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ABSTRACT:
Human speech directivity plays a role in speech perception, including for speech recognition in multi-talker environ-

ments. Individual variability in speech directivity patterns arises in part because of differences in physical attributes

across talkers. Here, individual variability in horizontal speech directivity using anechoic, multi-channel, high-fidel-

ity recordings of the Bamford-Kowal-Bench sentences produced by 15 female and 15 male talkers were examined.

The frequency-dependent directivity index (DI) for each talker was calculated and the effects of frequency, sex, and

body mass index (BMI) on directivity indices were tested. Minimum radiation toward 0� and maximum radiation

toward 90� occurred at 700–850Hz, resulting in an increase in spectral level at 90� compared to 0� for this frequency
range. There was some evidence for sex differences in directivity at a limited set of frequencies (1 and 6–7 kHz).

BMI predicted the minimum DI magnitude and frequency locus of the minimum directionality at 0�, where higher

BMI is associated with a higher frequency locus. These findings highlight how individual physical characteristics

shape speech radiation patterns, which could influence the availability of head orientation and level cues for target

talker segregation and, thus, may have implications for speech perception in multi-talker environments.
VC 2025 Acoustical Society of America. https://doi.org/10.1121/10.0038803

(Received 20 December 2024; revised 7 July 2025; accepted 17 July 2025; published online 18 August 2025)

[Editor: Benjamin V Tucker] Pages: 1146–1155

I. INTRODUCTION

Human talkers are directional sound sources. It has

been well documented that speech directivity patterns, the

spatial radiation patterns of sound emitted by a sound

source, are angle and frequency dependent (Blandin et al.,
2015; Chu and Warnock, 2002; Dunn and Farnsworth, 1939;

Halkosaari et al., 2005; Katz and d’Alessandro, 2007;

Kocon and Monson, 2018; Leishman et al., 2021; Monson

et al., 2012). At lower frequencies, speech tends to be omni-

directional, radiating with similar energy toward all angles.

In contrast, at higher frequencies speech becomes more

directional, radiating strongly toward a subset of angles.

Speech generally radiates greater energy toward the front of

a talker (0� azimuth) as frequency increases—a phenomenon

that has consequences for speech perception in real-world

multi-talker environments, where talkers have different

head orientations relative to the listener (Ananthanarayana

et al., 2024; Braza et al., 2022; Flaherty et al., 2021;

Monson et al., 2019; Strelcyk et al., 2014; Trine and

Monson, 2020).

Although this general pattern of increasing directional-

ity as frequency increases has been consistently observed,

there is also substantial individual variability in directivity

patterns. Whereas radiation patterns for octave-wide bands

at lower frequencies appear to be fairly similar across talk-

ers, individual differences in radiation patterns for octave

bands �4 kHz can reach 10 dB or more at some angles

(Monson and Ananthanarayana, 2023). This individual vari-

ability likewise has consequences for speech perception. For

example, Moriarty et al. (2024) examined the minimum

audible change in talker head orientation using four different

talkers and reported a large effect of talker. The effect of

talker was consistent with the variation in individual speech

directivity patterns: speech stimuli from the two talkers who

had more directional directivity patterns yielded better head

orientation discrimination performance than stimuli from

the two less directional talkers (Moriarty et al., 2024).

Because talker head orientation cues provide a benefit for

speech-in-speech recognition (Braza et al., 2022; Flaherty
et al., 2021; Strelcyk et al., 2014; Trine and Monson, 2020),

substantial variability in talker directivity patterns could

also influence speech recognition in complex listening envi-

ronments with multiple talkers. Motivated by these potentiala)Email: monson@illinois.edu
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effects on head orientation cues, the present study investi-

gated individual variability in talker directivity patterns.

