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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 frequen-
cy (Ry), sound pressure level (SPL), the standard deviations of these vglues (F
SD; SPL SD) and ftime (vibration time of vocal folds) were made. The most
obvious change due to loading was the rise,ah&t was 9.7 Hz between the

first and last lessorP(= 0.00). F increased more (12.8. H2,= 0.006) in the
subgroup with few complaintKey Words: Loading—Warm-up—Working
environment—Female teacher.

INTRODUCTION The only way to develop occupational health in

The occupational health care of professional voice Voice profegsions is to demonstr_ate the relationship
users is surprisingly undeveloped compared, for in-Petween voice problems and voice usage. The evi-
stance, to the attention given to occupational hearingdeénce reported so far, however, has not been con-
disorders or many other occupational Symptoms_VinCing. One reason for this has been the small num-
However, there are a growing number of personsber of loading studies, which only increased during
whose professions set great demands on both théhe past 10 years. Furthermore, these studies have
quality and quantity of voice, and from their per- suffered from the problem of small study groups,
spective, the inadequate occupational voice care is avhich has led either to inconsistent results between
great disadvantage. For example, the voice disordethe studie34or to the conclusion that speakers react
of a professional voice user is not accepted as an ochighly individually to loading.
cupational disease by insurance companies in most |n addition, evidence of the relationship between

European countries. loading and vocal fatigue is also needed from studies
arranged in real working situations, instead of labo-
Accepted for publication December 30, 2001. ratory settings, where most of them have been
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VOICE DURING WORK 345

that the values of fFdepend on the circumstances: lyzing voice samples produced in natural situations.
they are lower irreading samples in a lab than in  To the best of our knowledge, only two voice loading
teaching speech in a classrodriihe difficulty of studies have so far measured voice during Wo#k.
simulating a real-life situation in a lab, and of under- The reason for this is probably the abundance of
standing the clinical implications of laboratory re- practical and technical problems involved in field
sults has perhaps been realized recently, which is instudies?2 We have previously published results on
dicated by the latest loading studies that have usedhe method used in these studiés3the relationship
talking at work as loading10 between subjective complaints and the acoustic vari-

Apart from the contradictory results of loading ables recorded during a working ¢&ynd the spec-
studies, the definition of “fatigue due to loading” is tral changes that occur during a working &ah
far from consensual. The disciplines that have mostvoice recording method of this kind has the potential
extensively studied loading effects are sport and ex-to increase the clinical resources needed to diagnose
ercise physiology+12 and occupational ergonom- voice problems, to plan and follow up voice therapy,
ics13 According to researchers of these fields, the and to improve working circumstances.
term “fatigue” has been used in so many different The main aim of the present study was to examine
senses that its application has become almost mearthe effects of voice loading in a vocally demanding
ingless. EnokH gives, however, one definition of fa- profession during one working day. Because the en-
tigue. He points out that fatigue is not a single event,vironment of a workplace cannot be controlled, and
but rather a series of adaptations that occur duringthe changing circumstances also probably affect
sustained activity (loading), and these adaptations bevoice, not all the changes that take place during a day
gin immediately after the onset of effort. In this paper, can be interpreted to be caused by loading. There-
we use Enoka’s definition of loading and its effects. fore, the first objective of the present study was to

In the area of vocology, only a few researchers find out what features of voice change during a sin-
have made attempts to understand the physiologicable working day. The second aim was to compare the
background of vocal fatigue. Scherer e¥*and speakers who have many voice complaints to those
Titzel5.16 have speculated most on the issue. Theywho have few complaints and to study if their voices
propose that vocal fatigue may emerge in any com-change in different ways. Originally, we also aimed
ponent of voice production, a view that is in is in ac- to recruit one study group without any voice com-
cordance with that proposed in sport physioldgy plaints, but no such participants could be found
and occupational ergonomits.Stemple, Stanley, among teachers.
and Leé (see also Eustace, Stemple, andiDeagnd In order to quantify the phonatory features of voice,
Vilkman et a#.18 (see also Lauri et B) have also five variables were chosen. The first ong, $eems
given explanations of loading changes. Stemple et ato be one of the most sensitive parameters to indicate
hypothesize that fatigue of the thyroarytenoid muscle changes, although the results have not always been
underlies the changes, whereas Vilkman et al consid-consistent with each othery Ras mostly increased
er changes due to voice loading to be caused by comelue to loading8.20(tendency®.29, but it has also de-
pensation by the speaker for alterations in voice.  creased (tenden¢$29 or remained unchangéd!

