http://dx.doi.org/10.1590/S2317-64312014000400001337

Analysis of teacher working environment: factors that
influence the voice

Analise do ambiente de trabalho de professores: fatores que

influenciam a voz

Melissa Rincdn Cediel’, Javier Alfonso Reyes Neira’

ABSTRACT RESUMO

Purpose: Determine the work environment factors related to hazards in Objetivo: Identificar os fatores do ambiente de trabalho que influenciam
voice production for elementary school teachers, as well as the impact of na produc@o de voz de professores do ensino fundamental, e o impacto
vocal rest and teaching methodology. Methods: This research features de repouso vocal e da metodologia utilizada para ensinar. Métodos:
a quantitative, cross-sectional, non-experimental, correlational study, Foi realizada uma pesquisa quantitativa de tipo correlacional com um
which applies an instrument consisting of a fill-out form and a ques- desenho ndo experimental transversa. Foram aplicados um questionario
tionnaire performed by the evaluator to 90 elementary school teachers. estruturado de autopreenchimento e outro preenchido por um avaliador,
The following variables were taken into account: classroom size, acous- envolvendo 90 professores do ensino fundamental. Foram consideradas
tics, noise, amount of students in the classroom, chemical substances, as seguintes variaveis: tamanho da sala de aula, ruido, nimero de alu-
temperature, subject taught, teaching method and classroom vocal use nos, produtos quimicos, temperatura, disciplina, metodologia e tempo
time. The statistical analysis was performed using the PASW statistical que fala em sala de aula. A analise dos dados foi realizada utilizando o
software, version 20. Results: Regarding the external acoustic insula- software estatistico SPSS versao 20. Resultados: O isolamento de som
tion, the windows are made of glass or structures with metal bars, and externo € dado por janelas que sao de vidro ou grade sem revestimento,
no elements covering the surface of the window, zinc sheets or cement telhados de zinco ou cimento e portas em aluminio; o ruido médio na
in ceilings and aluminum doors. The average noise measurement in the sala de aula foi de 77 dB, o ambiente foi considerado quente e timido.
classroom is 77 dB, and the temperature and humidity measurements O método predominante de ensino foi o expositivo, sendo que os pro-
show a warm humid weather tendency. The most frequent teaching fessores ministram todas as disciplinas e o intervalo tem a duragdo de
method is the lecture-type class. Elementary teachers must teach all of 30 minutos. Na andlise inferencial, por meio do teste qui-quadrado,
the subjects, and have an average voice rest period of 30 minutes. The in- comprovou-se que ndo houve correlagio entre os fatores do ambiente de
ferential analysis using the chi-square test found no correlation between trabalho e a presenca de disfonia. Conclusao: Os elementos do ambiente
work environment factors of the teacher and the presence of dysphonia. de aprendizagem e os fatores intrinsecos da pratica docente nao estao
Conclusion: The elements of the teaching environment and the intrinsic relacionados com a presenca de disfonia. Estes elementos sozinhos nao
factors of the teaching practice are not directly related to the presence of geram disturbios vocais.

dysphonia, but they are associated elements that do not generate vocal

disorders by themselves. Descritores: Voz; Docentes; Satide do trabalhador; Fatores de risco;
Disfonia
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INTRODUCTION

Dysphonia is the medical term for the voice disorder where
one or more acoustic characteristics of the voice becomes alte-
red, e.g. pitch, intensity or tone, so that oral expression becomes
more difficult, which in turn damages social communication
and, in the case of the teacher, professional communication as
well. In this kind of workers, besides originating an impact in
health and life quality, dysphonia often is the cause for medical
leaves and working absenteeism.

Occupational health intends to improve the working and
health conditions of the workers, protecting them against the
risks which derive from labor factors and that can affect the
individual and collective health, such as physical, chemical,
biological, ergonomic and psychosocial factors, among others.
As for teachers, vocal health must be a significant goal among
occupational health programs, hence the identification of the
factors that trigger voice disorders, and the intervention on
them, must be irrefutable purposes.

