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INTRODUCTION

A programme 1s currently under way in order to investigate the effects of early
refloctions in music auditeria as a component of the suditory impreasion. The
programme involves subjective. tests conducted in an actual concert hall uping
artificial music sources. The convenience of performing tests in theae
conditiona is based on the mssumption that (ngecomplax roflections patterns
cannot be fully simulated with the available fagilities and (b} the visual
environment 18 a eignificant componsnt of the response. It is essentinl,
however, to carry out a mmber of preliminaery tests under laboratory conditiona
in order to develop the testing method. This paper describes the series of
lpboratory tests and some of their results.

The phyeical veriables are kept to a minimum eo as to provide the basie
comporente of the sound field. The reeults, consequently, are restricted by
the experimentnl conditions and they are expected to reveal tremds in the
moasured variablesa rather than absolute values.

Two problems were found particularly relevent during pllet tests. Firstly, the
lack of a eimple description of the impression perceived and, secondly, the
considerable sensitivity of the results to the presentation method. The
investigation, therefore, aima to the following objectives:

i) a qualitative deseription of the impressions experienced

1i) the measurement of the subjective sensitivity to stimuli variatioms

11i) the elaboration of a reliable presentation procedure

EXPERIMENTAL SET-UP

All teate were performed in a small mnechoic chamber (20 w3) with an array of
five loudepeskers. (See Table 1)}. As tha size of the chember prevented a
surrounding array to eimulate the diffuse components, a single loudspeaker
above the listener's head was used to provide the reverberation signal. A
tendency to locslise this source behind the subject was avoided by adding a
second frontal loudepeaker, foed with the same signal, with the balance adjusted
for meaximum subjective 4diffusneas,

SIGNAL DELAY ENERAY SCURCE AZIMUTH  ELEVATION
{ms) (% of total) {deg) (deg)
Dry 4] up te 25 1 Frontal 0 =10
Dry 23, 47 up to 12 2 Lateral right +60 -5
Dry 37, 59  up to 20 3 Lateral left . -60 -5
Dry 29 >
Reverberation mixed 20 15 ; Ezzzﬁeﬁgunt g +gg
Reverberation 75 50 =

Table 1. Components of the synthetic sound field.
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The dry eignal was obtained from the mixed left and right channele of the HRS
Anechoic Music tape. The reverberant signal was taken from a reverberation room
adjusted to 1.5 s EDT at % kHz, délayed 75 ma. It was decided later to add some
non-lateral early energy consisting of an overhead reflection and attemuated
reverberation delayed 20 ma.

TEST DESION

In the comparimon tests the samples wers presented consecutively instead of the
usunl instant ewitching bstwsen samples. The total energy was kept constant
during each presentation. The samples were gelected through pilot tesvs, having
a homogeneous content and level, a duration of about 15 s and separated by a

2 & pause, Each stimulus was n pair of samples consisting of the same music
excerpt with low and high level of lateral reflections reepectively.

Initial experiments showed that it was diffiecult for untrained subjects to
compare stimuli with no indication of the attribute to be considered. In order
to avold blasing the response by proposing a perticular attribute, a list wae
provided and the tack was to assess variations in each attribute after
comparing the samples. This test allowed the listensrs to train themeelvea and
to becoms mcquainted with the variety of experiences to be expected. A second
purpose of this test was to find terme for describing the subjective effects
that were normally shered and used by ordinary listenera.

Another test was designod to messure the differential sensitivity of subjects
by applying the constant stimulus method. A standard semple was followed by a
variable cne and these pairs of semples were presented twice in random order.
As subjects felt reluctant to meke categorical judgementa{identical~different),
they were agked to estimate the noticeability of any difference on a triple
cholce scale: eamsily noticeabls, barely noticeable and not noticeable,

The last test is based on the impression of broadening of the source and uees
the parsmeter suggested by Keet [1]: Apparent Bource Widih (AsW). A single
passege of music lasting 25 e was presented. A reference scale was displayed
showing steps every 15 degrees and the subject was requested to assess the ASW.
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Tha samples were preasnted at two average levels: 73 dBA amd 78 dBA. The ratio
lateral to direct energy Ejq waes varied from -9.5 to +6 dB, The number of
lataral reflections was usually 4 but a reduced range of samples included 2 and
6 reflections delayed 23 to 70 ms. Some gamples were mlso filtered with a low
pass, 2 Wiz, 12 dBfoct filter. The presentation order was varied for each
subject to compensate for time effects.

