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The Dependence of Frequency Change Perception on the Acoustics of a Listening

Environment and Its Implication for the Evaluation of Room Acoustics

*Dae-Up Jeong

Abstract

Psychophysical approaches to the room acoustics have been made in number of researches. The present study is looking

at whether the listener" s perception of frequency change in rooms are dependent on the acoustics of a listening environment.

P(C)s for frequency change in short tones were measured in different listening conditions. Two experiments were carried out

to investigate the influence of room acoustics on the listener’ s perception of frequency change, and its implication for

evaluating the acoustics of listening environments were examined and discussed. It was found that the temporal and spectral

contents of reflections from room surfaces might be an important factor which influenced the listener’ s perception of
frequency change in a reverberant sound field. This implicates that psychophysical approach by measuring listener’ s
frequency change perception might be an useful tool for evaluating room acoustics. However, cares should be taken, since
some individual differences were found to exist with respect to the direction of frequency change.

1. Introduction

Letowski [1] defined pitch as “the attribute of an
auditory image that reflects the listener’ s impression of
the location of the dominant spectral component along the
frequency scale.” Also, it is defined as “that attribute of
auditory sensation in terms of which sounds may be
ordered on a musical scale” [2). Along with the perceived
duration and loudness, pitch can be considered as an one-
dimensional magnitude which corresponds to the change
in frequency of a sound as well as a major contributor of
timbre, hence musical quality heard in rooms as well as a
major contributor to timbre, hence musical quality.

In a room, the sound from a source tends to be modified
by the acoustic characteristics of the room, which implies
that a listener, placed at a certain position in a room, will
perceive the original sound as modified or coloured. By
varying the acoustic conditions of a listening environment
or simply changing the listening positions in a room, small
but significant differences can be made in the frequency
spectrum and time history of the sound. Bilsen [3,4)
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introduced the concept of repetition pitch and explained it
as a pitch sensation that occurs when a sound reaches the
listener’ s ear together with the delayed repetition of the
sound. When the phenomenon occurs due to reflections in
rooms, studios or concert halls, it has a significant
influence, appreciated or not, on the perceived guality of
speech and music [5].

The study of aural responses to transient tones is
necessary for understanding the perception of speech and
musical sounds which involve continuous changes in
amplitude and frequency. As to frequency change, in
particular, it is well known that a tone, with a large and
gradual change in frequency, conveys a clear impression
of pitch change. This change may have a significant
influence on the quality of a heard tone, as well as in the
application of musical expression. The transition in
formant frequency of speech, in practice, is said to be an
important cue for the identification of a phoneme [6]). In
musical sounds, especially in wind instrument tones, the
frequency changes near the onset of a note were known to
be one of the characteristic features of this kind of
instrument (7, 8].

Based on these well-known important aspects of
frequency change in rooms, a number of researches [9-13]

have explored the influence of room acoustics on FM
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(frequency modulated) and AM (amplitude-modutated)
sounds propagating in listening environments. These
studies were mainly concerned with how room
transmission characteristics physically affect AM and FM
sounds [14) and its applicability to assess the acoustics of
listening eanvironments for music and speech, In those
works, changes introduced by the acoustic candition of a
listening enviroament in the frequency domain of swept
tones were monitored and analyzed. Howcver, whether
those changes by the acoustics of a room in the frequency
domain of swept tones were perceivable for listeners has
not becn thoroughly investigated.

The hypothesis under investigation is that the acoustics
of the listening environment affects the listener s
perception of frequency change in short tones. By varying
the acoustic conditions of a listening environment, small
but significant differences can be made in the frequency
spectrum and envelope shape. Also, those changes
perceived by listeners are expected to reflect the acoustic
properties of the listening environment. For room
acoustics, the threshold of perceptibility of pitch and
timbre is also a threshold of perceptibility of colouration
(of an original sound due to the addition of reflections),
since no other goalities than pitch and timbre form part of
the notion of colouration [4].

Two experiments were carried out to investigate the
influence of room acoustics on the listener’ s perception of
frequency change, and its implication for evaluating the
acoustics of listening environments were examined and

discussed.