Factors underlying individual differences in directivity

are not well understood. One potential factor is variability in

physical characteristics, such as the mouth opening, vocal

tract geometry, and torso size and shape, but studies that

have examined these factors have typically used within-

subject rather than across-subject comparisons. For exam-

ple, Brandner et al. (2020) recorded sustained vowels sung

in each of three styles by trained male and female singers;

they reported that differences in directivity patterns could,

in part, be attributed to differences in mouth openings. For a

computational model and two human subjects, manipulating

the mouth opening from wide to tall resulted in observable

changes in radiation patterns at frequencies >2–3 kHz,

where the wide opening generally results in increased direc-

tionality toward 0� in the horizontal plane. Other researchers

have demonstrated that horizontal directivity patterns

change across different phonemes, such as voiceless frica-

tives (Monson et al., 2012) and vowels (Katz and

d’Alessandro, 2007; Kocon and Monson, 2018; Marshall

and Meyer, 1985; P€orschmann and Arend, 2021), indicating

that vocal tract geometry and acoustic differences across

phonemes affect radiation patterns. Modeling studies have

suggested that high-frequency directivity changes between

vowels could be caused by the increasing complexity of

sound propagation associated with higher order acoustical

modes (Blandin et al., 2015; Blandin et al., 2016). These
findings suggest individual differences in vocal tract anat-

omy could also lead to variability in speech directivity.

Brandner et al. (2020) also examined the effect of the

presence or absence of the torso on directivity using a head

and torso simulator. When the torso was introduced, there

were marked changes at low and high frequencies, including

the introduction of sidelobes, which are characteristic fea-

tures of directivity for naturally produced speech. These

sidelobes result in a minimum in the frequency-dependent

directivity index (DI) function (measuring directionality

toward 0�) at around 700–1000Hz (see also, Monson and

Ananthanarayana, 2023). Brandner et al. (2020) postulated
that the frequency locus of this minimum is dependent on

torso size, where larger sizes lead to a shift toward lower

frequencies, although they did not test this systematically.

Some differences in these physical characteristics could

be associated with sex. However, there is not strong evi-

dence for sex differences in directivity patterns. Data

reported by McKendree (1986) indicate that there might be

frequency-dependent sex differences in directivity patterns

for octave bands 125Hz to 4 kHz, but this was not specifi-

cally tested. Chu and Warnock (2002) found no sex differ-

ences in full-band (�8 kHz) directivity patterns, but they did

not evaluate frequency-dependent differences. Likewise,

full-band (�20 kHz) directivity did not differ significantly

between sexes in Monson et al. (2012), although the

frequency-dependent data indicated that male speech might

be slightly more directional toward 0� azimuth than female

speech for the 8- and 16-kHz octave bands. These octave-

band sex differences were not tested in that study. The find-

ings on sex differences could be influenced by recording

procedures, recording bandwidth, and acoustic analyses

parameters (e.g., the width of individual analysis bands,

measures of directivity used, etc.). Thus, it is unclear

whether there are frequency-dependent sex differences in

speech directivity as this has not been specifically tested.

More generally, many directivity studies using human

subjects have relied on relatively small participant pools

(�10 subjects), resulting in limited ability to examine

explanatory factors and/or generalize to larger populations

(Boren and Roginska, 2013; Bozzoli et al., 2005; Brandner
et al., 2020; Cabrera et al., 2011; Dunn and Farnsworth,

1939; Leishman et al., 2021; Marshall and Meyer, 1985;

Moreno and Pfretzschner, 1978). A handful of studies have

used sample sizes larger than ten (Chu and Warnock, 2002;

McKendree, 1986; Monson et al., 2012; P€orschmann and

Arend, 2021) but may have had other limitations. For exam-

ple, although McKendree (1986) had 56 participants, they

used a relatively large spatial sampling angle (30�) and

examined data only up to the 4-kHz octave band. Some

studies only examined vowels or consonants (Boren and

Roginska, 2013; Brandner et al., 2020; Marshall and Meyer,

1985; P€orschmann and Arend, 2021), singing (Boren and

Roginska, 2013; Cabrera et al., 2011), or a limited number

of utterances (Bozzoli et al., 2005; Dunn and Farnsworth,

1939; Leishman et al., 2021). Because individual phonemes

differ in their directivity patterns, there are potential chal-

lenges when trying to compare these data to running, con-

nected speech. Furthermore, only a handful of the more

recent studies have employed sufficient fidelity of record-

ings to accurately capture the entire speech spectrum to

20 kHz (Brandner et al., 2020; Kocon and Monson, 2018;

Leishman et al., 2021; Monson et al., 2012; Monson and

Ananthanarayana, 2023; P€orschmann and Arend, 2021). As

the largest changes in speech radiation patterns tend to occur

at frequencies �8 kHz (Monson and Ananthanarayana,

2023) and because this frequency range influences the per-

ception of head orientation cues (Monson et al., 2019;

Moriarty et al., 2024), these extended high frequencies are

highly informative with respect to individual differences in

directivity.

