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Summary 

Room acoustics is an important factor when considering health and well-being of children and 

employment staff in day-care centres. Studies concluded that long reverberation times might have 

negative effects on productivity, communication and learning abilities, health and overall well -

being. Especially problematic are educational facilities with a high degree of indoor noise. The main 

objective of the study was to define holistic solutions for acoustic comfort in day-care centres, 

through acoustical adaptation.  A case study was performed in a playroom of a day-care centre with 

inappropriate room acoustics as evaluated by staff.  According to the objectives of the study, we 

performed six steps: 1. personal communication including a survey with the users before acoustical 

adaptation, problem definition; 2. review of specific requirements and recommendations; 3. acoustic 

calculations and laboratory measurements of different materials’ absorption coefficient; 4. 

construction of prototypical acoustic elements; 5. acoustical adaptation and in-situ measurements 

of reverberation time; 6. communication with the users after acoustical adaptation, assessment of 

user satisfaction. Final prototypical absorbers were designed according to the performed steps. They 

were effective from acoustic, sanitary-technical and hygienic conditions that apply to the specific 

environment. The subjective response of the users after the adaptation was extremely positive.  

PACS no. 43.50.Ba, 43.50.Jh, 43.55.Dt, 43.55.Hy  

 
1. Introduction1 

Appropriate room acoustic design and noise control 
are important aspects when striving to achieve a 
productive, comfortable and healthy living and 
working environment.  Nevertheless, in the case of 
day-care facilities the problem of unsatisfactory 
room acoustics is often neglected, despite numerous 
studies exposing its importance [1] [2] [3].  
 
The activities of children in day-care facilities 
already produce a relatively high level of indoor 
noise which escalates in a poorly acoustically 
designed room with too high reverberation time 
(RT). Voss [1] estimates that approximately 95 % of 
day-care centres have an average noise exposure 
above 75 dB(A) and about 50% above 80 dB(A). 
Exposure to high levels of noise has a negative 
effect on productivity, communication and learning 

                                                      

 

abilities, health and overall well-being. Research 
made by Maxwell and Evans [2] show that 
preschool children display better pre-reading skills 
in a quieter condition than in a noisier. Hygge in his 
research [4] concludes, that a noisy environment 
negatively affects a child’s recall and speech 
recognition. Furthermore, Södersten et al. [5] state 
that high levels of background noise cause 
additional vocal loading for preschool teachers, and 
as reported in a study by Kalužnaja and Lakiša [6], 
preschool personnel exposed to increased noise 
more frequently suffer from fatigue, headache, 
irritability etc.  
 
Reducing the RT results in a lower equivalent sound 
pressure level (Leq). L'Espérances et al. [3] have 
shown, that implementing new absorbing material 
into playrooms lowers Leq for as much as 7 dB. 
Moreover, the staff observed that the children 
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reacted to the quieter environment with quieter 
behaviour, which occurs due to the Lombard effect 
[7].  
 
Improvements can be achieved through acoustical 
renovation of the playroom and also by raising 
noise awareness of staff and children through their 
education. It is reasonable to expect the biggest 
effect by conducting an integrated approach. In 
Slovenia, a series of workshops in various day-care 
centres had already been conducted to inform and 
educate the staff and children about the effects of 
noise exposure and possible changes in their daily 
activities that would help them to cope with 
elevated noise levels [8].   
 
Therefore, the main objective of this study was to 
define holistic solutions for acoustic comfort in 
day-care facilities, through acoustical adaptation. 
This included communication with the staff, 
production of prototypical sound absorbers and 
acoustical renovation of a playroom. The suitability 
of the proposed solutions was evaluated from an 
acoustical, economical and sanitary-technical point 
of view. 

 

2. Methods 

Research took place in a day-care centre during 
May and June of 2017. A combination of various 
work methods was used, some objective (acoustical 
measurements and calculations) and some 
subjective (personal communication and 
evaluation).  
 
