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Summary: Kulning, a loud, high-pitched vocal calling technique pertaining to the Scandinavian herding system,
has attracted several researchers' attention, mainly focusing on cultural, phonatory and musical aspects. Less
attention has been paid to the spectral and physiological properties that characterize Kulning tones, and also if
there is a physiologically optimum pitch range. We analyzed tones produced by ten participants with varying
experience in Kulning. They performed a phrase, pitch range G5 to C6 (784 to 1046 Hz), in three different condi-
tions: starting (1) on pitch A5, (2) on the participant’s preferred pitch, and (3) after the deepest possible inhala-
tion, also on the participant’s preferred pitch subglottal pressure (Pg,;) was measured as the oral pressure during
/p/-occlusion. The quality of the Kulning was rated by a group of experts. The highest-rated tones all had a sound
pressure level (SPL) at 0.3 m exceeding 115 dB and a pitch higher than 1010 Hz, while the SPL of the lowest rated
tones was less than 108 dB at a pitch below 900 Hz. A multiple regression analysis was performed to evaluate the
relationship between the ratings and Py,;), SPL, level of the fundamental and the frequency at which a spectrum
envelope dip occurred. Highly rated tones were started at maximum lung volumes, and on participants’ preferred
pitches. They all shared a high frequency of the spectrum envelope dip and a high level of the fundamental.
In decreasing order of ratings, Condition 3 showed the highest values followed by Condition 2 and Condition 1.
Each singer seemed to perform best within an individual Py, and pitch range. The relevance of the results to
voice pedagogy, artistic, and compositional work is discussed.
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INTRODUCTION

The Scandinavian fabod system has its roots in the Middle
Ages.'~ Ever since then, it has been a tradition to let the cat-
tle graze in the forest during the summer season, far away
from the arable land of the village. The cattle, representing
an important asset, were herded and cared for by shepherd-
esses, mostly young girls or old women, who permanently
stayed and worked in simple chalets (fiabod), milking the
cows and making butter and cheese.” * In the Scandinavian
fabod system, women have been responsible for keeping the
cattle, suggesting that Kulning has been tailored to female
voice.

The voice was used continuously as a working tool for
communication, and in this environment, a unique improvi-
satory vocal calling technique was developed, known as
Kulning." 1t served the purpose of communicating with the
cattle as well as with fellow shepherdesses, both sometimes
several kilometers away; however, it has also been used for
enjoyment. For example, according to the shepherdess
Anna Andersdotter Broman, “We sang constantly. The
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mountains answered back so nicely that we just couldn’t
resist.”’

The term Kulning usually refers not only to herding
songs, calling, spoken phrases, and imitations of animal
sounds, but also to high-pitched melismatic short melodic
phrases,® improvised in a herding tune mode.””? As Kulning
in the fabod context needs to travel long distances in the for-
est, it is performed at extreme degrees of vocal loudness in
the top part of the female pitch range, between approxi-
mately 800 and 1300 Hz. This obviously raises excessive
demands on the phonatory apparatus.'’~"

Today Kulning is also widespread in settings outside the
fabod culture, still taught by oral tradition as before. Indeed,
Kulning has become part of an improvisatory repertoire for
today’s folk singers. It is performed both outdoors and
indoors by professionals as well as for pleasure by amateur
singers. Courses in Kulning are given at all levels, including
university level.'> Moreover, Kulning has received interest
worldwide'"'*; around 120,000 video and audio hits can be
found on the internet.