Another topic of interest for the present investigation is

the frequency dependence of speech directionality.

Although speech generally becomes more directional toward

0� azimuth as frequency increases, the precise relationship

between directionality and frequency for speech is complex,

as it is for many directional sound sources. This complexity

arises because changes in acoustic wavelengths associated

with changes in frequency lead to differing patterns of con-

structive and destructive interference of sound wave reflec-

tions from surfaces near the sound source (e.g., the face and

body). This interference results in acoustic lobes that differ

in number and direction with changing frequency. In other

words, the relationship between frequency and directionality

toward 0� is nonmonotonic, where an initial local minimum

in 0� directionality occurs around 700–1000Hz, and with
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additional local maxima and minima across the frequency

range. Although this relationship has been demonstrated by

many (Brandner et al., 2020; Monson and Ananthanarayana,

2023; P€orschmann and Arend, 2021, 2024a), individual var-

iability in this relationship and its perceptual consequences

have not been closely investigated.

In the present study, we examined speech directivity

patterns using a high-fidelity, anechoic, multi-directional

speech corpus. The goals of the study were to assess (1) the

effects of sex and body size on speech directivity patterns,

and (2) individual variability in speech directivity, including

the relationship between directionality and frequency.

II. METHODS

A. Recordings

Acoustical analyses were conducted on the corpus

described by Miller et al. (2025). The corpus details are

briefly summarized here. The corpus consists of speech sam-

ples collected from 30 native speakers of American English

(15 female and 15 male), whose ages ranged from 21 to

60 years old and who represented differing dialectal regions,

including West, North, Midland, South, Mid-Atlantic, and

New England. Subjects were screened for speech and hear-

ing disorders, factors that might affect voice quality (i.e.,

smoking history and professional voice use), and self-

reported height and weight. High-fidelity (48-kHz sampling

rate, 24 bits) anechoic directional recordings were obtained

using multi-channel simultaneous capture with 17 micro-

phones surrounding a seated subject in the horizontal plane,

placed in a semicircle of 1m radius centered on the subject’s

mouth at the height of the subject’s mouth. To reduce the

effects of lap reflections, an absorptive pillow was placed on

the subject’s lap. Microphone spacing was 11.25�, spanning
from 0� azimuth (directly in front of the subject) to 180� azi-
muth around the left side of the subject. Subjects recorded

the first four 16-sentence lists of the Bamford-Kowal-Bench

(BKB) sentences (Bench et al., 1979). Subjects listened to a

female audio recording of each sentence and then repeated it

back in a natural speaking manner.

B. Acoustical analysis

To suppress ambient noise, each recording was high-

pass filtered in MATLAB, using a fourth-order Butterworth fil-

ter with a 70-Hz cutoff frequency. A single 17-channel

recording for each subject was generated by concatenating

the 17-channel recordings of each BKB sentence. Multi-

channel recordings for each subject were level-adjusted

using a gain factor that resulted in the 0� channel having a

root mean square (RMS) level of 65 dB. The remaining

channels retained their relative levels. Previous studies have

typically analyzed frequency-dependent directivity using

octave or third-octave analysis bands (Boren and Roginska,

2013; Chu and Warnock, 2002; Leishman et al., 2021;

Moreno and Pfretzschner, 1978). Because of our interest in

the perceptual relevance of speech directivity, here, we used

equivalent rectangular bandwidths (ERBs), which reflect the

scaling of auditory filter bandwidths across frequency, as

measured psychophysically (Glasberg and Moore, 1990).

ERB levels were calculated as follows. A long-term

average spectrum (LTAS) was calculated for each channel

using an 8192-point fast Fourier transform (FFT), resulting

in a frame length of 170.7ms and spectral resolution of

5.86Hz, with overlapping Hanning windows every 4096

points. An ERB LTAS was calculated from the FFT LTAS

by filtering and summing energy in the frequency domain.

The ERB LTAS was calculated using 1-ERB-wide analysis

bands (at 3-dB down points) with cosine-shaped filters with

50% overlap, centered at ERB numbers 5–42 (spanning

163–20930Hz). ERB band numbers <5 (i.e., <163Hz)

were not included because of the limited energy present in

female speech in those bands. Overall, female and male

average directivity data were based on the channel-by-chan-

nel mean LTAS across subjects.