The etiology of dysphonia is attributed to a variety of
causes: inadequate phonation technique? (vocal abuse),
individual factors® (illness, muscular hypertension, posture,
stress, emotional issues, habits), and work-environment related
agents®9,

It is well known that teachers speak during long periods in
classrooms full of students where acoustics is usually not the
best, and also exposed to different temperatures and chemical
conditions. Furthermore, the faculty involved in the formation
process must establish a dialog with the students, capture
their attention, motivate or admonish them. All these tasks are
performed by a constant use of the voice and some particular
nuances put into it.

Thus, the professional use of the voice demands adapting
the phonatory functions to the demands of the working cir-
cumstances and the social interaction. Each labor demands
form the voice different properties, and teaching needs a high
endurance level and, contrary to some people’s claims”, some
aesthetic elements.

Voice is, therefore, the functional working tool for the
teacher, and its loss means the loss of working ability. The
International Labour Organization (ILO)® highlights that the
faculty is the profession with the highest risk of illness related
to the voice, and many countries have assumed this guideline
by giving dysphonia the professional illness status. In the case
of Colombia, although there is not an explicit acknowledgement
of dysphonia as a professional illness, this status can be inferred
from the Decree 1295 of 1994, article 11, where professional
illnesses are defined as “any permanent or temporary patholo-
gical state that derives directly and necessarily from the labor of
workers, or their working environment they are given, and that
has been recognized by the National Government as such”®.

In scientific evidence, numerous studies have described
some vocal risk factors for teachers. However, they don’t
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establish whether there is a direct relation between them and
voice itself. Thus, the purpose of this study is to determine the
work environment factors related to hazards in voice production
for elementary school teachers, as well as the impact of vocal
rest and teaching methodology. The results for this study will
be useful in the assignation of priority in intervention among
the systems of voice epidemiologic surveillance that could be
set up in educational institutions, with the goal of reducing the
occurrence of vocal disorders.

METHODS

The study that was carried out has a quantitative approach
and is of the correlational type. First, the factors present in the
work environment of elementary school teachers were outlined,
as well as some of the intrinsic ones from the teaching practice
itself. Then, a correlation was carried out to relate the most
significant factors to the presence or absence of dysphonia
variable. The design is non-experimental, cross-sectional, since
no variables were manipulated, and only a registry of data in
a specific moment was done.

The population for the study was selected under the follo-
wing inclusion criteria: male or female teachers, with different
ages and with or without vocal pathology, who work in public
elementary schools in Bucaramanga, Colombia. The study had
the following exclusion criteria: preschool, middle school and
high school teachers, and private school teachers. Given this,
an enquiry was made to the Municipal Education Ministry
about the registered schools, resulting an amount of 63 public
schools, regardless of their teaching level. Therefore, it was
necessary to contact every school in order to filter the ones in
the elementary level of education, and then figure out the total
number of teachers in it. This process resulted in an amount
of 1103 teachers.

To find out an adequate sample, a confidence level of 95%
was used, and a maximum acceptable error of 10%. These
calculations resulted in a sample of 90 teachers. The sampling
error can be justified when considering that many selected
teachers didn’t participate in the study because of lack of time,
lack of interest or difficulty in commuting. Hence, the selection
of the study group was carried out through a non-probabilistic
sampling based on convenience.

The inclusion procedure for the subjects consisted of
contacting the school coordinators or principals, explaining
them the purposes of the study and they decided whether or
not to participate. Afterwards, the project was socialized with
the teachers, and those interested signed the written consent
as an ethical criterion!”. This study has been approved by
the Institutional Bioethics Committee certificate number
05-02-2205-2014.

