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Summary: The purpose of this investigation was to study voice changes during
a working day. The subjects consisted of 33 female primary and secondary
schoolteachers who recorded their first and last lessons during one school day.
The subjects were studied both as one group and two subgroups (those with
many and those with few voice complaints). Estimates of fundamental frequency (F0), sound pressure level (SPL), the standard deviations of these values (F0
SD; SPL SD) and F0 time (vibration time of vocal folds) were made. The most
obvious change due to loading was the rise of F0 that was 9.7 Hz between the
first and last lesson (P = 0.00). F0 increased more (12.8. Hz, P = 0.006) in the
subgroup with few complaints. Key Words: Loading—Warm-up—Working
environment—Female teacher.

INTRODUCTION

The only way to develop occupational health in
voice professions is to demonstrate the relationship
between voice problems and voice usage. The evidence reported so far, however, has not been convincing. One reason for this has been the small number of loading studies, which only increased during
the past 10 years. Furthermore, these studies have
suffered from the problem of small study groups,
which has led either to inconsistent results between
the studies2–4 or to the conclusion that speakers react
highly individually to loading.5,6
In addition, evidence of the relationship between
loading and vocal fatigue is also needed from studies
arranged in real working situations, instead of laboratory settings, where most of them have been
done.5,7,8 Although lab settings have many advantages, including the possibility to control variables,
the question of how to generalize the results outside
the lab remains open. For instance, it has been found

The occupational health care of professional voice
users is surprisingly undeveloped compared, for instance, to the attention given to occupational hearing
disorders or many other occupational symptoms.
However, there are a growing number of persons
whose professions set great demands on both the
quality and quantity of voice, and from their perspective, the inadequate occupational voice care is a
great disadvantage. For example, the voice disorder
of a professional voice user is not accepted as an occupational disease by insurance companies in most
European countries.1
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that the values of F0 depend on the circumstances:
they are lower in reading samples in a lab than in
teaching speech in a classroom.9 The difficulty of
simulating a real-life situation in a lab, and of understanding the clinical implications of laboratory results has perhaps been realized recently, which is indicated by the latest loading studies that have used
talking at work as loading.2,10
Apart from the contradictory results of loading
studies, the definition of “fatigue due to loading” is
far from consensual. The disciplines that have most
extensively studied loading effects are sport and exercise physiology11,12 and occupational ergonomics.13 According to researchers of these fields, the
term “fatigue” has been used in so many different
senses that its application has become almost meaningless. Enoka11 gives, however, one definition of fatigue. He points out that fatigue is not a single event,
but rather a series of adaptations that occur during
sustained activity (loading), and these adaptations begin immediately after the onset of effort. In this paper,
we use Enoka’s definition of loading and its effects.
In the area of vocology, only a few researchers
have made attempts to understand the physiological
background of vocal fatigue. Scherer et al14 and
Titze15,16 have speculated most on the issue. They
propose that vocal fatigue may emerge in any component of voice production, a view that is in is in accordance with that proposed in sport physiology12
and occupational ergonomics.13 Stemple, Stanley,
and Lee3 (see also Eustace, Stemple, and Lee17) and
Vilkman et al8,18 (see also Lauri et al19) have also
given explanations of loading changes. Stemple et al
hypothesize that fatigue of the thyroarytenoid muscle
underlies the changes, whereas Vilkman et al consider changes due to voice loading to be caused by compensation by the speaker for alterations in voice.
The need to develop a more extensive understanding of voice changes during loading in real speaking
situations, and the need to develop occupational
voice care have motivated this study. In order to improve occupational rehabilitation, the association between voice problems and voice usage has to be
proved at both scientific and individual levels, according to the Finnish legislation on occupational
diseases. For this purpose, an appropriate method is
needed. Thus, a major long-term goal of this work
has been to develop methods for collecting and ana-
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lyzing voice samples produced in natural situations.
To the best of our knowledge, only two voice loading
studies have so far measured voice during work.20,21
The reason for this is probably the abundance of
practical and technical problems involved in field
studies.22 We have previously published results on
the method used in these studies,22,23 the relationship
between subjective complaints and the acoustic variables recorded during a working day,24 and the spectral changes that occur during a working day.25 A
voice recording method of this kind has the potential
to increase the clinical resources needed to diagnose
voice problems, to plan and follow up voice therapy,
and to improve working circumstances.
The main aim of the present study was to examine
the effects of voice loading in a vocally demanding
profession during one working day. Because the environment of a workplace cannot be controlled, and
the changing circumstances also probably affect
voice, not all the changes that take place during a day
can be interpreted to be caused by loading. Therefore, the first objective of the present study was to
find out what features of voice change during a single working day. The second aim was to compare the
speakers who have many voice complaints to those
who have few complaints and to study if their voices
change in different ways. Originally, we also aimed
to recruit one study group without any voice complaints, but no such participants could be found
among teachers.
In order to quantify the phonatory features of voice,
five variables were chosen. The first one, F0, seems
to be one of the most sensitive parameters to indicate
changes, although the results have not always been
consistent with each other. F0 has mostly increased
due to loading3,8,20 (tendency26,27), but it has also decreased (tendency28,29) or remained unchanged.5,21
(The term tendency refers to results that are not statistically significant—very probably due to the small
number of participants—although the variables have
changed, or to results on which significance tests
have not been made because of the small number of
participants.) The second variable measured was
sound pressure level (SPL). It has been less commonly used than F0 in loading studies, although there
is evidence to suggest that loading raises its value8
(tendency26,27,30). This variable, however, has shown
contradictory results similarly to F0.5
Journal of Voice, Vol. 16, No. 3, 2002
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Furthermore, the standard deviations of F0 (F0 SD)
and SPL (SPL SD) were measured. It appears that, so
far, SPL SD has not been investigated as an independent parameter in any voice studies. Likewise, only a
few voice studies have been made on F0 SD. The aim
of these studies has been to investigate the association of F0 SD either with the instability of phonation31,32 or with voice disorders.33 Also, neither of
these variables has been measured independently in
loading studies. Apart from the acoustic measures,
the active vibration time of the vocal folds (F0 time)
was measured. It has been shown that professionals
who have frequent voice problems—such as teachers
—have to speak longer at work than those who have
fewer voice difficulties.34,35