The need to develop a more extensive understand{The termtendencyrefers to results that are not sta-
ing of voice changes during loading in real speaking tistically significant—very probably due to the small
situations, and the need to develop occupationalnumber of participants—although the variables have
voice care have motivated this study. In order to im- changed, or to results on which significance tests
prove occupational rehabilitation, the association be-have not been made because of the small number of
tween voice problems and voice usage has to beparticipants.) The second variable measured was
proved at both scientific and individual levels, ac- sound pressure level (SPL). It has been less com-
cording to the Finnish legislation on occupational monly used thangfin loading studies, although there
diseases. For this purpose, an appropriate method is evidence to suggest that loading raises its ¥alue
needed. Thus, a major long-term goal of this work (tendency6.27.39, This variable, however, has shown
has been to develop methods for collecting and anacontradictory results similarly to,P

Journal of Voice, Vol. 16, No. 3, 2002



346 LEENA RANTALA ET AL

Furthermore, the standard deviations @fg SD) years). The groups did not differ from each other ac-
and SPL (SPL SD) were measured. It appears that, sgording to the grade level.
far, SPL SD has not been investigated as an indepen- Some participants had experienced symptoms of
dent parameter in any voice studies. Likewise, only avoice disorders, but were capable of working at the
few voice studies have been made g&PB. The aim  time of the study. A stroboscopic evaluation was of-
of these studies has been to investigate the associdered to the participants, but only 20 teachers could
tion of Ky SD either with the instability of phona- find suitable time for it. However, those who had the
tion31.32 or with voice disorderd? Also, neither of  most problems with voice usage attended the evalua-
these variables has been measured independently ifion. The examination revealed that two of the partic-
loading studies. Apart from the acoustic measures,jpants had small incomplete posterior closure, which
the active vibration time of the vocal folds,@fne)  is 3 normal laryngeal status in femai@n addition,
was measured. It has been shown that professionalgne had significantly incomplete posterior closure
who have frequent voice problems—such as teachergng one small incomplete anterior closure. Because
—have to speak longer at work than those who haveihese two teachers were capable of working, they
fewer voice difficulties* 3> were included in the study group.

METHOD Recording samples
Participants and questionnaire study The participants were asked to record their first and

The participants consisted of 33 female primary last lessons on a normal working day. They used a
and secondary school teachers. The participantsPortable battery-operated digital audiotape (DAT)
mean age was 43 years (range 33 years), and theecorder (Sony TCD-D3, Sony, Tokyo, Japan) on a
mean number of teaching years was 17 (range 2g)e|t Stl’ap. A head-mounted omnidirectional con-
years). Prior to the recordings, the participants com-denser microphone (AKG C567E1, AKG Acoustics,
pleted a questionnaire with nine statements concernVienna, Austria) was located on one side of the
ing voice fatigue symptoms (questionnaire in Appen- mouth at a distance of 6-8 cm from the lips. The
dix A). The statements were based on the recorder was light (700 g) and permitted the partici-
questionnaires presented in the literaf4@.37The pants to walk freely in the classroom. The recording
participant’s propensity to vocal fatigue problems level was adjusted individually and kept constant. A
was evaluated using the following categories: (1) lesscalibration signal was recorded for a comparison of
than once a year; (2) a few times per year or relative-the absolute sound pressure levels [a sine wave of
ly seldom; (3) once a month or relatively often; (4) 200 Hz at an intensity of 80 dB SPL (A)].
almost every week or very often. The scores of each The average duration of the lesson was 35-45 min,
participant were summed up as a sum variable ofand the mean length of the school day was 5 hours
voice complaints (for the scoring of the question- (range 3-6). The participants also had lessons be-
naire, see Appendix B). At the time of the study, eachtween the recording periods (i.e., between the first
participant’s voice represented her normal voice. and last lessons). The number of pupils in attendance

