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Abstract                   

Introduction: Treating sources of noise is a novel aspect of voice ergonomics intended to enhance 

the preconditions for good voice production and easy listening. Objective: To improve experiences 

of listening and voice ergonomics in classrooms.  Methods: Participants were two female 

elementary school teachers with voice symptoms and their pupils (N=50). Two interventions were 

performed:  the Acoustic Intervention and then the Workshop Intervention where the teachers and 

pupils were active. Teachers’ voice symptoms and pupils’ and teachers’ experiences of the 

interventions were elicited by questionnaire.  Results: The teacher with many voice symptoms 

experienced more annoyance from sounds and benefitted more from the interventions. After the 

interventions both teachers suffered fewer voice breaks and voice symptoms such as lump and 

mucus in the throat. The pupils reported improvement in the teachers’ voice clarity and audibility  

(p = 0.001). Pupils aged 12-13 years were more annoyed by sounds than those aged 8-9 years (p = 

0.003). The older pupils experienced less sound annoyance after both interventions and the younger 

ones after the Workshop Intervention. Conclusions: The importance of good acoustics and  

individuals’  ability to  improve voice ergonomics and listening conditions was demonstrated.          

 

    

    

Introduction    

Noise during lessons consists mainly of teachers’ and children’s speech and activities and also of 

noise from devices such as those used in teaching [1][2]. Recently such noise has been referred to as 

activity noise and has been investigated separately from background noise, which is continuous and 

typically consists of noise due to ventilation, heating and lighting [1][2]. Noise levels during lessons 

may vary from 58 to 73 dB depending on the activities [3][4][5][6][7]. Because the activity noise 

tends to cover the teacher’s voice to a considerable extent, the teaching process is rendered more 
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difficult and this is also detrimental to listening conditions in the classroom [6][8][9][10][11]. Both 

teachers and children have reported activity noise such as speaking and sounds from furniture being 

moved as the loudest and most annoying sounds in the classroom [5][12][13][14].  

 

An unconscious reaction to speaking in a noisy environment is to increase the vocal effort by 

changing e.g. voice loudness and pitch (the Lombard effect) [15][10][16]. Elementary school 

teachers face this phenomenon daily because activity noise levels in classrooms have been shown to 

be high [1][6][17][18][19][20]. Poor classroom acoustics affects noise levels, teachers’ voice usage 

and children’s learning outcomes and also the wellbeing of teachers and children [5][21][22][23]. It 

is known that music and sports lessons include intermittent loud sounds [6][18] [19]. In addition to 

this, Pirilä et al. [20] found that activity noise level during lessons in core subjects (mathematics, 

science, etc.) was also high and had a loading impact on female teachers’ voices. They concluded 

that improving the condition of teachers’ voices necessitates decreasing activity noise levels during 

lessons.  

 

Observing and addressing sources of noise are an integral part of what is known as voice 

ergonomics recently developed with a view to improving the precondition for good voice and 

speech production and also for easy listening [24]. According to earlier research, teachers and 

pupils do not know enough about the harmful effects of noise and how to reduce noise through their 

own actions [25][26]. It has also been found that the level of activity noise is actually higher for 

children than for adults since the children are closer to the floor [27]. A few studies based on school 

and daycare settings have reported potential activities to raise awareness of activity noise and to 

implement measures to reduce it (e.g. lectures on noise, developing games about noise in order to 

increase awareness of the harmful effects of noise, using toys causing less noise and having firmer 

pedagogical control) [28][29][30].  Even though children's ability to recognize situations where the 



4 

noise is too loud is weaker than that of adults [31], children are able to some extent to estimate the 

intensity and harmfulness of the surrounding noise levels [1][25][31][32][33][34][35][36]. In 

addition, research has shown that nearly all children and adolescents are able to name at least one 

action to decrease noise levels [25].  It has also been found that higher sensitivity to noise 

annoyance is related to higher cognitive load in the tasks of older pupils [36]. 

The purpose of the present study was to assess whether it is possible to enhance voice ergonomics 

and listening conditions during lessons and to decrease teachers’ and pupils’ experiences of sound 

annoyance by means of a two-phase intervention: first, an Acoustic Intervention and second a 

Workshop Intervention, being attempts to increase the pupils’ and teachers’ awareness of noise in 

the school environment and to guide them to carry out noise reducing actions.  In addition, an 

attempt was made to identify the variables most characteristic of children’s experiences of listening 

and learning conditions and furthermore, to ascertain the role of age.  

The research questions were as follows: (1) Do the teachers’ voice symptoms change after the 

interventions? (2) Do the teachers’ and pupils’ experiences of annoyance at the sounds during 

lessons change after the interventions? (3) Do the pupils’ experiences of the clarity and audibility of 

their teacher’s voice change after the interventions? (4) Do the pupils´ experiences of the listening 

conditions change after the interventions? (5) What variables best characterized pupils’ experiences 

of listening and learning conditions? (6) Do the children’s ages affect the degree of annoyance at 

sounds during lessons?  