The phonatory characteristics of Kulning have also
attracted the attention of researchers. Johnson and her co-
workers describe the physiological and acoustic characteris-
tics of Kulning performed by two traditional singers who
were born in the beginning of the 20th century, experienced
in performing Kulning outdoors, as in the original setting of
the fabod culture.'>'° In this study, Kulning was compared
with church choir singing, revealing substantial phonatory
differences. Using X-ray imaging, the authors found that
the jaw and lips opened wider, and the corners of the lips
were retracted to a greater extent when performing Kulning
than in choral singing. In Kulning, the hyoid bone and the
larynx were generally in an elevated, pitch-dependent


mailto:susanne.rosenberg@kmh.se
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jvoice.2021.11.016

2

Journal of Voice, Vol. HE, No. HHE, 2021

position, the epiglottis mostly tilted posteriorly, and the
tongue shape varied depending on pitch. Johnson also
recorded the same participants in an anechoic room. Sub-
glottal pressure, henceforth P, captured as the oral pres-
sure during /p/ occlusion, was found to increase with pitch,
reaching almost 60 cm H,O at the highest tones with funda-
mental frequencies above 1000 Hz. The maximum sound
pressure level (SPL) at 0.3 m amounted to 110 dB. The for-
mant frequencies, estimated from area functions derived
from the X-ray material, varied depending on their funda-
mental frequency (f,). The first formant was tuned to a fre-
quency close to that of f,, while the second and third
formants remained rather constant. '

Tellenbach analyzed Kulning as performed by Finnish,
Swedish and Norwegian participants acoustically and found
unbroken series of harmonic partials continuing up to
18 kHz in some cases.'” In a single-participant study,
Eklund and associates compared Kulning with singing in
head register and concluded that Kulning could be regarded
as a special vocal register.'® McAllister and Eklund showed
that, in the same singer’s Kulning, the partials of the vowel
/al could reach greater distances than when the same singer
sang the same vowel in head voice.'” By applying electro-
glottography and stroboscopy, Geneid and associates
showed that, as compared to falsetto, their participant’s
Kulning exhibited a longer vocal-fold contact phase and a
longer glottal closure.”” Comparing Kulning with head reg-
ister and using high-speed imaging, they further observed
a marked adduction of both the ventricular and the
vocal folds and also a narrowed epilaryngeal tube inlet in
Kulning.

The results of most previous studies have failed to answer
several important questions. For instance, what spectral
and physiological properties characterize Kulning tones,
according to today’s experts in Kulning? In particular, do
individual performers of Kulning make use of a preferred
pitch-range? These questions are relevant not only to the
teaching of Kulning technique, but also to the use of Kuln-
ing in non-ecological settings such as concert performances
of contemporary compositions. To find answers to these
questions, we recruited participants in a Kulning course and
made recordings of their performances from which single
Kulning tones were excerpted. We analyzed the acoustic
and physiological properties of these recorded tones and an
expert panel rated their quality. We then analyzed the rela-
tionships between the acoustic and physiological properties
of the tones and the experts’ ratings. Thus, the focus of our

study was acoustic and physiological properties of single
Kulning tones of high quality according to expert ratings.

METHOD

Participants

Nine women, aged between 22 and 31 years, participated in
the study. Seven were bachelor students of Swedish folk
singing in the Department of Folk Music at the Royal Col-
lege of Music in Stockholm (KMH) and two were students
on other programs at KMH. They were all taking part in a
course on Kulning that lasted five afternoons. In addition,
one of the co-authors of this article was the teacher deliver-
ing the course, having been a performer and teacher of
Kulning for several decades.

Within the group of participants, acquaintance with
Kulning varied substantially; some had extensive experience
of performing Kulning while others had never performed it
before. Three participants were familiar with the techniques
of both folk singing and Kulning; four were familiar with
folk singing but not with Kulning; and two were beginners
in both singing and Kulning. Because of technical problems,
recordings of three participants needed to be discarded.