II. The dependence of the perception of
frequency change on the reverberation
tfime of a listening environment

Two different models (place model and temporal
information model) have been developed to explain the
mechanism of pitch perception. The Zwicker model {15],
which is one of the major place model theories, explains
the pitch perception as the result of changes in the
excitation patterns elicited by the stimulus when the
frequency is altcred. This suggests that the sharper the
tuning of peripheral filtering mechanisms, the smaller
should be the frequency difference limens (DLFs).
However, following efforts by other researchers (16-19]
found that the place model can only be applied to
frequencies above SkHz, and DLFs are detcrmined by

temporal information (phase locking; the tendency for
nerve firings to occur at a particular phase of the
stimulating waveform on the basilar membrane) for
frequencies up to 4 ~ SkHz. Also, Attneave and Qlson
[20) showed that an abrupt breakpoint exists at about
SkHz for the clear perception of the musical interval of an
octave. As an alternative to the place theory, the temporal
theory suggests that the pitch of a stimulus is related to the
time pattern of the neural impulses evoked by that
stimulus. [t appears that only pure tones below 5kHz have
a pitch in the sense that a sequence of tones can evoke a
scnsc of musical interval or melody [21}. It is therefore
appropriate to restrict the frequency range, in the present
study, to a maximum of 4kHz to avoid any conflict caused
by the different mechanisms of frequency perception.

The present scction investigates a listener' s ability to
detect a frequency change in given swept tone in both an
ancchoic listening condition and a normal listening
environment. An experiment was carried out in a lecture
room and an ancchoic chamber at the University of
Sydney. A listener' s perception of the frequency change
was investigated through the experimental paradigm based
on the signal detection theory [22, 23). Two stimulus
duration cases (110 and 210ms) and two frequency change
directions (ascending and descending) were examined at
three frequencies (0.25, 1, and 4kHz). P(C)’ s measured at
two different listening positions in a Jecture room are

compared and discussed.

2.1. Stimuli

Sumuli, with linear frequency changes from their onsets
to offsets, were generated using a function generator
(Philips Function Generator, PM 513). In the present
experiment, stimuli had frequencies of 0.25, | and 4 kHz,
The duration of the stimuli were 110 ms for short duration
stimuli and 210ms for fong duration stimuli including
onset and offset intervals. To minimise switching
transients at the onset and offsct of the signals, the signals
were linearly ramped up and down over Sms. The
duration of the frequency change (transition}, usually
observed in speech, is in the range 10-100 ms, and in
musical sounds the transition duration near the onset is
less than 100 ms [24]). No steady state was provided
around the transition arca (In speech, the formant
transition is cither preceded or followed by a steady state,
in the form of vowel [25]).

Three different frequency change patterns (unmodulated
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steady tone bursts, ascending linear frequency changes,
descending linear frequency changes) were used for the
stimuli (see Fig. 1.). Standard stimuli always have a
constant frequency from the onset to the offset, while
comparison stimuli have either ascending or descending
frequency change. Those different change patterns were
randomly distributed throughout the experiment and
presented to the listener. The priori probability (the
probability of each stimuli, presented to the listener, to
appear in an experiment) of each pattern was not known to
the listeners, since it might cause biased responses based

on the known prior probability.
‘g“ Ascending Standard Descending
o= stimulus stimulus stimulus
F A
H
110ms
f——

Duration (ms)

Figure 1. Time-frequency plots of stimuli used in the present

experiment.

The listening level of stimuli at the listening position
was kept constant at 77dB(A) {26] when measured with a
single 1/2 inch free-field microphone (B&K, Type 4190).
Frequency change ratios ((F/F) for each frequency were
chosen based on a pilot test. Through a preliminary test,
the JNDs of frequency change were obtained from each
tistener for both 110ms and 210ms duration signals using
headphones. Frequency change ratios ((F/F) used in this
experiment were decided roughly around the mean

Table 1, The adopted frequency change ratios ((F/F) for each

frequency.
Frequency Used stimuli pairs (AF/F)
(Hz)
Short duration Long duration
{110ms) (210ms)
250 0.02 (5Hz) 0.008 (2Hz)
0.02 (5Hz)
1000 0.012 (12Hz) 0.12 (12Hz)
0.016 (16Hz)
4000 0.0075 (30Hz) 0.005 (20Hz)
0.01 (40Hz) 0.0075 (30Hz)
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difference limen of both listeners, since each listener may
have different ability in detecting a frequency change.

The frequency intervals between the initial frequency and

the terminal one are harmonically unrelated (Table 1).

