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ABSTRACT

Low-pass filtering has been used in emotional resear@mnowe the semantic
content from speech on the assumption that the relevant imcowess for vocal affect
remain intact. This method has also been adapted by iagestigations into the
function of infant-directed speech (IDS). Similar to othepgom-related studies that
have utilised various levels of low-pass filtering, thd38 Investigations have used
different frequency cut-offs. However, the effects of appthese different low-pass
filters to speech samples on perceptual ratings of vdieaitare not well understood.
Samples of natural IDS, foreigner- (FDS) and British adueateéd (ADS) speech
were low-pass filtered at four different cut-offs (1200 Hz, 1B@0700 Hz, 400 Hz),
and affective ratings of these were compared to those ofitlinal samples. The
samples were also analyzed for mean fundamental freqieg)@and krange. Whilst
IDS received consistently higher affective ratings fofilirs, the results of the adult
conditions were more complex. ADS received significantly higatngs of positive
vocal affect than FDS with the lower cut-offs (1000 to 4@), Mhereas no
significant difference between the adult conditions was fautide original and 1200
Hz conditions. No difference between the adult conditions wasd for
encouragement of attention. These findings show that low-pasafiiieaves
sufficient vocal affect for detection by raters betwde8 hnd the adult conditions,
but that residual semantic information in filters above 1000ridy have a

confounding affect on raters’ perception.

Keywords

Low-pass filtering; infant-directed speech; foreign-diredpéech; vocal affect



1. Introduction

The voice carries a considerable amount of information about a®esnotional
state that is communicated via both semantic and vocal acobatinels (e.g.
Kramer, 1963; Starkweather, 1967). Investigation of the emotamualstic
characteristics of speech requires separation of the serohahnel from the vocal
acoustic aspects of speech, and this goal has been amg@amicern in emotional
speech research. A common method to separate these compmasebéen to
standardize the content of the speech by asking the speakepeat written text or a
list of numbers (e.g. Davitz and Davitz, 1961). However diffeculty of obtaining
true emotional content with these artificial situations i wederstood (e.g. Kramer,
1963). In an attempt to avoid these problems, alternative noéaesiving content-
free speech such as playing speech samples backwardsnevger<1941), foreign
speech (e.g. Kramer, 1964) and randomized content-splicings@hgrer, 1971) have
been employed, allowing the potential use of naturally occuspegch. These
approaches nonetheless presented a variety of new problersaffiople playing
speech samples backwards causes reversal of the acowstation contours.

An alternative widely used method of separating the twarahla, low-pass
filtering, has been adapted from research into speedhgifiiéity (e.g. French and
Steinberg, 1947; Pollack, 1948) on the assumption that sucinfjlteould leave a
large number of the emotional acoustic cues of the voice if@actSoskin and
Kaufman, 1961; Scherer et al., 1972). It has been suggbstetti¢se cues (e.qg.
intonation contour, rate of speech, pause and rhythm) should reintaily
unaffected by the removal of the upper frequencies (e.g.rRegal., 1971; Scherer,

1971, Scherer et al., 1972), since it is mainly the lovegpuencies and tonal quality



of the voice that are supposed to be important in commumgctte speakers’
emotional state (Starkweather, 1967).

Because a key advantage of low-pass filtering is thanito@ applied to
natural speech samples, one area where this approach évas/rbeen used to
investigate affect is research into speech directedaot®f{IDS). It is believed that
IDS serves distinct linguistic, emotional affective artdratonal roles (e.g. Fernald
and Simon, 1984; Uther et al., 2003), and a growing body of reseascittempted to
separate these functions (e.g. Burnham.e2@02; Fernald and Simon, 1984;
Kitamura and Burnham, 2003; Trainor et @000). Methods to accomplish this have
included investigating acoustic and perceptual aspects dbylx®mparing IDS to
other linguistic (Papousek and Hwang, 1991; Uther et al., 2007) arvitbaal
comparison groups (e.g. Burnham et al., 2002; Trainor et al., 2608 case of
adult linguistic and emotional comparison groups for IDS, conteetdpeech is
clearly crucial for comparing the semantically less chaileg IDS to the
semantically complex adult speech. Consequently, low-p#essrig has played a key
role in the investigation of the affective content infsstudies (e.g. Burnham et al.,
2002; Kitamura and Burnham, 2003). Two of these comparative s{edies
Burnham et aJ 2002; Uther et al2007) into IDS, and other investigations into
children’s vocal emotional understanding (e.g. Morton & Trehub, 20@%g utilized
different filters.

