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Summary 
 

Nowadays much attention is paid to the quality of the indoor environment in schools. Poor indoor 

environmental quality, and in particular indoor air quality, can affect the (cognitive) performance of 

students and also has a negative effect on a student’s health. These problems have led to the 

drafting of a program of demands for Fresh Schools. Unfortunately, the quality of the indoor 

environment in child daycare centers remains underexposed, while a poor indoor environment can 

have negative effects on the development of children in the first years of their lives. Earlier research 

stated that the indoor environment in Dutch child daycare centers is insufficient. This applies to 

common areas in child daycare centers and their bedrooms. The objective of this research is to 

determine if there is a difference in CO2 –concentration of the surrounding air near a sleeping infant 

between the different types of baby cots commonly used in child daycare centers.  Some baby cots 

are designed as a closed volume so the assumption is made that the CO2 –concentrations inside 

these baby cots is even worse. Therefore the emphasis of this research is on air quality inside baby 

cots with CO2 as its most important indicator. 

 

Several measurements are performed at the child daycare facility present on the campus of 

Eindhoven University of Technology. A total of three types of baby cots are examined : an open bed 

(crib) , a bedstead and a bunk bed . The results obtained from this research are compared with each 

other and a statistical analysis is performed to determine whether the differences between the 

results obtained are significant. The results of this study imply that there is a difference in CO2 

concentrations between the different types of baby cots and the location where the beds are placed 

in the bedroom . A more closed baby cot , such as a bedstead, show significantly higher CO2 

concentrations than fully open baby cots (e.g. cribs). In addition, the lower beds of bunk beds also 

show significantly higher CO2 concentrations than the upper beds . Furthermore, the location of the 

baby cots inside the bedroom is important in this study . It can be concluded that placing a bedstead 

next to a door opening / ventilation inlet of a bedroom results in higher CO2 concentrations inside 

the baby cots than when they are placed in a distance from the door opening . 

 

Based on the results of this research recommendations can be made towards child daycare centers 

and the configuration of their bedrooms. For instance, it is advisable to mainly use open cribs or 

higher-level beds (top bunk beds) with storage underneath it. It must be stated that all results and 

recommendations of this research are only applicable for child daycare centers with a similar 

situation. The building of this child daycare center used a natural inlet and mechanical outlet of 

ventilation air, but this system did not provide a sufficient amount ventilation air.  

Ultimately, it can be concluded that air quality in child daycare centers is an important subject and 

there are plenty of opportunities for further research that may (or may not) lead to the drafting of a 

program of demands for fresh daycare centers. 
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Samenvatting 
 

De laatste jaren is er veel aandacht voor de kwaliteit van het binnenmilieu in schoolgebouwen. Een 

slechte kwaliteit van het binnenmilieu, en met name een slechte luchtkwaliteit, kan de leerprestaties 

van de leerlingen beïnvloeden en heeft een negatief effect op de gezondheid van de leerlingen. Dit 

heeft uiteindelijk geleid tot een programma van eisen voor Frisse Scholen. Helaas blijft de kwaliteit 

van het binnenmilieu in kinderdagverblijven onderbelicht, terwijl een slecht binnenmilieu juist een 

enorme invloed kan hebben op de ontwikkeling van kinderen in de eerste jaren van hun leven. 

Eerder onderzoek heeft uitgewezen dat ook de kwaliteit van het binnenmilieu in kinderdagverblijven 

te wensen over laat, zowel in slaapkamers als gemeenschappelijke ruimtes. Het doel van dit 

onderzoek is om te bepalen of er verschil zit in CO2 –concentraties in een kinderbedje nabij het 

slapend kind tussen de verschillende typen kinderbedjes die veelvuldig gebruikt worden in een 

kinderdagverblijf. Sommige kinderbedjes worden namelijk vormgegeven als een gesloten doosje en 

dus kan verondersteld worden dat de CO2 –concentraties hierin hoog kunnen oplopen. De nadruk 

van dit onderzoek ligt dus op luchtkwaliteit met CO2 als indicator. 

 

In het kinderdagverblijf aanwezig op de campus van de Technische Universiteit Eindhoven zijn 

gedurende enkele weken metingen verricht in een tweetal slaapkamers. In totaal zijn 3 typen bedjes 

onderzocht: een open bedje, een ledikant en een stapelbed. De verkregen resultaten zijn met elkaar 

vergeleken en er is een statistische analyse gedaan om te bepalen of de verschillen tussen de 

verkregen resultaten significant genoeg zijn. De resultaten van dit onderzoek wijzen uit dat er een 

verschil in CO2 –concentraties bestaat tussen de verschillende soorten bedjes en de locatie waarop 

de bedjes in de slaapkamer geplaatst zijn. Meer gesloten kinderbedjes, zoals een ledikant, vertonen 

significant hogere CO2 –concentraties dan volledig open bedjes. Daarnaast vertonen de onderste 

bedjes van een stapelbed ook significant hogere CO2 –concentraties dan de bovenste bedjes. Ook de 

locatie is van belang in dit onderzoek. Uit de resultaten kan geconcludeerd worden dat het plaatsen 

van een ledikant nabij de deuropening/ventilatietoevoer van een slaapkamer leidt tot hogere CO2 –

concentraties in de bedjes dan wanneer ze van de deuropening af geplaatst worden. 

 

Aan de hand van de resultaten van dit onderzoek kan advies gedaan worden richting 

kinderdagverblijven over de inrichting van hun slaapkamers. Het is bijvoorbeeld te adviseren om 

voornamelijk open bedjes te gebruiken of hoger geplaatste bedjes met daaronder bijvoorbeeld een 

opslagruimte. Bij alle resultaten en aanbevelingen moet wel vermeldt worden dat deze gelden voor 

een soortgelijke situatie. In het bemeten kinderdagverblijf was natuurlijke toevoer en mechanische 

afvoer van ventilatielucht aanwezig welke ondermaats functioneerde. Uiteindelijk kan geconcludeerd 

worden dat luchtkwaliteit in kinderdagverblijven een belangrijk onderwerp is en er nog genoeg 

mogelijkheden zijn voor verder onderzoek welke wellicht uiteindelijk kunnen leiden tot een 

programma van eisen voor frisse kinderdagverblijven. 
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1 Introduction 
 

In almost 80% of the Dutch primary schools the condition of the indoor environment is of a poor 

quality. The quality of the indoor environment is defined by e.g. air quality, indoor temperature, 

relative humidity, daylighting, but also energy consumption. The complaints in most of these Dutch 

primary schools consisted of high CO2 –concentrations, low temperatures and draught during winter, 

high temperatures during summer and problems with (day)lighting. In 2008 this has led to the 

drafting of a program of demands for fresh schools [1].  