Based on the voice complaint scores, the partici- varied from 20 to 30. The acoustics of the classrooms
pants were divided into two subgroups: the half with were quite similar due to the identical furnishings: a
lower scores was called the FC group (few com- larger desk for the teacher, desks for the pupils, and
plaints; mean of scores 6) and the half with higher no textiles on the walls. Both oral and written instruc-
scores the MC group (many complaints, mean oftions for using the tape recorder and performing the
scores 31). There were 16 participants in the FCvocal tasks were given to the participants in advance.
group. Their mean age was 41 years (range 29 years)
and their mean number of teaching years 15 (rangeAcoustic analysis
26 years). The MC group consisted of 17 partici- Because it is plausible that teachers’ voice usage
pants, whose mean age was 45 years (range 28 yearg)ay vary in the course of a lesson, three different
and mean number of teaching years 18 (range 2@&ime points from both lessons were taken for analy-
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sis: the first, middle, and last four minutes (T1-T3 across the measured time points were tested with re-
for the first lesson; T4—T6 for the last lesson). Only peated measures analysis of variance. Studeiets
speaking voice was accepted for analysis, and thefor paired samples was performed as a post hoc test to
possibility of singing or reading a text by the partici- evaluate the changes in more detail. The compared
pant was rejected due to the influence gf-4° F, points of time were corresponding parts of the lessons
Fo SD, SPL, SPL SD, and,fime were analyzed. In  (i.e., T1-T4, T2-T5 and T3-T6). Furthermore, be-
the SPL analysis, one participant’s data were exclud-cause vocal warm-up has been shown to take place
ed due to the exceptionally high values, which indi- during the first 10-30 minutes of talkiff39.40the
cated that the adjustment of the SPL level had obvi-time interval T1-T2 was also analyzed.
ously changed after the initial setting. The differences in the variable values between the

Fo and SPL were measured with an analogue sys+C and MC groups were studied by the between-sub-
tem (F-J Electronics, Vedbaek, Denmark), and thejects approach of the analysis of variance. The
analysis was made with a microcomputer (Apple changes in the variables in both groups were tested
Macintosh Quadra 950, Cupertino, Canada) equippedoy Student’d-test for paired samples, and the differ-
with three extension boards (National Instruments). ences in the variable changes between the subgroups
The digital speech-processing functions were provid- were studied with thetest for independent samples.
ed by software blocks custom-built and implemented Because the variation of,lras been shown to be
using a LabVIEW 2 graphical programming system related to SPE1.42their interaction was illustrated
(National Instruments, Austin, Tex). Three different by r2 computed from a correlation analysis (Pear-
signals were used in the analysis: the SPL signal withson’sr). The alpha level of 0.01 was adopted for the
integration time of 10 ms, the,Bignal, and the au- test results due to the many statistical computations
dio signal. The sampling rate for each signal was 5performed for the variables. The Statistical Program
kHz. The program calculated thgtime from the § for Social Sciencs (SPSS) was used in the analysis.
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 inyFat the be- RESULTS
ginning of utterances. Changes in the whole group

Because the background noise between the particduring one working day
ipants’ speech sequences in the recordings might The mean f(pooled over the values of the sepa-
have distorting effects on the measuring of the SPLrate recording periods) for the last lesson was 9.7 Hz
signal, it was deleted manually with an editing pro- higher than for the first oné £ -3.68,df = 32,P =
gram. In the program, the signal was read from the0.00). Table 1 shows the mean values gffg SD,
hard disk to the computer RAM in chunks of 60 sec- SPL, SPL SD, andRime for the three voice sam-
onds. Deletion of noise was performed with the help ples of the first and last lessons. The repeated mea-
of both the graphical display of signals on the com- sures analysis of variance confirms the same result:
puter screen and the audio signal that could be heard, changed across the working d&4 6.5 (1,31)P
through headphones. Since the distance between the 0.00].
microphone and the lips in the recordings was short Since there were changes in the objectively mea-
and the speech signals were thus clearly strongesured variables, the comparisons were computed as
than the background noise, noise simultaneous withpost hoc tests between the corresponding periods of
the teacher’s speech did not require any erasing.  the lessons (Table 2, see column “whole group”). Of

the variables, {and SPL SD changed. The alteration

Statistical analysis of Fy was unidirectional: its average value increased

The values for the variables are presented as arithbetween all analyzed time intervals except during the
metic means and standard deviations. The change beperiod of possible vocal warm-up (T1-T2). The
tween the first and last lesson was analyzed with Stuchange that took place during the period of vocal
dent’st-test for paired samples. The variable changeswarm-up was the decrease of SPL SD.
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348 LEENA RANTALA ET AL