Material and methods       
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2.1 Participants 

The participants were two female teachers with voice symptoms (Teachers A and B) and their 

pupils (Groups A and B) from elementary schools (Table 1). The teachers were recruited from a 

larger ongoing voice ergonomic and rehabilitation study. Five teachers reported having inadequate 

acoustics in their classrooms. Of these teachers one with younger pupils (aged 8-9 years) and one 

with older ones (aged 11-12 years) were selected. The teachers had no hearing loss or neurological 

disorders, they were non-smokers and their mother tongue was Finnish. The teachers, children and 

their parents were informed as follows: acoustic panels will be installed in the classroom, during the 

workshop meetings information will be given about noise and children will be guided to identify 

sources of noise during lessons and to evince ideas about how these noise problems could be 

solved. Participation was voluntary. All the pupils were willing to be involved. 

 

Table 1. Background information on teachers, pupils and classrooms.* SFS EN ISO 3382-2 [37] 

 

 

2.2 Interventions and Timetable for Measurements  

Acoustic Intervention (Acoust Int) 

The phases and the timetable of the study are presented in Figure 1. At the initial stage, the ceilings 

of the classrooms were partly covered by sound absorbing materials and the other surfaces were 

Teachers A 

40-year-old female with working history of 

twelve years. 

B 

38-year-old female with working history 

 of eight years. 

 

Pupils Group A 

N=15  

2nd and 3rd grade, 

children aged between 8 and 9 years 

Group B 

N=35 

6th grade, 

children aged between 12 and 13 years 

 

Classrooms  Median background noise level measured in 

empty classroom was 35 dB (LAeq). 

 

Median activity noise level during lessons was 

60 dB. 

 

Reverberation time met the standards at  

frequencies of 1000 – 4000 Hz, but exceeded the 

standards* 0,1 s at frequencies of 125 – 500 Hz. 

 

Median background noise level measured in 

empty classroom was 35 dB (LAeq) 

 

Median activity noise level during lessons was 

58 dB. 

 

Reverberation time met the standards* at all  

frequencies  measured (125 – 4000 Hz).  
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acoustically sound reflective hard materials. In both classrooms the Acoustic Intervention was 

carried out by adding acoustic panels to the ceiling and to the rear wall.  The acoustic design and 

measurements were performed by the author JJ (acoustics planning manager) and by the company 

A-Insinöörit Ltd, Oulu, Finland.  More detailed information on the Acoustic Intervention and the 

acoustic measurements has been published elsewhere [38]. 

Workshop Intervention (WS Int) 

The WS Int consisted of three weekly 45-minute meetings. For practical reasons the first workshop 

meeting was held six weeks after the Acoustic Intervention. During the meetings information was 

given about noise and its effects on voice production and listening in everyday life and in the 

classroom context (more detail in Appendix I). Children were additionally given so-called noise 

passports and were instructed to write or draw their observations of sources of noise during lessons 

and ideas about how noise problems could be solved. Based on the summaries of the noise 

passports the children planned and implemented noise controlling solutions with the help of the 

teachers and researchers (authors SP, JJ, ENH, LR and speech pathology students HL and VL) 

during the second and third meetings.  

    Figure 1. Study design.    

2.3. Teachers’ Voice Symptoms  

Teachers’ voice symptoms were evaluated with a modified version of the voice screening method 

by Simberg et al. [39]. Teachers were asked if their voices felt tired, hoarse or dry, if their voices 

did not penetrate the noise, if they had voice breaks or aphonia and if they had a feeling of a lump, 
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irritating mucus or pain in their throats.  For the analyses the score from the voice questionnaire was 

summarized (0 = less than once a year, or never, 1 = a couple of times a year or occasionally, 2 = 

about once a month or quite often, 3 = almost every week or very often).  The minimum total score 

was 0 and the maximum 27.  Our self-report questionnaire reveals the number of voice symptoms 

and their frequency but it has no criterion for voice disorder.  This was used because we wanted to 

elicit the daily dysfunctions caused by voice malfunctioning according to the framework of the ICF 

(the World Health Organization’s International Classification of Functioning, Disability and Health) 

[40]. 

 

  

2.4. Teachers´ and Pupils’ Experiences   

Teachers’ and pupils’ experiences of the annoying sounds during lessons and pupils’ experiences of 

the teacher’s voice were elicited with a questionnaire (Table 2) developed for this study and based 

on the literature [14][35][36][41] and our own clinical experience. The responses were given once 

each measuring day (before the interventions, after the Acoustic Int and after the WS Int) by 

marking a 100 mm long visual analogue scale (VAS) [42]. The higher the score the greater the 

perceived disadvantage. The minimum score for each question was 0 and the maximum 100 (0 = 

perfect match with the assertion, 100 = no match at all with the assertion). Before completing the 

questionnaire the children practised using the VAS with the help of the researchers. By 

summarizing the score of the questionnaire items the parameters “Teachers’ Experiences of the 

Annoyance of Sounds During Lessons” and “Pupils’ Experiences of Annoyance from Sounds 

During Lessons” were formed.    

 

Table 2. Items elicited in questionnaires (abbreviations in parentheses). 

Teachers were asked if Pupils were asked 
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 Extra talk of pupils was annoying (Extra talk of 

pupils). 

 Sounds of pupils’ activities were annoying (Pupils’ 

activities). 

 Sounds of furniture being moved were annoying 

(Furniture). 

 Noise from the corridor was annoying (Corridor). 

 Noise coming from outside was annoying (Noise 

coming from outside). 

 Noise from ventilation was annoying (Ventilation).  

 There was echo in the classroom (Echo).  

 

 

 About the clarity of the teacher’s voice (Clarity). 