 

Poor quality of the indoor environment can affect the health and cognitive performance of pupils 

[4],[8]. This program of demands is currently available for the accommodation of primary schools 

whilst a healthy indoor environment for younger children (age 0-4) is just as important. The body of a 

young child is under development and adverse conditions could affect this development. Also little 

children spend a lot of their time in daycare centers while parents are at work, while little is known 

about the effects of different indoor environmental factors present in these daycare centers[11],[15] 

and the quality of the buildings in which these daycare centers are accommodated [16].  

 

1.1 Problem definition 

 

In 2009 LBP|Sight performed a research in 60 daycare centers and 20 host families [22]. This 

research was commissioned by the Dutch government and focused on air quality, daylight access, 

sound and climate. The overall conclusion of this research was that the indoor environmental quality 

in Dutch daycare centers is insufficient. This research also revealed that the indoor CO2-

concentrations which occur in the daycare facilities have unacceptable values.  This applied to both 

common areas and bedrooms. A healthy environment, and therefore a healthy indoor air quality, is 

important for the development of infants since they are a vulnerable target group. The body of a 

young child, and its immune system, is continuously under development. Adverse conditions could 

influence this development and could cause symptoms of fatigue, headaches, symptoms of asthma 

[10], or might even increase the risk of sudden infant death [3]. 

 

1.2 Orientation 

 

In order to achieve a proper assignment definition, an orientation period was used to get familiar 

with indoor air/environmental quality in child daycare centers. During this period measurements 

were performed in three different daycare centers in the vicinity of Eindhoven. These measurements 

and its results lead to the decision to specifically look at the indoor air quality inside bedroom areas 

of child daycare centers and its baby cots in particular. 
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1.3 Objective 

 

The objective of this graduation project is to determine the influence of the type of baby cot used in 

child daycare centers on the CO2 concentration in the breathing zone of a sleeping infant. Infants 

spend several hours a day at child daycare centers and during this period sleep inside the bedroom 

areas present at these daycare centers. Since the CO2 –concentrations inside these bedroom areas 

are very poor [22] the assumption is made that the CO2 –concentration inside the baby cots is 

perhaps even worse. Most baby cots are in fact small boxes inside a bedroom and are often only 

open on one side.  

 

To achieve this objective it is important to become familiar with the effects of CO2 on the health of 

an infant. Second, a field study among the different types of baby cots is necessary to chart the 

difference in CO2 concentrations inside these baby cots and the difference with the CO2 

concentration of the surrounding air.  

 

The third step will be an analysis of the gathered results and the significance of the difference in 

results between the different CO2 concentrations. Results of this graduation project will lead to 

recommendations and design rules regarding bedroom areas inside child daycare centers.  From 

these steps a main research question is formulated: 

 

“What influence does the type of baby cot, commonly  used in a child daycare center, have on the CO2 

concentration near a sleeping infant?” 

  

To answer this research question the following sub research questions need to be answered: 

 
• Is there a difference in CO2 concentrations in the breathing zone of a sleeping child between 

the different types of baby cots commonly used in child daycare centers.  

• Is the CO2 concentration in the breathing zone of a sleeping child dependent of the  location 

of a baby cot inside a bedroom? 

• Which parameter is determinative for the CO2-concentration in the different type baby cots 

in the breathing zone of a sleeping infant? 

• Which ventilation strategy is most suitable to ensure healthy indoor air inside the bedrooms 

of Dutch daycare centers? 

  



 
 

10 
 

1.4 Methodology 

 

To answer the formulated research questions several steps have to be followed in ordered to achieve 

the desired result.  This research starts with a literature study on child daycare centers and health, 

followed by a field study at a child daycare center, an analysis of the gathered results which lead to 

recommendations towards bedroom configurations inside child daycare centers. 

 

The first part, the literature study,  focusses on child daycare centers in general and how the quality 

is guaranteed in these facilities. The second part focusses on ventilation and health. In order to make 

statements on the influence of excess CO2 present in baby cots it is important to know the effect of 

excess CO2 on an infant’s health. Also, the effect of ventilation principles on CO2 –concentration is 

important to be familiar with.   

 

The second part of this research consist of a field study. The child daycare center present on the 

Eindhoven University of Technology campus is used as a case study for this research. Two bedrooms 

inside this facility are available to perform several measurements inside baby cots. The 

measurements consist of long term measurements to gather data about CO2, temperature and 

relative humidity inside the bedrooms and baby cots. Incidental measurements are used to gather 

information about the ventilation rate inside the bedrooms. Architectural drawings and site visits 

give more information about the building itself. 

 
Out of the gathered data information must be filtered which describes each baby cot. The main goal 

is to see if there is a difference in used baby cots and to make recommendations towards bedroom 

configurations. Therefore the “ performance”  of each baby cot must be described and see if there is 

a big influence due to the type of baby cot and location inside the bedroom.  To prove that there is a 

difference between the baby cots a statistical analysis is used to analyze the data of each baby cot. 

This statistical analysis has to show differences between the baby cots and differences between  the 

baby cots and the general results inside the bedroom. All these steps eventually lead to the answers 

of the formulated research questions and give insight in CO2 –concentrations inside bedrooms of 

child daycare centers. These answers can contribute to recommendations given to child daycare 

centers regarding their bedrooms. 
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1.5 Approach 

 

The structure, chapters and content, of this master thesis, is given in the graph below. 
 