2.2. Listeners

Two male postgraduate students volentarily participated
in this experiment. Both listeners are in their early 30’ s.
One of the listeners {DC) had a musical background
(BMus.) and the other listener (DU) had previously taken
part in other auditory experiments. Neither of the listeners

had a known hearing deficiency.

2.3. Experimental arrangement and procedure

The experiment was controlled by a PowertPC AV. The
stimuli were generated by a function generator (Philips
Function Generator, PM 513). The generated stimuli were
recorded as 16 bit sounds (at a sampling rate of 44.1 kHz)
and edited using an application, SoundEditl6, and saved
in a range of file formats on the computer hard-disk. A
program was written under the environment of PsyScope
[27] for the presentation of stimuli and collecting

responses.

The processed stimuli were amplified (YAMAHA
Integrated Stereo Amplifier) and presented through a
single loudspeaker (JVC 4WAY Loudspeaker). The
loudspeaker was installed on the centre line of the room, 2
m from the front wall, and 1.5m from the floor. Two
listening positions, in a lecture room, were randomly
chosen. One position (P1) was on the centre line of the
room, Sm distant from the source and the other position
(P2) was selected at the right side of the room by keeping
the distance from the source same as the other position
(Fig. 2.). In the anechoic chamber, only one listening
position was chosen. A loudspeaker was installed on the
centre line of the anechoic chamber, 1 m from the front
wall, and 1.5m from the floor. The discrepancy between

the distance in the two listening environments was

compensated by keeping the listening level equal.

A computer keyboard and a monitor were provided to
the listener for processing the experiment and collecting
responses. The listener was seated at each position and
asked to respond by pressing the computer keyboard keys.

Listeners were asked to face the source, but no physical

restraint was placed on the head movement.

Listeners were presented with a single stimulus at each

trial and were asked to determine whether there was a
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frequency change in the heard sound or not. The interval
between trials and the response interval were not fixed and
enough time was given for listeners to make their decision.
The next trial started only when the listener inputed his
response by pressing a keyboard button. Each response
initiated the next trial after a 0.5s pause. No feedback
concerning the accuracy of their responses was provided
to listeners. Each stimulus was presented 16 times and the
order of the ascending and descending stimuli was
randomly distributed throughout the experiment. Also, the
order of frequency ranges presented in each session was
randomised. A two hours of practice session was provided
to each listener before the main test. Each listener served
two hours a day and completed the experiment over three
days.

sm
[ {integratea || Bandpass fiter
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Figure 2. The experimental arrangement in the lecture room.

2.4. Data analysis

In the present work, three different frequency change
patterns (unmodulated steady tone bursts, ascending linear
frequency sweeps, descending linear frequency sweeps)
were used for the stimuli. Also, one or two fixed
frequency change ratios ((F/F) for each frequency were
applied to the stimuli throughout the experiments. The
emphasis of this study was placed on comparing the
influence of different rooms based on the listener’ s
performance over a particular frequency change ratio in
those listening environments, rather than measuring the
difference limens by psychometric function. Therefore the
notion of percentage correct response [P(C)] was adopted
instead of the detectability (d’). P(C)s were caiculated

from the priori probability of frequency change [P(SN)),
the priori probability of unmodulated steady tone bursts
{P(N)], the hit rate (P(yISN)), and the rate of correct
rejection (P(nIN)) based on the signal detection theory.
The following equation, suggested by Robinson and
Watson [28] was used to calculate the P(C);

where,

P(C)= P(SN): P(y | SN} + P(N)- P(nt N) (1)

P (SN) :The probability of frequency change tones are
presented

P(N)  :The probability of non frequency change tones
are presented

P (yISN) : Hit rate, the frequency change is present and
the listener says “ves”

P(nIN) :Correct rejection, the frequency change is
absent and the listener says “no”

2.5. Resuits and discussion

A listener’ s perception of frequency change was
measured for short and long duration stimuli in two
different listening eavironments, at three different
frequencies (0.25k, 1k, and 4kHz). Fig. 3. presents the
P(C)s measured for the two duration cases in different
rooms.