Using ERB band levels, a frequency-dependent DI for

the horizontal plane was calculated for each subject as

DI xð Þ ¼ 10 log10
Hx xð Þ�� ��2

1

N

XN�1

n¼0

Hn xð Þ�� ��2
; (1)

where x is the frequency (ERB) band, H is the sound pres-

sure, n is the angle index, x is the reference angle index, and
N is the total number of angles (Tylka and Choueiri, 2014).

The DI represents the ratio of acoustic energy that is radi-

ated toward the angle x to the average acoustic energy that

is radiated at all angles, with x typically being set to 0�. A
higher DI indicates that there is more directional radiation

toward the reference angle. Because only left half-plane

directivity data were captured in this study, data were mir-

rored for the right half plane under an assumption of left-

right symmetry, producing a total of 32 angles included in

the DI calculation. It should be noted that left-right asymme-

tries for directivity patterns have been demonstrated for

individual sung vowels and sustained fricatives

(P€orschmann and Arend, 2024b), with differences of 8 dB

reported for some angles at higher frequencies, although it is

not clear to what extent these asymmetries might affect

directivity patterns for running speech. The left-right sym-

metry assumption was applied here to calculate DI values

that would be comparable to full-plane horizontal DI values

that have been reported previously (Brandner et al., 2020;
Monson and Ananthanarayana, 2023). DI functions for ref-

erence angles of 0� and 90� were calculated.

C. Statistical analysis

The effects of sex and frequency (i.e., ERB band num-

ber) on the DI were tested using a linear mixed effects

(LME) model with subject as a random intercept. Because

of a predicted nonlinear relationship between frequency and

DI, frequency was coded as a categorical factor. Secondary

analyses used linear regressions to test the relationship

between body mass index (BMI) and features of the DI

1148 J. Acoust. Soc. Am. 158 (2), August 2025 Trine et al.
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function. These features included the 0� DI minimum value

(comparing across frequency), the 90� DI maximum value,

and the frequency locus of the 0� DI minimum. These fea-

tures were selected based on initial observations that (1) the

0� DI minimum was a prominent feature of the 0� DI func-

tion across all subjects, (2) the 90� DI maximum occurred at

the same frequency as the 0� DI minimum, and (3) Brandner

et al. (2020) suggested that the frequency locus of the 0� DI
minimum was related to torso dimensions. BMI was calcu-

lated using self-reported height and weight. One subject did

not self-report height and weight and was excluded from the

BMI analysis. The frequency locus of the 0� DI minimum

was obtained using the FFT data (in the frequency region

indicated by the minimum in the ERB data) because of the

finer frequency resolution for the FFT data.

III. RESULTS

Figure 1 shows the sound pressure maps, which are

plots of the spectral level as a function of frequency (ERB

band) and azimuth, for individual female and male subjects,

scaled such that the RMS level at 0� azimuth is 65 dB.

Figure 2 shows the corresponding directivity maps, which

also depict the spectrum as a function of frequency and azi-

muth but with color scale indicating sound level relative to

that of the angle of maximum radiation within each fre-

quency band. Plotting directivity maps this way reduces the

total dynamic range of the plot because every frequency

band is color-coded independently, making the lobing

patterns more apparent (Brandner et al., 2020). Some simi-

larities across subjects can be observed. For example, low

frequencies �600Hz exhibit more omnidirectional radiation

patterns, as expected, with directionality generally increas-

ing as frequency increases. In Fig. 2, a consistent feature

across all subjects is a prominent lobe with a center that

shifts from 0� to 90� as frequency increases from 500Hz to

1 kHz, which was demonstrated by Brandner et al. (2020) to
be the result of the presence of the torso. In most subjects,

this lobe is followed by a second lobe with a center that

shifts from 0� to �60� as frequency increases from 1 to

2 kHz. Above 1–2 kHz, however, larger individual differ-

ences in radiation patterns emerge, including variability in

the number and frequency loci of discernible lobes and the

magnitude of directionality for high frequencies.

The top row of panels in Fig. 3 shows the 0� DI as a

function of frequency for female and male subjects. These

functions demonstrate the nonmonotonic relationship

between frequency and directionality toward 0�. A promi-

nent and consistent feature across all but two subjects was

the minimum DI value located at ERB bands with center

frequencies of 700 or 806Hz. For two female subjects, this

minimum was located at ERB bands with center frequencies

of 1055 and 1201Hz. This minimum corresponded to a

maximum in the 90� DI function (Fig. 3, lower panels), a

result of the first prominent sidelobe. There are notable indi-

vidual differences for the 0� and 90� DI functions, particu-

larly at higher frequencies (see also Figs. 3 and 8 in the

supplementary material).

