree/ 
Two Against Nature / Giant 
Records/WEA, 2000, B00004GOXS 

Male Pop 
Vocal 

ES – Estelle w. Kayne West / 
American Boy Shine/ Atlantic 
Records, 2008, B00142Q7H8 

Male /Female 
Hip Hop 

The programs were digitally transferred from compact 
disc and edited into 15-20 s loops. Fig. 8 shows the 
average long-term spectrum of the three music loops 
indicating they contained signals that were sufficiently 
spectrally dense and broadband to facilitate reliable 
judgments of bass and treble balance. 

 
Figure 8 The long-term power spectral density of the 
three programs used in this study based on an average of 
left and right channels with 1/3-octave smoothing. 

2.11 Selection of Listeners 

A total of eleven listeners participated in these listening 
tests: eight males and three females. Their ages ranged 
from 23 to 53 years with a median age of 34 years (SD 
= 10.1 years).  Eight of the listeners were employees of 
Harman International possessing audiometric normal 
hearing and achieving a skill level of eight or higher in 
all tasks of the Harman How to Listen training software 
[16]. The remaining three external listeners were 
between 21 and 30 years of age, and had no formal 
listener training. One of the untrained listeners was a 
professional bass player, while the remaining two were 
junior level recording engineers working in the film 
industry. The listeners were remunerated for their 
participation. 

3 RESULTS 

Section 3.1 presents the results for the single parameter 
MOA tests, while section 3.2 presents the results for the 
two parameter MOA tests. 
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3.1 Single Parameter MOA Results 

Analysis of variance (ANOVA) was performed 
separately for each of the four single parameter MOA 
tests.  The fixed independent factors were Playback 
Method (2 levels: Loudspeaker and Headphones), 
Program (3 levels), and Listener Experience (2 levels: 
Trained and Untrained). The dependent variable was the 
adjusted parameter: preferrebass or treble level. All 
statistical tests were performed at a significance level of 
5%.  

For all four single parameter tests, the factors Playback 
Method and Experience were main effects  (p < 0.05).  
For the Bass 1, Bass 2 and Treble 2 tests, there was a 
statistically significant interaction between the factors 
Playback Method and Experience. The main effects and 
interactions are discussed below.  

3.1.1 The Effect of Playback Method  

Fig. 9 (a) plots the mean preferred bass levels and 95% 
confidence intervals for the loudspeaker (solid lines) 
and headphone (dotted lines) tests.  Fig. 9 (b) shows the 
same results for the Treble 1 and 2. The mean levels 
have been averaged across all listeners and programs.  

 

(a) 

 

(b) 

Figure 9 (a) The mean preferred adjusted bass levels 
and 95% confidence intervals with the treble level fixed 
at 0 dB and -4 dB for loudspeaker (solid lines) and 
headphone (dotted lines) playback. (b) The same is 
shown for the treble adjustment task where the bass 
level was fixed at 6 dB and 2 dB. 

 

Looking at Fig. 9 (a), we can make the following 
conclusions. Firstly, in the Bass 1 test, listeners 
preferred comparatively higher levels of bass (+2.2 dB) 
when listening to loudspeakers versus headphones. 
Secondly, for loudspeaker playback the preferred level 
of bass depended on the relative level at which the 
treble was fixed. For example, when the fixed level of 
treble was reduced from 0 dB (Bass 1) to -4dB (Bass 2), 
listeners on average reduced the bass by 2 dB in the 
loudspeaker test. This interaction effect between the 
bass and treble levels was only observed in the 
loudspeaker test; in the headphone test, the level of bass 
was only reduced 0.5 dB when the treble was reduced 
from 0 dB (Bass 1) to -4 dB (Bass 2). 

Looking at Fig. 9(b) we can conclude listeners also 
preferred comparatively higher levels of treble (in 
addition to more bass) when listening to loudspeakers 
versus headphones. Specifically, they preferred +2.7 dB 
(Treble 1) and +3 dB (Treble 2) more treble for 
loudspeaker versus headphone playback. However, 
unlike the bass adjustment tests, reducing the level of 
the fixed parameter (bass) did not produce a reduction 
in the adjusted one (treble). In fact, in Treble 1 and 2 
tests, reducing the fixed level of bass from 6 dB to 2 dB 
resulted in a slight increase (+0.5 dB) in the preferred 
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level of treble. In other words, the preferred treble levels 
were largely unaffected by the changes in the fixed bass 
level. 