Both listeners showed higher detectability of frequency
change for short duration tones in the anechoic ¢hamber
for low and mid-frequencies. However the lecture room
was found to be the better listering environment for the
frequency change detection at 4kHz. Clear differences
were observed at 4 kHz in the lecture room. Both listeners
showed better performance in a lectuse room at 4kHz and
the differences in P(C)s were up to 30%, which suggests
that there might be a significant effect of the listening
environment on the listener’ s freguency change
perception. However, the effect of listening environment
on the frequency change perception seems to be diluted
when the longer duration stimuli were used. The observed
influence of listening environment on the P(C)s of listener
DU was less than 5% when the longer duration stimuli
were employed. For the listener DC, P(C)s at low- and
mid-frequencies were influenced by increasing the
duration of the stimuli, while a slight decrease was
observed for high frequency. The findings suggest that the
short duration might be more useful for showing the

influence of a listening environment on the frequency
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change perception. Fig. 4. shows the average P(C)s with
standard errors from two listeners, measured at two
different listening positions in the lecture room, for three
frequencies. No significant difference was found in the
P(C)s between the listening position P1 and P2 at 0.25k
and 1kHz. A small but significant difference was found at
4kHz. The observed difference at the high frequency
might be due to the different acoustic condition of each
listening position. However, it is possible that the other
experimental factors, such as listener s head movement,
source directivity and other factors, not controlled in the
experiment might have influenced the results.

Fig. 5. shows P(C)s for two different frequency change
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Figure 3. The frequency change perception, for two duration
cases, measured in different listening environments.
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directions. Listener DC showed a consistent trend in both
the lecture room and the anechoic chamber regardless of
the direction of frequency change (ascending or
descending). while a discrepancy was found for the P(C)s
of listener DU at 1kHz. Listener DU showed a similar
trend at 0.25k and 4kHz in both rooms while contradictory
results were found at 1kHz. Also listener DC’ s
performance was found to be significantly influenced by
the direction of frequency change, ir spite of a similar
trend for both frequency -changc directions. Both listeners
showed consistency for the ascending frequency change.
These results may be caused by the individual
differences in sensitivity or preference for a specific
direction of frequency change. Tsumura et al, [24)]
reported the consistency between listeners using a swept
signal which is surrounded by steady states. Gardner and
Wilson [29] suggested the existence, in the auditory
system, of channels specific to upward FM and downward
FM in a frequency change detection experiment using
upward and downward sweeping signals. Dooley and
Moore [17,18] found discrepancies between listeners, and
argued that such discrepancies were caused by the
differences in stimuli. They didn' t use the stimuli
surrounded by the steady states. The stimuli in this
experiment also had no such steady state and the result

from this research is comparable with Dooley and Moore' s.
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Figure 5. The frequency change perception and the direction of
change in different listening environments.
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It seems there exists no obvious explanation other than
individual differences.

. The perceived frequency change in a
reverberant room

In the present section, an experiment was reported on
the listener s perception of frequency change, as a
function of the distance from the source and listening
position in a reverberant room. The experiment was
carried out using a dummy head and an omni-directionat
source setup.

Three listening positions were selected by simply
doubling the distance from the source to the listening
position. The present experiment investigated whether the
listening level was a determinant variable in the frequency
change perception in a reverberant room. Two different
conditions (Source Level Controlled; SLC and Listening
Level controlled; LLC) were considered. The source level
was always kept constant in the SLC condition, while the
listening level at each listening position was controlled to
be the same in the LLC controlled. Also, the effect of the
frequency change direction on the listener’ s performance
was investigated again in an anechoic chamber using &
dummy head and loudspeaker setup. Three different types
of stimuli (unmodvlated steady tones, ascending linear
frequency sweeps, and descending linear frequency
sweeps) were investigated. The two questions addressed
were as follows;

1) Does the distance from the source to listener
influence the frequency change perception in a reverberant
room? If it does, is it caused by the listening level
difference?

2) Is there any specific direction of frequency change,
which listeners feel comfortable with?

Brief tones at 1kHz with a fixed frequency change ratio,
were used for investigating the effect of distance from the
source and listening level in a reverberant room. The
stimuli were produced and recorded in a reverberation
chamber using a loudspeaker and dummy head setup. The
recorded sounds were reproduced for the listeners through
headphones and the listener” s P(C)s were measured
through the experimental paradigm based on a signal
detection theory [22,23). In an anechoic chamber, the
measurement was carried out at one listening position,
using the same experimental setup as in the reverberation
chamber, to find out the listener’ s sensitivity to the

direction of frequency change. JNDs of frequency change
were measuied for both ascending and descending
frequency changes. The listener’ s task was to determine
whether there is a frequency change heard.