FIG. 1. Sound pressure maps of speech radiation for female (top) and male (bottom) talkers. Color scale indicates sound level (in dB) corresponding to a

65-dB full-band RMS level at 0�.
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To assess the effect of the 0� DI minimum and corre-

sponding 90� DI maximum on spectral levels, we compared

the 0� and 90� spectra for each talker. For nearly all talkers,

there was a frequency in the region of 700–806Hz where

energy at 90� exceeded that at 0�. For some talkers, this dif-

ference exceeded 6 dB (see Fig. 5 in the supplementary

material).

The relationship between sex, frequency, and 0� DI

value was tested using a LME model. This model revealed

no effect of sex in the reference condition (163Hz) but did

indicate an effect of frequency, where bands �700Hz have

higher (i.e., more directional) DIs than the 163-Hz band

(p< 0.001), with the exception of the 924-Hz band

(p¼ 0.68). Additionally, significant interactions between

sex and four frequency bands were observed (924, 1055,

6237, and 6973Hz), with male subjects exhibiting higher

DI values for these bands (p< 0.05; see Table IV in the supple-

mentary material). When outliers were removed, the pattern of

results was similar with the exception of the interaction term

sex� 1055Hz, which was no longer significant.

Linear regression models testing the relationship

between BMI and the 0� DI minimum or 90� DI maximum

revealed that higher BMI was associated with a lower 0�

DI minimum value and a higher 90� DI maximum value

(Fig. 4). Higher BMI was also associated with a higher fre-

quency locus of the 0� DI minimum (Fig. 5). Two subjects

had BMI values greater than two standard deviations from

the mean and were considered outliers. These two subjects

were the two female subjects for whom the 0� DI minimum

occurred at higher frequencies. Regressions were com-

puted with and without the two BMI outlier subjects, but

the pattern of results was similar (see the insets in Figs. 4

and 5). However, given the limited representation of the

range of possible BMI values in our participant sample, the

results with the outliers removed are likely to be more

reliable.

Horizontal radiation patterns for each ERB band for all

subjects are plotted in Fig. 6. As frequency increases, a gen-

eral trend of increasing directionality toward 0� is apparent

with some obvious exceptions at 700 and 806Hz, where

directionality toward 0� is substantially reduced and direc-

tionality toward 90� is increased. The 700- and 806-Hz band

plots show that although the sidelobe appears to be centered

at approximately 90�, the width of the lobe spans a larger

range of azimuth angles, with increases in radiation (relative

to 0�) for angles ranging at least 60�–120�. Horizontal radia-
tion patterns were similar for males and females, but males

exhibited greater directionality toward 0� for some fre-

quency bands (see the supplementary material). The amount

of variation across subjects was small for lower frequency

bands but generally increased with increasing frequency up

to �12 kHz. To demonstrate this phenomenon, Fig. 7

FIG. 2. Directivity maps of speech radiation for female (top) and male (bottom) talkers. Color scale indicates sound level (in dB) relative to that of the angle

of maximum radiation within each frequency band.
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depicts the range of relative sound levels at 90� (relative to

0�) across subjects as a function of frequency.

IV. DISCUSSION

In the present study, we analyzed a corpus of directional

speech recordings for 30 subjects to examine individual vari-

ability in horizontal speech directivity. We observed some gen-

eral consistencies across individuals. For example, the expected

general increase in directivity with increasing frequency was

observed for all talkers. Likewise, the nonmonotonicity of this

relationship was observed for all talkers, where the minimum in

the 0� DI function occurs consistently at 700–850Hz for nearly

all talkers, as also observed in previous studies (Birkholz et al.,
2022; Brandner et al., 2020; Monson and Ananthanarayana,

2023; P€orschmann and Arend, 2021, 2024a). The first sidelobe,

generated by the torso (Brandner et al., 2020), was also

observed across talkers (see Figs. 1 and 2).