years). The groups did not differ from each other according to the grade level.
Some participants had experienced symptoms of
voice disorders, but were capable of working at the
time of the study. A stroboscopic evaluation was offered to the participants, but only 20 teachers could
find suitable time for it. However, those who had the
most problems with voice usage attended the evaluation. The examination revealed that two of the participants had small incomplete posterior closure, which
is a normal laryngeal status in females.38 In addition,
one had significantly incomplete posterior closure
and one small incomplete anterior closure. Because
these two teachers were capable of working, they
were included in the study group.

METHOD

Recording samples
The participants were asked to record their first and
last lessons on a normal working day. They used a
portable battery-operated digital audiotape (DAT)
recorder (Sony TCD-D3, Sony, Tokyo, Japan) on a
belt strap. A head-mounted omnidirectional condenser microphone (AKG C567E1, AKG Acoustics,
Vienna, Austria) was located on one side of the
mouth at a distance of 6–8 cm from the lips. The
recorder was light (700 g) and permitted the participants to walk freely in the classroom. The recording
level was adjusted individually and kept constant. A
calibration signal was recorded for a comparison of
the absolute sound pressure levels [a sine wave of
200 Hz at an intensity of 80 dB SPL (A)].
The average duration of the lesson was 35–45 min,
and the mean length of the school day was 5 hours
(range 3–6). The participants also had lessons between the recording periods (i.e., between the first
and last lessons). The number of pupils in attendance
varied from 20 to 30. The acoustics of the classrooms
were quite similar due to the identical furnishings: a
larger desk for the teacher, desks for the pupils, and
no textiles on the walls. Both oral and written instructions for using the tape recorder and performing the
vocal tasks were given to the participants in advance.

Participants and questionnaire study
The participants consisted of 33 female primary
and secondary school teachers. The participants’
mean age was 43 years (range 33 years), and the
mean number of teaching years was 17 (range 28
years). Prior to the recordings, the participants completed a questionnaire with nine statements concerning voice fatigue symptoms (questionnaire in Appendix A). The statements were based on the
questionnaires presented in the literature.21,36,37 The
participant’s propensity to vocal fatigue problems
was evaluated using the following categories: (1) less
than once a year; (2) a few times per year or relatively seldom; (3) once a month or relatively often; (4)
almost every week or very often. The scores of each
participant were summed up as a sum variable of
voice complaints (for the scoring of the questionnaire, see Appendix B). At the time of the study, each
participant’s voice represented her normal voice.
Based on the voice complaint scores, the participants were divided into two subgroups: the half with
lower scores was called the FC group (few complaints; mean of scores 6) and the half with higher
scores the MC group (many complaints, mean of
scores 31). There were 16 participants in the FC
group. Their mean age was 41 years (range 29 years)
and their mean number of teaching years 15 (range
26 years). The MC group consisted of 17 participants, whose mean age was 45 years (range 28 years)
and mean number of teaching years 18 (range 26
Journal of Voice, Vol. 16, No. 3, 2002