Procedure
Kulning performers typically choose their own pitch ranges;
in contemporary compositions, by contrast, pitch range is
often predetermined. Thus, pitch is an important consider-
ation in Kulning. In a pedagogical setting, also respiratory
behavior is important; for less trained singers, high lung vol-
umes often lead to loud singing. To explore the relevance of
these factors to the performance and teaching of Kulning,
participants were asked to perform a Kulning phrase under
three conditions, and in the following order: Condition 1:
starting on A5 (880 Hz); Condition 2: starting on a pitch of
their own preference; Condition 3: starting on a pitch of
their own preference, but after the deepest possible inhala-
tion. The phrase, which was presented to participants in the
first session of the course, is shown in Figure 1. It consists of
12 tones and took about 5 seconds to be performed. Its pitch
range is a fourth. In Condition 1 the lowest note was G5
while the highest was C6, and the phrase beginning and end-
ing on the fifth in the mode of the present example (AS). All
participants learned this phrase by ear.

During the fifth session of the course, participants per-
formed this phrase in the three conditions described above
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FIGURE 1. The Kulning phrase performed by the shepherdess Elin Lisslass, recorded in 1949, and transcribed from CD.?' The arrow

above note 11, C5, indicate sharp intonation.
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and the recordings were made. In Condition 1, they were
given the starting pitch of A5 before they sang.

From a perceptual point of view, Kulning is loud, and
therefore this type of singing is associated with great vocal
effort. It was therefore important to measure Py, partici-
pants were asked to apply the standard procedure for this
purpose, of singing each tone on the syllable /pa/. In this
way, Py, could be measured in terms of the oral pressure
during /p/ occlusion.

Recordings

The recordings were made in an office room. The audio sig-
nal was picked up at a distance of 0.3 m by a calibrated
B&K condenser microphone type 4165 (Nerum, Denmark).
The oral pressure was picked up by means of a thin plastic
tube that was held by the participant in the corner of her
mouth. This tube was attached to a pressure transducer
(Glottal Enterprises, Syracuse, New York). Using Sound-
swell software (HighTech, Solna), the audio and pressure
signals were digitized at 16,000 Hz and recorded into sepa-
rate computer channels.

SPL was calibrated as follows. The experimenter sang a
constant tone, the SPL of which was measured at the
recording microphone by means of an LA-210 sound level
meter (OnoSokki, Japan) and announced at the beginning
of the recording. For pressure calibration, a set of pressures,
determined by means of a manometer, was recorded, and
the respective pressure values were announced by the experi-
menter during the recording.

The Kulning phrase chosen for the experiment contained
short and long tones, all at high pitches. The initial conso-
nant /p/ of the /pa/ syllable sometimes produced a clearly

tilting pressure peak, indicating a non-constant and hence
unreliable measure of P,,,.>> Such data were discarded,
yielding acceptable pressure data from six participants in all
three experimental conditions. Furthermore, one partici-
pant was unsatisfied with her Kulning in the recording. She
was allowed to do a second recording, thus adding to the
quality variation of the material. This yielded a total of 7
recordings x 12 tones x 3 conditions = 252 tones.

VOICE ANALYSIS

The recorded files were analysed using the Soundswell soft-
ware. SPL and f, were determined by means of the Extract
and Corr modules, respectively. Figure 2 shows an example
of the analyses. Pressure signals with reasonably flat peaks
were obtained from 115 of the 252 tones. The spectra of the
tones were analyzed by the Line spectrum module, applying
a 20 Hz bandwidth, and using a Blackman analysis window
of 200 ms and a 0 to 8 kHz frequency range. Thus, the sev-
enth partial for all £, values was included (adopting the ter-
minology typically used in voice science, ‘partial’ refers to a
spectrum component of a complex tone, numbered from
low to high, so that partial number 1 is the fundamental).

Apart from P, SPL, f, and the durations of the tones,
five spectrum properties seemed to vary considerably and
were selected for analysis. One was the deviation from a
smooth spectrum envelope. Such deviations (D,,) were mea-
sured as the difference between the level of partial number n
(L,) and the average levels of its surrounding partials, num-
ber (n-1) and (n+1), i.e., Ln.1y and L1, respectively. This
deviation was computed for three spectral ranges: (1) all
partials up to the seventh (S;); (2) partials number 3 to 7
(S3—7); and (3) partials number 3 to 5 (S3-5). The level of the
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FIGURE 2. Display of audio, sound pressure level (SPL) at .3 m, subglottal pressure (P, 4 fundamental frequency (f5) for the Kulning

phrase as performed by one of the participants.
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fundamental (Ljiydameniar) and the frequency of the partial
that produced the largest dip in the spectrum envelope (fqip)
were also measured.