The consistency of the minimum occurring at 700–

850Hz in the 0� DI function (and corresponding maximum

in the 90� DI function) corresponded very well with DI data

of Monson and Ananthanarayana (2023). This is notable

because of the differences in recording parameters for that

study. Whereas the present recordings were made with seated

subjects and a microphone distance of 1m, the recordings

analyzed in Monson and Ananthanarayana (2023) were made

FIG. 3. Mean DI functions for 0� (upper panels) and 90� (lower panels) for female (red) and male (blue) talkers. Individual DI functions are displayed in gray.

FIG. 4. Linear regression comparing BMI with the minimum value for the DI re 0� (left panel) and maximum value for the DI re 90� (right panel). Colors
indicate sex of the talker and shape indicates ERB band. Inset reflects results of same analysis with outlying BMI subjects removed. CF, center frequency.
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with standing subjects and a microphone distance of 60 cm.

This suggests that the minimum at 0� occurs at 700–850Hz,
independent of physical posture (standing vs sitting) or

recording distance.

Similar frequency-dependent directivity patterns were

reported by P€orschmann and Arend (2024a) using vertical-

plane directivity measurements to investigate the maximal

radiation direction of the human voice. Their work revealed

a decrease in 0� frontal radiation in the 700–850Hz range,

with an accompanying increase in downward and upward

radiation, which is consistent with the decrease in 0� DI

observed in our horizontal-plane data. The vertical-plane

sampling allowed the detection of vertical shifts in maximal

radiation that our horizontal-plane setup could not capture

and vice versa. The convergence between their results and

ours across different planes of measurement supports the

robustness of this frequency-dependent radiation pattern.

Individual variability in directivity was also apparent.

Although the frequency locus of the 0� DI minimum and cor-

responding 90� DI maximum was between 700 and 850Hz

for 28 of 30 subjects, variability in the frequency locus of the

0� DI minimum and the magnitude of the DI at that frequency

was associated with BMI. The relationship between frequency

locus and BMI was the opposite of that predicted by Brandner

et al. (2020). Whereas that study posited that larger torso

dimensions would lead to a lower frequency locus, our data

suggest that higher BMI, usually indicating larger torso

dimensions, is associated with a higher frequency locus, lower

directionality toward 0� at that frequency, and higher direc-

tionality toward 90� at that frequency. We describe a possible

explanation for this relationship below.

The 0� DI minimum is, in part, the result of a spectral

notch that occurs at 0�, as observed in Fig. 5 in the supple-

mentary material. To illustrate a potential source of this

spectral notch, let us consider destructive interference from

a reflection that is 180� out of phase with the direct speech

sound. Assuming a speed of sound of 340m/s for a spectral

notch that occurs at 750Hz (1.33-ms period), a 180�-out-of-
phase reflected sound requires a delay of 0.67ms, corre-

sponding to an additional traveled distance of approximately

23 cm. This distance could correspond to sound from the

mouth being reflected from the torso. The finding that indi-

viduals with higher BMI exhibited spectral notches at higher

frequency loci suggests that the effective distance of the

reflective surface from the mouth has been reduced in some

way. While P€orschmann and Arend (2024a) identified torso

reflections as a key factor in shaping the maximal radiation

direction, their study did not examine anatomical contribu-

tors to individual variability.

There may be perceptual consequences for the patterns

of frequency-dependent sound propagation observed here.

For example, cues associated with directional extended high

frequencies have been shown to support head orientation

discrimination (Moriarty et al., 2024). There is a corre-

sponding benefit of extended high-frequency cues for

speech-in-speech recognition when masker talkers in an

auditory scene have non-facing head orientations relative to

the listener (Flaherty et al., 2021; Monson et al., 2019;

Trine and Monson, 2020), possibly because the high-

frequency head orientation cues facilitate talker segregation.

Similarly, a consistent notch at 700–850Hz in the 0� spec-

trum and corresponding boost in level at other angles

(�60�–120�) could offer a salient low-frequency cue for dis-
criminating head orientation. However, the boost in spectral

level at 700–850Hz could also change the masking proper-

ties for non-facing talkers. For example, Ananthanarayana

et al. (2024) compared band importance for speech-in-

speech recognition for 0�-facing and 56�-facing masker talk-

ers. That study showed that relative to 0�-facing maskers,

56�-facing maskers exhibited a spectral boost around 700–

850Hz. This boost resulted in an increase in the spectral

level of the analysis band of 0.4–1.3 kHz for the maskers,

and there was a corresponding reduction in band importance

for this band for target speech recognition. This decrease in

importance could have resulted from greater energetic

masking in that band with the 56�-facing maskers compared

to the 0�-facing maskers. These studies all examined speech

perception in low-reverberant environments (sound treated

booths), and introducing reflective surfaces will likely influ-

ence these effects of speech directivity. The interplay

between directivity, head orientation discrimination cues,

and energetic masking with and without reflective surfaces

warrants further investigation.