Acoustic analysis
Because it is plausible that teachers’ voice usage
may vary in the course of a lesson, three different
time points from both lessons were taken for analy-
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sis: the first, middle, and last four minutes (T1–T3
for the first lesson; T4–T6 for the last lesson). Only
speaking voice was accepted for analysis, and the
possibility of singing or reading a text by the participant was rejected due to the influence on F0.9,20 F0,
F0 SD, SPL, SPL SD, and F0 time were analyzed. In
the SPL analysis, one participant’s data were excluded due to the exceptionally high values, which indicated that the adjustment of the SPL level had obviously changed after the initial setting.
F0 and SPL were measured with an analogue system (F-J Electronics, Vedbaek, Denmark), and the
analysis was made with a microcomputer (Apple
Macintosh Quadra 950, Cupertino, Canada) equipped
with three extension boards (National Instruments).
The digital speech-processing functions were provided by software blocks custom-built and implemented
using a LabVIEW 2 graphical programming system
(National Instruments, Austin, Tex). Three different
signals were used in the analysis: the SPL signal with
integration time of 10 ms, the F0 signal, and the audio signal. The sampling rate for each signal was 5
kHz. The program calculated the F0 time from the F0
signal. The margin of error of the analysis program
was only 0.4%–0.5%, of which the majority was due
to the irregularities typically found in F0 at the beginning of utterances.
Because the background noise between the participants’ speech sequences in the recordings might
have distorting effects on the measuring of the SPL
signal, it was deleted manually with an editing program. In the program, the signal was read from the
hard disk to the computer RAM in chunks of 60 seconds. Deletion of noise was performed with the help
of both the graphical display of signals on the computer screen and the audio signal that could be heard
through headphones. Since the distance between the
microphone and the lips in the recordings was short
and the speech signals were thus clearly stronger
than the background noise, noise simultaneous with
the teacher’s speech did not require any erasing.
Statistical analysis
The values for the variables are presented as arithmetic means and standard deviations. The change between the first and last lesson was analyzed with Student’s t-test for paired samples. The variable changes
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across the measured time points were tested with repeated measures analysis of variance. Student’s t-test
for paired samples was performed as a post hoc test to
evaluate the changes in more detail. The compared
points of time were corresponding parts of the lessons
(i.e., T1–T4, T2–T5 and T3–T6). Furthermore, because vocal warm-up has been shown to take place
during the first 10–30 minutes of talking,14,39,40 the
time interval T1–T2 was also analyzed.
The differences in the variable values between the
FC and MC groups were studied by the between-subjects approach of the analysis of variance. The
changes in the variables in both groups were tested
by Student’s t-test for paired samples, and the differences in the variable changes between the subgroups
were studied with the t-test for independent samples.
Because the variation of F0 has been shown to be
related to SPL,41,42 their interaction was illustrated
by r2 computed from a correlation analysis (Pearson’s r). The alpha level of 0.01 was adopted for the
test results due to the many statistical computations
performed for the variables. The Statistical Program
for Social Sciencs (SPSS) was used in the analysis.
RESULTS
Changes in the whole group
during one working day
The mean F0 (pooled over the values of the separate recording periods) for the last lesson was 9.7 Hz
higher than for the first one (t = -3.68, df = 32, P =
0.00). Table 1 shows the mean values of F0, F0 SD,
SPL, SPL SD, and F0 time for the three voice samples of the first and last lessons. The repeated measures analysis of variance confirms the same result:
F0 changed across the working day [F = 6.5 (1,31), P
= 0.00].
Since there were changes in the objectively measured variables, the comparisons were computed as
post hoc tests between the corresponding periods of
the lessons (Table 2, see column “whole group”). Of
the variables, F0 and SPL SD changed. The alteration
of F0 was unidirectional: its average value increased
between all analyzed time intervals except during the
period of possible vocal warm-up (T1–T2). The
change that took place during the period of vocal
warm-up was the decrease of SPL SD.
Journal of Voice, Vol. 16, No. 3, 2002
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TABLE 1. Mean Values and Standard Deviations of Variables
Measured in Three Different Periods of the First and Last Lessons (N = 33)
First lesson
T2
T3

T1
F0 (Hz)
M
SD

M

T4

Last lesson
T5
T6

M

232.6
27.4

229.2
25.2

233.3
27.5

231.7
25

240.9
20.1

240
31.5

243.3
30.3

241.4
29.2

F0 SD (Hz)
M
SD

54.4
9.3

53.5
9.4

54.4
8.3

54.1
7.8

56.6
9.8

55.9
10.1

56.8
10.7

56.4
9.6

SPL (dB)
M
SD

77.6
4.9

77.2
5.6

77.8
4.6

77.5
5

77.7
5.1

77.9
5.9

78.5
5.8

78
5.6

SPL SD (dB)
M
SD

7.4
2.4

6.8
2.4

7.3
1.8

7.2
2.1

7.5
2.3

7.2
2.2

7.4
2.2

7.4
2.2

F0 time (sec)
M
SD

81
24.4

80.8
27.1

79.9
26.5

80.6
20

82.1
22.2

77.4
34.4

76.4
30.6

78.6
23.4

Note. T1 = beginning; T2 = middle; and T3 = end part of the first lesson; T4, T5, T6, respectively, for
the last lesson.