For gathering data, this study used an instrument based on
the Colombian Technical Standard NTC 4595"" (Engineering
and Architecture Planning and design of educational facilities
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and environments) of the National Education Ministry and some
regulations stated in the Decree 1850 of 200212, The following
variables were taken into account: classroom size, acoustics,
noise, amount of students, chemicals, temperature, subject,
teaching methodology, and exposure time. The instrument
was divided into two sections: in the first one, the investigator
consigned the measurements and observations, and in the
second one, the subject teacher filled out a questionnaire. The
data register was carried out as follows:

Classroom size: NTC 4595 states that the standard size
is between 1.65 m? and 1.80 m? per student. The maximum
number of students per classroom in elementary school? is of
40. Therefore, the classroom size comes from using a measu-
ring tape, calculating the area and dividing it in the amount of
registered students, thus obtaining the area per student.

Hearing Comfort: The external acoustic insulation is taken
into account, as well as the sound pressure levels (SPL) inside
the classroom. Regarding the external acoustic insulation,
various observations were made: doors, windows and ceiling
materials, and closure of doors and windows.

Sound Pressure Levels: Three measurements were taken
in the classroom during the workday, and an average was cal-
culated. For this purpose, a digital sound level meter was used
(Digital SPL meter by RadioShack), previously calibrated. This
tool registers the sound through a capacitive microphone, with
a sensibility range of 50-126 dB, and allows the choice between
A-type and C-type measurements. The selected measuring type
was dB A (500-10000 Hz).

Number of students: This amount is asked from the school
and registered.

Chemicals: The frequency of the use of the following tools
was asked from the teacher: chalk, whiteboard marker, alcohol,
Stoddard solvent (varsol), and such. The whiteboard eraser
condition was observed as well (regarding its use).

Temperature: Three measurements were taken in the clas-
sroom during the workday, and an average was calculated.
For this purpose, an environmental thermometer was used
(Amprobe THWD - Digital sling thermometer). This device can
measure temperature (-20°C — 60°C) and relative humidity (1%
—99%), with a sample frequency of 0.5 s. According to these
measurements, the environments are classified in'": moderate,
cold and mild weather (temperature oscillating between 5°C —
22°C, and relative humidity between 40% — 60%), warm dry
weather (temperature between 5°C —35°C and relative humidity
between 10% — 60%), and warm humid weather (temperature
between 22°C — 32°C and relative humidity between 65% —
95%). In this item, the presence or absence of air conditioning
or fans is also considered.

Dysphonia: the altering of one or more voice qualities
(voice quality, intensity and pitch) was perceptually assessed
from the subjects at the moment of data recollection (yes/no)
by a trained speech therapist. This study uses the GRBAS scale
for perceptual evaluation of dysphonia?, which, establishes
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five parameters for voice assessment: G, grade of dysphonia;
R, roughness; B: breath; A, asthenia; S, strain. Each feature
is graded in a range 0-3 (0, normal; 1, light; 2, moderate; 3,
severe). The assessed teacher is asked to utter a sustained [a]
for 5 seconds. Their utterances are recorded and analyzed later.
Grade 1 results are classified as presence of dysphonia.

Temperature perception in the classroom: The subject tea-
cher answers the following questions in the fill-out form: “How
do you feel the temperature in your classroom?”, “How do you
feel towards the temperature of your classroom?” and “Do
you think that the classroom temperature affects your voice?”

Teaching Methodology: The subject teacher answers the
following question in the fill-out form: “Which of the following
teaching strategies do you use most frequently in your class?
(Lecture, teaching games, open-air class, students’ exposition,
dictation and reading out loud from the teacher, class guides).

Exposure time"?: The subject teacher answers the follo-
wing questions in the fill-out form: “How many class hours
do you give daily?” and “Can you rest your voice during your
workday? How long?”

Furthermore, in the fill-out form for the teachers, they were
inquired about noise perception in the classroom, by answe-
ring the following questions: “How would you describe your
classroom?”, “How often does noise bother you in class?”,
“Do you think the noise in the classroom affects your voice?”.