 
Chapter 1: Introduction and problem statement 

 

Chapter 2: Theory 

  

 

 Child daycare centers:    Theory: 

 Definition     Indoor air quality & health 

 Procedure     Ventilation 

       Sudden Infant Death Syndrome (SIDS) 

 

 

 

 

Chapter 3: Case study 

 Measurements at child daycare center De TUimelaar in Eindhoven. 

 Description of situation at the daycare facility, used measurement equipment,  

 setup and method, data collection 

 

 

 

 

Chapter 4:  � Data analysis 

Results   � Reciprocal comparison 

    � Comparison with earlier research 

 

 

 

Statistical analysis by performing a t-test: determine whether 

differences are identifiable to the problem or appear to be 

coincidental. 

 

 

 

Chapter 5: Conclusion and recommendations 

 
Figure 1: Outline of this master thesis 
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2 Theory 
 

To better understand the research topic background information is required about the setting in 

child daycare centers and possible effects of poor indoor air quality on an infant’s health. This 

chapter focuses on the definition of indoor air quality (IAQ) in child daycare centers, the ways things 

are going in child daycare centers in general, legislations towards health in child daycare centers and 

which guidelines ensure the quality of a child daycare center. Furthermore it is important to 

understand the impact of poor indoor air quality, indicated by excess CO2, on the health of an infant.  

 

2.1 Indoor air quality 

 

Indoor air quality refers to the air quality within buildings, often related to the health and comfort of 

its occupants. The air quality can be determined by several factors, such as carbon dioxide, volatile 

organic compounds, particulates and contaminants (e.g. mold, bacteria). Each of these factors can 

have an adverse effect on the health of human beings, particularly young children.  Due to their 

growth and development of their immune system they are more vulnerable to these pollutants [18].  

A healthy indoor environment, thus a healthy indoor air quality, benefits the occupants health and in 

this case, the development of the children nursed at the child daycare center. 

2.1.1 Influencing factors 

 

As previously stated the indoor air quality is determined by several factors. The commonly seen 

indoor air pollutants [7] can be subdivided into three categories: gases and vapors, particles from 

biological aerosols and temperature & relative humidity. 

 

• Gases and vapors: 

 

Carbon monoxide (CO) is a colorless, odorless, and tasteless gas. It is less dense than air and in 

high concentrations toxic to humans and animals. . 

 

Carbon dioxide (CO2) is a natural, odorless gas present in the earth’s atmosphere. The earth’s 

atmosphere nowadays contains approximately 400ppm (parts per million) CO2. This 

concentration increases every year, supposedly due to the global warming.  

 

Formaldehyde is a  gas with a highly unpleasant smell and is used in materials like chipboard, 

medium-density fiberboard, UF-foam and different types of fabrics (e.g. clothing, curtains). 

  

VOC’s or Volatile Organic Compounds is a collective noun for hydrocarbons which easily 

evaporates. This can be components of fuels and solvents. VOC’s are linked to environmental 

problems, such as climate change. VOC’s  are being decomposed by UV-radiation in the earth’s 

atmosphere. This decomposition can lead to the production of ozone, which has an adverse 

effect on the human health.   
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Oxides of nitrogen (NO and NO2)  are inorganic compounds of nitrogen and oxide. Nitrogen 

monoxide appears as a colorless gas produced in the combustion process of e.g. cars and power 

plants. Nitrogen dioxide appears as a toxic, russet gas which is very soluble in water, resulting in 

nitric acid. The gas NO2 reacts strongly with materials such as metal. 

 

Radon is a colorless noble gas. It is produced in the earth’s crust due to the decay of long-lived 

Isotopes of thorium and uranium which are naturally present there. The gas accumulates in 

ground water and is eventually released into the atmosphere.  This leads to low levels of radon in 

the air. 

 

• Particles from biological aerosols: 

 

Biological aerosols are suspensions of airborne particles which contain (parts of) living organisms. 

These particles are very small and range in the size from less than one micrometer to one 

hundred micrometers. Examples of biological aerosols are: 

o Airborne fungi 

o Mold spores 

o Insect parts 

o Endotoxins 

o Dust mite allergens 

o Asbestos fiber 

o Tobacco smoke 

 

• Temperature and relative humidity 

 

Temperature 

Temperature  is given in degrees Celsius [°C] and defines the temperature of the air inside a 

room. Temperature is used as a parameter to define the comfort level inside an occupied space. 

Temperature inside a room can cause for the user to experience the room as too hot or too cold. 

 

Relative humidity 

Relative humidity [%] gives the percentage of water vapor inside the air compared to the 

maximum amount of water vapor that may be present in the air. Relative humidity can influence 

the comfort level inside an occupied space (e.g. high relative humidity can cause fogged 

windows).  
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2.1.2 Carbon dioxide (CO2) as an indicator for indoor air quality 

 

A large number of young infants (age 0 – 4) spend a large part of the day at a child daycare center 

and are exposed to the indoor environment of that facility [4]. In this research the indoor air quality 

inside the baby cots of the child daycare center is assessed on the basis of CO2 –concentration, since 

this is a commonly used parameter to look at indoor air quality. 

 

The relationship between the CO2 –concentration and the quality of the indoor air is based on the 

fact that people emit CO2 at a rate that depends on their size and level of physical activity [12]. A 

seated person can produce CO2 at approximately 20 L/h. When this person performs a more active 

activity it produces almost the double amount of CO2 as a seated person. An infant produces less CO2  

than an adult. Children in the age of 8-11  produce approximately 9-12 L/h during school activities 

[5].   

 

However, CO2 –concentrations cannot be used as an indicator of the overall indoor air quality. In 

rooms that are mainly “polluted” by people in general , CO2 is mostly used to assess the indoor air 

quality. When indoor CO2 -concentrations are (significantly) higher compared to outside 

concentrations,  the source is usually due to the building’s occupants (the average adult’s breath 

contains about 35000 to 50000ppm of CO2, which is 100 times than outdoor air). Therefore, an 

adequate ventilation system is required to dilute and/or remove this CO2 being continuously 

generated by the occupants, otherwise CO2 –concentrations can accumulate and rise to 

unacceptable heights.  