Firstly, an assessment of current state was 
performed. This included personal communication 
and an informative questionnaire, which was 
distributed among the educational staff of the day-
care centre. The questionnaire was comprised from 
two parts. In the first part some basic information 
about the educator’s age, work schedule, time of 
employment and characteristics of the group (age, 
size…) were asked for. The second part included 22 
questions concerning their perception and reaction 
to a noisy environment. The answers were given 
with a 4-level scale (I agree, I mostly agree, I mostly 
disagree, I disagree). Based on the results of the 
questionnaire and their personal opinion three 
playrooms were selected for preliminary 
measurements of RT. 
 
Next, an overview of specific requirements and 
restrains for acoustical adaptation of playrooms was 
made. Legislation presents some basic guidance 
concerning room acoustics, hygiene, fire safety and 
types of materials suitable for day-care facilities. 
Additional information was gathered through 

regular communication with the staff. An important 
limitation of the project was also limited financial 
capabilities of the facility administrator.  
 
Based on those requirements and restrains, 
materials were selected for tests in an impedance 
tube [9]. Absorbing materials (felts and stone wool) 
were also tested in combination with other materials 
intended for wrapping and protection (paper, cloth). 
The most appropriate combinations of materials 
were selected and 5 types of sound absorbers were 
produced, differing in their composition and 
mounting options. 
 
Acoustical adaptation was performed in the 
playroom with the highest values of RT, based on 
preliminary measurements. Next, an analytical 
model was made using Sabine and Eyring-Norris 
equations and additional sound absorption surface 
needed in the playroom was calculated. RT and Leq 
were measured before and after the adaptation. 
Measurements were carried out in accordance with 
the standardized measurement method [10]. 
Besides the measurement results, user satisfaction 
was also assessed by personal interviews.  
  

3. Results and discussion 

3.1. User preferences and requirements 

The questionnaire was carried out by 10 educators 
from the day-care centre. Results showed a 
prevailing opinion (9 out of 10), that their working 
environment is noisy and that noise has a negative 
effect on the children, 8 out of 10 educators believe 
they are noise-sensitive, 5 have noticed that 
working in a noisy environment can have a negative 
effect on their well-being in a form of repetitive 
headaches, hoarseness, sleeplessness, concentration 
problems or even hearing loss. 
 
Through personal conversations with some of the 
staff an overall dissatisfaction with the acoustic 
environment in most of the playrooms was 
expressed. Three spaces were selected as the most 
inadequate and proposed for acoustical adaptation. 

3.2. Sound absorbers 

Selection of materials and design of prototypical 
sound absorbers was influenced by: 

 results of impedance tube measurements, 
 safety requirements previously mentioned, 
 cost and accessibility of materials and  
 creativity. 

 
Felt and stone wool were selected as main materials 
for prototyping sound absorbers while other 
materials were used for protection and mounting. 
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Felt and stone wool are both widely accessible and 
relatively inexpensive materials. Stone wool is 
known for its fire-resistivity and excellent sound 
absorption properties, felt on the other hand is more 
appropriate from the creative aspect as it is skin-
friendly, easily shaped and can be painted.  
Impedance tube tests confirmed that felts have large 
degree of sound absorption when applied in a 
sufficient thickness (8 cm) or with air space behind 
the specimen (Figure 1). Thickness of prototypical 
absorbers was determined based on the results 
however we were expecting even better absorbing 
capabilities in the real environment. 
Five types of sound absorber prototypes were 
produced in collaboration with the day-care centre 
staff. Stone wool plates (5 cm thickness) were 
wrapped in paper and installed on the ceiling with 
airspace of about 20 cm behind. Four types of felt 
elements were installed on the walls and floor. Wall 
elements were produced in different thicknesses; 2 
cm, 4 cm and 8 cm and all had airspace between felt 
and wall. Part of the elements were painted, most 
were designed in a shape (cloud, braid). Floor 
elements were 8 cm thick and covered with fabric.  

3.3. Legal requirements and recommendations  

As there are no national regulations for room 

acoustics in playrooms, we considered the national 

technical guidelines for classrooms [11]. Equation 

(1) gives the optimum value for reverberation time 

of an occupied classroom (at 500 Hz and 1000 Hz) 

based on its volume (V). In case of the selected 

playroom the optimal RT is Topt = 0.56 s for its 

volume of V = 216 m3. A tolerance range for RT 

over the frequency range is given with Figure 2. 
 