TABLE 1. Mean Values and Standard Deviations of Variables
Measured in Three Different Periods of the First and Last Les$drs3@)

First lesson Last lesson
T1 T2 T3 M T4 T5 T6 M

Fo (Hz)

M 232.6 229.2 233.3 231.7 240.9 240 243.3 241.4

SD 27.4 25.2 27.5 25 20.1 315 30.3 29.2
Fo SD (Hz)

M 54.4 535 54.4 54.1 56.6 55.9 56.8 56.4

SD 9.3 9.4 8.3 7.8 9.8 10.1 10.7 9.6
SPL (dB)

M 77.6 77.2 77.8 77.5 7.7 77.9 78.5 78

SD 4.9 5.6 4.6 5 51 59 5.8 5.6
SPL SD (dB)

M 7.4 6.8 7.3 7.2 7.5 7.2 7.4 7.4

SD 2.4 2.4 1.8 2.1 2.3 2.2 2.2 2.2
Fo time (sec)

M 81 80.8 79.9 80.6 82.1 77.4 76.4 78.6

SD 24.4 27.1 26.5 20 22.2 34.4 30.6 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 the last lessons in the FC group. Similarly, the MC
(pairedt-test) in teachers’speech during a working day.  group’s k increased, but the rise was less than that
Corresponding periods of the first and last lessons are  for the FC group, only 6.8 Hz. It was not statistically

compared with each other, and the vocal warm-up  sjgnificant. The curves of the separate variables for

period (T1-T2). In the whole groug,= 33 for the the FC and MC groups are presented in Figure 1. Al-

other variables but N =32 for SPL and SPL SD;inthe ., h the curves show that the values of the vari-
subgroup with few voice complaints (RC} 16 for

the other variables, but= 15 for SPL and SPL SD; in ables were generally higher in the MC group, the re-

the group with many voice complaints (MT; 17. peated 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 $D appear

Changed variable
Period Whole group FC group MC group

T1-T2  -SPL SD* -SPL SD* to be parallel to the curves of SPL andFherefore,
TI-T4  +FO* +F0 SD* the associations between the changes in the individ-
To_T5  +FO* ual scores of these variables were computed with a

correlation analysis separately for the different peri-
ods. According to the analysis, no significant rela-
Note.Recording periods: T1 = beginning, T2 = middle, and  tionships were found between the changes of SPL
|T3t:| end of T_e ZTSI 'tesst(:]”g:, T5i T6hfeSP90tive'VJOf t_hz _and SPL SD, whereas thg ¢hanges correlated with
ast lesson. + naicates tnal € value has Increased; — Inal- H :
cates that the value has decreaged.®.001, **p < 0.01. trg(:]gg d ?rgmcg%nzgt%s 0.(;%; :ﬂ:)eogf_eoreorg 0;). ﬁ::o;dgdi_
tion, the relationship between the SPL change and
Differences between the FC and MC groups the Ky change was computed. Thevalues of the
The Ryrose 12.8 Hzt(= -3.17,df = 15,P = 0.006) corresponding time periods varied from 0.09 to 0.3
between the average of the first and the average ofP = 0.08-0.001).

T3-T6  +FO*
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FIGURE 1. Curves for the variables (SD in bars) in the group with few voice complaints §03) and in the group with many voice
complaints (MCn = 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 took place inyBr SPL during a day. Only
changes of the variables took place within the two Fy SD was found to increase (1.3 Hz in femafés).
groups (see the columns “FC group” and “MC Hall,%6in contrast, found §to increase by an aver-
group”). Two significant changes happeneg:3b age of 2.3 Hz between the morning and the after-
rose for the FC group and SPL SD decreased for thenoon. Both of these values are smaller than the in-
MC group. Also studied were different changes in the crease of the variables in the present study.
subgroups during the day. The changes between the In addition to the contradictory results, conclusions
corresponding points of time of the two lessons wereabout the within-day variation are also difficult to
compared with each other. According to the analysis,make due to the reason that no information has been
Fo time during the period T2-T5 separated the sub-given about speaking between the measurements in
groups. It increased 12.9 seconds for the FC grouphe studies. It can be inferred from the study of Hall
but decreased —18.6 seconds for the MC groep ( that the participants talked between the measure-

