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ABSTRACT

This study investigates how creak and FO change
across the life-span in a panel of six English speakers
from the North East of England, recorded between
two and three times. Across timepoint, we observe a
general decrease in FO for all but one speaker.
However, creak follows complex patterns as
speakers age. In early adulthood, all speakers exhibit
creak, and show evidence that creak can be recruited
to indicate turn-finality. Towards the end of their
working lives, speakers reduce their proportion of
creak dramatically, and show little evidence of its
previous turn-yielding function. In older age, creak
reappears, and a subset of speakers show renewed
use of its turn-yielding function. These findings
suggest that both global and interactional uses of
creak change over the life-span, and suggest that—
for some communities—creak may be age-graded.

Keywords: lifespan change, panel study, creaky
voice, FO, North East of England.

1. INTRODUCTION

This paper explores the use of creaky voice across a
small panel sample of speakers. As a highly
multiplex phonation type, creak is contingent on
both physiological and social-interactional factors.
Here, we explore its use by six English speakers from
the North East of England who were interviewed
once in early adulthood, and either one or two times
in older age. We ask: (1) do we observe age-related
changes in fundamental frequency (FO) and creak;
and (2) do speakers vary in their use of creak as an
interactional strategy to signal turn-transition?

Our analysis suggests that in early post-
adolescent life, speakers make frequent use of creak,
especially at the end of turns; however, the rate of
creak and its turn-final use decrease across the
middle life-span. Following retirement, speakers
show a general resurgence in creak, both as a global
feature and especially as a turn-final indicator.

1.1. Life-span change and creak

While linguistic theory tends to rely on the
observation that speech patterns are relatively fixed
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by adulthood [1], panel studies (which follow the
same individual over time) have revealed post-
adolescent malleability (see [2]). Voice quality
would appear to lend itself particularly well to panel
studies, given that it has been characterized as a
semi-permanent feature of individuals [3], despite
the age-related changes that affect laryngeal
structures (e.g., vocal fold atrophy [4], histological
changes [5], and changes in glottal competence [6]).
In elderly populations, these physiological changes
partly motivate increased irregularity in FO, jitter,
and shimmer (e.g., [7]). Particular focus has been
placed on changes in FO, which has been found to
decrease as speakers age, followed by an increase in
elderly men, and a decrease in elderly women [8-11].
Given the relationship between low FO and creak
[12], we might expect creak to parallel changes in
older age; however, we are not aware of any panel
research that explores changes in creak across the
adult life-span.

1.2. Social and stylistic functions of creak

Creak has shown to be highly multifunctional in
conversation, indexing both social information about
the speaker, as well as doing interactional work [13].
Creak’s frequent occurrence in turn-final position in
English and Finnish suggests a turn-completion
signalling function [14-15]. As a global feature,
creak is both used in greater proportion by [16-20]
and heavily associated with young, urban, college-
educated women [16, 20-21]. From the perspective
of language change, there are two possible
explanations for this pattern: (1) we could be seeing
a change in progress led by this group (as suggested
by [16] for English); or (2) creak could be an age-
graded feature. The latter hypothesis finds some
support in the distribution of creak in early studies
[22-23], which similarly find that creak is used more
by young women. This suggests the possibility of a
repeated pattern at the individual level, while the
community as a whole remains stable.

What is thus needed is a panel study that explores
changes in both the extent of overall creak, as well
as how speakers operationalise creak in interaction
across the life-span. We begin to address these
questions here, focusing on malleability in FO and in
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creak, both globally and as an interactional resource
across the adult life-course of six individuals.

2. METHODS
2.1. Panel data-set

The data come from sociolinguistic interviews
conducted with the same participants in 1971, 2013,
and 2019. These speakers (see Table 1) offer a rich
picture of the linguistic choices made by individuals
as they transition from young adulthood to the end of
their professional careers and into older age; we
argue that these trajectories carry more weight than
treating age as purely chronological [24-25].

Sex | Speaker | YOB T1 | T2 | T3
Edith 1939 32 |74 |-
F | Nelly 1942 29 |71 |78
Anne 1948 23 |65 |71
Aidan 1946 25 | 67 | --
M | Rob 1948 23 |65 | --
Fred 1950 21 |63 |69
Table 1: Panel participants and ages by time point.