3.1.2 The Effect of Listener Experience on 
Preferred Bass and Treble Levels 

Listening experience had a significant effect on the 
preferred bass and treble levels (see section 3.1). This 
was true for all four single parameter MOA tests. When 
the results from both loudspeaker and headphone tests 
are combined, the untrained listeners preferred  +2.2 dB 
(Bass 1) and +1.1 dB (Bass 2) more bass than the 
trained listeners. The untrained listeners also preferred 
+2.1 dB (Treble 1) and +2.7 dB (Treble 2) more treble 
than the trained listeners. Evidently, for untrained 
listeners, more of everything is better. 

 

 

(a) 

 

(b) 

Figure 10 (a) The mean preferred levels and 95% 
confidence intervals are shown for the four single 
parameter MOA tests for trained and untrained listeners 
using headphone playback. (b) The same results are 
shown for loudspeaker playback. 

However, there was significant interaction between 
Experience and Playback Method, indicating that the 
untrained listeners’ appetite for more bass and treble 

wasn’t consistent across loudspeaker and headphone 
tests. This is confirmed by comparing the mean 
preferred bass and treble levels for the trained and 
untrained listeners between the headphone (Fig. 10 (a)) 
and loudspeaker tests (Fig. 10(b)). The untrained 
listeners’ appetite for more bass is isolated to the 
loudspeaker test. In fact, for the headphone test, the 
untrained listeners preferred -0.7 dB (Bass 1) and -0.1 
dB (Bass 2) less bass than the trained listeners. On the 
other hand, the untrained listeners’ preference for higher 
levels of treble compared to their trained counterparts 
was consistent across both loudspeaker and headphone 
tests. 

Finally, given the small number of untrained 
participants in this study, the reported effects related to 
listener experience should be viewed with cautious 
skepticism until supported with further research. 

3.2 Two Parameter MOA Results 

The results were analyzed using both ANOVA and 
multivariate analysis of variance (MANOVA) where the 
fixed factors were Playback Method (2 levels: 
Loudspeaker and Headphone), Program (3 levels), and 
Listener Experience (2 levels: Trained and Untrained). 
The two dependent variables were the preferred bass 
and treble levels. All statistical tests were performed at a 
significance level of 5%. 

The main effects on the preferred bass and treble levels 
were Playback Method and Listener Experience, with a 
significant interaction between these two factors. These 
effects and interactions are discussed in more detail in 
the following sections. 

3.2.1 Effect of Playback Method on Preferred 
Bass and Treble Levels 

The preferred bass and treble levels and 95% confidence 
intervals for the two parameter MOA task are plotted in 
Fig. 11 for both loudspeaker and headphone playback. 
For loudspeaker playback the preferred bass and treble 
levels relative to a flat in-room response were 6.6 dB  
(SD = 5.9 dB) and -2.4 dB (SD = 4.5 dB), respectively. 
For headphone playback the preferred bass and treble 
levels were about 2 dB lower: 4.8 dB (SD = 5 dB) and -
4.4 dB (SD = 3.4 dB), respectively. 
 
From this, we can conclude that for loudspeaker 
playback, listeners generally preferred about 2 dB more 
bass and treble compared to the headphone condition. 
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This pattern is consistent with the results from the single 
parameter MOA tests (see section 3.1) where listeners 
adjusted the treble levels +2.7 to +3 dB higher for 
loudspeaker playback, and the bass levels +2.2 dB 
higher (Bass 1 test only). It is also interesting to note 
that average delta between the bass and treble level in 
the two parameter MOA tests was about the same for 
both loudspeaker and headphone tests: 9 dB 
(loudspeaker) versus 9.2 dB (headphone). This finding 
may be relevant if the distance between the bass and 
treble levels is an important perceptual parameter when 
listeners are making these adjustments. 
 

 
Figure 11 The mean preferred bass and treble levels and 
95% confidence intervals are shown for loudspeaker 
and headphone playback for the two parameter MOA 
test. 