Perceptual analysis

As mentioned above, participants’ skill in performing Kuln-
ing varied considerably, producing substantial variations in
the quality of the recorded Kulning performances. A listen-
ing test was carried out where experts rated, along a 20 cm
visual analogue scale (VAS), the quality of Kulning tones,
which were selected, according to the following criteria: (1)
duration exceeding 940 ms, and (2) a reliable recording of
P, (flat top). Twenty tones meeting these criteria were
selected, of which 17 were the final tone in the phrase. Their
SPL varied within a range of 4 8 dB.

The panel consisted of five experts, including co-author
SR, all with a minimum of 15 years of experience in teach-
ing, and singing in concerts and other public performances
of Kulning. The recorded tones were collated into a single
test file in .wav format. Each tone occurred four times in the
file, thus allowing rater consistency to be evaluated. The
resulting 4 x 20 = 80 stimuli were arranged in the same ran-
domized order for members of the expert panel.

The file containing the stimuli was copied to memory
sticks, which were distributed to the panel members with an
accompanying response sheet. This included the VAS with
extremes Does not agree at all (Inte alls) and Agrees exactly
(Overensstimmer exakt). The experts listened to the record-
ings using their own listening equipment and were asked to
show, by a marker on the line, how well they found that the
tone agreed with an optimal Kulning tone. Each expert per-
formed the test independently.

Statistical analyses
To assess intra-rater reliability between the four presenta-
tions of the 20 stimuli, one-way within-subject analyses of
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variance (ANOVA) with a Bonferroni correction were car-
ried out for each rater. To assess inter-rater reliability, an
intra-class correlation coefficient (ICC) was computed using
a two-way mixed-effect model and a 95% confidence inter-
val. To find out if ratings differed significantly according to
experimental condition, a one-way within-subject ANOVA
was carried out. Finally, a stepwise multiple-regression
analysis was carried out to find which voice metric could
predict the obtained ratings. All data were inspected with
regard to normal distribution and identification of outliers
and extreme values. All statistical tests were carried out
using SPSS version 21 for Macintosh.

RESULTS

Voice analysis

The left panel of Figure 3 shows the SPL at 0.3 m of all
Kulning tones as a function of f,, in semitones above A4.
The general trend is that SPL increases with increasing f,.
The right panel of Figure 3 shows Py, as a function of f,
for the participants. As expected, it tended to increase with
rising f,. The pressures are mostly quite high, varying
between 12.1 and 68.9 cmH,0, the majority of the data
points occurring within the range of 25 to 45 cmH,O. Par-
ticipant 4 showed the highest pressures and participant 3 the
lowest.

Slopes, intercepts, and determination coefficients of the
trend-lines that approximate the relationship between Py,
and SPL and between Py, and f, are listed in Table 1. With
respect to the former, the increase rate varied between .8
and 2.3 dB/ST. Participant 4, who used the highest pres-
sures, showed the steepest increase of SPL. The other partic-
ipants produced much lower SPL values for a given Py,
For all participants except participant 1, the determination
coefficient exceeded .35. The increase was more than 2 dB/
ST for participants 3 and 6, who also showed the lowest
intercepts. As an increase of Py, tends to increase f,, other
things being equal, Table 1 also shows both the constants
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FIGURE 3. Left panel: SPL at .3 m of all Kulning tones, plotted as a function of f,, in semitones above A4. Right panel: Subglottal pres-

sures (P,,;,) plotted as a function of f;, in semitones above A4.
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TABLE 1.