-3.18,df = 16,P = 0.008). ments. In one study, speaking between the measure-
ments was taken into account: the participants were
DISCUSSION _not allowed to talk at all b_efore th_e last measurement

' in the afternoort? According to this study, none of
Voice changes the acoustic variables changed during the day. Since

The results showed that some voice featuresthe participants of this study were men, correspon-
changed during the working day. The changes weredence with our results is not necessarily complete.
not, however, monotonic. They were not the sameon the basis of these previous findings, we assume
during every period and in all the variables, and thethat the within-day variation can explain a small part
changes were different in the subgroups. The mostyf the variable changes at the most.
obvious and uniform changes were seengintfn- On the basis of previous studfet48we expect-
creased toward the end of the working day, and iteq yocal warm-up to take place after the beginning of
changed both in the whole group and in the FC giking (change between T1 and T2). Vocal warm-up
group. _ _ has been found to raisg, Bnd also SPL in soft

As to the interpretation of the changes that hhonation. Our data revealed no significant alter-
emerged in uncontrolled, natural circumstances, 5sions in K, whereas SPL SD changed. However, it
many reasons may have caused the alterations in thgjy ot increase but rather decreased. This suggests
var!ables. First, laryngeal adjustments (e.g., the INeT-hat the demands of the classroom situation possibly
g?t'/g?czems:g dStPhLea(l:nhGaA? zsa)éfarfr:eectwt\lgée:;l;ﬁs prevented any vocal warm-up. In addition, the psy-
ciated With the Z:hanges (?f meap $% and mean chophysiological state of the teacher at the beginning
SPL. The values of the correlations were not very of the Iessc_)n may differ at the middle of the lesson.

At the beginning of the lesson, there are elements

strong, however, and the information yielded by the that i the teacher land st I
variables was thus not overly redundant. Second, at may Increase e teachers arousal and Stress lev-
el, such as the use of attention maneuvers or discipli-

some changes may have originated from the circum- _
stances. Third, the voice changes may have arisedry utterances. The elevation of these levels has