2.2. Preparing the data and delineating a ‘turn’

Interviews were transcribed and time-aligned using
ELAN [26]; speech intervals were divided into
sections delineated by pauses, roughly falling into
‘breath groups’. Transcriptions were force aligned
using LaBB-CAT [27], a process that created smaller
.wayv files based on aligned intervals (n=10,012).

We make use of the conversation analytical
concept of a “turn” [28-29], which we define
(following established practice) as a spate of talk
produced by one participant when they are holding
the floor. Because turns are delimited following
interactional parameters (i.e., floor transition), their
length is not predetermined, though they tend to
contain no more than a few turn-constructional units
[30]. We restrict our analysis to turns where floor
transition is unproblematic (i.e., non-competitive
[31]; n=2,156 turns).

2.3. F0 extraction and creak assessment

Though creak is notoriously multiplex [32], Keating
et al. [12] argue that one of its prototypical features
is low or irregular FO. Without intending to wash
away inherent complexities, we operationalize low
FO here as a correlate of creak. This approach has
been reliably implemented in [33], who wuse
REAPER (the Robust Epoch and Pitch EstimatoR;
[34]) to identify likely creak. REAPER produces
estimations of Glottal Closure Instants (GClIs), from
which FO can be estimated by taking the reciprocal

2026

ID: 167

of the duration between adjacent GCIs. REAPER’s
default settings were used, but to prioritize detection
of low FO, minimum expected FO was lowered from
40 to 20 Hz. We excluded overlapped segments,
resulting in 2,006,501 FO measurements across 15
recordings.

Creak was estimated using binary categorization
of FO measurements (see [33]). The mode of FO
values was calculated for each recording, as well as
the most prominent mode below this mode; the
antimode between these two modes was calculated,
and all values below this antimode were coded as
creaky. Given reported age-related changes to FO,
this categorization was done for each recording to
produce individualized pictures of a speaker’s FO
and creak at each timepoint. Of the total FO
measurements, 95.2% (n=1,910,850) were classified
as modal, and 4.8% as creaky (n=95,651).

We present three analyses: (i) of changes to FO,
(ii)) of global creak, and (iii) of creak over the
duration of a turn. While claims can certainly be
drawn from group-aggregated data, we echo [35] in
arguing that such analyses can hide important
speaker-specific changes which bear on life-span
changes. Therefore, our analysis of FO includes
linear mixed-effects models fit to each speaker. The
dependent variable was modal FO (excluding creaky
tokens), with timepoint as a predictor, and turn and
word as random intercepts (Section 3.1). Changes to
creak across the life-span and the turn (Sections 3.2-
3.3) were modelled using logistic mixed-effects
models fit to each timepoint separately, due to
uneven representation of creak across recording.
These models included an interaction between
speaker and relative position in the turn, with a
random slope of turn by relative position in the turn.
Alpha for all models was 0.05.

3. RESULTS
3.1. FO over the life-span

We turn first to an analysis of how modal FO has
changed over the life-span. First, we note a decrease
in FO across timepoint for all speakers (Table 2), with
greater changes observed between T1 and T2 (where
there is a larger time-gap) than between T2 and T3.
Of the speakers with a third timepoint, only Anne
shows significant FO lowering between T2 to T3. In
contrast to findings from [9-11], men in our sample
show no evidence of an F0 increase in later life. Also,
women tend to show numerically larger life-span
changes in FO than men; in fact, Rob shows no
significant change across timepoint at all. Thus,
while FO decreases with age, the extent of these
changes is highly speaker- and life-stage specific.
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If we plot all FO measurements (Figure 1), we
observe a bimodal distribution for FO: women show
a primary peak between 150-220 Hz, while men
exhibit one between 80-130 Hz. We also note a
second, low peak that represents the FO of identified
creaky tokens (between 80 and 100 Hz). This
secondary peak shows considerable intra-speaker
variance, being clear for some, and absent for others.
This is early evidence that speakers show different
extents of creak across their life-spans.