TABLE 2. Statistically significant voice changes
(paired t-test) in teachers’speech during a working day.
Corresponding periods of the first and last lessons are
compared with each other, and the vocal warm-up
period (T1–T2). In the whole group, N = 33 for the
other variables but N = 32 for SPL and SPL SD; in the
subgroup with few voice complaints (FC) n = 16 for
the other variables, but n = 15 for SPL and SPL SD; in
the group with many voice complaints (MC), n = 17.
Period

Changed variable
Whole group
FC group

T1–T2

-SPL SD*

T1–T4

+F0**

T2–T5

+F0**

T3–T6

+F0**

MC group

-SPL SD*
+F0 SD*

Note. Recording periods: T1 = beginning, T2 = middle, and
T3 = end of the first lesson; T4, T5, T6, respectively for the
last lesson. + indicates that the value has increased; – indicates that the value has decreased.*p ≤ 0.001, **p ≤ 0.01.

Differences between the FC and MC groups
The F0 rose 12.8 Hz (t = -3.17, df = 15, P = 0.006)
between the average of the first and the average of
Journal of Voice, Vol. 16, No. 3, 2002

the last lessons in the FC group. Similarly, the MC
group’s F0 increased, but the rise was less than that
for the FC group, only 6.8 Hz. It was not statistically
significant. The curves of the separate variables for
the FC and MC groups are presented in Figure 1. Although the curves show that the values of the variables were generally higher in the MC group, the repeated measures analysis of variance (between
subjects) failed to differentiate the subgroups from
each other. Also, the curves suggest that the patterns
of change for SPL SD and particularly F0 SD appear
to be parallel to the curves of SPL and F0. Therefore,
the associations between the changes in the individual scores of these variables were computed with a
correlation analysis separately for the different periods. According to the analysis, no significant relationships were found between the changes of SPL
and SPL SD, whereas the F0 changes correlated with
the F0 SD changes (for the different periods, r2
ranged from 0.32 to 0.58, P = 0.001–0.000). In addition, the relationship between the SPL change and
the F0 change was computed. The r2 values of the
corresponding time periods varied from 0.09 to 0.3
(P = 0.08–0.001).
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FIGURE 1. Curves for the variables (SD in bars) in the group with few voice complaints (FC; n = 16) and in the group with many voice
complaints (MC; n = 17). 1 = beginning, 2 = middle, and 3 = end of the first lesson; 4, 5, 6, respectively, for the last lesson.
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Table 2 presents the periods during which the
changes of the variables took place within the two
groups (see the columns “FC group” and “MC
group”). Two significant changes happened: F0 SD
rose for the FC group and SPL SD decreased for the
MC group. Also studied were different changes in the
subgroups during the day. The changes between the
corresponding points of time of the two lessons were
compared with each other. According to the analysis,
F0 time during the period T2–T5 separated the subgroups. It increased 12.9 seconds for the FC group
but decreased –18.6 seconds for the MC group (t =
-3.18, df = 16, P = 0.008).
DISCUSSION
Voice changes
The results showed that some voice features
changed during the working day. The changes were
not, however, monotonic. They were not the same
during every period and in all the variables, and the
changes were different in the subgroups. The most
obvious and uniform changes were seen in F0: it increased toward the end of the working day, and it
changed both in the whole group and in the FC
group.
As to the interpretation of the changes that
emerged in uncontrolled, natural circumstances,
many reasons may have caused the alterations in the
variables. First, laryngeal adjustments (e.g., the interaction between SPL and F042) may affect the features
of voice. Indeed, the changes of mean F0 were associated with the changes of mean F0 SD and mean
SPL. The values of the correlations were not very
strong, however, and the information yielded by the
variables was thus not overly redundant. Second,
some changes may have originated from the circumstances. Third, the voice changes may have arisen
from a circadian rhythm, which is the basic nature of
human physiology and emerges in metabolic events
and muscle coordination.43 Fourth, the changes
could be a consequence of the work of the vocal apparatus, which first leads to vocal warm-up and after
that to vocal fatigue.
Although some studies have been undertaken to
analyze the fluctuations in the voices of speakers during the day, the effect of circadian rhythm has remained obscure. According to Nittrouer et al44 and
Garrett and Healey,45 no statistically significant
Journal of Voice, Vol. 16, No. 3, 2002