 About the loudness of the teacher’s voice (Loudness). 

 If the teacher needed to raise her voice (Need to raise). 

 If they needed to concentrate in order to hear the teacher’s 

voice (Need to focus). 

 If extra talk of other pupils in the class was annoying 

(Gabble). 

 If the other pupils talked a lot during lessons (Amount of 

gabble). 

 If sounds from other pupils’ disturbing activities were 

annoying (Rattle, chatter). 

 If the classroom was noisy or quiet during lessons (Peace 

during lesson). 

 If sounds from furniture were annoying (Furniture noise). 

 If sounds from the corridor were annoying (Corridor 

noise). 

 If noise from outside was annoying (Outside noise). 

 If sounds from the ventilation system were annoying  

(Ventilation noise). 

 

  

 2.6 Statistical Analyses          

The statistical analyses were done using SPSS software (IBM SPSS Statistics v. 22, Armonk, NY).   

Means of the sum score were used when analysing the data from the questionnaires on the teachers´ 

and pupils’ experiences of the annoying sounds during lessons and of the pupils’ experiences of the 

clarity and audibility of the teacher’s voice. Raw scores were used when reporting the results of the 

teachers’ voice symptoms.  

Exploratory factor analysis was used to identify the variables which best characterize children’s 

experiences of listening and learning conditions and to find out if the children’s ages affected this. 

The items of the questionnaires were analysed by principal component analyses with orthogonal 

rotation (Varimax). The factor structure of the questionnaire on the pupils’ experiences was 

investigated using eigenvalues (values > 1.0 as a criterion) and accounted variances. Sum scores 

were calculated for each factor from the items at every measuring point. 

 

Repeated measures of ANOVA was used to examine differences between the experiences of the 

pupils in Groups A and B at various time points (first with the total sum score and afterwards with 
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each of the factors).          

 

   

3. Results      

3.1 Teachers’ Voice Symptoms  

Before the interventions the teachers had reported several weekly and monthly occurring voice 

symptoms. After the interventions there were only minor changes in the voice symptoms of Teacher 

A, whose total score was 7 points before the interventions, 6 points after the Acoustic Int and 8 

points after the WS Int.  By contrast, there was a notable decrease in the voice symptoms of Teacher 

B after the interventions:  her total score was initially 20 points, after the Acoustic Int it was 10 

points and after the WS Int it was 3 points.  After the Acoustic Int both teachers suffered less from 

the voice symptoms “I feel a lump in my throat” and “I feel irritating mucus in my throat” and after 

WS Int they suffered less often from the voice symptom “I have voice breaks when talking”.   

 

 3.2 Teachers’ Experiences of the Annoyance of the Sounds During Lessons   

After the Acoustic Int both teachers reported less annoyance from the sounds during lessons (Fig. 

2). After the WS Int the annoyance decline continued for Teacher B but not for Teacher A. Before 

the interventions, Teacher B had experienced more annoyance from the sounds than had Teacher A 

and Teacher B benefitted more from both interventions. Both teachers experienced less annoyance 

from the pupils’ extra talk and activities and also from the corridor noise after the Acoustic Int (Fig. 

3), but their experiences varied in the case of the noise of moving furniture, of the noise coming 

from outside the school building, of ventilation noise and of echo in the classroom. After the WS Int 

both teachers found the furniture noise less annoying, but otherwise their results varied. Teacher A 

reported less annoyance from echo in the classroom and more annoyance from pupils’ activities and 

from corridor noise. Annoyance from the extra talk of pupils and from noise coming from outside 
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did not change. Teacher B was less annoyed by pupils’ activities and noise from the corridor and 

ventilation. She reported more annoyance from the extra talk of pupils and from noise coming from 

outside and she found there was more echo in the classroom. 

 

    

Figure 2. Mean values of teachers’ experiences of annoyance from sounds during lessons. The 

higher the score the greater the perceived annoyance (VAS 0–100 mm). Pre=before the interven-

tions, Acoust Int=after the Acoustic Intervention, WS Int=after the Workshop Intervention.  

 

 

 

 

 

 

 

Figure 3. Reported experiences of Teachers A and B of annoyance from sounds and changes therein 

after the interventions. The higher the score the greater the perceived annoyance (VAS 0–100 mm).  



11 

 

Pre=before the interventions, Acoust Int=after the Acoustic Intervention, WS Int=after the 

Workshop Intervention. 

  

 

3.3  Pupils’ Experiences of Sounds During Lessons and the Effect of Age 

Experiences of the sound environment improved after the WS Int for Group A and after both 

interventions for Group B (Fig. 4). The older pupils (Group B) suffered significantly more from 

activity noise than did the younger ones (Group A), F(1, 48) = 799,906, p = 0.003. The results 

showed that the experiences of pupils in Groups A and B changed statistically significantly, F(2, 

96) = 5,718, p = 0 .005 over time.  

 

 

 

 
Figure 4.  Mean values of pupils’ reported experiences of annoyance from sounds during lessons. 

Group A (n=15), Group B (n=35). The higher the score the greater the perceived annoyance (VAS 

0–100 mm). Pre=before the interventions, Acoust Int=after the Acoustic Intervention, WS Int=after 

the Workshop Intervention. 
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Underlying Factors for Pupils’ Experiences 

The Exploratory Factor Analysis showed that four distinct factors underlay pupils’ responses to the 

questionnaire about the annoying sounds during lessons. These factors were labelled according to 

the highest communalities of the variables (more detailed in Appendix II).   