Slope, Intercepts (Icpt) and Coefficient of Determination (r?) of the Trend-Lines Approximating Relations Between: (1)
Subglottal Pressure (Ps,;), in cmH,0, and Fundamental Frequency (f,) in Semitones (ST) Above A4 (440 Hz); and (2) Ps,p

and SPL at .3 m

Psup vs SPL at .3 m Psub vs T,

Participant Slope [dB/ ST] Icpt [dB] 2 Slope [cmH,0/ ST] Icpt [cmH,0] 2

1 1.6 91.1 .29 1.6 7.9 .31
2 1.2 93.0 .70 1.3 14.5 .24
3 2.3 80.5 .85 0.8 17.6 .01
4 1.0 95.7 .35 1.6 31.3 .27
5 0.8 98.5 .37 2.6 4.8 .24
6 2.2 87.8 .66 0.9 24.0 .05

for the trend-line equations for this relationship for each
participant. For participants 1, 2, 4 and 5 the coefficient of
determination r* exceeded .24. These participants tended to
increase P, with pitch at a rate between 1.3 and 2.6
c¢cmH,O per semitone.

As mentioned, in Condition 1 the participants were asked
to start the phrase at a given pitch (A5, 880 Hz), while in
Conditions 2 and 3, they were free to choose the starting
pitch according to their own preference. Figure 4 shows the
participants’ starting pitch of the tones included in the lis-
tening test. The left panel displays the f;, averaged across
participants, for the three conditions; the right panel shows
each participant’s deviations in Conditions 2 and 3 from the
starting pitch of Condition 1. On average, the starting pitch
was highest in Condition 3, and lowest in Condition 1, and
the starting pitch was 96 Hz (1.7 ST) higher in Condition 2
and 135 Hz (2.4 ST) higher in Condition 3. This
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demonstrates that participants had individual preferences
regarding the starting pitch. Furthermore, there were sub-
stantial differences between participants; participant 2
started Condition 3 at f, 319 Hz, 5.2 semitones higher than
in Condition 1, which resulted in a starting pitch near C#6;
for participant 5, the difference between starting pitches in
these conditions was no more than half a semitone.

Perceptual analysis
The averages of the ratings obtained for the 20 stimuli are
listed in Table 2.

Prior to analysis, four outlier ratings in Condition 3 were
removed. The listening test produced a total of 400 ratings
(4 presentations x 20 stimuli x 5 raters). Results showed a
high correlation between experts’ ratings: ICC (2, k) = .88
(confidence interval .79 - .95), Cronbach’s o = .94. All but
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Between conditions 3 and 1
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FIGURE 4. Left panel: starting f,, averaged across participants for the indicated conditions. Right panel: participants’ individual devia-

tions from their starting pitch in condition 1.
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TABLE 2.

Averages of the Ratings (M) and Standard Deviation
(SD), Measured as % of VAS Length, Obtained for the 20
Stimuli

Participant # Tone # Condition M SD
1 3 1 77.9 21.6
2 3 1 64.0 23.1
3 3 1 58.8 30.9
5 3 1 44.0 31.0
5 2 1 47.6 30.9
6a 3 1 62.2 23.5
6¢ 3 1 77.5 21.3
1 3 2 70.8 304
3 3 2 55.0 28.2
4 3 2 63.8 27.6
5 1 2 48.7 22.9
5 3 2 56.0 30.6
6a 3 2 64.7 27.0
6¢ 3 2 87.7 9.3
1 3 3 61.4 31.2
2 3 3 90.7 14.7
4 3 3 87.1 14.9
6a 3 3 92.4 11.1
6b 3 3 83.3 19.3
6¢ 3 3 86.7 10.2

Notes: The values are ordered according to participant number, number
of the tone in the phrase, and conditions. Participant 6 made two trial
recordings, the first one labelled 6a, and the second one including 6b and
6e.

one of the raters showed good agreement between ratings of
the four presentations of identical stimuli, as shown in
Table 3. As expected, SD associated with values near the
middle of the VAS scale were high.