The applicability of low-pass filtering for speech resedrat mainly been
assessed by comparing a single filter cut-off with thgirai speech samples (e.qg.
Starkweather, 1956), content-spliced speech (e.g. Scheler¥72; van Bezooijen
& Boves, 1986), reiterant speech (Friend and Farrer, 1993pagign speech (e.g.

Kramer, 1964). These and other studies in the area (e.gn@oildl Starkweather,



1961; Milmoe et al., 1967) have also used a wide variety fardiit filter cut-offs.
Although, higher cut-offs have also been used (e.g. 1040 &mr@el, 1981), most of
these studies have chosen filter cut-offs below 650 Hz. Howv&not clear how
much of the relevant nonverbal information may be lost thighremoval of the upper
frequencies (Kramer, 1963), and no consensus has emergeti@spiirnal filter for
removing the semantic content, while at the same time congenast of the
acoustic emotional content.

To our knowledge, there is only one existing study (Ross et al., fftatdas
investigated the effect of different filters (betwe® Hz and 150 Hz) on the
recognition of basic emotions. The authors found that the higtess resulted in
good recognition rates, and that only the lowest filter (150ré&a)lted in a
considerable deterioration in the raters’ ability to cdfyedentify the emotions. This
study, however, was restricted to a low range of filtaraffs and used speech
samples of actors instructed to play out specific emotionistwhciting a fixed text,
rather than spontaneous emotional speech.

The extent to which a wide and higher range of differenidesfdow-pass
filtering influences perception of affect in natural spesamples therefore remains
unknown. Investigation of this factor is crucial, not only forificgttion of using low-
pass filtering in future emotional speech research, bufa@asalidation of previous
findings from similar studies. This is clearly pertinenthe area of IDS, where the
use of natural speech samples is of great importance. Howhegessue is equally
important to other areas of speech research including hesmragrment, hearing aid
design (e.g. Hogan & Turner, 1998; Baatral., 2002), speech recognition (e.g.

Dubnoet al., 2005) and the design of automated speech recognition systems,(Whi



1975), where frequency filtering (low-pass, high-pass and pass)) continues to be
used.

Here, we attempt to address these questions by invasgidetwv a series of
progressively lower filters influence raters’ perceptiohgocal affect. We chose
IDS, foreigner- (FDS) and British adult-directed speedbg) as comparative speech
recipient groups, given the perceived high emotional contdBt®felative to these
other types of speech (e.g. Burnham et24l02; Uther et al., 2007). This approach
allows direct investigation of the effects of filteriagross filters and between speech
produced by the same speakers directed to different audiéfsieg.a filter of 2000
Hz, it was previously found that IDS was rated higher ortipesiocal affect and
encouragement of attention than ADS and FDS, whereas AD&teakhigher than
FDS in positive vocal affect, but not in encouragement ofidie (e.g. Knoll and
Uther, 2004; Uther et al., 2007). We were particularly intece&i explore how the
use of a lower filter in the same data set (such a4@feHz filter of Burnham et al.,
2002) would have influenced these affective ratings. Teceaehthis aim, we used
low-pass filters of 400 Hz (Burnham et al., 2002), 700 Hz (apanoximate average
of studies that have used filter cut-offs between 650 andHZ26.g. Pollack, 1948;
Scherer et al., 1972), 1000 Hz (Uther et al., 2007), and addether filter cut-off of
1200 Hz (intended as a bridge between commonly used filtersrdittered speech),
and compared them to the original speech samples. The pufbsepresent study,
therefore, is to determine at which level of frequencyodiytf any, low-pass filtering

influences the perception of vocal affect.

2. Method



2.1 Design

We applied a mixed factorial design with two factors. fits factor consisted of five
different levels of low-pass filtered speech samples H#0700 Hz, 1000 Hz, 1200
Hz and original; between subject measures), and the seattod ¢onsisted of the
three speech recipient groups (IDS, FDS and ADS; withirestd)j The dependent

variables were rated vocal affect, and acoustic meagwmesn k (Hz) and k range

(Hz)).

2.2 Raters

A total of 117 people took part in the experiment; 26 matels9d. females with a
mean age of 26.3 yearsl(9.0). Participants were required to have no known hearing
impairment and had to be fluent in English. This was cfesiipulated in the
instructions, and participants had to be capable of understandirfglepwing
complex written technical instructions in English (78.4% ofthdicipants were
English native speakers). Preliminary analyses of laregbagkground (English as
first or second language) and gender of the listeners were folrednon-significant,
and showed that these factors did not influence the re@alksulation of intra-class
correlation coefficient (two-way random model) showed that-irsttar reliability was
high for each filter condition (reliability coefficient ranffem o = .936 (original) tax

= .892 (400 Hz)).