 

2.1.3 Characteristics of CO2 

 

As previously stated, CO2 is a natural, odorless gas present in the earth’s 

atmosphere.  Also, CO2 is produced inside the human body, The air inhaled 

by humans contains oxygen. Inside the body of a human, food and other 

types of nutrition (fats and carbohydrates) are being burned and release CO2, 

which is then exhaled.  
Figure 2: CO2 –molecule  

Another, and probably the most easiest, way to produces CO2 is by burning  

carbonaceous substances like charcoal or fossil fuels. This burning process is one of the main energy 

recourses for humans. The production of CO2 by the human body is considered the same as the 

amount of fragrances emitted by the human body, therefore CO2  is considered to be a good 

indicator for air quality in rooms where persons are the main source of air pollution. 

 

CO2 can occur in three different states: as gas, liquid and solid. CO2 present in the earth’s atmosphere 

is almost 1.5 times heavier than air, which means it can accumulate in places with low ventilation or 

no ventilation at all. In these cases same CO2 concentrations can occur for several hours. CO2  is an 

odorless and colorless gas which makes it almost impossible for the human senses to perceive. In 

principle, CO2 is considered to be a non-toxic gas. As previously stated the air that is breathed on 

earth contains 0.04vol.% or 400ppm CO2. Higher concentrations can cause health problems. These 

possible health risks will be discussed further on in this chapter. 
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Physical properties of CO2 [23]: 

• CO2 is gaseous under atmospheric conditions 

• At temperatures between -56.6°C and +31.1°C combined with a pressure higher than 

520kPa, CO2  can occur in a liquid state. 

• At temperatures below -56.6°C CO2 can occur in a solid state 

• Solely at the so called triple point (-56.6°C and 520kPa) CO2 can occur in all three physical 

states 

 

2.2 Child daycare centers 

 

Children who attend a child daycare facility often spend a lot of time in this daycare facility since 

their parents are off to work. Therefore, a good quality regarding indoor environment is very 

important for child daycare centers. The most common parameters to define the indoor 

environment are air quality (with CO2 as indicator), thermal comfort, sound aspects and daylight. All 

of these aspects are part of the Law Childcare [24]. To see if all the requirements with respect to 

these parameters are complied with, an annual inspection is held in (almost) every child daycare 

facility. 

 

2.1.1  Definition 

 
A Dutch child daycare center (or nursery) is a facility where infants and toddlers can be 

accommodated if their parents are at work. This can be for a couple of hours or for the entire day. At 

a child daycare center infants are placed in different groups. Each group consist of  a maximum of 14 

infants and two staff for toddlers and a maximum of 9 infants and two staff for babies. The infants 

normally stay at a child daycare center until their fourth birthday. When they have reached the age 

of four they will go to primary school. 

 

Since 2005 there are no legal requirements to which a child daycare center has to comply with, but a 

child daycare center is obligated to be registered. This registration happens in accordance with the 

Law Childcare. This law also describes the quality requirements child daycare centers do have to 

comply with and provides annual quality inspections which in most cases, are carried out by the 

Public Health Services [24]. 
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2.1.2  Quality 

 

When speaking of the quality of child daycare centers in general, it does not define the state of the 

accommodation or the quality of the indoor environment, but the quality of that what provides an 

optimal development for children attending this child daycare center.  The requirements to 

guarantee this quality are gathered in the Law Childcare and in the Covenant Quality Childcare. These 

documents describe e.g. the group size, workload per pedagogical staff or guidelines for the 

pedagogical policy [2].  

 
For the quality towards indoor environment there is no concrete definition. In the Dutch building 

code as in other documents there are no strict requirements for e.g. CO2 concentrations or indoor 

temperature. These are mainly written in terms of guidelines. These guidelines and requirements 

regarding ventilation and possible ventilation strategies are given further on in this chapter. 

2.2 CO2 and ventilation 

 

In this research the emphasis is on indoor air quality in baby cots present in the bedrooms of child 

daycare centers, with CO2 as indicator. The quality of indoor air can be determined by the amount of 

pollution added from inside and outside, the extraction of polluted air and the inlet of fresh, clean air 

directly from outside. Although the pollution of air can hardly be controlled (the human himself is a 

source of pollution due to the emission of moisture and CO2), the extraction of polluted air can be 

regulated more easily. By ventilating a room sufficiently the extraction of polluted air can be 

regulated and it can contribute to the inlet of fresh, clean air. Since both principles influence the 

indoor temperature, they also directly influence the indoor climate.  

 

2.2.1 CO2 in child daycare centers 

 

As previously stated, CO2 is used as an indicator for the air quality due to the fact that that the 

human metabolism, the production of fragrances and CO2 are quite similar. CO2 cannot be 

considered as an absolute measure for the air quality. The amount of CO2 present in a room is 

determined by three factors:  

• CO2 concentration of the outdoor air (approximately 400ppm) 

• CO2 production inside the room 

• Exchange of indoor and outdoor air 

 

The Dutch building code describes a child daycare center as a building with a meeting function. This 

results in a maximum CO2 concentration of 1200ppm [6]. With this concentration the amount of 

oxygen in the air remains above the required 20.9%. However, the Dutch Public Health Service (GGD) 

prescribes other CO2 concentrations required for child daycare centers. CO2 concentrations lower 

than 800ppm are considered to be good, lower than 650ppm are considered to be excellent. The CO2 

–distribution described by the Dutch Public Health Service is given in table 1. 
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Table 1: CO2 class abstracted from Public Health Service (GGD) [5] 

Class 
A                              

(Very good) 
B                              

(Good) 
C                             

(Acceptable) 
D                

(Insufficient) 
E                 

(Very poor) 

CO₂ content 
[ppm] 

percentage of 
opening hours 

< 650 

percentage of 
opening hours 

650 - 800 

percentage of 
opening hours 

800 - 1000 

percentage of 
opening hours 

1000 - 1400 

percentage of 
opening hours > 

1400 

 
 
Over the years several studies have been performed in different countries on indoor air quality in 

child daycare centers. Table 2 shows the comparison of CO2-concentrations of the results obtained 

from these studies elsewhere. 