from a circadian rhythm, which is the basic nature of P&€n shown to raise SPL19.50.5TThe values of SPL
human physiology and emerges in metabolic eventsSP hav_e obviously decreased for the same reason.
and muscle coordinatiol. Fourth, the changes  Therise of Gcan be assumed to be caused by voice
could be a consequence of the work of the vocal ap_usage that is due to voice IOadIng. This flndlng agrees
paratus, which first leads to vocal warm-up and after With much of the past researgh20.26.27Also, the
that to vocal fatigue. magnitude of the frise is consistent with the changes
Although some studies have been undertaken to(6—19 Hz) reported in these investigations. Some oth-
analyze the fluctuations in the voices of speakers dur-er investigation, however, have provided contrary evi-
ing the day, the effect of circadian rhythm has re- dence (no changélor decreasing tenderiéy.
mained obscure. According to Nittrouer et*and Two explanations for theyFise have been offered
Garrett and Healed? no statistically significant in the literature. In the study of Stemple €t tide R
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of 10 participants increased after a two-hour period problems tend to use higher and louder voice, to vary
of voice loading. According to the researchers, thisit more, and also to talk somewhat longer than the
was a consequence of weakness of the thyroaryteachers with a healthier voice. The differences did
tenoid muscle. When the muscular layer of the thy- not exceed the level of statistical significance due to
roarytenoid muscle slackens, the cover and transitionthe large interindividual variation and the small
layers of the vocal folds stiffen. This leads to an in- group size—a well-known problem in voice studies.
crease of the rate of vibrations in the vocal folds and Some differences between the subgroups were
hence a rise of the,F found, however. Unexpectedly, Fose significantly
Vilkman et a$.1° have suggested another explana- only in the teachers with fewer voice complaints.
tion. Forty males and 40 females participated in their Kostyk and Roché&® also found in their study that
study, the setting of which simulated teachers’ work- their participants’ voices altered in different ways de-
ing day (5X 45 min). The results demonstrated pending on the severity of voice complaints. The re-
changes in several parameters of voice, one of whichsearchers interpreted this to indicate that the partici-
was an increased,FThe interpretation proposed by pants employed different strategies to cope with
the authors for the phenomenon was that the changegoice loading.
were caused by the speakers’ compensatory reactions Another explanation for the different changes
to alterations in their voice. When compensating for could be that the rise in the values of the variables is,
the physiological changes, which could be alterationsin fact, a normal physiological phenomenon due to
in the mucosa, the speaker increases the frequency dbading, and that this trend is more apparent in speak-
vocal fold vibration and the glottal adductory forces ers whose voices are in a good condition. The ten-
(hyperfunction). This increased constriction influ- dency toward more distinct changes in the partici-
ences the §indirectly. It increases the subglottal pants with fewer voice complaints was also seen in
pressure, which adds tension to the vocal folds andour previous study on spectral changes during a
consequently, raises thg.¥® working day?®> Thus, a change in physiological func-
Because we have no direct way of investigating thetions may illustrate healthy and normal adaptation to
changes due to loading in the metabolic or function- a situatiort! while a lack of change may imply that
al state of the vocal folds yet, the question about thesome disorder has prevented the vocal organ from
physiological reason for loading changes remainsworking in a normal way. Indeed, this phenomenon
unanswered. Nevertheless, some observations seefas also been observed in other human organs: heart
to support the compensatory explanation rather tharstudies have shown that, in exercise tests, systolic
the hypothesis of muscle weakness for the results obblood pressure increases in healthy persons, but does
tained in the present study. A finding computed from not change or may even decrease in patients with
the voice samples of the same teachers as in thigoronary heart diseae.
study indicated that the participants were capable of In addition, the MC and FC groups differed in how
producing a low voice pitch even after the last lessonthe iy SD and the f-time changed. The,FSD en-
of the working day# Furthermore, the biggepFise ~ larged and the fRime decreased for the MC group.
of the FC group than that of the MC group (present To date, little attention has focused on the relationship
study) due to loading does not support the view of of Fy SD to voice loading. There is, nevertheless,

true muscular fatigue. some evidence to suggest that enlarge8Fcan be
a sign of strained voice, although the correspondence
Effect of voice complaints on voice changes is not satisfactory. The relationship between voice dis-

According to the results, the levels of the variables orders and §SD was detected by Hammarbétg,
in the FC and MC groups did not significantly differ who analyzedeadingsamples and found that larger
from each other. However, a tendency was found forthan normal f SD accompanies a hyperfunctional,
the levels of all the measured variables to be mostlyrough or unstable voice. Thus, enlarggdSP may
higher among the teachers with more voice com-indicate an instability of laryngeal function, and one
plaints than among the teachers with fewer com- possible reason for this could be impaired coordina-
plaints. This means that the teachers with more voicetion of movements, which is a symptom of fatidge.
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The power of fF SD to manifest voice loading When teachers began to speak, their voice pitches
changes calls for further investigation. rose very fast and were sometimes as high as 650 Hz.
The finding that the MC teachers reduced thgir F Voice usage of this kind probably arises from nursery

time in the last lesson may have resulted from theirspeect??2

need to conserve their voice apparatus due to their The main difficulty in voice loading studies, howev-
feelings of fatigue. In contrast, the FC teachers wereer, may be the problem of measuring small loading ef-
able to increase the talking time for the same time pefects. When investigating shoulder muscles, Oberg
riod. The fourth difference between the subgroups, Sandsjo, and Kadefor8,found that loading changes
the decrease of SPL SD for the teachers with fewercould be measured after a high load, but not after a
complaints, probably arose from the same reason agrolonged low load, despite significant subjective
the alteration for the whole group, the issue that wascomplaints. Indeed, this seems to be true of voice load-
discussed early in the Discussion section. ing studies, too. The problem calls for more attention.