The spectra of the three highest and three lowest-rated
Kulning tones varied considerably, as illustrated in Figure 5.
The spectrum envelope was smoothly sloping in some spec-
tra, whereas for other spectra, it contained a marked dip at
different overtones. In addition, the level difference between
the first and second partials varied considerably.

As mentioned, participants performed the Kulning
phrase in three conditions: (1) starting on AS; (2) start-
ing on a pitch of their own preference; (3) starting on a
pitch of their own preference, but after the deepest possi-
ble inhalation. The results of the one-way within-subjects

TABLE 3.
Results of the One-Way ANOVA Within-Subject Analysis
for Evaluating Intra-Rater Reliability

Rater One-Way Within-Subject ANOVA
1 F(3)=0.39, P=0.759
2 F(3) =0.49, P=0.480
3 F(3) =3.507, P=0.021
4 F(3)=0.97, P=0.410
5 F(3) = 0.65, P=0.590

ANOVA suggested that condition had a significant effect
on the ratings, F(2) = 77.539, P < 0.001, a Bonferroni
post hoc test revealing significant differences between all
conditions (P < 0.005), with an effect size of .425. The
lowest mean ratings were given for performances in Con-
dition 2 (M = 58.12, SD = 29.04) with only marginally
higher ratings given for performances in Condition 1
(M = 65.97, SD = 27.47). The mean rating for perform-
ances in Condition 3, by contrast, was clearly higher
than those given for performances in the other two con-
ditions (M = 88.5, SD = 12.88). Thus, most of the high-
est-rated Kulning tones were produced in Condition 3,
initiated at maximum lung volume at the participant's
preferred pitch. Figure 6 shows box plots of the ratings
for each condition. There were significant differences
between each pair of the three conditions (P < 0.005).
The ratings were significantly correlated with several
voice metrics: f, (r = .67), SPL (r = .73), faip (r = .83), Si.s
(r = - .43), and Ljnaamentar (r =.66). However, some metrics
were highly correlated with each other, collinearity levels
exceeding r> .7 for: SPL - qundamental; S7 - S3—5; S7 'fdip; S3
—7 - fdips 87 - S3-5; 87 - faip; and S3_7 - f4ip. Because of these
collinearities, only Pq,p, fo, fdip> a04 Limdamentar Were selected
for a multiple regression analysis. The results revealed that
the ratings could be predicted by two models (Table 4). The
first one contained only the f4;,, adjusted r? = .67, with a
multiple regression equation of Predicted mean rat-
ing = 30.5 + .008 x f4ip. The second model also included
Lfindamentar» With adjusted r? = 747, and a multiple regres-
sion equation of Predicted mean rating = 30.6 + .007 x
Jaip + 743 X Ljindamentar- Thus, 74.7% of the variation in
mean rating could be explained by the fgi, and Lyaumentar-

DISCUSSION
The present study suggests that Kulning requires an
extreme use of the voice; Py, values reached up to 61
cmH,0, higher than 40 cmH,0O observed in classically
trained dramatic sopranos, in rwang and in belr.”>**
However, P, was not correlated with the highest rat-
ings of Kulning quality. The highest-rated tones had
high SPL, high f, strong Ljudamentar, and spectrum enve-
lopes that lacked dips below 4 kHz. Most of these tones
were produced in Condition 3; the second-highest rated
tones were produced in Condition 2.

The center frequency of the spectrum envelope dip
predicted the ratings of Kulning quality, according to
both models 1 and 2 of the multiple regression analysis
(Eq. 2 and 3). In all stimuli with ratings lower than 64.1,
the f4;, appeared at partials number 2, 3, or 4, while in
all other stimuli the dip occurred either at partials 5 or
6. Given that the amplitude of spectrum partials gener-
ally decreases with rising frequency, the perceptual rele-
vance of high frequency partials could be expected to be
small. On the other hand, sensitivity of hearing increases
with frequency up to about 5 kHz. Hence, the reason for
the missing effect of the fy, at partials number 5 and 6
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FIGURE 5. Spectra of the tones indicated, showing the lowest four to seven partials on identical sound level scales. M is the mean rating

value and f, is the fundamental frequency, S is the Singer’s code.