3.1. Stimuli

For investigating the effect of distance from the source
on the frequency change perception, the frequency change
ratio ((F/F) of 0.016 (equivalent to 16 Hz/s linear
frequency change from the onset to the offset}), with
ascending frequency change, was used. The frequency
change always started from 1 kHz and ended at 1016 Hz
(terminal frequency) and the steady tone bursts had a
constant frequency of 1 kHz. The duration of the signal
used in this test was 110ms. To minimise switching
transients at the onset and offset of the signals, rise/decay
times of 5 ms were used.

3.2. Listeners

Four female undergraduate students from the University
of Sydney participated in this experiment. One (JH) of the
listeners was an amateur musician {B.Mus), and two
listeners (MK and LIN) also had a background as amateur
music performers (AMEB Grade 7). The listener JE was a
naive listener. They ranged in age from 18 to 23. They
had previous experience in other auditory perception
experiment. Listeners were paid by hourly rate. None of
the listeners were known to have hearing deficiencies.

3.3. Experimental arrangement and procedure

The swept tones, generated by a function generator
(Philips Function Generator PM 513), were played in the
reverberation chamber and anechoic chamber through a
loudspeaker (JVC 4WAY Loudspeaker). The generated
stimuli were binaurally recorded as 16 bit sounds {at a
sampling rate of 44.1 kHz) by a digital audio tape recorder
(SONY, PCM-2700A) through a dummy head
(NEUMANN, KU100). The recorded stimuli were edited
using an application, SoundEdit}6, and saved in a range of
file formats on the computer hard-disk. The processed
stimuli were amplified (JVC Integrated Sterco Amplifier)
and presented through headphones (TDH 49P). The
experiment was controlled by a PowerMacintosh AV. A
program, written under the environment of PsyScope [27],
was used for the presentation of stimuli and response
collecting.

Three different positions were chosen by simply
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doubling the distance from the source to the listener along
the center line of the source. A loudspeaker was installed
on the longitudinal axis of the room and im from the rear
wall (Fig. 6.). The center of the source and the position of
the dummy head ear was placed at the height of 1.2m from
the floor. At each position, two different listening
conditions (SLC and LLC condition) were applied. In
SLC coudition, source level was fixed at 77dB when
measured at 1m from the source. In the LLC condition,
the listening Jevel at each position was controlled to be
same (77dBA), when measured at each Jistening position
with a single 1/2 inch free-field microphone (B&K Type
4190).

The interval between trials was not fixed and enough
time was given to listeners to make their decisions. The
next trial was always initiated after 1s by the response of a
listener 1o the previous pair of stimuli. A daily test was
composed of three different sessions. All the stimuli were
presented 10 times in each session and the order of the
ascending and steady tone burst stimuli was randomly
distributed. Before the main test, a two hour training
session was given 1o each listener and the P(C) for the
frequency change ratio {(F/F) of 0.016 was measured at
the end of the practice session. Each listener undertook
1.5 hours of testing a day and completed the experiment
over three days.
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Figure. 6. The schematic diagram of the experimental setup in
the reverberation chamber. The effects of the

distance from the source to listener were investigated.
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During the assessments listeners were seated in the
quiet room, and a computer keyboard and monitor were
provided for presenting stimuli and collecting responses.
The listener s task was simply to determine whether there
was a frequency change in a heard sound, presented
through headphones. No feedback was provided to the

listeners.

3.4. Results and discussion

Fig. 7. presents listcner’ s INDs, measured for two
different directions of frequency change in an anechoic
condition, The result ciearly shows that listeners, involved
in the present cxperiment, are more sensitive to the
direction of ascending frequency change.

The average JNDs of listeners for ascending frequency
change was found to exist within 11-16Hz, while the
average JNDs for descending frequency change ranged
from 17 to 23Hz. Also, larger error bars were obtained for
descending frequency changes which suggests that
jistener’ s frequency change perception may be less stable
for the descending frequency changes. A t-test confirmed
that a significant differcnce exists between JNDs for the
ascending and descending frequency change at the

significance level of p<0.0001.
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Figure 7. Measured JNDs for the ascending and descending
frequency change (at the frequency change ratio ((F/F}
of 0.016) in an anechoic condition (Error bars show

standard errors).