2.3. Stimuli selection and filtering
An existing data set (Uther et al., 2007) consisting of dkegs of ten southern
English mothers (mean age 30.7 years) talking to theini:ifgnean age 37 weeks), a

foreign (Chinese) and British adult confederate (both fesrialéheir early twenties)



formed the basis of the present dataset. For the itimmacthe mothers were
provided with three toys to retain consistency of conversataoteat, but otherwise
the interactions were natural and spontaneous. The interacfted between 5 and
10 minutes, but following previous research (e.g. Burnham,&Qf12; Kitamura &
Burnham, 2003; Uther et al., 2007), only approximately 30 secoratchfmother’s
voice was extracted. Extraneous sounds (e.g. the voice obtiiederate) were edited
out. Each sample was chosen from approximately the stdm ofidther’s dialogue,
but speech occurring during the first 30 seconds was genesgltted since the
beginning of each interaction was mostly accompanied by disgaziunds. The
speech samples were then subjected to successive lowHeasgyf(Hann window)
using Praat 4.3.14 (Boersma and Weenink, 2005), to remove fegsi@bove 400
Hz, 700 Hz, 1000 Hz and 1200 Hz. For all of these, the stameleochmendation for

smoothing at 100 Hz was employed.

2.4. Set-up of the web-based questionnaire

The questionnaire was delivered via the Internet, hosteldebyniversity of
Portsmouth (for validity of Internet obtained ratings see Keiodll., 2008). We did
not use basic emotional categories (e.g. joy, anger) for tlestigations of affect,
because, in contrast to previous research (e.g. Ross20@f), we had not instructed
our speakers to convey any specific emotion. Instead, weeabagjuestionnaire

from that of Kitamura and Burnham (2003), which has been useddstigateaffect

in natural IDS in several studies (e.g. Burnham et al., 200t&riét al., 2007). The
questionnaire consisted of four affective scales: 1) positige?) negative vocal
affect, 3) encouragement of attention, and 4) comforting andisgdisee Kitamura

and Burnham, 2003 for a full description of these scales)ngatiere obtained on a



five point Likert-scale (1 (not at all) to 5 (extremelyye focused attention on what
seemed to be the most critical scales to comparepngthious research (Knoll and
Uther, 2004; Uther et al., 2007), namely the scales of positi\a affect (as an
example of an emotional affective scale) and encourageshattention (as an
example of an emotional and communicative scale). Wecalsduded that both of
these scales might be more informative in the conteatiof speech than, for
instance, ‘comforting and soothing’, which relates more spadiifito investigations

of IDS.

2.5. Procedure and background information

Raters were recruited via a snowballing approach, wherebgages for volunteers
were sent, amongst others, to Universities in the Wi{eR were sequentially
assigned to one of the five filter conditions, whereby trst fierson clicking on the
link would be in the original condition, the second person i@ Hz condition
and so forth (pseudo-random assignment). However, not ak gatticipants
completed the study. This resulted in an assignment of @& atthe original and
700 Hz conditions, 21 raters in the 1000 Hz and 400 Hz conditions, aategy in
the 1200 Hz condition. Each rater was required to listen 8p88ch samples (10
IDS, 10 FDS and 10 ADS). The order of presentation of thecépsamples was
randomized for each of the raters, and they were supplibdwao test trials of each
filtered condition for familiarization with their respeaisound. Raters were
instructed to adjust the loudness level to their own corafatthearing ability, as later

speech samples would only be played once to avoid habituffeatse



2.6. Acoustic analyses

Different levels of low-pass filtering might lead to adease in the measures of some
of the acoustic features (e.g ange), possibly influencing perceptual ratings within
each filter. We therefore acoustically analyzed eachefpeech samples for mean
Fo (Hz) and k range (Hz). Analyses were carried out with Praat 4.@bérsma and
Weenink, 2005). The pitch floor was set at 75 Hz with a ceilirgD6fHz.