 

Factor 1: Clarity and Audibility of Teacher’s Voice.  

For both groups there was a statistically significant improvement in the perceived clarity and 

audibility of the teacher’s voice after the interventions (p = 0.001). Post hoc tests with Bonferroni 

correction showed that pupils in Group B heard the teacher’s voice significantly better after WS Int 

(mean = 1.480; SD 1.4479; p = 0.005) than in the initial phase (mean = 2.374; SD 1.7621). The 

tests also showed that in Group B the pupils need to concentrate in order to hear the teacher’s voice 

was significantly reduced after WS Int (mean = 1.680; SD 1.37879; p = 0.016) compared to the 

initial phase (mean = 2.374; SD 1.7621). The experiences of Group A did not change statistically 

significantly.   

 

Factor 2: Creating and Maintaining a Peaceful Learning Atmosphere During Lessons 

 After the interventions the groups reported no improvement in peacefulness during lessons (p = 

0.676).      

 

Factor 3: Annoyance of Irritating Noise from Ventilation, Corridor and Furniture 

For both groups there was a statistically significant decrease in the experience of annoyance from 

irritating noise from ventilation, corridor and furniture (p = 0.015).  The groups’ reported 

experiences of annoyance differed significantly (p = 0.0019) on the items “Sounds from furniture” 

and “Sounds from the corridor”. Post hoc tests with Bonferroni correction showed that in Group A 

the annoyance from the irritating noise from furniture (mean 2.1933; SD 2.07243; p = 0.009) and 



13 

 

corridor (mean = 3.040; SD 2.15963; p = 0.014) diminished significantly after the WS Int compared 

to the phase after the Acoustic Intervention (mean = 4.280; SD 1.7072 and mean = 5.167; SD 

2.2815 respectively).  The experiences of Group B did not change statistically significantly.   

 

    

Factor 4: Annoyance from Other Pupils’ Extra Disturbing Activities and Speech.  

After the interventions the pupils’ reported experiences of the disturbing activities and extra talk of 

their classmates did not diminish in either group (p = 0.199). Post hoc tests with Bonferroni 

correction showed that the groups’ experiences differed significantly (p = 0.001) on the item “There 

is usually a lot of extra talk by other pupils during lessons”. Children in Group B reported 

experiencing significantly less extra talk by other pupils after WS Int (mean = 6.457; SD 1.3178; p 

= .005) compared to the initial phase (mean = 7.066; SD 1.2714).  The experiences of Group A did 

not change statistically significantly.   

 

  

Discussion      

In this study we wanted to assess whether it is possible to alleviate experiences of sound annoyance 

and to improve listening conditions and voice ergonomics in classrooms by means of a two-phase 

intervention: first, an Acoustic Intervention and second, a noise controlling Workshop Intervention. 

The target was specifically that teachers and their pupils would commit to the noise controlling 

workshop process. Both teachers and pupils participated actively and innovatively in the Workshop 

Intervention and they found that the listening conditions in the classrooms improved and sound 

annoyance decreased. Voice ergonomic conditions were also better after the interventions; the 

Workshop Intervention in particular seemed to improve them. After this intervention the teachers  

reported fewer voice breaks during lessons. Both older (aged 12-13 years) and younger (aged 8-9 
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years) pupils reported experiencing their classroom sound environment in much the same way as 

their teachers. The older pupils were more sensitive to noise annoyance during lessons than were 

the younger ones. After the interventions the older pupils reported hearing their teacher’s voice 

significantly better and they were less annoyed by the extra talk of their classmates. The younger 

pupils benefitted greatly from the functional approach in the Workshop Intervention and they 

reported less annoyance from furniture and corridor noise. Both teachers and pupils commented 

spontaneously on their experiences of the interventions during our research, especially in the course 

of the workshops. We report some of these comments in this discussion section.   

 

 

Teachers’ Voice Symptoms after the Interventions     

The results show that the teacher with many voice symptoms in particular benefitted from the 

interventions. The other teacher, who had fewer voice symptoms, reported a slight increase in 

symptoms after the interventions. This increase may be attributable to heightened awareness of 

voice usage. We could also speculate if the end of the spring term entailed vocally demanding tasks 

(e.g. lots of discussions with parents, school celebrations).  Both teachers commented spontaneously 

that it was easier and softer to speak after the acoustic intervention. Kristiansen et al. [43] in their 

study on 102 teachers found no statistically significant effect of the acoustic refurbishment on 

teachers´ voice hoarseness and fatigue after work. It is possible that the differences between the 

findings of these studies are attributable to the small number of teachers in our case study and the 

different method of assessing the voice symptoms after work. In addition, there may have been 

factors that could have affected the teachers’ voice production in the present study but that were not 

assessed, such as indoor air quality and reflux. These ought to be assessed in further studies.  
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Annoyance from Noise after the Interventions      

As a whole, the results were largely as expected: after the Acoustic Intervention both teachers 

reported that the classroom sound environment was better, which concurs with the earlier studies by 

Sjödin et al. [29] and Kristiansen et al. [43]. There was also less echo in the classrooms, as shown 

previously in studies on acoustic refurbishment [5]. The findings of the present study are interesting 

because the reverberation times and background noise levels in the classrooms almost met the 

standards [37] even before the interventions. Might it therefore be that acoustic recommendations 

for speaking conditions are not yet adequate?  