In general, variation in directivity measures across sub-

jects increased with increasing frequency. Radiation patterns

depicted in Fig. 6 varied by 10 dB or more at some angles,

especially for frequencies �7 kHz (see also Fig. 7). There

was also some evidence for sex differences in directivity but

only for a limited set of frequencies. Male talkers exhibited

higher directionality toward 0� at approximately 1 and 6–

7 kHz. Although this finding raises the possibility that head

orientation discrimination could be easier for male talkers

than for female talkers, Moriarty et al. (2024) found no evi-

dence for a talker sex effect on head orientation discrimina-

tion using two male and two female talkers. The limited

interaction between sex and frequency observed in the pre-

sent data seems to corroborate this previous finding.

FIG. 5. Linear regression comparing BMI with frequency locus of mini-

mum DI. Colors indicate sex of the talker. Inset reflects results of same

analysis with outlying BMI subjects removed.
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The present investigation did have some limitations.

The DI is a well-established metric for characterizing direc-

tivity, but some have been critical of its use (Brandner et al.,
2020; Brandner et al., 2022) because it is front centric (i.e.,

the reference angle is typically 0�). Here, we also calculated

DI functions for a 90� reference angle and were able to

relate 90� DI functions to individual talker differences, sug-

gesting that the DI may have greater versatility when used

in this way. Although we did find a relationship between DI

and BMI, it should be noted that BMI does not take into

account additional factors such as age, sex, ethnicity, and

muscle mass, which may give rise to some differences in

physical geometries (Buss, 2014). Additionally, whereas

self-reported weight and height may introduce minor bias in

BMI estimates, such bias is minimal in nonclinical adult

populations (Fayyaz et al., 2024). Using half-plane data

does not account for left-right asymmetries that occur in

directivity, at least for individual sustained phonemes

(P€orschmann and Arend, 2024b), and this will affect DI cal-

culations. Because our DI calculations were made using run-

ning speech, which averages across phonemes, the impact of

these asymmetries on DI estimates may be diminished, how-

ever, their presence could still influence fine-scale features

of the radiation patterns. Generally, it is not understood how

FIG. 6. Horizontal directivity patterns for all subjects. The radius of the curve indicates sound level relative to the level at 0�. Concentric circles represent
10-dB steps. Black curves are group averages, and gray curves are individual data.

J. Acoust. Soc. Am. 158 (2), August 2025 Trine et al. 1153

https://doi.org/10.1121/10.0038803

 09 O
ctober 2025 16:43:20

https://doi.org/10.1121/10.0038803


radiation from other body structures (e.g., chest wall vibra-

tions; Sundberg, 1983) might influence directivity patterns

at low frequencies. Finally, our measurements were limited

to the horizontal plane, which may underestimate the true

extent of angular energy distribution as there is a consistent

downward orientation of the maximal radiation in lower fre-

quencies, at least for frontal radiation (P€orschmann and

Arend, 2024a).

The primary motivation for the present study was to

identify factors that could influence the perception of talker

head orientation. What are the acoustic cues that support

discrimination of head orientation, and what factors affect

those cues? Our data show that in addition to very direc-

tional high and extended high frequencies, low frequencies

near 700–850Hz could theoretically provide such cues.

For example, the presence of a spectral notch in this fre-

quency region could indicate to a listener that a talker is

facing them, whereas a boost in energy in this range would

indicate that the talker is not facing them. Such cues could

provide enhanced spatial awareness, including determining

whether one is the intended recipient of an utterance

(Neuhoff, 2003). Head orientation cues could also support

talker segregation and speech recognition in real-world

auditory scenes with multiple talkers facing different direc-

tions. Our data indicate substantial individual variability in

directivity, raising the possibility that individual character-

istics (e.g., BMI) may influence the salience of talker head

orientation cues.

SUPPLEMENTARY MATERIAL

See the supplementary material for data plotted using

the FFT data with finer frequency resolution than ERB anal-

ysis bands.
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