 

3.2.2 Effect of Listener Experience on 
Preferred Bass and Treble Levels 

 
Listener experience had significant effect on the 
preferred bass and treble levels.  The effect is plotted in 
Fig. 12 showing the mean preferred bass and treble 
levels for both trained and untrained listeners. When the 
results from both headphone and loudspeaker tests are 
combined, the untrained listeners preferred 3.6 dB more 
bass and 3.6 dB more treble than the trained listeners.  

 
Figure 12 The mean preferred bass and treble levels and 
95% confidence intervals for trained and untrained 
listeners averaged across headphone and loudspeaker 
tests. 

 

3.2.3 Interaction Effect Between Listener 
Experience and Playback Method 

As found previously in the single parameter MOA tests, 
there was a significant interaction between Experience 
and Playback Method indicating that the effect of 
listener experience was not consistent across the two 
playback conditions.  This is evident in Fig. 13, which 
plots the mean preferred bass and treble levels for 
trained and untrained listeners separately for headphone 
and loudspeaker tests. 
 

 
Figure 13 The mean preferred bass and treble levels and 
95% confidence intervals for trained and untrained 
listeners in the headphone and loudspeaker tests. 

 
Comparing results across playback conditions, both 
trained and untrained listeners preferred more bass and 
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treble for the loudspeaker test.   Also, the untrained 
listeners consistently preferred more bass and treble 
than the trained listeners for both playback conditions; 
however, for the untrained listeners a disproportionate 
amount of increase in preferred bass and treble levels 
was observed in the loudspeaker test. For example, in 
the headphone test the untrained listeners preferred 
slightly more bass (+0.8 dB) and treble (+1.4 dB) than 
the trained listeners, but significantly more bass (+6.3 
dB) and treble (+5.8 dB) in the loudspeaker test. Why 
the untrained listeners preferred so much more bass and 
treble for the loudspeaker playback compared to the 
headphone playback is not clear. Further investigation 
into this effect may yield more insight. 

3.2.4 Individual Listener Preferences in Bass 
and Treble Levels 

There were significant differences among individual 
listeners in terms of their preferred bass and treble 
levels.  Fig. 14 plots the mean individual listener 
preferred bass and treble levels and 95% confidence 
intervals for the loudspeaker (solid lines) and 
headphone (dotted lines) two parameter MOA tests.  

The range of preferred bass levels among individual 
listeners is 17 dB, from – 3 dB (listener 346) to 14.1 dB 

(listener 400).  The range of preferred treble levels 
among individual listeners is smaller: from -8.8 dB 
(listener 346) to +2.4 dB (listener 402). 

There was a tendency for the four untrained listeners 
(listeners 359 to 402) to have higher preferred bass and 
treble levels than those of the trained listeners (listeners 
1 to 357).  The highest mean preferred bass level (14.1 
dB) was attributed to a professional bass player (listener 
400). It’s not clear whether he really liked bass or 
simply wanted to hear his instrument louder than the 
rest of the band. It’s possible that untrained listeners 
may be responding to a combination of loudness as well 
as spectral effects related to increasing the bass and 
treble levels. Another possible explanation is that they 
own playback systems that have excessive amounts of 
bass and treble, and through adaptation have come to 
prefer this type of sound. 

Further investigation using a much larger sample of 
trained and untrained listeners would be necessary in 
order to confirm whether or not untrained listeners tend 
to prefer more bass and treble compared to trained 
listeners. 

 

 
Figure 14 The individual listeners’ mean preferred bass and treble levels and 95% confidence intervals are shown 
for loudspeaker (solid lines) and headphone (dotted lines) two parameter MOA tests.  
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3.2.5 Individual Listener Preferences In 
Terms of Delta of Bass and Treble 
Level 

A different way of examining the preferred bass and 
treble levels is to calculate the difference or delta 
between the two values. This normalization of the data 
should make it more apparent whether or not listeners 
tend to scale their preferred bass and treble levels up 
and down using the same distance or delta between the 
two adjusted parameters. Fig. 15 below re-plots the 
same data shown in Fig. 14 based on the delta between 
the mean preferred bass and treble levels. When 
averaged across all 11 listeners the preferred bass\treble 
level delta value was 9.0 dB (loudspeaker test) and 9.2 
dB (headphone test).  In other words, while listeners 
tended to increase the bass and treble levels for the 
loudspeaker test, the delta between the two values was 
very consistent between both loudspeaker and 
headphone tests. 