 
Table 2: CO2 –concentrations inside child daycare centers in different countries 

Reference  Country 
Child Daycare 

Centers [N] 

Mean CO₂ 

[ppm] 

Range                       

[ppm] 

Ruotsalainen et a. (1993) Finland 30 810 400 - 2500  

Teknisk Hygienisk Forum (1987) [25] Norway 50 1500 400 - 3000 

Ruotsalainen et a. (1993) [25] Denmark 10 1400 900 - 2600 

Daneault et al. (1992) [25] Canada 91 1500 900 - 2400 

Zuraimi et al. (2007) Singapore 104 710 360 - 3300 

Ferng et al. (2002) 
United 
States 

26 1142 670 - 2500 

Stankeviča et al. (2011) Latvia 4 734 421 - 1356 

Roda et al. (2011) Paris 28 868 573 - 2177 

 

2.2.2 Ventilation: laws & regulation 

 
Regarding ventilation in child daycare centers a distinct must be made between new build and 

existing accommodations. Most child daycare centers in the Netherlands accommodated in buildings 

which formerly had a different function. For redevelopment of a building the requirements for 

existing buildings with the new use function apply, according to the Dutch building code 

(Bouwbesluit 2012).  

 
Existing buildings 

 
For child daycare centers accommodated in existing buildings the minimum ventilation rate has a 

requirement of 7 dm3/s with a nominal ventilation rate of 1.0 dm3/s/m2 accommodation areas in 

child daycare centers. This requirement dates from 1984 when the Health Council gave an advice for 

ventilation requirements of 25m3/h (= ± 7dm3/s). This ventilation requirement is independent of CO2 

concentrations. 
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New buildings 

 
The ventilation requirements in new build child daycare centers is dependent on the occupancy. The 

minimum requirements for new build child daycare centers is 6.5dm3/s/p. This means that the 

occupancy for each area in the child daycare center has to be set to determine to required 

ventilation rate. Usually the occupancy of a child daycare centers is between B1 and B3, B4 – B5 

cannot occur in a child daycare facility. 

 
Table 3: Occupancy according to Dutch building code (Bouwbesluit 2012) 

Class Function 
 Floor area p.p. Use surface p.p. 

requirement calculation value requirement calculation value 

B1   ≤ 1.3m² 0.8m² ≤ 2.0m² 1.2m² 

B2 school/sports 1.3m² -  3.3m² 2.0m² 2.0m² -  5.0m² 3.0m² 

B3 meeting / health 3.3m² - 8.0m² 5.0m² 5.0m² - 12m² 7.5m² 

B4 office/residency/healthcare 8.0m² - 20m² 12m² 12m² - 30m² 18m² 

B5 industry/sports/shopping >20m² 30m² >30m² 45m² 

 

2.2.3 Ventilation strategies 

 
• Natural ventilation 

 
The principle of natural ventilation is that fresh air is brought into the room through windows, rosters 

and channels. This also applies for the exhaust air, which goes outside through the same openings. 

The principle does not require any auxiliary energy and is virtually silent. Only when strong winds 

occur, there can be some noise. The air transport throughout the building goes via slits on the 

bottom or top of the doors. The ventilation effect is then caused by pressure and temperature 

differences present in the building (also called stack-effect).  

 

The principle of natural ventilation is dependent on wind speeds that occur outside. This means that 

the required ventilation rate cannot always be guaranteed. In addition, heat recovery from this 

system is not applicable.  Also, in some cases baffles are required to reduce sound nuisance from 

surrounding traffic. 

 

In new constructions natural ventilation is rarely used since it has more disadvantages than 

advantages. Also other ventilation systems are often more effective. In most cases buildings are 

equipped with a natural inlet and a mechanical outlet, sometimes combined with time or pressure 

controlled ventilation rosters. 
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• Mechanical ventilation 
 
Natural inlet – mechanical outlet 

This ventilation principle provides fresh air through windows or vents. For the outlet of ventilation air 

a mechanical system is used, often a fan connected to ventilation channels. This system is most 

common used in housing. Due to the improved air tightness of new buildings one may wonder 

whether the user of the building ventilates sufficiently. To ensure sufficient fresh air inside a room 

self-regulating vents are available. Application of these vents can have a positive effect on the energy 

performance of a building. 

 
Mechanical inlet – natural outlet 
This ventilation principle isn’t applied much in Dutch buildings. A mechanical inlet system ensures 
sufficient amount of fresh air inside the room. The outlet of ventilated air works the same as with 
natural ventilation: discharge openings in walls or ceiling are used for the outlet of ventilated air. 

 
• Balanced ventilation 

 
This principle is often called a high efficiency or a balanced ventilation system. It consist of two fans, 

a heat recovery system and channels for inlet and outlet of ventilated air. The amount of air blown 

into a room is normally equal to the amount of air extracted from the room, hence the name 

balanced ventilation.  

 
A balanced ventilation system is a well-regulated system which also ensures energy savings due to 

heat recovery. Air which is brought into a room can be heated up with waste-heat from the extracted 

ventilation air. Baffles are superfluous with this system since windows won’t be opened to keep the 

ventilation system balanced. This means a high air tightness is necessary to obtain the wanted result. 

Downside of the system is that it is maintenance sensitive. Inlet channels can be contaminated and 

filters inside the system need to be cleansed regularly.  
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2.3 Health 

 

Children are more vulnerable to airborne pollution due to the fact that their airways are narrower 

than adults, they have markedly increased needs for oxygen relative to their seize, they breathe 

more rapidly and inhale more pollutants per pound of body weight [17]. 