Estimate Estimate Estimate

(T1-T2) (T1-T3) (T2-T3)
Edith | -13.40 (**%) -- --
Anne | -27.47 (¥**) | -35.46 (¥**) | -7.99 (**%*)
Nelly | -48.79 (***) | -50.25 (***) -1.46
Aidan -8.39 (*) -- --
Rob -2.49 -- --
Fred -9.93 (***) | -11.99 (***) -2.06

Table 2: Estimated FO differences (by speaker)
across timepoint: (***)=p<0.001, (*)=p<0.05.
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Figure 1: Distribution of FO by speaker and timepoint.
3.2. Change in creak over time

Figure 2 shows the proportion of creak across time
point and speaker. It demonstrates two things. First,
while creak rates are generally low, all cohort
members produce creak to some extent at TI,
followed by a decrease in the amount of creak at T2.
Three speakers (Edith, Fred and Aidan) produce no
creak at all at T2. Second, all speakers with a third
timepoint register an increase in their proportion of
creak from T2 to T3. As with changes to F0, speakers
vary in the extent to which their rates of creak
increase; Anne and Fred show modest increases,
while Nelly’s rate rises to about 18% of all GCls.

In the context of variability across the life-span,
these findings suggest that speakers tend to exhibit
more creak when they are young and relatively new
members of the workforce (at T1), followed by a
decrease in creak at or near the age of retirement (at
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T2). At T3, when speakers are well-and-truly retired
from the workforce, they show an increase relative
to T2. This pattern maps closely on to the U-shaped
curve typical of age-graded variability, in which a
middle-aged trough is followed by a tail (see [36]).
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Figure 2: Proportion of GCIs coded as creaky (dark) vs.
modal (light) across speaker and timepoint.

3.3. Creak across the turn

We now turn to an investigation of where creak is
deployed in the turn, and whether this, too, changes
over the life-span. Figure 3 shows the marginal
effects from the models fit to timepoint, organized
by speaker; normalized relative turn position is on
the x-axis, with predicted creak on the y-axis.
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Figure 3: Predicted creak across time-normalized
position in the turn for T1 (solid), T2 (dashed), and T3
(dotted); y-axis scaled to show individual behavior.

First, these findings corroborate that speakers
exhibit vastly different overall rates of creak across
timepoint. Second, creak use is mediated by turn
position and timepoint. At T1, all speakers show a
positive relationship between creak likelihood and
turn position—that is, creak is more likely to occur
at the end of a turn. However, the strength of this
effect varies by speaker. All speakers show a
significant effect of turn position (Table 3), except
for Rob, whose use of creak is also relatively low. At
T2, we observe a drastic change that corresponds
with the global decrease of creak; no speakers exhibit
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a meaningful relationship between turn position and
the likelihood of creak, even those with turn-
mediated creak at T1. T3 reveals more
heterogeneous patterns. Fred shows a resurgence of
creak, both overall and in turn-final position. Anne,
who showed creak at T2 with no effect of turn-
position, exhibits the effect anew at T3, although less
strongly than at T1. And Nelly, who mirrored Anne
at T1 and T2, shows a significant global increase in
creak at T3, but no relationship between creak and
turn position.

T1 T2 T3
Edith 1.493(***) - -
Anne 1.273(***) 0.380 0.740(*)
Nelly 1.632(***) 0.283 0.246
Aidan 0.450(*) -- --
Rob 0.341 -0.036 -
Fred L311(***) - 1.806(***)

Table 3: Estimated log-odds of turn position on
creak; Sidak corrected p-values: (***)=p<0.001,
(**)=p<0.01, (*)=p<0.05.

4. DISCUSSION

We can now start to paint a picture of how FO and
creak vary over the life-span in this panel of older
speakers. First, we provide corroborating panel
evidence that FO does indeed lower in older age (cf.
[8-11]), though without the rise shown by elderly
men. While this could be explained by individual
differences across studies, it is more likely that our
men are simply not old enough to show this effect
(all are at least 8 years younger than the mean age of
elderly men in [9]). Second, while [3] argues that
voice quality is a quasi-permanent feature of a
person’s speech, the current panel speakers exhibit
differentiated and variable creak over their lifespans,
behavior which appears to follow the classic U-
shaped curve associated with age-grading in
sociolinguistic theorizing [36]. High rates of creak
among the women in the sample, especially at T1,
supports research that links creak with young
women’s speech (despite studies also placing a
disproportionate focus on this very group; see [20]).
The decrease in the proportion of creak we observe
at T2, thus, could be driven by increased pressures to
avoid some of the indexicalities of this feature while
the uptick at T3 would represent a relaxation of these
pressures (cf. the lessening of marketplace pressures
in old age; [35]).