All of our analyses concentrated on the whole (unmodified) 8@nskespeech
samples, firstly because acoustic analyses (e.g. F1ilBp oaindividual target words
of these data had already been presented in earlier ook @nd Uther, 2004;

Knoll et al., 2007; Uther et al., 2007). Secondly, we wereested in theverall
pattern of acoustic characteristics for each speech saamglevhat the raters would
be able to perceive during their rating task. Megari b range are important
acoustic characteristics of basic emotions (Scherer, 2Q@8gralyses of these might

provide some insight into the cues that the raters mag ised for their ratings.

3. Results

The data for the two affective scales (positive vocakatied encouragement of
attention) and the acoustic analyses were subjected toea MIKNOVA with speech
recipient groups (IDS, FDS and ADS) as within subjects faatat filters (400 Hz,
700 Hz, 1000 Hz, 1200 Hz and original) as between subjects.fRasults were
further explored with univariate ANOVAs and planned contrastierisks indicate

Greenhouse Geissser adjustment.

! K, as measured in this study is an average overQise@nds varying auditory signal. Therefore
higher frequencies may be attenuated by the loiltersfand can therefore result in lower megiufd
Fo range values.

10



3.1 Affective scales

We found a significant two way interaction for speech recipgroups and filters
(F(s,333.65= 2.790,p < .001, Wilks’ Lambda = .68%, = .086), with both positive
vocal affect B2, 17269= 2.279,p = .037,7 = .075) and encouragement of attention
(F(5.4,151.4n= 3.627,p = .003,4 = .115) contributing to this interaction effect (Fig. 1).
This interaction is due to a slight decreasing trend fdr i@$ and FDS in the scale
of positive vocal affect with no significant interaction beém these two conditions,
whereas ADS exhibits a weak parabolic curve and interagigisantly with IDS ¢
=.028) and FDSp(= .009). There is no significant interaction between AD& DS
(both display a slight parabolic curve) in the scale of engeunant of attention,
whereas IDS again exhibits a slight decreasing trend, atitegavith both ADS f =

.003) and FDS[= .01).

Fig. 1 about here

We found a significant effect of filters on rated aff@g, 222)= 2.080,p =
.039, Wilks’ Lambda = .865; = .069). Analysis of each individual dependent
variable showed that the five filter groups differed onlyeimts of the ratings of
positive vocal affectRu, 112)= 4.843,p = .014,y = .104), but not for the ratings of
encouragement of attention. Participants in the originalcspeandition (mean =
3.551) perceived the speech samples to contain significaotlg positive vocal
affect than the participants in the low-pass filtered doyas (1200 Hz mean = 3.317,
p =.033; 1000 Hz mean = 3.23%7 .006; 700 Hz mean = 3.204 = .002; 400 Hz
mean = 3.235y = .0073. No significant difference was found between the remaining

low-pass filtered conditions.
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We also found a significant effect for speech recipient gr@@sios)=
150.679, Wilks’ Lambda = .158,< .001,4 = .847) with both scales contributing to
these differences (positive vocal affdeti s, 172.69= 423.861p < .001,7 = .791; and
encouragement of attentiolRj 4, 151.49= 343.624p < .001,y = .754). IDS achieved
significantly higher ratings of positive vocal affect amd¢@iragement of attention
than both ADS (for both scalespak 0.001) and FDS (for both scalegat .001).
ADS also achieved higher ratings of positive vocal afteahtFDS 1§ < .001),
however, no significant difference between the adult conditn@ssobserved for
ratings of encouragement of attention (Fig. 1).

To explore whether these differences between the speech megmeps
were consistent within each of the five filters, we raanpkd contrasts between the
speech groups for each of the filters for each of thescAs can be seen in Table 1,
IDS achieved consistently higher ratings of positive vocalcatind encouragement
of attention than both adult groups for each of the fiverfltADS only received
higher ratings of positive vocal affect than FDS in the 1090780 Hz and 400 Hz
filters, but not in the original or the 1200 Hz condition. No défere between the two
adult groups in the ratings of encouragement of attentiorfomasl for any of the five

filters.

Table 1 about here

3.2 Acoustic analyses

There was no significant interaction between speech egtigroups and filter type
for the acoustic data. We found a significant effect aérfiiton acoustic

measurementd=(g, sg)= 6.733,p < 0.001, Wilks’ Lambda = .38%,= .380), although

12



the five filter groups differed only in terms of measureBoarange Eu, 45)= 15.492,
p <.001,7 = .579) but not for measures of megn Fhe measures opfange in the
400 Hz condition were significantly lower than in the remaidildgr conditions (ap
<.001). No other significant differences between the §ilteere observed (see Fig.