changes took place in F0 or SPL during a day. Only
F0 SD was found to increase (1.3 Hz in females).45
Hall,46 in contrast, found F0 to increase by an average of 2.3 Hz between the morning and the afternoon. Both of these values are smaller than the increase of the variables in the present study.
In addition to the contradictory results, conclusions
about the within-day variation are also difficult to
make due to the reason that no information has been
given about speaking between the measurements in
the studies. It can be inferred from the study of Hall
that the participants talked between the measurements. In one study, speaking between the measurements was taken into account: the participants were
not allowed to talk at all before the last measurement
in the afternoon.47 According to this study, none of
the acoustic variables changed during the day. Since
the participants of this study were men, correspondence with our results is not necessarily complete.
On the basis of these previous findings, we assume
that the within-day variation can explain a small part
of the variable changes at the most.
On the basis of previous studies,8,19,48 we expected vocal warm-up to take place after the beginning of
talking (change between T1 and T2). Vocal warm-up
has been found to raise F0 and also SPL in soft
phonation. Our data revealed no significant alterations in F0, whereas SPL SD changed. However, it
did not increase but rather decreased. This suggests
that the demands of the classroom situation possibly
prevented any vocal warm-up. In addition, the psychophysiological state of the teacher at the beginning
of the lesson may differ at the middle of the lesson.
At the beginning of the lesson, there are elements
that may increase the teacher’s arousal and stress level, such as the use of attention maneuvers or disciplinary utterances. The elevation of these levels has
been shown to raise SPL.47,49,50,51 The values of SPL
SD have obviously decreased for the same reason.
The rise of F0 can be assumed to be caused by voice
usage that is due to voice loading. This finding agrees
with much of the past research.3,8,20,26,27 Also, the
magnitude of the F0 rise is consistent with the changes
(6–19 Hz) reported in these investigations. Some other investigation, however, have provided contrary evidence (no change5,21 or decreasing tendency29).
Two explanations for the F0 rise have been offered
in the literature. In the study of Stemple et al,3 the F0
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of 10 participants increased after a two-hour period
of voice loading. According to the researchers, this
was a consequence of weakness of the thyroarytenoid muscle. When the muscular layer of the thyroarytenoid muscle slackens, the cover and transition
layers of the vocal folds stiffen. This leads to an increase of the rate of vibrations in the vocal folds and
hence a rise of the F0.
Vilkman et al8,19 have suggested another explanation. Forty males and 40 females participated in their
study, the setting of which simulated teachers’ working day (5 ⫻ 45 min). The results demonstrated
changes in several parameters of voice, one of which
was an increased F0. The interpretation proposed by
the authors for the phenomenon was that the changes
were caused by the speakers’ compensatory reactions
to alterations in their voice. When compensating for
the physiological changes, which could be alterations
in the mucosa, the speaker increases the frequency of
vocal fold vibration and the glottal adductory forces
(hyperfunction). This increased constriction influences the F0 indirectly. It increases the subglottal
pressure, which adds tension to the vocal folds and,
consequently, raises the F0.16
Because we have no direct way of investigating the
changes due to loading in the metabolic or functional state of the vocal folds yet, the question about the
physiological reason for loading changes remains
unanswered. Nevertheless, some observations seem
to support the compensatory explanation rather than
the hypothesis of muscle weakness for the results obtained in the present study. A finding computed from
the voice samples of the same teachers as in this
study indicated that the participants were capable of
producing a low voice pitch even after the last lesson
of the working day.24 Furthermore, the bigger F0 rise
of the FC group than that of the MC group (present
study) due to loading does not support the view of
true muscular fatigue.
Effect of voice complaints on voice changes
According to the results, the levels of the variables
in the FC and MC groups did not significantly differ
from each other. However, a tendency was found for
the levels of all the measured variables to be mostly
higher among the teachers with more voice complaints than among the teachers with fewer complaints. This means that the teachers with more voice
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problems tend to use higher and louder voice, to vary
it more, and also to talk somewhat longer than the
teachers with a healthier voice. The differences did
not exceed the level of statistical significance due to
the large interindividual variation and the small
group size—a well-known problem in voice studies.
Some differences between the subgroups were
found, however. Unexpectedly, F0 rose significantly
only in the teachers with fewer voice complaints.
Kostyk and Rochet10 also found in their study that
their participants’ voices altered in different ways depending on the severity of voice complaints. The researchers interpreted this to indicate that the participants employed different strategies to cope with
voice loading.
Another explanation for the different changes
could be that the rise in the values of the variables is,
in fact, a normal physiological phenomenon due to
loading, and that this trend is more apparent in speakers whose voices are in a good condition. The tendency toward more distinct changes in the participants with fewer voice complaints was also seen in
our previous study on spectral changes during a
working day.25 Thus, a change in physiological functions may illustrate healthy and normal adaptation to
a situation,11 while a lack of change may imply that
some disorder has prevented the vocal organ from
working in a normal way. Indeed, this phenomenon
has also been observed in other human organs: heart
studies have shown that, in exercise tests, systolic
blood pressure increases in healthy persons, but does
not change or may even decrease in patients with
coronary heart disease.43
In addition, the MC and FC groups differed in how
the F0 SD and the F0 time changed. The F0 SD enlarged and the F0 time decreased for the MC group.
To date, little attention has focused on the relationship
of F0 SD to voice loading. There is, nevertheless,
some evidence to suggest that enlarged F0 SD can be
a sign of strained voice, although the correspondence
is not satisfactory. The relationship between voice disorders and F0 SD was detected by Hammarberg,33
who analyzed reading samples and found that larger
than normal F0 SD accompanies a hyperfunctional,
rough or unstable voice. Thus, enlarged F0 SD may
indicate an instability of laryngeal function, and one
possible reason for this could be impaired coordination of movements, which is a symptom of fatigue.13
Journal of Voice, Vol. 16, No. 3, 2002
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The power of F0 SD to manifest voice loading
changes calls for further investigation.
The finding that the MC teachers reduced their F0
time in the last lesson may have resulted from their
need to conserve their voice apparatus due to their
feelings of fatigue. In contrast, the FC teachers were
able to increase the talking time for the same time period. The fourth difference between the subgroups,
the decrease of SPL SD for the teachers with fewer
complaints, probably arose from the same reason as
the alteration for the whole group, the issue that was
discussed early in the Discussion section.