 

After the acoustic intervention both teachers found noise from corridors less annoying. This result 

differed from the findings of Sala and Rantala [5], who reported an increase in annoyance from 

corridor noise after the acoustic treatment since corridor noise is more audible in an attenuated 

classroom with lowered noise levels [44]. However, our result seems to suggest that improved 

attenuation may actually help to dampen noise coming from outside. The teachers’ experiences 

differed regarding annoyance from ventilation noise and noise coming from outside the school 

building. The teacher who had fewer voice symptoms and who taught the younger children found 

the ventilation noise less annoying and reported no changes in her annoyance at ventilation noise. 

The other teacher, who had many voice symptoms and who taught the older children, found the 

ventilation noise and the noise coming from outside more annoying after the acoustic intervention. 

Sala and Rantala [5] reported that after acoustic treatment there was an increase in annoyance from 

ventilation noise but no change in annoyance due to noise coming from outside. The difference 

could possibly be explained by the small number of participants in our study and their individual 

reactions to the annoyance due to noise.  
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After the workshops both teachers found the noise from moving furniture less annoying, but 

otherwise the teachers’ experiences were different.  The teachers spontaneously reported of the 

workshops that they were useful and functional and that after them the pupils paid more attention to 

the annoying extra talk and activities in the classroom.    

 

The older pupils (aged 12-13 years) reported experiencing less sound annoyance after both 

interventions and the younger ones (aged 8-9 years) after the WS Int. Pupils reported spontaneously 

during the workshops that it was important that they could improve their own learning 

environments and have an opportunity to create and implement actions themselves. These findings 

indicate that the workshop activities imparted to the children a sense of being able to influence their 

comfort in the classroom [25] and demonstrates that children and adolescents are to some extent 

able to estimate the surrounding noise level [3][12][14][29][34][35] and to invent noise abatement 

measures [14][25].  According to the results the younger pupils in particular benefitted from the 

functional approach and concrete operating instructions in the WS Int.     

 

Because the initial reverberation time and background noise level in the classrooms were quite the 

same, it seemed that the age of the pupils affected how they evaluated and experienced the sound 

environment. The pupils aged 12-13 years seemed to be more sensitive to noise annoyance during 

lessons. It is possible that such higher sensitivity to noise annoyance is related to the higher 

cognitive load in the tasks of older pupils [36].  

 

Pupils’ experiences of learning conditons after the interventions 

The factor analysis of the pupils’ questionnaire revealed four underlying factors explaining the 

learning conditions in the classroom. To some extent these resembled the factors found in the study 

by Brännström et al. [12]. The pupils found that the clarity and audibility of the teacher’s voice 
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improved significantly after the acoustic treatment, which corroborates the findings of Sala and 

Rantala [5]. Pupils also reported that the annoyance of irritating noise from ventilation, corridor 

and furniture decreased significantly after the interventions, which may have reduced the children’s 

need to concentrate hard in order to hear what the teacher was saying. Just like the previous factor 

clarity and audibility of the teacher’s voice, the listening conditions improved after the acoustic 

interventions and further still after the workshops. These results are noteworthy; it is essential for 

learning that the pupils can hear what the teacher is saying without excessive disturbances. 

Annoyance due to other pupils’ extra disturbing activities and talk decreased significantly in the 

pupils aged 12-13 years after the WS Int. It seemed that these older children were able to control 

their behaviour better than were the younger pupils. Sala and Rantala [5] have also reported that 

after the acoustic treatment pupils were less annoyed by the extra talk of other pupils.  

Neither of the interventions improved the factor Creating and maintaining a peaceful learning 

atmosphere during lessons. It is possible that the children’s perceptions of peace to work during 

lessons were very individual. These might have been better elicited through more items on this in 

the questionnaire.           

 

Methodological Considerations      

The results of this case study are indicative, and more data should be provided for better reliability 

and significance.     

  

 

Conclusions    

The results showed that the Acoustic Intervention together with the Workshop Intervention 

decreased participants’ experiences of sound annoyance and enhanced listening conditions and 

voice ergonomics in the classrooms. The Workshop Intervention was easy to carry out and 
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motivated the children and teachers to pay attention to their own actions in order to reduce the 

activity noise during lessons. Noise management should not merely be a part of the physical 

environment; it should also include active and inclusive collaboration between specialists in voice 

and acoustics and teachers and pupils.               

 

 

 

Ethical Consideration 

The study was approved by the Regional Ethics Committee of the Northern Ostrobothnia Hospital 

District and by the Education and Culture Authority of the City of Oulu. The study is registered in 

ClinicalTrials.gov. 

 

Disclosure Statement 

SP, ENH, AY, LR:  The authors have no conflicts of interest to declare. 

JJ:  Working as Planning Manager of Acoustics at A-Insinöörit Ltd, Oulu, Finland. 

 

Acknowledgement     

The data for this article was collected for the Master’s theses by Hanna Lehto and Viivi Leskelä at 

the Faculty of Humanities/Logopedics, Child Language Research, University of Oulu, Finland. We 

warmly thank the teachers and pupils for their kind co-operation and teamwork. We would like to 

thank Jesse Lietzén, Antti Kivelä, Timo Ojanperä and Riikka Vesteri for the technical support and  

Virginia Mattila for correcting the language of the manuscript. 