2).

Fig. 2 about here.

We also found a significant effect of speech groups on aconsisurements
(F, 42= 19.967p < .001, Wilks’ Lambda = .34%, = .655). Univariate ANOVAs
revealed that both meag (1.1, 47.99= 51.425p < .001,4 = .533) and frange Fq .4,
60.99 = 15.764p < .001,5 = .259) contributed to the differences (Fig. 2). IDS
measures of mean Bnd k range were significantly higher than both ADS (for both
measures gi < .001) and FDS (for both measurep at.001). Although, the ADS
measures of mean, were significantly higher than FD$ € .006), there was no
significant difference between the two adult conditions faraRge (see Fig. 2).
These findings are broadly comparable with our earlier investigaof mean §-and
Fo contour shape in target words, where IDS was found to compgiserhinean ¢
and more exaggerated éontours than both adult conditions (Knoll et al., 2007;

Uther et al.2007).

4. Discussion

The results of our study indicate that different low-passrilinfluence raters’
perception of positive vocal affect and, to a lesser degremuragement of attention.
Consistent with the assumption that removal of the upperdraigs may lead to a

loss of some of the emotional cues in speech, we foundativays for IDS in both

13



scales, and ratings for FDS for positive vocal affect, glddacreased as a function
of the cut-off frequency. This was not the case for Aib&nicouragement of attention,
or for ADS in both scales. We suggest that loss of igtbllity across the filters may
partly be responsible for these results, and we discuss tlubitigsbelow.

In line with previous research (e.g. Kitamura and Burnham,)20@8found
that IDS was consistently rated more highly (for both scalfes) both adult
conditions across the filter conditions. This result is unsurpria®])S is a highly
affective speech register, and previous studies usiogifferent low-pass filter cut-
offs (Burnham et al., 2002; Uther et al., 2007) had alreadytexporcreased
emotional affect in IDS compared to adult-speech groupsaléefound increased
mean g and greater fFrange in IDS, whereas neither ADS nor FDS displayed the
same exaggeration or increase ¢nwhich is concordant with earlier findings (e.g.
Fernald and Simon, 1984; Knoll et al., 2007). These acousticdésatuhich are less
affected by filtering, have been reported to have both arienal- affective and
attentional function (e.g. Fernald and Simon, 1984; Knoll e@07), perhaps
explaining the consistently higher ratings of IDS in both scale

The higher ratings of positive vocal affect for ADS compawvét FDS
reported in Uther et al. (2007) were replicated only indher filters (1000 Hz to
400 Hz). It is possible that sufficient semantic contenhefariginal samples remains
in the relatively liberal 1200 Hz filter cut-off to provideetraters not only with
acoustic cues, but also with some contextual semantic infamdtnis notion is also
potentially supported by our findings that the original (but clok#lgwed by the
1200 Hz) condition received significantly higher ratings of positiocal affect than

the remaining conditions.
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Uther et al(2007) proposed that the lower ratings of positive vocal affect
found in FDS might be due to speaker frustration. Our firedarg consistent with
these interpretations, particularly if certain aspectpefker frustration reside only
in vocal acoustic features rather than in semantic coreninstance, raters may
have taken semantic content into account in the higher fitteheir evaluation of
positive affect, but were forced to concentrate on acousgtials in the more
unintelligible filters. It is interesting to note that ADs not affected by this
‘semantic effect’, as ratings here did not decrease gitgduth the cut-off
frequencies (in both scales). This suggests that sentantient and acoustic features
of natural ADS may be mutually supportive, whereas the sansenddepply to FDS
or IDS. However, the acoustic signal responsible for thexef not clear. Although
ADS was characterized by highey (#hich may be associated with the basic
“positive” emotion of joy/elation; Scherer, 2003) in four of twanditions, this was
not the case for the 400 Hz condition, where the mean diffeianmatings between
the two adult conditions was the greatest. It is thereforsifdeghat another acoustic
modification of FDS (e.g. speech rate; Biersack e2@05) is responsible for the
reduced positive affect in FDS, and we are currently iiyegstg this possibility.

In contrast to positive vocal affect, we did not find angigant difference
between the adult conditions for the scale of encouragemettéofien. It is possible
that the speakers did not attempt to gain the attentitireofspeech partner in the
adult interactions (supported by the overall low ratings in tagesn the adult
conditions), and that it was therefore not possible for thesradatetect such a
difference. We suspect that encouragement of attention enasglbsuited to
investigations involving infants, where acoustic modificati@ng.(greater Jrange)

are of great importance in attracting the attention of pleech recipient (e.g. Knoll et

15



al., 2007), but the scale may be less sensitive in degedififerences between the two
adult groups. This assumption would need further investigatispesich samples
where speakers are required to engage the attention ofpleeich partner, for
instance, teachers addressing pupils in a classroom.