When teachers began to speak, their voice pitches
rose very fast and were sometimes as high as 650 Hz.
Voice usage of this kind probably arises from nursery
speech.52
The main difficulty in voice loading studies, however, may be the problem of measuring small loading effects. When investigating shoulder muscles, Öberg
Sandsjo, and Kadefors,53 found that loading changes
could be measured after a high load, but not after a
prolonged low load, despite significant subjective
complaints. Indeed, this seems to be true of voice loading studies, too. The problem calls for more attention.

Some methodological considerations
The nature of the present study was explorative
rather than confirmative: the purpose was to open up
new perspectives toward the phenomenon of voice
loading and fatigue. For this reason the selected
study setting was the combination of qualitative and
quantitative methods. We tried to search such features from the qualitatively collected data to which
statistical analysis could be applied. This unconventional decision caused many of our results to be complex and difficult to interpret.
One problem of the present study concerns the validity of the allocation of participants into subgroups.
Some individuals are neither sensitive to symptoms
of vocal fatigue nor familiar with describing them.
Because of this, both of the subgroups are likely to
include participants who do not actually belong
there. Thus, the setting of the present study would
have needed more participants in each subgroup. Another possibility could have been to have more homogeneous subgroups. For instance, one group
might have consisted of speakers who have no or only minimal voice difficulties and the other of speakers who experience problems almost every week.
In order to better understand the influence of classroom circumstances, future work should examine
voice data in a qualitative way. The vocal activities of
teachers and pupils could be studied during lessons
and a relationship between the teaching situation and
voice usage needs to be analyzed. From the point of
view of clinical practice, it would be beneficial to
find any potentially harmful vocal habits used by
teachers. In our data, possible vocal misuse was observed in the teachers of 7- and 8-year-old children.

SUMMARY
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The most distinct result of this study was the F0
rise during the working day, and this change emerged
especially for the FC group. This finding may indicate that the F0 rise is a consequence of the normal
physiological adaptation of the vocal apparatus to
loading and, hence, a sign of healthy voice. The voice
changes found in the MC group were the enlarged F0
SD and the decrease in the F0 time. These changes—
together with the teachers’ predisposition to voice
problems and a tendency to use a louder and higher
pitched voice—may suggest that the MC group’s
voices became fatigued during teaching. The vocal
apparatus of these teachers did not have enough capacity to react to loading in the same way as the laryngeal system of the teachers with healthier voices
was able to.
Thus, our results support the opinion, which the
disciplines of occupational ergonomics and exercise
physiology have given about the phenomenon “fatigue due to loading.” Voice fatigue also seems to be
a continuum with a wide range of adaptations,11,13
which begin at the onset of the activity, and at first,
they can be seen as an increase in physiological preparedness. During the early stages of fatigue, the
compensatory mechanism is probably acting and,
consequently, the effort increases. When the loading
continues and the fatigue increases, symptoms of
muscular fatigue begin to emerge.
Acknowledgments: This work was supported by the
Foundation of Finnish Culture and the Finnish Work Environment Fund. We express our gratitude to Lea Partanen
for help in the acoustic analysis.