After the data was gathered, the information was organized
in tables and analyzed using the statistical software SPSS, ver-
sion 20. First, the measures of central tendency (mean, median
and mode) and variability (range and standard deviation) were
calculated. Then, a correlation of the variables was performed
using chi-square statistic, using 0.05 as the alpha parameter. It
is necessary to point out that a pilot test was performed with 18
teacher subjects, in order to verify if the instrument was able
to register the needed data, as well as having some training in

applying it.

RESULTS

The instrument was applied to 90 elementary school tea-
chers, taking 45 minutes with each individual. These are the
descriptive results:

Regarding the sociodemographic information relevant to
the study, 87.8% of the teachers are female, and the remaining
12.2% are male. Moreover, the modal age is 52 years old, in
nine subjects. The average for teachers’ age is 50 years old, and
50% of the teachers are above 52 years old. The data deviate
9.59 years from the average. Thus, all the assessed teachers are
between 45 — 65 years old.

Classroom size: The most common value is 1.26 m?. 50%
of the sample is situated under 1.37 m? and the average of
area per student is 1.37 m?, with a standard deviation of 0.37
m? from the mean.

Hearing comfort: Regarding the external acoustic
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insulation, it was found that the 46.7% of the windows were
made of glass, and in the 34.4% of the cases there are struc-
tures with metal bars and no elements covering the surface of
the window. As for the ceilings, it was found that 53% of the
classrooms use zinc sheets and 42% use cement. Also, 57%
of the doors are made of aluminum and in 36% of the cases
there are metallic bar structures with no elements that cover the
surface. And as for the closure of doors and windows, 90% of
the observed classrooms remain with the windows open, and
91%, with the doors open.

Sound Pressure Levels: the most common value is 75 dB,
with a mean of 77.65 dB and median 76.75 dB. The sound
intensity inside the classroom has a standard deviation of 5.489
dB from the average.

Number of students: The data presents a mode of 33
students, a mean of 33.65 and a median of 33 students. The
number of students per classroom deviates an average of 4.8
from the mean.

Chemicals: 92.2% of the teachers never use chalk, 70%
never use Stoddard solvent (varsol), 77.8% always use whi-
teboard marker and 57.8% never use alcohol. An inspection
of the whiteboard eraser condition was carried out, where the
felt could be classified according to its damage, as follows: 1
(good), 2 (acceptable) and 3 (damaged). It was observed that
41% of the erasers were found in an acceptable (2) condition,
showing plenty of marker traces and felt weariness.

Temperature: Measurements were taken in May, August,
September and November 2012, and February 2013, using a
digital thermometer. Thus, the mode value is 30°C, the mean
is 28.76°C and the median, 29°C. The temperature deviates
an average of 1.397°C from the mean. The average relative
humidity was of 82%. Regarding the presence of electric fans
or air conditioning systems, it was observed that in 92% of
the classrooms there are in average 2 to 3 fans. None has air
conditioning systems.

Dysphonia: In the classification for presence or absence of
dysphonia, this study used the degree of dysphonia criterion,
rated from zero to three (0-3). Absence of dysphonia gives a
score of zero, and presence of it, from one to three (1-3). 48%
of the teachers evidenced dysphonia and 52% didn’t. Out of the
former ones, 75,5% evidenced a mild degree (1), and 24,5%
a moderate one (2). None of the teachers was found to suffer
severe dysphonia (3).

As for the results of the fill-out forms for teachers, these
are the results:

Cediel MR, Neira JAR

Noise perception in the classroom: For “How would you
describe your classroom?”, the sample is bimodal, since the
most common values are “very noisy” (1) and “noisy” (2), with
a40%. For “How often does noise bother you in class?”, 40%
of the teachers answer “often” (4), and the average of answers
oscillates between “seldom” (3) and “often” (4). For “Do you
think the noise in the classroom affects your voice?”, most
teachers consider that noise sometimes (2), or often (4), affects
their voice quality, each with a 32%.