Finally, creak’s behavior throughout the turn
provides additional insight into its function. At T1,
when speakers are relatively young and just
beginning their career trajectories, all show an
increased likelihood for creak to occur at the end of
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turns. Presumably and as argued in [14-15], this is
evidence of creak’s turn-yielding function. At T2,
however, this use all but disappears, paralleling the
overall decrease in global creak. Again, it is possible
that this change is due to the indexical association of
creak as “young” and as a feature of women’s speech
(see [16]). Two of the three speakers who creak at all
at T2 are women (Anne, Nelly), and all other
speakers (except Rob, whose rates are low) avoid
creak categorically. At T3, speakers exhibit variable
patterns, with Anne and Nelly showing a resurgence
in their use of creak, but in different ways. Anne
demonstrates little change in overall proportion of
creak, but makes renewed use of its turn-yielding
function, while Nelly drastically increases her rate of
global creak, which numerically but not statistically
rises across the turn. Fred, by contrast, reproduces
his behavior at T1, seemingly deploying creak as he
once did after abandoning it at T2. These complex
patterns indicate that creak is recruited for social as
well as interactional uses which change over the life-
span and suggests that changes in creak cannot be
solely explained by changes in motor-control.

It is, of course, important to note the limitations
of our study. REAPER has been shown to be a robust
sociophonetic tool, but it is also a coarse-grained one
[33]. Because our study relies heavily on the
unsupervised identification of creak, it is likely that
some differences exist between human coded creak
and creak as coded by REAPER. In addition, the
methodology applied here does not account for creak
that is not characterized by low FO (e.g., aperiodic
creak; [12]). Verification of the observed patterns is
therefore necessary to gain higher-resolution insight
into how creak is operationalised across the life-
span. In spite of these caveats, we believe our results
point to the possibility that creak is partly an age-
graded phenomenon.

5. ACKNOWLEDGMENTS

We acknowledge: funding from the DFG (#BU-
2902/7-1); our transcribers and interviewers; the
Newcastle DECTE team for providing access to the
original data; two anonymous reviewers for their
helpful feedback; and Katharine Dallaston for her
assistance with REAPER. We are greatly indebted to
our panel speakers for sharing their time and speech.

6. REFERENCES

[1] Lenneberg, E.H. 1967. The biological
foundations of language. Hospital Practice
2(12), 59-67.



ICPhS

7. Special Session - The sounds of ageing

[2] Sankoff, G., & Blondeau, H. 2007. Language
change across the lifespan: /r/ in Montreal
French. Language 83(2), 560-588.

[3] Abercrombie, D. 1967. Elements of general
phonetics. Edinburgh University Press.

[4] Honjo, 1. & Isshiki, N. 1980. Laryngoscopic and
voice characteristics of aged persons. Arch
Otolaryngol 106(3), 149-150.

[5] Kahane, J.C. 1987. Anatomic and phyiologic
changes in the aging peripheral speech
mechanism. In Aging: Communication Processes
and Disorders. Grune & Stratton.

[6] Vaca, M., Cobeta, 1., Mora, E., Reyes, P. 2017.
Clinical assessment of glottal insufficiency in
age-related dysphonia. J. Voice 31(1).

[7] Decoster, W. & Debruyne, F. 1997. Changes in
spectral measures and voice onset time with age:
A across-sectional and a longitudinal study. Folia
Phoniatr Logop, 49, 269-280.

[8] Harrington, J., Palethorpe, S., & Watson, C.I.
2000. Does the Queen speak the Queen’s
English? Nature 408(6815), 927-928.

[9] Dehgan, A., Scherer, R.C., Dashti, G., Ansari-
Moghaddam, A., Fanaie, S.. 2012. The effects of
aging on acoustic parameters of voice. Folia
Phoniatr Logop, 64, 265-270.