VOICE DURING WORK
REFERENCES
1. Vilkman E. Voice problems at work: a challange for occupational safety and health arrangement. Folia Phoniatr Logop.
2000; 52:120–125.
2. Mann EA, McClean MD, Gurevich-Uvena J, Barkmeier J,
McKenzie-Garner P, Paffrath J, Patow C. The effects of excessive vocalization on acoustic and videostroboscopic
measures of vocal fold condition. J Voice. 1999;13: 294–
302.
3. Stemple JC, Stanley J, Lee L. Objective measures of voice
production in normal subjects following prolonged voice
use. J Voice. 1995; 9: 127–133.
4. Verstraete J, Forrez G, Mertens P, Debruyne F. The effect of
sustained phonation at high and low pitch on vocal jitter and
shimmer. Folia Phoniatr. 1993;45: 223–228.
5. De Bodt MS, Wuyts FL, Van de Heyning PH, Lambrechts
L, Abeele DV. Predicting vocal outcome by means of a vocal endurance test: a 5-year follow-up study in female teachers. Laryngoscope. 1998;108:1363–1367.
6. Neils LR, Yairi E. Effects of speaking in noise on vocal fatigue and vocal recovery. Folia Phoniatr. 1987; 39: 104–
112.
7. Gelfer MP, Andrews ML, Schmidt CP. Documenting laryngeal change following prolonged loud reading. A videostroboscopic study. J Voice. 1996; 10: 368–377.
8. Vilkman E, Lauri E-R, Alku P, Sala E, Sihvo M. Effects of
prolonged reading on F0, SPL, subglottal pressure and amplitude characteristics of glottal flow waveforms. J Voice.
1999; 13: 303–315.
9. Rantala L, Lindholm P, Vilkman E. F0 change due to voice
loading under laboratory and field conditions. A pilot study.
Logop Phononiatr Vocol. 1998a; 23: 164–168.
10. Kostyk BE. Rochet PA. Laryngeal airway resistance in
teachers with vocal fatigue: a preliminary study. J Voice.
1998; 12: 287–299.
11. Enoka RM. Neuromechanical Basis of Kinesiology. 2nd ed.
Champaign, Ill: Human Kinetics Books; 1988.
12. Wilmore JH, Costill DL. Physiology of Sport and Exercise.
Champaign, Ill: Human Kinetics; 1994.
13. Kroemer KHE, Grandjean E. Fitting the Task to the Human.
A Textbook of Occupational Ergonomics. 5th ed. London:
Taylor & Francis; 1997.
14. Scherer RC, Titze IR, Raphael BN, Wood RP, Ramig LA,
Blager RF. Vocal fatigue in a trained and an untrained voice
user. In: Baer T, Sasaki C, Harris K, eds. Laryngeal Functon
in Phonation and Respiration. Boston: Little, Brown and
Company; 1987: 533–555.
15. Titze IR. Mechanical stress in phonation. NCVS Status Prog
Rep. 1993; June: 291–301.
16. Titze IR. Principles of Voice Production. Englewood Cliffs,
NJ: Prentice-Hall; 1994.
17. Eustace CS, Stemple JC, Lee L. Objective measures of
voice production in patients complaining of laryngeal fatigue. J Voice. 1996; 10: 146–154.
18. Vilkman E, Lauri E-R, Alku P, Sala E, Sihvo M. Loading
changes in time-based parameters of glottal flow waveforms

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.
32.

33.

34.

35.

353

in different ergonomic conditions. Folia Phoniatr Logop.
1997; 49: 247–263.
Lauri E-R, Alku P, Vilkman E, Sala E. Sihvo M. Effects of
prolonged oral reading on time-based glottal flow waveform
parameters with special reference to gender differences. Folia Phoniatr Logop. 1997; 49: 234–246.
Kitzing P. Glottografisk frekvensindikering [Glottographic
Frequency Analysis]. [doctoral dissertation]. Malmö, Sweden: University of Lund; 1979.
Ohlsson A-C. Voice and Work Environment: Towards an
Ecology of Vocal Behaviour. [doctoral dissertation]. Gothenburg, Sweden: Gothenburg University; 1988.
Rantala L, Haataja K, Vilkman E. Körkkö P. Practical
arrangements and methods in the field examination and
speaking style analysis of professional voice users. Scand J
Logop Phoniatr. 1994; 19: 43–54.
Rantala L, Määttä T, Vilkman E. Measuring voice under
teachers’ working circumstances: F0 and perturbation features in maximally sustained phonation. Folia Phoniatr Logop. 1997; 49: 281–291.
Rantala L. Vilkman E. Relationship between subjective
voice complaints and acoustic parameters in teachers’ voice.
J Voice. 1999; 13: 484–495
Rantala L, Paavola L, Körkkö P. Vilkman E. Working-day
effects on the spectral characteristics of teaching voice. Folia Phoniatr Logop. 1998; 50: 205–211.
Gelfer M, Andrews ML. Schmidt CP. Effects of prolonged
loud reading on selected measures of vocal function in
trained and untrained singers. J Voice. 1991; 5: 158–167.
Södersten M, Hammarberg B. Recording teachers’ voices
simultaneoustly with background noise in pre-schools—
presentation of a method. Phoniatric Logopedic Prog Rep
No. 11. Stockholm, Sweden: Department of Logopedics and
Phoniatrics, Huddinge Hospital, Karolinska Institute; 1999:
41–45.
Burzynski CM, Titze IR. Acoustic assessment of vocal endurance in untrained singers. In: Lawrence VL, ed. Transcript
of the 14th Symposium of the Care of the Professional Voice,
part I. New York: The Voice Foundation; 1986:96–101.
Novak A, Dlouha O, Capkova B, Vohradnik M. Voice fatigue after theater performance in actors. Folia Phoniatr.
1991; 43: 74–78.
Buekers R. Are voice endurance tests able to assess vocal
fatigue? Clinical Otolaryngol. 1998; 23: 533–538.
Horii Y. Vocal shimmer in sustained phonation. J Speech
Hear Res. 1980; 23: 202–209.
Linville SE. Intraspeaker variability in fundamental frequency stability: an age-related phenomenon? J Acoust Soc
Am. 1988; 83: 741–745.
Hammarberg B. Perceptual and Acoustic Analysis of Dysphonia. [doctoral dissertation]. Stockholm, Sweden: Huddinge University Hospital; 1986.
Buekers R, Bierens E, Kingma H, Marres EHMA. Vocal
load as measured by the voice accumulator. Folia Phoniatr
Logop. 1995; 47: 252–261.
Masuda T, Ikeda Y, Manako H, Komiyama S. Analysis of
vocal abuse: fluctuations in phonation time and intensity in
Journal of Voice, Vol. 16, No. 3, 2002