Temperature perception in the classroom: For “How do you
feel the temperature in your classroom?” , most teachers say it is
“warm” (3). 50% of the teachers’ answers are above 2 (“cold”),
and the average of opinions is 3 (“warm”). The temperature
perception has a standard deviation of 0.95 from the mean. For
“How do you feel towards the temperature of your classroom?”,
53.3% of the teachers are comfortable with it, and 46.7% aren’t.
For “Do you think that the classroom temperature affects your
voice?”, 58.9% of the teachers consider that temperature does
not affect their voice quality.

Subjects: Elementary school teachers must teach all the
subjects, except for Music and Physical Education, which
are optional for them. This situation results in a 41.1% of
the teachers teaching Music, and a 44.4% teaching Physical
Education.

Teaching Methodology: Tt was found that 27.8% of the
teachers give lecture-type classes, 23.3% use class guides for
the students to work on, 18% do dictations, 15.6% read out
loud for the students, 4.5% let the students present expositions,
4.4% use didactic games and 2.2% teach classes in open air.

Exposure time: The teachers use their voice to teach five
hours a day'?. Regarding the vocal rest, 50% can rest their
voice during their workday, and the other 50% can’t. The most
frequent amount of rest time is 30 minutes, with a mean and
median of 30 minutes. The teachers’ rest time deviates 12.63
minutes from the average.

Inferential analysis

After the descriptive analysis, the most significant variables
were chosen and correlated with the dysphonia variable (yes/
no) using the chi-square test. Here are the results.

The relationship between vocal rest and dysphonia was
established using the chi-square test (Table 1). The resulting
value for the test was 0.591, therefore the null hypothesis is
accepted and the investigation hypothesis is rejected, which

Table 1. Relationship between the vocal rest and the presence of dysphonia

Presence of dysphonia

Yes No Total p-value
Do you have vocal rest Yes 23 20 43 e
during your workday? No 21 43 44
Total 44 43 87

Chi-square test (p<0.05)
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Table 2. Relationship between the frequency of lecture-type classes and the presence of dysphonia

Presence of dysphonia

p-value
Yes No Total
Never 3 4
Seldom 4 11
How often do you teach
Often 3 6 0.327
lecture-type classes?
Usually 24 18 42
Always 9 16 25
Total 44 44 88

Chi-square test (p<0.05)

means there is no relation between vocal rest and dysphonia.

Afterwards, the variables of teaching Music and Physical
Education and presence of dysphonia were correlated. The
resulting values from the test were, respectively, of 0.184 and
0.787. Hence, there is no relation between these variables and
the presence of dysphonia.

Lastly, the most frequent teaching methodology is the
lecture-type class, which implies a continuous vocal use.
Nevertheless, the statistical correlation between the teaching
methodology and the presence of dysphonia resulted in a value
of 0.327 (Table 2), which argues for the inexistence of relation
between these variables.

DISCUSSION

Various studies!*'® report the existence of environmental
factors that can be related indirectly to the working ability and
thus contribute to the problem of dysphonia addressed in this
study, e.g. the exposure to contaminating agents, inadequate
weather conditions, background noise and limitations in voice
rest time. Furthermore, some reports suggest managing a labor
risk protocol that includes biological, chemical, ergonomic
and physical hazards in the vocal clinical medical records of
workers!"”. However, most of these investigations are descrip-
tive and do not state with certitude a relationship between the
aforementioned factors and voice disorders. In contrast, they
suggest a relationship between certain factors that have been
registered through the subjective perception of the assessed
teachers, and vocal disruptions diagnosed by a health profes-
sional. Still, no environmental measurements that confirm the
exposure levels can be evidenced. Moreover, in another study,
it is stated that no correlation can be found between presence
of dysphonia and environmental variables, such as classroom
temperature, humidity or suspended dust concentration'”. This
claim can be also evidenced in this study.

