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1 Introduction

Suitable levels of speech privacy should to be recognized as
a core objective in all spaces, and part of a larger conversation
about our health and wellbeing in the built environment [1].
Reliable psychoacoustic metrics are necessary to determine
whether spaces meet occupant needs and expectations, allow-
ing assessment of the impact of factors, such as ‘freedom’
from distraction, intelligibility and audibility on, for example,
comfort, focus and productivity.

2 Methods & Results

Speech privacy theory is derived from that of speech intelli-
gibility. More precisely, losses in speech intelligibility be-
tween two positions—whether in open plan or between de-
finably separate spaces—are interpreted as an improvement
of privacy. This investigation reaffirms the importance of
spectrum and demonstrates the limits of two prominent met-
rics—the Articulation Index (Al) and Speech Privacy Class
(SPC)—Dby considering the sensitivity of their estimates and
their associated subjective interpretations, particularly as
some consider applying SPC to open-plan environments.

2.1 Theoretical and literary
Speech privacy metrics

The purpose of Al is to estimate intelligibility; therefore, it
assigns greater importance to the one-third octave bands (1/3
OB) between 200 Hz and 5 kHz, which contribute more sig-
nificantly to intelligibility [2]. The purpose of SPC is to esti-
mate levels of privacy beyond the limits of Al—where speech
is not intelligible, but still audible—which is accomplished
by averaging 1/3 OB between 160 Hz and 5,000 Hz (Lavg).
Though there is a correlation between intelligibility and au-
dibility, there is extensive literature demonstrating even a
small amount of information in a spectral band in the range
of 370 Hz to 6 kHz can result in improved intelligibility [4].
This work reinforces the importance of such differences
when assessing privacy between any two positions. Both Al
and SPC are, fundamentally, a calculation of the signal-to-
noise ratio: the difference in level (herein, DL) between the
source and receiver and the ambient sound level at the re-
ceiver location. To address the impossibly wide array of en-
vironments and acoustic conditions, analytical and numerical
strategies are used. Specifically, the contributions of DL are
captured in unit steps between 0 and 25 dB. The effects of
spectra—which, practically, are a function of both the DL and
ambient sound level—are equivalently demonstrated by var-
ying only the ambient conditions.
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Background Noise Measurements

Figure 1: Measurements of ambient conditions—with building
systems operational—at 98 locations, prior to occupancy. (1 = 31.6
dBA, 6 =2.9dB, Max. = 43.6 dBA, Min. = 23.8 dBA).

The importance of spectrum

Sound insulating solutions often take primacy over control of
background sound, despite the latter’s mathematically equiv-
alent impact on speech privacy. However, in spaces that do
not control background sound with a sound masking system,
it is especially variable and inconsistent. In one investigation,
1,500 unique measurements from different sites were used to
produce a distribution of background noise conditions. Their
results found a standard deviation of 6 dB (12 dB range) in
overall level [5]. While these results are specific to the facil-
ities tested, each architectural environment will have varia-
tions; see Figure 1.

While walls are used to offer some degree of acoustical
isolation from noise intrusion, sound masking systems are
implemented with a view to providing temporal constancy,
spectral balance and spatial consistency in ambient condi-
tions. A previous investigation demonstrated the impact of
changes in overall masking sound level (holding spectrum
constant) on intelligibility. For decibel steps between 42 and
48 dBA in that particular environment, intelligibility esti-
mates (i.e., ‘comprehension’ of “sentences upon first presen-
tation” [SFP] speech tests) decreased from 76% to 68%,
59%,45%, 35%, 25%, and 14% respectively underlining the
importance of having a consistent overall sound level at all
locations across a space [6]. Expectedly, the estimates dif-
fered between locations for reasons relating to level differ-
ence between the source and receiver positions.

A recent investigation explored the impact of architec-
tural details on the behaviour of sound [7]. It looked at the
level differences (SLD) (magnitude of nonconformity from

Table 1: Ratios of measurement locations (RML) that are ‘Out of
Compliance’ (OoC). The average overall (AODL) and spectral

Speakers per | RML that are AODL SLD
Zone OoC W (min.—max.) y (min.—max.)
1 0/18 = 0% - -
3 4/18 = 22% 1.0 (0.7-1.5) 2.6 (2.2-3.5)
6 17/18 = 94% 1.1(0.5-1.9) 2.7 (2.2-4.0)
18 16/18 = 89% 1.4 (0.5-3.0) 3.4 (2.3-5.1)
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Table 2: Eight different spectra, equal in A-weighted overall sound level, representing a wide range of real-world spectral conditions