The percentage of correct responses [P(C)s] were
determined, in the second experiment, as a function of the
distance from the source to the listener. Two diffcrent
conditions were applicd, in one of which the source level
was kept constant (SLC condition) and, in the other, the
listening level was kept constant {LLC condition)
regardless of the distance from the source. The equation
(1) in section 2.4. was used to calculate the P(C)s. The
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measured mean P(C)s from four listeners were plotied
with error bars in Fig. 8., as a function of distance from
the source to the listener.
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Figure 8. The effect of distance on frequency change perception
under two different conditions (SLC and LLC
condition) in a reverberant room (The error bars show
+standard errors).

Under the listening condition of SLC, every listener
showed the highest P(C)s at the listening position P2. A
quite similar trend was observed when the listening level
was kept constant. The differences in P(C)s between Pl
and P2 were found to be significant for both SL.C and LLC
listening conditions by a t-test (p<0.05). No significant
difference was found between P2 and P3.

It is known that the binaural diplacusis causes additional
systematic pitch shifts in & binaural listening condition
[32). In real listening environments there always exist
phase and intensity differences between two ears. The
phase shifts occurring in the reverberant sound field are so
unsystematic that they can be considered as random or
quasi-random. Schorer [33] reported that the listener’ s
ear is less “phase sensitive” in a reverberant room than it
is in an anechoic room and he concludes that phase
differences between the partials are of minor significance
for listening in a normal room. Recently, Kuttruff {34]
reasserted that our hearing is virtually insensitive to phase
relations in stationary or quasistationary sound signals
presented in reverberation enclosures. Therefore, the
influence of phase on the perception of frequency change
can be thought of as minor. What, then, causes the
difference in P(C)s at different distances from the source
in a reverberant room? It is well known that the
detectability of auditory stimuli improves in proportion to
the intensity of stimuli. In the SLC condition, adopted in
the present experiment, a certain amount of listening levet
difference would be introduced to each position by

doubling the distance from the source because of the
higher level, but this was not so. Even when the listening
level at each position was controlled to be constant, a
similar trend was still observed.

Henning [16] measured frequency difference limens
(DLFs) for tones whose level was varied randomly from
one stimulus tO the next. The random variation in level
produced changes in loudness which were large compared
with those produced by the frequency changes. He found
that DLFs at high frequencies (4 kHz and above) were
markedly increased by the random variation in level,
whereas those at low frequencies were not. Moore and
Glasberg {18} also measured DLFs for tones whose level
was randomised from one stimulus to the next, but they
randomised the level over a refatively small range (6 dB)
to minimise changes of pitch with level. They found the 6
dB range was stil] large relative to the changes in
excitation level produced by small frequency changes.
These results suggest that listener’ s abilities to detect
changes in frequency over time may be more dependent
upon the variation in level over time (changes in
amplitude envelope) rather than the overall listening level.
Recently, Rutkowski [35] suggested that instantaneous
pitch changes in a reverberant room may be dependent
upon the reverberation time. In the present experiment,
the effect of reverberation time on the frequency change
perception should be insignificant, since the listening
positions were chosen in a room. The level variation of a
steady tone in a reverberant room is a complicated
function of reflected sounds from room surfaces. It is
likely that the observed differences in P(C)s between the
listening positions were the effects of the room reflections
which caused the variations in the amplitude envelope and
spectral shape.

Those three listening positions were chosen outside of
critical distance (approximately, 0.33m for the given
listening condition).

V. Implications and conclusions

The present work investigated the relationship between
the acoustics of a listening environment and listener’ s
perception of frequency change. It was found that
listener’ s perception of frequency change was influenced
by changing the listening positions in a room. Also, room
reflections were found to contribute positively to the

improvement of listener s detectability of frequency
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change in a reverberant sound field. This implicates that
psychophysical approach by measuring listener’ s
frequency change perception might be an useful tool for
evaluating room acoustics. However, carcs should be
taken, since some individual differences scemed to exist
with respect to the direction of frequency change. Also,
the limited number of listeners in the present study needs
further collection of data from more listeners for the
generalization of the result. It is likely that the observed
variations in the listener s perception of frequency change
was the influence of the temporal and spectral contents of
reflections from room surfaces rather than a simple
function of reverberation time of a sound field.

Obvious next steps in the current research are: (1)
Determine the listener’ s perception in acoustically well-
defined listening eavironments; and (2} Investigate their

relationship with the subjectively assessed room acoustic

quality.
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