 

 

 



19 

 

Funding Sources 

The acoustic materials and their installation were funded by Paroc Oy, Oulu, Finland and the City 

of Oulu, Finland. The acoustic design and measurements was performed by A-Insinöörit Ltd, Oulu, 

Finland. 

 

Author Contributions  

SP conceived the original idea, designed and directed the study, performed the interventions 

and the analyses and took the lead in writing the manuscript. JJ, ENH and LR contributed to 

the design and implementation of the study and performed the interventions, the analyses and 

participated in the writing of the manuscript. AY assisted with the study design, the analyses 

and in writing the manuscript. All authors provided critical feedback and helped shape the 

research, analysis and manuscript.       

  

 

References     

[1] Sala E, Rantala L. Acoustics and activity noise in school classrooms in Finland. App Acoust. 2016 

Dec;114:252-9. 

[2] Rantala LM, Hakala S, Holmqvist S, Sala E. Classroom noise and teachers’ voice production. J 

Speech Lang Hear Res. 2015 Oct;58(5):1397-06. 

[3] Shield B, Conetta R, Dockrell J, Connolly D, Cox T, Mydlarz C. A survey of acoustic conditions 

and noise levels in secondary school classrooms in England. J Acoust Soc Am. 2015 

Jan;137(1):177-88. 

[4] Lundquist P, Holmberg K, Landström U. Annoyance and effects on work from environmental noise 

at school. Noise Health [serial online]. 2000 Feb[cited 2019 Jun 25];2(8):39–46.   



20 

 

[5] Sala E, Rantala L. Acoustics and voice ergonomy of the learning spaces – from research to 

implementation (in Finnish). Occupational Safety and Health Fund project. The final report. 2012 

May;109292.  

[6] Kristiansen J, Lund SP, Persson R, Shibuya H, Nielsen PM, Scholz M. A study of classroom 

acoustics and school teachers’ noise exposure, voice load and speaking time during teaching, and 

the effects on vocal and mental fatigue development. Int Arch Occup Environ Health. 2014 Jan;87: 

851–60. 

[7] Sarantopoulos G, Lykoudis S, Kassomenos P. Noise levels in primary schools of medium sized city 

in Greece. SCI Total Environ. 2014 Jun;482-3:493–00. 

[8] Durup N, Shield B, Dance S, Sullivan R. An Investigation into relationships between classroom 

acoustic measurements and voice parameters of teachers. Build Acoust. 2015 Jan;22(3-4):225–41. 

[9] Rantala LM, Hakala S, Holmqvist S, Sala E. Connections between voice ergonomic risk factors in 

classrooms and teachers’ voice production. Folia Phoniatr Logop. 2012 May;64:278–82.   

[10] Cooke M, Lu Y. Spectral and temporal changes to speech produced in the presence of energetic and 

informational maskers. J Acoust Soc Am. 2010 Oct;128:2059–69. 

[11] Lyberg-Åhlander V, Brännström KJ, Sahlén BS. On the interaction of the speakers’ voice quality, 

ambient noise and task complexity with children’s listening comprehension and cognition. Front 

Psychol [Internet]. 2015 Jun[cited 2019 Jun 25];6:871. Available from:  

https://doi.org/10.3389/fpsyg.2015.00871. 

[12] Brännström KJ, Johansson E, Vigertsson D, Morris DJ, Sahlén B, Lyberg-Åhlander V. How 

children perceive the acoustic environment of their school. Noise Health. 2017 Mar-Apr;19:84-94 

[13] Kristiansen J, Lund SP, Nielsen PM, Persson R, Shibuya H. Determinants of noise annoyance in 

teachers from schools with different classroom reverberation times. J Environ Psych. 2011 

Dec;31:383–92. 



21 

 

[14] Boman E, Enmarker I. Factors affecting pupils’ noise annoyance in schools: The building and 

testing models. Environ Behav. 2004 March;36(2):207-8. 

[15] Lane H, Tranel B. The Lombard sign and the role of hearing in speech. J Speech Lang Hear Res. 

1971 Dec;14:677-09. 

[16] Garnier M, Henrich N, Dubois D. Influence of sound immersion and communicative interaction on 

the Lombard effect. J Speech Lang Hear Res. 2010 Jun;53(3):588–08.  

[17] Shield B, Dockrell J. External and internal noise surveys of London primary schools. J Acoust Soc 

Am. 2004 Feb;115:730–8. 

[18] Schmidt P, Morrow SL. Hoarse with no name: Chronic voice problems, policy and music teacher 

marginalisation. Music Educ Res. 2015 Mar;18:109-26. 

[19] Behar A, MacDonald E, Lee J, Cui J, Kunov H, Wong W. Noise exposure of music teachers. J 

Occup Environ Hyg. 2004 Apr;1(4):243-7. 

[20] Pirilä S, Pirilä P, Ansamaa T, Yliherva A, Sonning S, Rantala L. Relationship between activity 

noise, voice parameters, and voice symptoms among female teachers. Folia Phoniatr Logop. 2017 

Dec;69:94-02. 

[21] Klatte M. Effects of classroom acoustics on performance and well-being in elementary school 

children: A field study. Environ Behav. 2010 Sept;42(5):659-92. 