Some methodological considerations SUMMARY
The nature of the present study was explorative

rather than confirmative: the purpose was to open up . Thc? mos:hdlstlnckt. resault of tgltsh_stuﬂy was the F q
new perspectives toward the phenomenon of voice''S€ durng he working day, and this change emerge

loading and fatigue. For this reason the selectedesmd"’llIy for the F.C group. This finding may indi-
study setting was the combination of qualitative and cate _that _the grise Is a consequence of the normal
guantitative methods. We tried to search such fea_phys_lologlcal adaptatlo_n of the vocal a pparatus _to
tures from the qualitatively collected data to which loading and, hence, a sign of healthy voice. The voice

statistical analysis could be applied. This unconven-Changes found in the MC group were the enlarged F

tional decision caused many of our results to be com-tSODea,:Egrtr\]/a t?]eggiafeea?h;rglﬁ]fé;?esg t(i::r?r;ge\?c;ce
plex and difficult to interpret. 9 P P

One problem of the present study concemns the Va_problems and a tendency to use a louder and higher

lidity of the allocation of participants into subgroups. S't?hedeO'C;_sz S%ggefitn th?t thh?nMCThgro\:Jpsl
Some individuals are neither sensitive to symptoms olces became latiguec during teaching. 1he voca

) o : o apparatus of these teachers did not have enough ca-
of vocal fatigue nor familiar with describing them.

Because of this, both of the subgroups are likely toP2CLY [0 react to loading in the same way as the la-
include participants who do not actually belong ryngeal system of the teachers with healthier voices
there. Thus, the setting of the present study wouldWas able to.

- . Thus, our results support the opinion, which the
have needed more participants in each subgroup. An-,. .~ ) : :
o disciplines of occupational ergonomics and exercise
other possibility could have been to have more ho-

mogeneous subgroups. For instance, one groupﬁhysmlogy have given about the phenomenon *fa-

) . gue due to loading.” Voice fatigue also seems to be
might have consisted of speakers who have no or on- . . . .
- : e a continuum with a wide range of adaptatiéhs3
ly minimal voice difficulties and the other of speak-

: which begin at the onset of the activity, and at first,
ers who experience problems almost every week. ) . : :
: they can be seen as an increase in physiological pre-
In order to better understand the influence of class- : :
. .~ paredness. During the early stages of fatigue, the
room circumstances, future work should examine

. . . o compensatory mechanism is probably acting and
voice data in a qualitative way. The vocal activities of P "y P y g '

. . . consequently, the effort increases. When the loading
teachers and pupils could be studied during lessons _ . . .
ontinues and the fatigue increases, symptoms of

and a relationship between the teaching situation an uscular fatiaue bedin to emerae

voice usage needs to be analyzed. From the point OP] 9 9 ge.

view of clinical practice, it would be beneficial t0  acxnowledgments: This work was supported by the
find any potentially harmful vocal habits used by Foundation of Finnish Culture and the Finnish Work En-

teachers. In our data, possible vocal misuse was obvironment Fund. We express our gratitude to Lea Partanen
served in the teachers of 7- and 8-year-old children.for help in the acoustic analysis.
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APPENDIX A
Voice Questionnaire for Teachers

4,
Please read the statements presented below and circle

one number to correspond with each statement, indi- _ S
cating how frequently you experience the situation 5. My voice does not have good quality in situations

described.

Alternatives

1 = Less seldom than once a year or never 6.

2 = A couple of times a year or occasionally

3 = About once a month or quite often 7.

4 = Almost every week or very often

1. My voice gets tired after a long period of talking. 8.
1 2 3 4

2. My voice is hoarse without infection. 9.
1 2 3 4
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. | feel a lump and/or mucus in the throat.

1 2 3 4
When | talk a lot, my throat hurts.
1 2 3 4

where much talking is needed.

1 2 3 4
My voice does not penetrate noise.
1 2 3 4
| have voice breaks when talking.
1 2 3 4
| have had aphonia without infection.
1 2 3 4
| have had sick leaves due to voice problems.
1 2 3 4
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APPENDIX B 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 del@farnative 2 = 2

\ . , : ; : Alternative 2 = 3
mine the participant’s propensity to voice fatigue

problems. Because statements 2, 8, and 9 were cAfernative 3 = 4 Alternative 3 =5
sidered to illustrate more serious voice problems,
higher scores were assigned to them. Alternative 4 =7 Alternative 4 = 8
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