Whether or not the delta or distance between the bass 
and treble levels play a perceptual role in these 
experiments is a matter of speculation. However, it does 
seem to explain some of the variation in responses 
among individual listeners (trained and untrained), 
different programs, and loudspeaker versus headphone 
playback. When listeners make bass or treble 
adjustments in response to these different variables, the 
delta between the bass and treble levels tends to be more 
or less the same. 

 

 
Figure 15 The difference or delta between the mean 
preferred bass and treble levels for the individual 
listeners are plotted for the loudspeaker and headphone 
tests. 

4 OBJECTIVE MEASUREMENTS OF 
PREFERRED TARGET RESPONSES 

The preferred headphone and in-room loudspeaker 
target responses can be derived from the results of the 
two parameter MOA tests reported in section 3.2. Below 
we show plots of the preferred loudspeaker and 
headphone target responses, as well as measurements of 
loudspeakers and headphones used in this study after 
being equalized to the preferred target response curve. 

4.1 Preferred In-Room Loudspeaker and 
Headphone Target Responses 

Fig. 16 plots the preferred in-room loudspeaker target 
response (black) compared to the preferred headphone 
response (cyan).  The preferred target response for the 
loudspeaker has about 2 dB more bass and treble than 
the preferred headphone target to match the 
experimental results. 

 
Figure 16 The preferred in-room loudspeaker (black) 
and headphone (cyan) target response curves. The 
dotted lines show the upper and lower limits of the bass 
and treble level adjustments. 

 

4.2 Preferred Headphone Target Response 
Measured at Eardrum Reference Point 
(DRP) 

Fig. 17 shows the frequency response of a circumaural 
headphone measured at DRP when equalized to the 
preferred target response (black).  Also shown is the 
frequency response of the same headphone equalized to 
match the flat in-room response of a loudspeaker 
(dotted), which approximates the commonly practiced 
diffuse-field (DF) headphone calibration applied to 
many commercial headphones. Compared to the 
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preferred headphone target curve, the DF calibration 
would make the headphone sound too thin and bright 
due to the lower bass and higher treble levels. This was 
reported in a previous study [6], and has been confirmed 
again in the current study. 
 

 
Figure 17 The preferred headphone target response 
measured at DRP (black) based on this study. Also 
shown is the measured response of the loudspeaker 
equalized to a flat in-room target response. 

4.3 Measured Responses of Loudspeaker 
Equalized to the Preferred Target 

Figs. 18 shows the measured frequency response of the 
Revel F208 loudspeaker equalized to the preferred in-
room target response (solid curve) found in this study.  

 
Figure 18 The measured in-room response of the Revel 
F208 (solid line) equalized to the preferred target 
response curve. Also shown is the measured response of 
the loudspeaker equalized to a flat target response 
(dotted). 

 

For the sake of comparison, we also show the measured 
response of the loudspeaker equalized to a flat in-room 
target response. The flat in-room loudspeaker response 
curve would have too much treble and not enough bass 
to produce satisfying results for listener as confirmed in 
this study and a previous one [5].  
 
Finally, Fig. 19 shows the measured in-room response 
of the Revel F208 (black) equalized to the preferred 
target response curve. This measured response is very 
similar to the in-room loudspeaker target (dotted red) 
that was preferred by listeners in two previous studies 
where they evaluated different loudspeaker-room 
correction products [5], and different headphone target 
response curves [6]. Also shown in Fig. 19 is the 
predicted in-room response of the loudspeaker based on 
anechoic measurements (see Fig. 1). Above 200 Hz 
there is good agreement between the predicted in-room 
response of the loudspeaker (based on anechoic 
measurements with no room equalization), and the 
measured in-room response of the loudspeaker 
equalized to the preferred target response. What this 
tells us is that a well-designed loudspeaker shouldn’t 
require much equalization above the transition 
frequency where the room no longer dominates the 
quality of sounds heard. However, below 100-300 Hz, 
the loudspeaker will likely need equalization to deal 
with room mode and boundary effects, and possibly 
some bass enhancement to satisfy the tastes of 
individual listeners, and accommodate variations in the 
quality of program material. 
 