[22] Sala E, Airo E, Olkinuora P, Simberg S, Ström U, Laine A, et al. Vocal loading among day care 

center teachers. Log Phon Vocol. 2002 Sep;27(1):21-8.   

[23] Neuman AC, Wroblewski M, Hajicek J, Rubinstein A. Combined effects of noise and reverberation 

on speech recognition performance of normal–hearing children and adults. Ear Hear. 2010 

Jun;31:336–44. 

[24] Sala E, Rantala L. Voice ergonomics: occupational and professional voice care. 1st ed. Newcastle 

upon Tyne: Cambridge Scholars Publishing, 2019 Mar; p.1. 



22 

 

[25]  Maèiûnas E, Virbickienė E Ž, Marcijonas A, Juozulynas A, Lukšienė A. Evaluation of pupils’ 

awareness of noise and its sources. Acta Med Litu. 2005 Oct;12:64–9. 

[26]  Jiménez-Tejada MP, Hódar JA, González-García F. Noise, what noise? Raising awareness of 

auditory health among future primary-school teachers. Teach Teach Educ. 2012 Jun;28:1083–90. 

[27]  McAllister A, Granqvist S, Sjölander P, Sundberg J. Child Voice and Noise. A Pilot Study of 

Noise in Day Cares and the Effects on 10 Children’s Voice Quality According to Perceptual 

Evaluation. J Voice. 2009 Apr;23:587-93. 

[28]  Franca AG, Roggia SM, Stephan P. Educational activities to increase noise awareness between 

children and young adults – examples from Brazil’s Santa Catarina State. Inter-Noise and Noise-

Con Congress and conference proceedings. 2012 Aug:9561-71. 

[29]  Sjödin F, Kjellberg A, Knutsson A, Landström U, Lindberg L. Measures against preschool noise 

and its adverse effects on the personnel: an intervention study. Intern Arch Occup Environ Health. 

2014 Jan;87(1):95–10. 

[30]  Jonsdottir V, Rantala LM, Oskarsson GK, Sala E. Effects of pedagogical ideology on the perceived 

loudness and noise levels in preschools. Noise Health. 2015 Sept;17:282-93.   

[31]  Babisch W, Schulz C, Seiwert M, Conrad A. Noise annoyance as reported by 8-to 14-year-old 

children. Environ Behav. 2012 Jan;44:68–86.   

[32]  Becker M, Caminiti S, Fiorella D, Francis L, Gravino P, Haklay M, et al. Awareness and learning 

in participatory noise sensing. [Internet]. 2013 Dec [cited 2018 May 19];8:12. Available from: 

PLoS ONE8(12): e81638. doi:10.1371/journal.pone.0081638. 

[33]  Christidou V, Dimitriou A, Barkas N, Papadopoulou M, Grammenos S. "Young noise researchers": 

An intervention to promote noise awareness in preschool children. J Baltic Science Educ. 2015 

Nov;14(5):569–85. 

[34] Dellve L, Samuelsson L, Persson Waye K. Preschool children’s experience and understanding of 

their soundscape. Qual Res Psychol. 2013 Jan;19(1):1-13. 



23 

 

[35] Persson Waye K, Van Kamp I, Dellve L. Validation of a questionnaire measuring preschool 

children’s reactions to and coping with noise in a repeated measurement design. BMJ Open. 

2013;3:e002408.doi:10.1136/bmjopen-2012-002408. 

[36] Connolly DM, Dockrell JE, Shield BM, Conetta R, Cox TJ. Adolescents' perceptions of their 

school's acoustic environment: The development of an evidence based questionnaire. Noise Health. 

2013 Jul-Aug;15:269-80.   

[37]  SFS-EN ISO 3382-2. Acoustics. Measurement of room acoustic parameters. Helsinki: the Finnish 

Standardization Association. 2008. Part 2: Reverberation time in ordinary rooms. 

[38] Jokitulppo J. Pirilä S, Niemitalo-Haapola E, Rantala L. An acoustic intervention and a noise 

controlling workshop: how to improve the sound environment in classroom? In Finnish. In: Vinha 

J, Kivioja H, editors. The latest study results and good practical solutions. The fifth seminar. 

Building engineering, Building Physics. Tampere: Tampere University of Technology;2017. Part 

2;p.597-602. 

[39] Simberg S, Sala E, Laine A, Rönnemaa A. A fast and easy screening method for voice disorders 

among teacher students. Log Phon Vocol. 2001 Feb;26:10-6. 

[40] Ma E, Yiu E, Abbot K. Application of the ICF on voice disorders. Semin Speech Lang. 2007 

Nov;28(4):343-50. 

[41] Dockrell JE, Shield B. Children’s perceptions of their acoustic environment at school and at home. J 

Acoust Soc Am. 2004 Jun;115(6):2964-73. 

[42] Kempster GB, Gerratt BR, Abbott KV, Barkmeier-Kraemer J, Hillman RE.   

      Consensus Auditory-Perceptual Evaluation of Voice: Development of a standardized 

     clinical protocol. Am J Speech Lang Path. 2009 May;18(2):124 -32.   

[43] Kristiansen J, Lund SP, Persson R, Challi R, Lindskov JM, Nielsen PM, et al. The effects of 

acoustical refurbishment of classrooms on teachers’ perceived noise exposure and noise-related 

health symptoms. Int Arch Occup Environ Health. 2016 Feb;89(2):341-50. 