Our results nonetheless indicate that affective comparimagse carried out
with confidence using filters of 1000 Hz to 400 Hz, but thatl?@0 Hz filter may
not remove enough of the semantic content for this specific purpbsse findings
have important implications for infant research utilizing natspalech samples. For
instance, the use or choice of a filter is not necessatiigat if IDS is to be
compared to a less emotionally charged adult group, but aseeeee filter cut-off<
1000 Hz) may be needed for discrimination between speechedirecadults where
affective content is similar.

As natural interactions are normally accompanied by someeedr
background noise, and since the intelligibility of filtered speeries depending on
the proportion of background noise (Pollack, 1948; Rogers et al., 18kRjtian of
the appropriate filter very much depends on the level of igitality remaining after
that filter has been applied. Our results suggest that 100¢akizufficiently severe to
impair intelligibility in the present study, although this mighty for other situations
where speech is recorded under optimal conditions (i.e. wibamkiground noise in a
laboratory; see French and Steinberg, 1947). Future studies smasiiddlude
guestions designed to investigate raters’ perceptionseaich sample intelligibility.
Of course, if emotional affect is compared between diffespaéch groups,
consistency of filter cut-off between conditions remainsiatuo the experimental

set-up.
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In summary, the purpose of the present study was to investibatber the
affective salience of speech is left unaffected whéerdnt levels of low-pass
filtering are used to eliminate intelligibility. The tdts show that perception of affect
is influenced by different frequency filter cut-offs, buatihis influence is relatively
small, with the greatest effects occurring in the adoitditions. Low-pass filtering is
thus a useful tool in affective speech research, partigmdnere different types of
adult-directed speech are the focus of the investigatimesd findings suggest that
different filters € 1000 Hz) can yield similar results, but that it is obviguscessary

to use the same filter for the comparison of differentdpéges.
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Table captions

Table 1. Mean difference, F-value and significance leg&léen IDS, ADS and FDS
for each of the five filter conditions for positive vocaleaff and

encouragement of attention.
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Table 1

Positive vocal affect

Encour agement of attention

Mean diff. F-value Sg. level Mean diff. F-value Sg. level
Original  IDSvsADS 1.246 93.333 p<.001 1.570 96.126 p< .001
IDSvs FDS 1.312 129.441 p < .001 1.708 121689 p<.001
ADSvsFDS Ns Ns Ns Ns Ns Ns
1200 IDSvs ADS 1.241 90.927 p < .001 1.715 84.484 p<.001
IDSvs FDS 1.363 89.918 p < .001 1.623 68.102 p<.001
ADSvsFDS Ns Ns Ns Ns Ns Ns
1000 IDSvs ADS 1.333 102.19 p < .001 1.676 59.002 p<.001
IDSvs FDS 1.633 108.924  p<.001 1.819 69.488 p<.001
ADSvsFDS -0.3 10.988 p = .003 Ns Ns Ns
700 IDSvs ADS 1.158 125.995 p < .001 1.496 177.724  p<.001
IDSvs FDS 1.454 225.358 p < .001 1521 134.683 p < .001
ADSvsFDS -0.296 13.844 p=.001 Ns Ns Ns
400 IDSvs ADS 0.776 40.825 p < .001 0.857 15.429 p<.001
IDSvsFDS 1.205 72.318 p<.001 0.933 22.547 p<.001
ADSvsFDS -0.429 41.411 p < .001 Ns Ns Ns
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Figure captions

Fig. 1.

Fig. 2.

Comparison of ratings for positive vocal affedt)lend encouragement of
attention (right) for each filter presented for each ofttinee speech recipient
groups. Note that of the two remaining scales, which are ne¢med here,
the scale of negative vocal affect followed the trend oitipesvocal affect,
and the scales of comforting and soothing followed the trend of

encouragement of attention.

Comparison of mean Hz; left) and range (Hz; right) for each of the three
speech recipient groups across the five filters. Note thaheange is
higher than in previous research (e.g. Fernald and Maiz284,) as the
analysis concentrated on the whole unmodified 30 seconds speeple s

rather than on single utterances or words.
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