[10] Reubold, U., Harrington, J., & Kleber F. 2010.
Vocal aging effects on FO and the first formant:
A longitudinal analysis in adult speakers. Speech
Communication 52(7-9), 638-651.

[11] Reubold, U., & Harrington, J. 2017. The
influence of age on estimating sound change
acoustically from longitudinal data. In Panel
Studies of Variation and Change. Routledge.

[12] Keating, P., Garellek, M., & Kreiman, J. 2015.
Acoustic properties of different kinds of creaky
voice. Proc. ICPhS, 2-7.

[13] Mendoza-Denton, N. 2011. The semiotic
hitchhikers guide to creaky voice: Circulation and
gendered hardcore in a Chicano/a gang persona.
J. Linguistic Anthropology 21(2), 261-280.

[14] Monsen, R.B., & Engebretson, A.M. 1977.
Study of variations in the male and female glottal
wave. J. Acoust. Soc. Ame. 62(4), 981-993.

[15] Ogden, R. 2001. Turn transition, creak and
glottal stop in Finnish talk-in-interaction. Journal
of the IPA 31(1), 139-152.

[16] Yuasa, I.P. 2010. Creaky voice: A new feminine
voice quality for young urban-oriented upwardly
mobile American women? American Speech
85(3), 315-337.

[17] Wolk, L., Abdelli-Beruh, N.B., & Slavin, D.
2012. Habitual use of vocal fry in young adult
female speakers. Journal of Voice Foundation
26(3), 111-116.

2029

ID: 167

[18] Podesva, R. 2013. Gender and the social
meaning of non-modal phonation types. Proc.
37th Annual Meeting of the BLS, 427-448.

[20] Dallaston, K. & Docherty, G. 2020. The
quantitative prevalence of creaky voice (vocal
fry) in varieties of English: A systematic review
of the literature. PLoS One, 15(3).

[21] Callier, P. & Podesva, R. 2015. Voice quality
and identity. Ann Rev Applied Ling 35, 173-194.

[22] Linke, C.E. 1953. A study of pitch
characteristics of female voices and their
relationship to vocal effectiveness. PhD
dissertation. The University of lowa.

[23] Austin, W.M. 1965. Some social aspects of
paralanguage. Canadian J. of Linguistics 11(1),
31-39.

[24] Eckert, P. 1996. Age as a sociolinguistic
variable. The Handbook of Sociolinguistics.
OUP.

[25] Pichler, H., Wagner, S.E., Hesson, A. Old-age
language wvariation and change: Confronting
variationist ageism. Language and Linguistics
Compass 12(6), e12281.

[26] Lausberg, H., & Sloetjes, H. 2009. Coding
gestural behavior with the NEUROGES-ELAN
system. Behav Res Methods 41(3), 841-849.

[27] Fromont, R., & Hay, J. 2012. LaBB-CAT: An
annotation store. In Proc. Australasian Language
Technology Association Workshop, 113-117.

[28] Sacks, H., Schegloff, E.A., & Jefferson, G.
1974. A simplest systematics for the organization
of turn-taking for conversation. Language 50,
696-735.

[29] Schegloff, E.A. 1995. Discourse as an
interactional achievement III. The omnirelevance
of action. Res Lang Soc Interact 28(3), 185-211.

[30] Ford, C.E., 1993. Grammar in interaction.
CUP.

[31] Local, J., Kelly, J., & Wells W.H.G. 1986.
Towards a phonology of conversation: Turn-
taking in Tyneside English. J. Linguistics 22(2),
411.

[32] Garellek, M. 2019. The phonetics of voice. In
The Routledge Handbook of Phonetics, 75-106.
OUP.

[33] Dallaston, K., & Docherty, G. 2019. Estimating
the prevalence of creaky voice: A fundamental
frequency-based approach. Proc. ICPhS, 532-
536.

[34] Talkin, D. 2019. REAPER.

[35] Mechler, J., & Buchstaller, 1. Instability in the
use of a stable variable. Linguistics Vanguard
Special Issue on Aging.

[36] Downes, W. 1998. Language and society, 2" ed.
Cambridge.