24 

 

[44] Kuronen J. A continuous sound power distribution algorithm for modeling long corridor sound 

fields [dissertation] (in Finnish). Lappeenranta: Acta Universitas; 2013 Aug; p. 28.  

  

Figure 1. Study design.  
 
 

Figure 2. Mean values of teachers’ experiences of annoyance from sounds during lessons. The 

higher the score the greater the perceived annoyance (VAS 0–100 mm). Pre=before the interven-

tions, Acoust Int=after the Acoustic Intervention, WS Int=after the Workshop Intervention.  

Figure 3. Reported experiences of Teachers A and B of annoyance from sounds and changes therein 

after the interventions. The higher the score the greater the perceived annoyance (VAS 0–100 mm).  

Pre=before the interventions, Acoust Int=after the Acoustic Intervention, WS Int=after the 

Workshop Intervention. 
 

 

      

Figure 4.  Mean values of pupils’ reported experiences of annoyance from sounds during lessons. 

Group A (n=15), Group B (n=35). The higher the score the greater the perceived annoyance (VAS 

0–100 mm). Pre=before the interventions, Acoust Int=after the Acoustic Intervention, WS Int=after 

the Workshop Intervention. 

 
 

 

 Appendix I. Content of the Workshop Intervention (WS Int).   

First meeting 
Noise orientation: Lectures about noise and its effects. Examples of different kinds of sounds and noise 

sources.  Noise sources in the classroom. Is it possible to reduce noise? Children measured levels in the 

classroom with a noise level meter by the help of the researchers. 
Noise demonstration: Children were divided into three groups with different tasks. The first group recited 

words at the front of the classroom, the second group listened to them at the back of the classroom and at the 

same time the third group made irritating sounds in the middle of the classroom. By turns the groups 

exchanged their locations in order to do all three tasks. How did it feel to speak and listen in a noisy 

environment?      
Noise passports and noise measurement with a smartphone noise meter application: Children were asked to 

write down in their noise passports their observations of the annoying noise sources in the classroom and 

their ideas for reducing the noise levels they noticed. Children were guided to measure the noise levels with 

their smartphone noise meter applications. Children having no smartphones of their own could measure with 

a classmate, a researcher or teacher. After 2-3 days the noise passports were gathered and analysed by the 

researchers. 
Second and third meetings   
Analysing the noise passports. According to children the main annoying noise sources in the classroom 

during lessons were extra talk of the children themselves, sounds from chairs, sounds from searching for 

pencils and pencil cases from backpacks during lessons. Goals and methods were set on the basis of the 

summary of the children’s noise passports 
Goal 1: To reduce the extra talk of the children themselves. Method: All the children wrote two similar 

sentences or drew two similar pictures on a piece of a soft baize that served as a reminder to themselves to 

reduce extra talk. One of the sentences/drawings was stitched or glued to a big board that was placed on the 
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classroom wall as a common reminder. The other sentence/drawing was placed on the child’s desk as a 

reminder (Fig. 5). 
Goal 2: To reduce the noise from chairs. Method: Noise reducing socks for the chairs were made with a 

piece of a soft felt fastened to the legs of the chairs by the children with the help of the teachers and the 

researchers (Fig. 5). 
Goal 3: To reduce the annoying sounds that come from searching for pencils and pencil cases from 

backpacks during lessons. Method: In Classroom A the children sat around a round table (five children per 

table). A round underlay made of a soft felt was placed in the middle of the table. At the beginning of the 

lesson children put their pencils, rubbers and pencil cases on the underlay in order to avoid searching for 

them in their backpacks during the lesson. In addition, children in Group A painted their sensations of noise 

during an art lesson. (Fig. 5).    
 

 

Noise reducing socks for the chairs made by the children, examples of children’s ideas and reminders to 

reduce noise (photo S.Pirilä). 
 

 

A painting of one child’s view of pleasant and unpleasant sounds (photo S.Pirilä). 
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Appendix II. Items of the pupils’ questionnaire and the results of the Exploratory Factor Analysis. 

 

Items in the pupils’ questionnaire Loadings Factors Cronbach’s 

alpha 

Clarity of teacher’s voice. 0.877 Factor 1 

Clarity and audibility of teacher’s 

voice 

 

 

0.630 

Loudness of teacher’s voice. 0.738 

I need to concentrate carefully in order to hear the 

teacher’s voice. 

0.522 

The extra talk of other pupils in the class is 

annoying. 

0.480 

    

During lessons our class is noisy or quiet. 0.834 Factor 2 

Peaceful learning atmosphere and 

maintaining it during lessons 

 

 

 

0.581 

The teacher needs to raise her voice. 0.710 

 

 

   

Sounds from the ventilation system are annoying. 0.742 Factor 3 

Annoyance due to irritating noise 

from ventilation, corridor and 

furniture 

 

 

0.577 

Sounds from the corridor are annoying. 0.679 

Sounds from moving furniture are annoying. 0.640 

 

 

   

Sounds from other pupils’ disturbing activities are 

annoying. 

0.784 Factor 4 

Annoyance due to other pupils’ 

extra disturbing activities and talk 

 

 

0.619 There is usually a lot of extra talk by other pupils 

during lessons. 

0.667 

Noise from outside is annoying. 0.534 

    

    