RESULTS AND DISCUSSION

The results presented consider over 500 judgements made by 12 subjects of age
20 to 35. Results of the first test are shown in fig. 2. The rating categoriea
were given arbitrary values from -3 to +3. Normalization of the scale was not
attempted, so the results are regarded as indicative only. There iz agreement
that the most noticeable changes involve the attributes of room size, width,
envelapment snd spaciouaness.

Rasults of the second teat mre shown in fig. 3. The differential limen measured
is 2.1 4B inoreage in the ratio lateral teo direot energy. This value is higher
than that measured by Reichardt and Schmidt {2} as was expected due to the
lower resolution of the method used. The reliability was rather low with only
7% of the subjects reporting the same judgement in the secomd preseniation,
The variation of the error was investigsted and was found to be independent of
the stimuli. The error is therefore not due to stimuli confusion but to a
random cauce, possibly a momentary loss of concentration. An additional
judgement of confidence with each assessment would be useful in further tests.

The ASW results against E1jg show a roughly linear variation above a ceriain
threshold. {See fig. 4). For m level of 73 dBA the threshold is E1g=-6.8%dB and
the slope is 5+6deg/dB. For a level of 78 dBA the threchold is Eig=-8«14B and
the slope is 6-1deg/dB..The average difference in ASW for a 5 dB increase in
level is 12 dB, but has low gtatistical significance. This value is comparable
to that found by Keet [1] but substantimlly lower than that reported by Conant(3]

Finelly, an unexpected result was a consistent variation in ASW when the npumber
of reflections was reduced to only two, keeping their total energy constant., 4
masking effect of the overhead reflection vas suspected and different delays
were tried with similar results. This variation 18 in conflict with the usual
assumption of energy integration and with results by Lochner and Burger[4] snd
‘Barron[5). More accurate and definite results are expected to be obtained from
the full scale study.

REFERENCES: [1] W de V KEET 1968 6th ICA, Tokio, paper E-2-4
[2) W REICHARDT and W SCHMIDT 1967 Acustica 18, 274
£3) D A CONANT 1976 915t ASA Meeting, paper E-h
C4) J P A LOCHNER and J F BURGER 1958 Acustica 8, 1
£5]) M BARRON 1971 J Sound Vib. 15, 475

AKNOWLEDGEMENTS

This work was partially supported by the Central Research Fund, Univeraity
of London. '



Proceedings of The (nstitute of Acoustics

THE SUBJECTIVE RESPONSE TO EARLY REFLECTIONS 1N AUDITORIA

CLARITY CL
DEPTH DE
WARMTH WA
ENVELOFMENT EN
LOUDNESS 19
PROXIMITY PR
LI VENESS LI
AMEIENCE AM
WIDTH w1
BRILLIANCE ER
ROOM SIZE RS
REVERBERANGE RE

SPACIOUSNESS 3P
OVERALL QUALITY OQ

0.4

C.2 |

L] L) T L) L]
* ]
I
|
: -

SP
cLl e 0|

I BR gy AM
1 1o N
| RS
) v
)

1 L [ ] L b

=1 0 +1 +2 +35

decrease *++* increase

Fig. 2. Mean and standard deviation of the variation in the attributes after
comparieson of two samples with lateral/direct emergy ratio -6 dB and +2 df.
Variation ecale: O, no variationi 1 elight; 2, moderate; 3, cubstantial.
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Fig. 5. ASW for different number of
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