 
Figure 19 The measured in-room response of the Revel 
F208 loudspeaker equalized to the preferred in-room 
target curve (black), the predicted in-room response of 
the loudspeaker (cyan) based on anechoic measurements 
(see Fig. 1), and the modified in-room loudspeaker 
target curve, RR1 (red dotted) from [6]. 
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5 DISCUSSION 

In this section, we summarize some of the key findings 
from this study, and explain their meaning within the 
context of knowledge gained from previous studies. 

5.1 The Preferred In-Room Loudspeaker 
Response Is Not Flat 

In this study, the preferred in-room loudspeaker target 
response was not flat. Instead, the in-room target was 
flat with a 6.6 dB bass boost below 105 Hz, and a -2.4 
dB treble cut below 2.5 kHz (see Fig. 16). This 9 dB 
slope or delta of the preferred target curve is similar to 
the target curve (RR1) that was preferred in a recent 
study on different room correction products [5] and 
headphone target responses. [6]. The two least preferred 
room corrections in [5] had more or less a flat in-room 
target curve. Our current study provides further 
evidence that a flat in-room loudspeaker target response 
is not desirable based on listener preferences.   

Above 100-300 Hz, the shape of the preferred in-room 
loudspeaker closely matches the predicted in-room 
response of the loudspeaker (see Fig. 1). This means 
that as long as the loudspeaker is well designed (i.e. 
having a flat on-axis response, and smooth off-axis 
response and directivity), it shouldn’t require 
equalization above 100-300 Hz to meet the preferred in-
room target response curve. 

5.2 Comparison to SMPTE and ITU 
Recommended In-Room Loudspeaker 
Target Responses 

Unfortunately, the current SMPTE [8] cinema and ITU 
standards [9] do not specify an in-room target response 
that resembles the preferred in-room loudspeaker 
response experimentally derived in this study. 
Consequently, program material mixed through a 
monitoring system calibrated to the SMPTE and ITU 
standards may not sound optimal when reproduced 
through a loudspeaker and headphone calibrated to the 
preferred target responses defined in this study. 

The SMPTE in-room target response rolls off below 63 
Hz and above 2 kHz. The ITU recommendation only 
specifies that the in-room response fit a very broad 
tolerance window so that practically any shape of target 
curve, including a flat one, would meet the standard (see 
section 8.4.1.1 in [9]). Both SMPTE and ITU standards 
recommend loudspeaker equalization based on 1/3-

octave measurements, which are too coarse to 
differentiate between medium and narrow Q resonances, 
and have been shown to be poor predictors of sound 
quality [3]. In other words, the current standards for 
equalizing the in-room response of cinema and 
professional loudspeakers only guarantee the 
loudspeakers will make sound, but not necessarily 
quality sound. 

5.3 The Preferred Headphone Target 
Response Approximates the In-Room 
Response of a Good Loudspeaker in a 
Reference Listening Room 

The preferred headphone target response in this study 
was similar (i.e. within 2 dB) to the preferred in-room 
target response of the loudspeaker. This provides new 
evidence and confirmation of findings from a previous 
study where listeners gave preference ratings to 
headphones equalized to different target curves [6].  In 
that study, the preferred target curve, RR1_G (see Fig. 1 
of [6]) had a broad -9 dB downward slope from 20 Hz 
to 20 kHz where the relative bass and treble levels were 
approximately 4 dB and -5 dB, respectively. This is 
similar to preferred headphone target response in this 
study that has preferred bass and treble levels of 4.8 dB 
and -4.4 dB, respectively. The deltas for the bass and 
treble levels between the two studies are also very 
similar: 9 dB in [6] versus 9.2 dB in the current study. 

An unexpected finding in this study was that listeners, 
on average, preferred about 2 dB more bass and treble 
when listening to music through loudspeakers compared 
to headphones. Our expectation was that listeners would 
prefer more bass in the headphones to compensate for 
the lack of whole-body vibration and tactile cues that 
may have been present in the loudspeaker reproduction.  
This was proven to be not the case. 