160 200 250 315 400 500 630 800

1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000 | LAeq | Lavg

NRC OMS 48.0 | 47.2 46.0 | 44.7 43.7 42.2 40.7 38.7

37.0 34.7 32.7 30.7 28.2 25.7 22.7 19.7 | 48.0 36.5

Alt. Spectrum | 44.7 | 447 442 | 43.7 42.7 41.7 40.7 40.2

38.7 36.7 34.2 31.7 29.7 26.7 24.7 22.7 | 48.0 36.8

Investigation 48.1 | 48.1 | 46.0 | 451 | 43.6 | 416 | 399 | 39.2

381 | 351 | 328 | 298 | 268 | 256 | 226 | 19.7 | 480 | 36.3

Project 1 456 | 474 | 436 | 407 | 387 | 372 | 363 | 389 | 389 | 368 | 363 | 346 | 344 | 341 | 345 | 351 | 480 | 383
Project 2 387 | 385 | 385 | 363 | 36.8 | 409 | 437 | 386 | 36.2 38.7 | 345 | 36.6 | 334 | 350 | 311 | 289 | 48.0 | 36.6
Project 3 48.7 | 549 | 506 | 46.1 | 411 | 36.4 | 312 | 291 | 27.7 257 | 223 | 219 | 216 | 20.7 19.3 175 | 48.0 | 322
Project 4 410 | 410 | 415 | 398 | 379 | 373 | 348 | 356 | 36.4 | 380 | 389 | 370 | 368 | 36.8 | 352 | 342 | 480 | 376
Project 5 451 | 479 | 456 | 404 | 363 | 36.1 | 357 | 374 | 395 | 424 | 372 | 329 | 26.0 | 22.0 | 205 16.1 | 48.0 | 35.1

Eight Ambient Acoustic Conditions of Varying Spectral Characteristics,
Overall sound Pressur

e Level of 48 dBA

Figure 2: Eight different spectra, equal in
A-weighted overall sound level, represent-

ing real-world spectral conditions. conditions.

the target value) are shown alongside the smallest and largest
differences relationship between size (i.e., number of loud-
speakers) of control zones within a sound masking system
and the variability of masking sound (overall sound level, 1/3
OB). Results for that specific space are in Table 1.

2.2 Analytical, numerical, and empirical tools

The following analyses consider intelligibility scores from
SFP tests, which better correlate with ‘comprehension’ than
the alternatives. We reiterate that spectral differences can re-
sult from either DL or ambient conditions.

Analytical and numerical methods are used to assess
equivalencies between the Al and SPC. The spectra in Table
2 (also Figure 2), which represent a broad range of real-world
conditions, are evaluated across a range of DL conditions that
correspond with typical values between locations in open-
plan spaces. The results are presented in Figure 3. The rela-
tionship allows for mathematical substitution; see Figure 4.

3 Discussion and Conclusion

Figure 3 asserts that, for each spectrum, there is a distinct re-
lationship between Al and SPC. Meaning, for small changes
in SPC (due to spectral differences affecting Layg), there can
be large differences in comprehension; see Table 3. The issue
is not that there are wide ranges of acoustic conditions result-
ing in large differences in comprehension, rather, that a small
range of SPC values is resulting in a wide range of compre-

Table 3: Minimum, average, maximum and standard deviation sta-
tistics values of comprehension [%] values for 48 dBA ambient con-
ditions with variable spectra for different DL values.

DL SPCavg (Min.—Max., 6) SFPavg (Min.—Max., 6)
3dB | 55(51-57,20) 62% (31%-98%, 23.3%)
5dB | 57 (53-59, 2.0) 45% (17%—95%, 26.6%)
8 dB 60 (5662, 2.0) 25% (5%—86%, 26.8%)
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Relationship between Al and SPC

Figure 3: The relationship between Al and
SPC, for each spectrum, for a range of DL

Figure 4: The relationship between SFP
comprehension and SPC, for each spec-
trum, for a range of DL conditions.

hension values. Specifically, the overlay of all data from each
spectrum shows that, even for a single SPC value, there is a
large range of comprehension values.

For the ambient conditions representing real-world spec-
tra (Table 2), divergences between curves are observed be-
tween SPC 50 and SPC 70. This range encompasses the ma-
jority of acoustic conditions that affect comprehension (i.e.,
between, rather than beyond, limits).

The results herein are specific to the spectra in Table 2.
However, the outcomes clearly demonstrate that SPC is not a
sufficiently accurate estimator of comprehension, because
frequency composition plays an important role in intelligibil-
ity. The significance (i.e., perceptual) of smaller magnitude
changes in ambient sound level became apparent with the use
of psychoacoustic metrics. SPC remains the appropriate tool
for its intended purpose, where speech may no longer be in-
telligible, but still audible.
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