354

36.
37.

38.

39.

40.

41.

42.

43.

44.

LEENA RANTALA ET AL

4 groups of speakers. Acta Otolaryngol (Stockholm). 1993;
113: 547–552.
Boone DR. Is Your Voice Telling on You? San Diego, Calif:
Singular Publishing Group; 1991.
Pekkarinen E, Himberg L, Pentti J. Prevalence of vocal
symptoms among teachers compared with nurses: a questionnaire study. Scand J Logop Phoniatr. 1992; 17;113–117.
Södersten M, Hammarberg B. Effects of voice training in
normal speaking women: videostroboscopic, perceptual,
and acoustic characteristics. Scand J Logop Phoniatr. 1993;
18: 105–107.
Blaylock TR. Effects of systematized vocal warm-up on
voices with disorders of various etiologies. J Voice. 1999;
13: 43–50.
Stone RE, Sharf DJ. Vocal change associated with the use of
atypical pitch and intensity levels. Folia Phoniatr. 1973; 25:
91–103.
Buekers R, Kingma H. Impact of phonation intensity upon
pitch during speaking: A quantitive study in normal subjects. Logop Phononiatr Vocol. 1997; 22: 71–77.
Gramming P. The phonetogram. An experimental and clinical study. [doctoral dissertation]. Malmö, Sweden: University of Lund; 1988.
Willerson JT. Disorders of coronary arteries: angina pectoris. In: Wyngaarden JB, Smith Jr LH eds. Cecil Textbook
of Medicine. Vol. 1. 18th ed. Philadelphia, Pa: WB Sanders;
1988: 323–329.
Nittrouer S, McGowan RS, Milenkovic PH, Beehler D.
Acoustic measurements of men’s and women’s voices: a

APPENDIX A
Voice Questionnaire for Teachers
Please read the statements presented below and circle
one number to correspond with each statement, indicating how frequently you experience the situation
described.
Alternatives
1 = Less seldom than once a year or never
2 = A couple of times a year or occasionally
3 = About once a month or quite often
4 = Almost every week or very often
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3. I feel a lump and/or mucus in the throat.
1
2
3
4
4. When I talk a lot, my throat hurts.
1
2
3
4
5. My voice does not have good quality in situations
where much talking is needed.
1
2
3
4
6. My voice does not penetrate noise.
1
2
3
4
7. I have voice breaks when talking.
1
2
3
4

1. My voice gets tired after a long period of talking.
1
2
3
4

8. I have had aphonia without infection.
1
2
3
4

2. My voice is hoarse without infection.
1
2
3
4

9. I have had sick leaves due to voice problems.
1
2
3
4
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Statements 1 and 3–7.

Statements 2, 8, and 9

Scoring

Alternative 1 = no

Alternative 1 = no

The answers to the questionnaire are scored to determine the participant’s propensity to voice fatigue
problems. Because statements 2, 8, and 9 were considered to illustrate more serious voice problems,
higher scores were assigned to them.

Alternative 2 = 2

Alternative 2 = 3

Alternative 3 = 4

Alternative 3 = 5

Alternative 4 = 7

Alternative 4 = 8

APPENDIX B
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