 

2.3.1 Health in relation to daycare attendance 

 

A large number of children attend daycare centers nowadays. Due to this large number of children 

accommodated in these daycare centers, there are serious questions asked about the relation 

between daycare attendance and the risk on respiratory diseases and allergic symptoms. There is 

strong evidence that day care center attendance, especially in the first year of life, increases the risk 

of respiratory and gastrointestinal infections. And due to the large number of children, a small 

increase of disease among these children might have important consequences on public health [11]. 

 

Several symptoms among young infants who attend child daycare centers are significantly associated 

with daycare attendance. These symptoms vary from nightly cough or a runny nose to heavy 

breathing and chest tightness. These symptoms may lead to other diseases like the common cold, 

pharyngitis, bronchitis or pneumonia [9].  

 

In general, the indoor air exposure in child daycare centers is of shorter duration than the children’s 

home environment exposure.  Thus may be expected that the health effects from daycare 

environments are smaller compared to home environments. Although the exposure period in 

daycare centers is shorter, daycare centers show more symptoms than home care [9].  

 
 

2.3.2 Health in relation to ventilation and CO2 

 

One of the main factors that influences the health results inside child daycare centers is the 

insufficient ventilation. In some countries this is even a public health concern. Insufficient ventilation 

might contribute to increased risk of symptoms/diseases. Although some daycare providers are 

aware of the indoor air quality issues in their facilities, they decide not to address the issue because 

they believe that they are not responsible for assessing and ensuring a healthy indoor air quality [7]. 

 

The concentrations most commonly found indoors of schools, offices or daycare centers are not a 

direct threat to the occupants health. These concentrations are well below 5000ppm, which is the 

occupational safety standard for an industrial workspace formulated in ASHRAE 62 –ventilation for 

acceptable indoor air quality.  While these levels below 5000ppm are not considered as a serious 

health threat, experience indicates that long-term exposure to high CO2-concentrations can cause 

headaches, tiredness, decrease in mental acuteness and even increase the risk of sudden infant 

death syndrome. The ASHRAE standard therefore recommends indoor concentrations to be 

maintained or even below a 1000ppm for schools and 800ppm for office spaces. 
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Looking at an occupied space, to reduce CO2 –concentrations, adequate ventilation Is a necessity. If 

in a room the ventilation rate is very low, CO2 –levels will most likely continue to increase during the 

day and will probably never reach a steady state concentration.  Adequate ventilation systems with a 

sufficient ventilation rate and good mixing of the air in the room (sufficient airflow) will most likely 

result in low CO2 –concentrations throughout the day. It is important the realize that ventilation 

systems only reduce the exposure to excess CO2 while removing the source can completely eliminate 

the problem . Therefore the identification of the source is very important when choosing a 

ventilation system. 

2.4 Sudden Infant Death Syndrome (SIDS) 

 

Sudden Infant Death Syndrome (SIDS) occurs when an infant dies without no apparent reason. When 

after a full postmortem research there is still no cause of death, it is called SIDS. If SIDS occurs, it 

most likely happens in the first year of life. 

 

Possible causes for SIDS to occur at child daycare centers are the changes the infant encounters 

when brought to a child daycare center. The infant is not with his parents and the caretakers often 

change. The infant experiences new sounds, other smells and has to sleep in a different baby cot. It is 

suspected that these sudden and shocking changes have an adverse effect on infants and can cause 

stress which may lead to SIDS.  

2.4.1  Lying position 

 

In the investigated child daycare center infants 

are deliberately placed on their backs in bed, in 

order to reduce the risk of SIDS. In 1987 it was 

discouraged nationwide for infants to sleep on 

their stomach [20]. Since this discouragement 

the number of SIDS-cases dropped 

considerably. When sleeping on the stomach 

several complications can occur.  

 

• Rebreathing: When lying on the 

stomach, both the nose and mouth of 

the infant can touch the mattress. This 

results in the exhaled air being retained 

between the mattress and the infant 

causing the infant to (partially) 

rebreathing the exhaled air which 

contains less oxygen.        Figure 3: Measures to prevent SIDS  
     (source: http://www.sids-pa.org) 
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• Hyperthermia: When lying on the stomach it is more difficult for the infant to lose heat due 

to the larger contact surface between infant and mattress. This may result in hyperthermia 

(or overheating). Hyperthermia causes the body temperature to rise and can cause 

respiratory problems. 

 

When hyperthermia occurs the skin opens its blood vessels in an attempt to cool down the 

body. This causes a drop in blood pressure which has to be compensated by the heart. The 

heart has to pomp harder which can result in an overpressure of the heart. Therefore 

hyperthermia is a great risk regarding SIDS. 

 

• Dyspnea: Dyspnea (or breathlessness) may occur when an infant is faced towards the 

mattress. When  the face of the infant is on the mattress, the nose will be distorted and so 

less air can be inhaled through the nose. 

 

• Mobility: If an infant lies on its stomach, it has a greater mobility than when he/she is lying 

on his back. When lying on the stomach an infant can move by itself by using their arms and 

legs. Newborns often move towards the headboard while older infants move towards the 

footboard and can get stuck between the bed sheets. 

 

2.4.2 SIDS in relation to CO2 

 

As previously stated, the position of the infant during naptime is important to reduce the risks on 

SIDS. This means that the sleeping position must ensure minor air currents at the face of the infant 

and that exhaled air can move away easily from the sleeping infant.  Excess CO2 due to rebreathing of 

exhaled air can have several effects on a sleeping infant [3]. 

 

Excess CO2 can result in increased sweating, especially at the forehead. This increases the risk on 

carbon dioxide accumulation. Increased sweating often results in moist bedding which improves the 

exchange between exhaled air, inhaled air and bedding. 

 

Another effect is the acclimatization to excess CO2. This can result in an impaired ventilatory 

response to excess CO2. Also, exposures of longer periods to excess CO2 produce similar effects as 

shorter exposures to higher concentrations. Finally, when subjects are removed from a high CO2 

atmosphere, ammonia smell, headache, nausea and vomiting can occur.  
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3 Case study 
 
As stated in chapter one, the goal of this research is to determine if there is an influence by the type 

of baby cot commonly used in child daycare centers on the CO2 concentration near a sleeping infant. 