In the results, small classrooms were found, with a num-
ber of students according to the standards in NTC 4595. The
composing materials of ceilings, doors and windows, and
the closure of the two latter, do not contribute to the sound
attenuation. Muffling can be achieved using porous, perfo-
rated or slotted surfaces, with deep and narrow junctures,
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and never with smooth ones. Among the recommended floor
materials are rubber, vinyl, rug and jute. For walls, grout
mortars, concrete and nude brick. For ceilings, plaster tiles,
friezes and cornices. It is recommended that the doors and
window frames are not smooth, and the paint is matte and
corrugated'). Moreover, in order to obtain more objective
data regarding the acoustics of the classrooms, reverb time
measurements are recommended for further investigations'®.
Another study suggests classifying the classrooms according
to their condition in Types O-IIT and IV-VI using PN EN ISO
3382-1:2009 Acoustics - Measurement Of Room Acoustic
Parameters - Part 1: Performance Spaces!'®.

The tendency in noise measurements in classrooms shows
that it is above the standards for this type of environment"?.
These high noise levels induce a Lombard effect!: the teacher
must rival the background noise and increase the voice intensity
in order to be heard. So, noise affects the voice®*?" intensity
in teachers, and especially the one coming from the students.
Also, acoustics in the classroom has an impact on the teachers’
voice"*??. There is also a connection between the presence of
noise in the harmonics and voice disruption, and high noise
levels®®. Hence, a considerable number of teachers claim to
have voice disruptions connected to high noise levels in the
classroom®?, Furthermore, the temperature and humidity
measurements show a warm humid weather tendency, and
there was no correlation of this factor with the presence of
dysphonia. At this point, it is important for further studies to
assess the voice in other weather and temperature conditions.

Regarding the teaching methods and strategies, most
teachers use lecture-type classes and support of class guides
for the student to develop. No studies have been found that
report a connection between the teaching methods with voice
disorders. Nonetheless, it is evident that they are related to the
voice use time. In fact, there is a connection between vocal
disability and professional vocal effort (years labored x hours
of workday)®@%?”, Thus, elementary school teachers are parti-
cularly at risk, since they have few voice resting opportunities
in their workdays'¥. Furthermore, a related study claims that
vocal pathologies are connected to having labored as teacher
for more than seven years®.

It was not possible to establish a direct connection between
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the fact of teaching Music or Physical Education and the pre-
sence of dysphonia, although the teachers of these areas are four
times more likely to acquire voice disruptions than others®-?,
It is important to clarify that the assessed teachers in this study
do not teach these areas full time, but they are an addition to
their statutory workload.

CONCLUSION

Following the general objective of this study, which in-
tended to outline the factors of the work environment and the
intrinsic factors of the teaching practice that have an impact
on teachers’ voice, the following are the conclusions that can
be inferred.

Neither the aspects of the teaching environment nor the
intrinsic factors of the teaching practice are directly connected
to the presence of dysphonia. They comprise a set of associated
elements that do not trigger by themselves voice disorders.
Hence, this study helps ruling out supposedly contributing
factors in the etiopathogenesis of vocal disorders, like envi-
ronmental and intrinsic factors. Moreover, it helps setting the
targets for intervention in elementary school teachers’ vocal
health, focusing on the relief of triggering factors. However, the
reduction of associated ones must be considered in healthcare
programs as well.

Evidently, school teaching is a labor with a high risk of
developing voice disruptions. This is why it is of the utmost
importance that entities like professional risk administrating
institutions (ARL, by their acronym in Spanish for “administra-
doras de riesgos laborales”), as well as healthcare entities, have
knowledge of occupational dysphonia, so that they motivate
awareness and prevention campaigns in the most vulnerable
population. Further investigations in this area are recommen-
ded, which outline the index of occupational dysphonia present
in teachers.
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