𝑇𝑜𝑝𝑡 = 0,32 log 𝑉 −  0,17 (1) 

  

It should be mentioned that other literature [12] 
suggests an even shorter RT for playrooms of about 
0.4 s – 0.5 s. 
 
In addition to acoustical recommendations, safety 
requirements have to be taken into account. 
National rules on standards and minimal technical 
conditions for kindergarten premises and equipment 
[13], European regulation No 1907/2006 – REACH 
[14] and national guidelines on the use of 
flammable/inflammable construction materials [15] 
should be considered in the design of the 
prototypical sound absorbers and their placement 
into the room. Materials that are classified by the 
manufacturer as fire-resistant (stone wool) were 
placed on the ceiling, where there is the highest 
need for inflammable wall linings. Elements from 
stone wool were protected with a layer of paper, to 
prevent dusting or scattering of fine fibre particles. 
Felts could be classified as self-extinguishing; 
however, fire tests are needed to confirm. Absorbers 
made from felt were placed on walls and floor 
(covered with fabric) as they are appropriate for 
contact with children.  

3.4. Acoustical adaptation 

Preliminary measurements of RT in three playrooms 
suggested by the staff were made. The obtained 
results and staff’s opinion were the two factors for 
selecting the playroom to be considered.  
 
Acoustical adaptation was carried out in the 
selected playroom (playroom 8) in approximately 6 

Figure 1. Results of impedance tube tests show that felt 

is a good porous sound absorber when thick enough (B) 

or with some airspace behind the specimen (C). 

Covering felt with paper worsens its absorption 

capabilities at high frequencies (D). 

Figure 2: Tolerance range for RT values of a classroom 

over the frequency range from 63 Hz to 8000 Hz in 

relation to optimal value of RT. 
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hours including mounting of the elements and 
measurements of RT and Leq. Acoustic 
measurements were made before and after the 
adaptation. Results are shown in Figure 3 in 
comparison with the recommended tolerance range 
for this specific playroom. In average the values of 
RT reduce for more than 35% if we take into 
account the frequency range from 200 Hz to 5000 
Hz, and for about 44% if we consider only the mid-
frequency range (400 Hz – 2500 Hz). After the 
acoustical adaptation RT values almost completely 
fit into the tolerance range and were under the value 
of Topt = 0.56 s at 500 Hz and 1000 Hz. Moreover, 
equivalent sound pressure level – Leq of the room 
was reduced for 2.5 dB.  
 
The adaptation was successful from the acoustical 
point of view.  

3.5. User satisfaction 

The response of users was positive. Educators, who 
use the playroom most frequently reported reduced 
nosiness in the playroom. The improvement was 
especially noticeable in comparison with other 
playrooms, which were not acoustically treated. 
Speech intelligibility was also improved and 
children appeared to be quieter. Furthermore, the 
users approved the design of the absorbers and were 
satisfied with their incorporation into the room 
(Figure 4).  

 

4. Conclusions 

Results confirm that with an accessible and limited 
adaptation a relevant improvement of room 
acoustics is possible. Furthermore, improving the 
acoustic environment of a playroom had a positive 
effect on users’ well-being. As the opinion of users 
was taken into account in every stage of the 
renovation, the implemented sound absorbers were 
well accepted. We have found out that the design 
and production of sound absorbing elements can be 
made simple and inexpensive and could be included 
into their day-to-day pedagogical activities. 
However, before permanently implementing the 
prototypical absorbers, further research is needed of 
chosen materials regarding fire safety, hygiene, 
health and presence of harmful substances.  
 
This research provides a helpful foundation for 
further advances of holistic acoustic solutions for 
day-care centres. 

 

Figure 3. Results of measurements of RT before and after adaptation in comparison with limit values taken from the 

technical guideline [8], Values after the acoustical adaptation fall almost perfectly into the suggested range.  

Figure 4. Selected playroom before (above) and after 

(below) the acoustic renovation. 
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