To determine the presence and size of this influence measurements are performed in different type 

of baby cots and with different configurations. The purpose of these measurements is to obtain 

enough CO2  data to compare the overall results and the results of each baby cot and determine if the 

differences between these baby cots are significant and assignable for possibly high CO2-

concentrations.  

 

To perform these measurements the child daycare center present on the campus of the Technical 

University of Eindhoven has made itself available. In consultation with the director of the daycare 

center two bedrooms were selected to perform the measurements. 

3.1 Measurement setup 

3.1.1 Location 

 
The location where the measurements took place is the TUimelaar child daycare center situated on 

the campus of the Technical University of Eindhoven. The TUimelaar is accommodated in the NP-wing 

of the Paviljoen building, which is built in 1968. The bedrooms measured inside the daycare center 

are indoor areas with no windows and a mechanical exhaust ventilation system. 

 

Measurements took place in two different bedrooms intended for infants of different ages. The first 

bedroom (0.32b) is intended for children in the age of 2 till 4 years. In the second bedroom (0.43b) 

infants in the age of 10 weeks till 30 months sleep. In each bedroom different type of baby cots are 

used. In total 4 types of baby cots are reviewed in this research. 

 

 
Figure 4: Paviljoen NP – Child daycare center “de TUimelaar” 
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Figure 5: Floor plan of Child daycare center “de TUimelaar”     
  
             = measurement locations 

 

3.1.2 Room description 

 

The measurements are performed in four different baby cots divided over two bedrooms in the child 

daycare center. Each bedroom accommodates infants of different age groups. The first bedroom (A) 

is used by children in the age of 2-4. It accommodates seven toddlers divided over two types of cots: 

5 open beds (cribs) and 2 bedsteads. The second bedroom (B) is used by children in the age of 10 

weeks – 2 years. It accommodates 5 infants divided over three types of cots: 2 bottom bunk beds, 2 

top bunk beds and 1 bedstead. 

 

Both bedrooms have a ventilation system with natural inlet (grating in the door) and mechanical 

outlet. The mechanical exhaust has a central control system with two modes: low and high. 

According to the supervisor at the child daycare center the mechanical exhaust is permanently set to 

‘high’. Also, an additional fan is present in each bedroom for the inlet of ventilation air, but due to 

the noise produced by this fan it is never used. Further characteristics of both bedrooms are given in 

table 4. 

 
  

Entrance 



 
 

25 
 

Table 4: Characteristics of the bedrooms 

Location Length [m] Width [m] Height [m] Capacity [-] Exhaust capacity [m³/h] 

Bedroom A 3.3 3.3 2.7 7 infants 30.3 

Bedroom B 3.3 2.5 2.7 5 infants 21.0 

 

  
Figure 6: Bedroom A          Figure 7: Ventilation outlet 

          

Figure 8 & 9: Additional ventilation and ventilation grating (inlet) in door        Figure 10: Bedroom B 

Table 5: Specifications ventilation system 

Type Manufacturer Type Specs. 

Additional fan Xpelair LTD. DX300 
max. 60W / 
1700U/min 

Ventilaten grid n.a. n.a. gap size 20mm 

Exhaust n.a. n.a. diameter 120mm 
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3.1.3 Bedroom configurations 

 

In each bedroom the measurements are performed with two different configurations.  The first 

measurement complies with configuration 1 of each bedroom. After this measurement it was 

decided that a second measurement with a different configuration was necessary to answer the 

research questions properly. The second measurement complies with configuration 2. Bedroom 

configurations of both bedroom A and B are given in figure 11 and 12. 

 
 
        Configuration 1            Configuration 2 

 

 
    = Crib    = ventilation exhaust 

     

   = Bedstead   = location of sensors 

 
     = ventilation inlet 
 
Figure 11: Plan of bedroom A (both measurement configurations) 

 

In configuration 1 the two bedsteads present in the bedroom are placed at the front (next to the 

door)  and the back of the bedroom. The open beds (cribs) are divided along the walls , mostly on the 

left and right side of the bedroom. In configuration 2 the bedsteads and cribs switched places, so the 

bedsteads are placed along the left wall and right wall of the bedroom and the cribs are placed at the 

front and the back of the bedroom. The exact position  of the sensors inside the baby cots are given 

in figure 13 - 16. 
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Configuration 1    Configuration 2 

 

     

 

      = Bunk bed   = ventilation exhaust 

     

     = Bedstead   = location of sensors 

 
       = ventilation inlet 
 

Figure 12: Plan of bedroom B (both measurement configurations) 
 

 
In configuration 1 the bunk beds present in the bedroom are placed along the left wall of the 

bedroom and against the back wall of the bedroom. The bedstead is placed along the right side of 

the bedroom. In configuration 2 the bunk beds against the back wall switched places with the 

bedstead, so in configuration 2 the bunk beds are placed against the left and right wall of the 

bedroom and the bedstead is placed against the left wall.  

 

In configuration 2 only the bottom bunk beds are monitored and the bedstead. This is due to the fact 

that the bedstead placed on the left wall (next to the door) had a fixed position and could not be 

moved. Also during the second measurement only the bottom bunk beds and the bed stead were 

occupied. The exact position  of the sensors inside the baby cots are given in figure 13 - 16. 
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3.1.4 Description baby cots 

 

As stated before, 4 types of baby cots are monitored inside the daycare center.  Not all baby cots are 

present in all bedrooms. The first type, a (open) crib is only present in bedroom A and is used for 

children in the age of 2 -4 and which tend not to get out of bed while sleeping. The second type, the 

bedstead, is used in both bedroom A and bedroom B and is used by both newborns as children in the 

age of 2 -4. The last type of baby cot used in the daycare center is the bunk bed. This type is only 

used in bedroom B with children in the age of 10 weeks up to 2 years. There is a top bunk bed and a 

bottom bunk bed. 