5.4 Program Material Not A Significant 
Influence on Preferred Target Curve 

Program material didn’t have a significant influence on 
listeners’ preferred bass and treble settings in this study. 
For loudspeaker playback, the range of preferred bass 
and treble level due to program was 2 dB (bass) and 0.6 
(treble) dB. For headphone playback program variation 
was smaller: 0.8 dB (bass) and 0.3 dB (treble). 

This finding is somewhat surprising given that most 
music recordings are monitored through loudspeakers 
and rooms whose performance and calibration are not 
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standardized in any meaningful way. As a result, the 
preferred target response is a moving target, as found in 
previous studies [5], [17]. Evidently, we selected 
programs that were sufficiently well recorded and 
balanced across the spectrum that we effectively 
eliminated potential program effects and their 
interaction with listener preferences. A larger sample 
size of programs that are less homogenous in these 
aspects would likely yield more program effects on the 
results.  

5.5 Influence of Listener Training on 
Preferred Target Curve  

This study provides some preliminary evidence that 
suggests the listeners’ training may influence the 
preferred target response of headphones and 
loudspeakers. The three untrained listeners (who were 
also among the youngest listeners) on average preferred 
higher bass and treble levels than the trained listeners. 
Unfortunately, the limited number of untrained subjects 
in this study makes it impossible to draw any general 
conclusions about the effects of the listeners’ age and 
prior training on the preferred target response.  

No attempt was made in this study to compensate for 
loudness changes that occurred from adjustments in 
levels of bass and treble. Whether this played a role in 
explaining why the untrained listeners’ preferred more 
bass and treble is not known, and deserves further 
investigation.  

A previous study by Benjamin and Gannon [17] had 
listeners adjust the subwoofer levels using different 
programs. They concluded that: 1) individual listeners 
can use program material to set the subwoofer level to 
very tight tolerances, and 2) different program material 
causes the listener to set the subwoofer to different 
levels, and 3) different listeners set the subwoofer to 
different levels using the same program material. Other 
than the lack of program effects found in our study, 
their conclusions parallel our findings. 

6 CONCLUSIONS 

This paper describes a set of listening experiments 
designed to measure the preferred in-room target 
responses of a loudspeaker and a headphone. Based on 
preference, both trained and untrained listeners adjusted 
the bass and treble levels of three stereo music programs 
reproduced through an accurate loudspeaker equalized 
to produce a flat in-room response in a reference 

listening room. The same task was repeated using a high 
quality circumaural headphone equalized to the same 
flat in-room response as measured at the DRP. The task 
was repeated using two methods: 1) a single-parameter 
MOA method where the bass or treble level was 
adjusted while the level of the other parameter was 
fixed, and 2) a two-parameter method where the levels 
of both bass and treble were adjusted concurrently. The 
following conclusions can be made based on the results 
of the listening experiments: 

1. The preferred in-room loudspeaker target response 
is not flat but has a bass boost of about 6.6 dB 
below 105 Hz and a treble cut of -2.4 dB above 2.5 
kHz. The general shape of the in-room target 
response approximates the sound power or 
predicted in-room response of the loudspeaker 
above 200 Hz. 

2. The preferred headphone target response closely 
approximates the preferred in-room loudspeaker 
response with about 2 dB less bass and treble.  

3. The preferred bass and treble levels of the target 
function for loudspeakers and headphones varied 
among individual listeners (see Fig 14). For 
loudspeaker playback, the range of preferred bass 
and treble levels was 17 dB and 11 dB, 
respectively. For headphones the preferred bass and 
treble levels varied from 14 dB and 9 dB 
respectively.  

4. Listeners tended to adjust their preferred level of 
bass and treble up and down using the same 
distance or delta between the bass and treble levels. 

5. Listening experience had an influence on the 
preferred bass and treble levels. The preferred bass 
and treble levels were higher for untrained listeners 
than the trained listeners for both headphone and 
loudspeaker target responses. 

Finally, we caution the reader not to generalize or 
extrapolate the conclusions of these experiments to 
conditions outside those that were tested. 

7 FUTURE WORK 

Future work will focus on how the program, listening 
room acoustics, loudspeaker directivity, and the 
playback level influence the preferred target curve of 
loudspeakers and headphones.  This study provides 
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some early indication that training and possibly other 
demographic factors may play a role what listeners 
prefer. 
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