invites the speculation that the effect is related to the
critical bands of hearing. These bands are approximately
a minor third wide for frequencies above 500 Hz. Thus,
partials 5 and 6 share the same critical band. It would
therefore be of limited relevance to perceived tone

quality if one of these partials caused a dip in the spec-
trum envelope. Partials below the fifth, by contrast,
excite one single critical band each, and should thus be
more relevant to the perceived timbre. According to
Model 2 of the regression analysis, a strong fundamental

120+
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FIGURE 6. Distribution of ratings for performances in the three conditions. Each box plot represents the part of the rating distribution
that falls between the 25th and 75th percentile, the horizontal lines in the boxes represent the median, and the vertical lines outside the boxes

connect the smallest and the largest values that are not outliers.
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TABLE 4.

Summary of Unstandardized and Standardized Multiple Regression Coefficients for the Two Models Obtained

Unstandardized Coefficients

Standardized Coefficients

Model Std. Error Beta t P
1 (Constant) 30.533 6.337 4.818 < 0.001
faip 0.008 0.001 .832 6.361 < 0.001
2 (Constant) 30.64 5.595 5.476 < 0.001
faip 0.007 0.001 .677 5.146 < 0.001
Ltundamental 0.743 0.301 .325 2.468 0.024

also contributed significantly to the prediction of the rat-
ings; the stronger the fundamental, the higher the rating.
This parameter is related to phonation type; phonatory
pressedness tends to be associated with a weak Ljqumen-
w A weak fundamental belongs to the characteristics
of emotional excitement.”® It seems obvious that Kulning
needs to be perceived as attractive by cattle if it is to ful-
fil the purpose of gathering the herd. It is likely that
dairy cattle are familiar with the emotional code of the
human voice, as suggested by the Kulning singer Karin
Edvardsson (1909-1997). According to her, the way one
uses the voice is determined by whom is addressed to,
for example, one’s dog or one’s cattle.”’ Indeed, experi-
mental evidence supports this suggestion. Pajor and asso-
ciates had dairy cattle pass through a Y-shaped crush; at
the end of one arm, the cows could hear the voice of a
handler shouting angrily, and at the end of the other
arm they could hear the voice of a handler speaking
gently. The cattle showed a significant preference for the
latter.”® It is tempting to speculate that a strong funda-
mental belongs to the set of voice characteristics that
make the cattle gather. Some support for this speculation
can be found in the study of Merrill and Ackermann,
who analyzed examples of voices that were disliked by
cattle. They obtained qualitative results in the form of
adjectives. Disliked voices were described as “squeaky,”
“nasal,” “pressed,” “suffering from imprecise and ordi-
nary articulation,” and having an “uniform expres-
sion.””” While these qualitative results cannot be
compared meaningfully with our quantitative results, it
seems reasonable to assume that the adjective “pressed”
may correspond to the perceptual effect of a weakened
fundamental, a characteristic that we found significantly
related to less preferable Kulning tones.

The highest-rated tones were all produced in Condition 3,
in which the participants started at maximum lung volume.
A physiological correlate of a strong fundamental is a gener-
ous glottal airflow, a characteristic that has been found to
accompany phonation at high lung volumes.””*" Interest-
ingly, Kulning is typically performed at high lung volume,
promoted by the characteristically short duration of Kuln-
ing phrases (7 to 8 seconds.).

As shown above, the starting pitch in Conditions 2
and 3 differed between participants. This suggests that,

when given the opportunity, they chose the starting
pitch according to their personal preference. This
would be an important strategy, particularly since
Kulning is extremely loud and produced at extremely
high pitches. Under such circumstances, pitch differen-
ces, even as small as a semitone, may be relevant.

High lung volume and the participants’ personal choices
of starting pitch co-varied with the expert ratings; perform-
ances in Condition 3, in which the singer could freely choose
the starting pitch from a maximum lung volume, received
significantly higher ratings than those in Conditions 1 and
2. A factor possibly contributing to this result may have
been the order of the recording conditions. This order was
necessary for pedagogical reasons; some participants were
naive learners requiring a structured order of tasks. Choos-
ing an optimal pitch range seems therefore relevant to both
teaching and composing of Kulning.

It is noteworthy that there was no correlation between
P, and ratings of Kulning quality. For example, partici-
pant 1 used the lowest P, range, from 29.4 to 29.7
cmH,0, while the corresponding range for participant 4
was between 46.8 and 61.4 cmH,O. Both these participants
received high ratings. Thus, high Kulning tone quality
seems to be related to an favourable relationship between
Py, and SPL, an important consideration in pedagogical
approaches that promote vocal economy.

As noted above, Johnson and Sundberg analyzed SPL, f;,
and P, in two Kulning singers.”’ In the f, range 800 to
1150 Hz, SPL varied between 100 to 110 dB at .3 m and the
trend-line showed an average increase of 6.8 cmH,O for a
100 Hz rise of f,. The corresponding values in the present
study are comparable. We found that, for 100 Hz increase
of f, and 4.9 cmH,0, the SPL range was between 107 and
119 dB. Incidentally, similar values have been observed also
in dramatic sopranos’ fortissimo singing, with an average
Py, of 40 cmH,O at 1 kHz and 113 dB SPL at .3 m.?' The
Kulning singers who took part in the study reported by
Johnson et al. were both born at the beginning of the 20th
century and were typical representatives of the Kulning tra-
dition in the early part of that century.'® The agreement
with our findings suggests that essential characteristics of
Kulning tones from this era are similar to those currently
cultivated, even if the performance setting of Kulning in our
time is more often indoors than outdoors."”
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The value of Lgndumentar 15 dependent also on the nearest
formant; the smaller the frequency distance to the first
formant, the higher the Lgudumenia Indeed, according to
Johnson et al., the first formant was close to the fundamen-
tal in a professional Kulning singer.'® Probably, the Kuln-
ing singers also in the present investigation applied the same
strategy.

The lack of spectrum envelope minima in the highest
rated tones may reflect the tendency to tune a formant to
each of the lowest partials. This will enhance these partials,
while placing a formant away from a partial will cause a
spectrum envelope dip. The self-chosen starting pitch could
then have contributed to the perception of higher Kulning
quality tones. The relevance of pitch to the Kulning tone
quality may be due to the spectral importance of the Kuln-
ing singer's personal formant frequencies, that is, the dimen-
sions of the singer’s vocal tract. As mentioned, singers freely
choose the pitch on which they start phrases in both older
and current Kulning traditions. On average, formants are
spaced around 1000 Hz apart. Thus, in the pitch range stud-
ied here, the number of partials would be approximately the
same as the number of formants.

CONCLUSIONS

Our investigation has provided evidence of acoustic and
physiological characteristics of Kulning tones. Tones receiv-
ing high ratings of Kulning quality shared a strong funda-
mental and a lack of spectrum envelop dips among the five
lowest spectrum partials. Conversely, a weak fundamental
and a spectrum envelope dip between the lower partials
significantly predicted low ratings of Kulning quality. The
highest-rated tones had an SPL at 0.3 m between 115 and
121 dB and a pitch range between 1010 and 1170 Hz. The
SPL of the lowest rated tones was lower than 111 dB and
their pitch ranged between 810 and 970 Hz. Kulning tone
quality was rated significantly higher when started at a high
lung volume and at a pitch of the participant’s own choice.
The Py, range differed substantially between participants
and was not related to the quality of the Kulning tones.
Knowledge of this information is relevant to composition
and artistic work, as well as to voice pedagogy. In the case
of Kulning, even small pitch differences may be relevant for
optimizing the relationship between vocal technique and
personal morphology.
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