  
The beds monitored in this research represent a large part of the commonly used baby cots in child 

daycare centers.  An inspection carried out by the Dutch Food and Drug Administration (Voedsel en 

Waren Autoriteit) showed that in 85 of the inspected child daycare centers 53 locations used bunk 

beds, 51 locations used bedsteads, 17 locations used high beds (with storing space beneath the bed) 

and 18 locations used different kinds of baby cots. Although this inspection provides only a limited 

picture, there are over 4000 child daycare centers in the Netherlands, it can provide an indication for 

a national representation [13]. 

 
 

  
Figure 13: Crib (Bedroom A)        Figure 14: Bedstead (Bedroom A & B) 
 

 
Figure 15: Bottom bunk bed (Bedroom B)      Figure 16: Top bunk bed (Bedroom B) 
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3.1.5 Breathing zone 

For the placement of the CO2 sensors the 

breathing zone of a sleeping infant needs to be 

defined. The breathing zone is the zone around 

the head of a sleeping infant to which the exhaled 

air passes. For adults the range of  exhaled air is 

between 0.6 and 0.8m (respectively breathing 

through nose and mouth) [17]. The assumption is 

made that the range of exhaled air for infants is 

smaller than for adults. 

 

In this research the breathing zone of a sleeping 

infant is defined with a range for exhaled air of 

±0.3m, which results in the breathing zone around 

the head of a sleeping infant given in figure 17. To 

perform measurements, the sensors need to be 

placed within this breathing zone. 
Figure 17:   Representation of the assumed breathing zone  

for baby cots 

3.1.6 Equipment 

 

Different measurements are performed at the child daycare center. To perform these 

measurements, correct equipment is required. To register the carbon dioxide concentration (CO2), 

relative humidity and temperature inside the bedrooms a EE80 sensor is used. The EE80 sensor is 

used for indoor measurements and has a wide range for CO2-measurements (0 – 5000ppm). For the 

complete list of used measurement equipment, see appendix 8.3. 

 

Table 6: Measurements performed at the child daycare facility 

Type Location Equipment Length Interval Extent 

CO₂ / °C / R.H. Baby cots EE80 min. 1 week 30 sec 
CO₂-concentrations inside 
occupied baby cots during 
sleeping hours 

CO₂ / °C / R.H. 
Ventilation 
system 

EE80 min. 1 week 30 sec 
CO₂-concentrations at inlet and 
outlet of the ventilation system 

CO₂ / °C / R.H. General area EE80 min. 1 week 30 sec 
CO₂-concentrations in the 
general area of the bedroom 

Airflow rate Exhaust Flowfinder Incidental N/A 
m³/h air is discharged from the 
bedroom 
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3.1.7 Calibration 

 

Before the analysis of the measured CO2 data inside the baby cots, the used sensors were calibrated 

in the Building Physics laboratory at the Technical University Eindhoven. The calibration took place 

on January 29th 2014, from 0:00 to 01:00. During this time nobody was present in the laboratory and 

the CO2 -concentration decreases to a background level of approximately 520ppm. The results of this 

calibration, visible in figure 18, show that two of the five used sensors comply with this background 

level of 520ppm, while three of the five used sensors show a deviation of 40ppm up to 80ppm. This 

deviation must be processed with the obtained measurement results. 

 

 
Figure 18: Calibration results (29-01-2014  0:00 – 01:00) 
 

3.1.8 Data collection 

 
The first measurements took place during the spring, in the period from 26th of April till 21st of May, 

2013. The measurements inside the bedrooms were done separately and took at least one week. 

This to make sure that the influence of accidental events were minimized.  After the analysis of the 

first measurement results a second measurement was performed. This measurement took place in 

the period from January 29th till February 5th, 2014.  

 

In each bedroom seven sensors were placed at different locations in the room. Each sensor recorded 

the CO2-concentration, relative humidity and temperature inside the room every 30 seconds. All data 

generated during the measurements were stored on a logger. Afterwards the logger can be read out 

and the data can be used for analysis.  
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During the measurements the nursery staff was asked to keep a log (see appendix 8.6)of children 

present inside the bedrooms. During each day they needed to fill in a form with the number of 

infants sleeping inside the bedroom on that day and the period of time they slept inside the 

bedroom. This way a schematic is created of when and for what period of time each bed is occupied.  

 

3.2 Data analysis 

 

The gathered data out of the different measurements is analyzed with the help of predictive analytic 
software SPSS. Two different test are used to determine if the obtained measurement results are 
significant enough  to make relevant conclusions. 

3.2.1 One sample t-test 

 
This test is used to determine if the measured CO2 –concentration inside the baby cots is significantly 

higher than the limit of a 1000ppm recommended by the Dutch building code and the limit of 

1400ppm (Class E) given  by the Public Health Council.  The test uses a null hypothesis (H0) where the 

measured CO2 concentration equals 1000ppm and an alternative hypothesis (HA) where the 

measured CO2 concentration is unequal to 1000ppm. This is a two sided test where it has to be 

determined that the null hypothesis can be rejected with a 95% certainty, and that the alternative 

hypothesis must be assumed. 

 

H0 =  1000ppm 

HA ≠	1000ppm 

 

� = �� − �	

 	√� 

 

with 

 

T = Test statistic 

X� = Sample mean 

S = Standard deviation 

n = Sample number 

 

������ > 	 �∝,�: �	� = ������ > �∝,�� =	∝	= 0.05 

 

with 

 

v = Degree of freedom 

tα,v =  Critical value 

α = Exceedance 

 

If T < tα,v
 , then H0 is rejected and HA can be assumed.  
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3.2.2 Paired t-test 

 

This test is used to determine whether the CO2 -concentration measured inside the baby cots is 

significantly different than the general CO2 –concentration measured in the bedroom. In this case the 

hypothesis whether the CO2 –concentrations inside the baby cots (x) are higher than the general CO2 

–concentration (y). This gives the null hypothesis: there are no differences between the CO2 –

concentrations inside the baby cots and the general CO2 –concentration, and the alternative 

hypothesis: there is a difference between the CO2 –concentrations inside the baby cots and the 

general CO2 –concentration. This is a two sided test where it has to be determined that the null 

hypothesis can be rejected with a 95% certainty, and that the alternative hypothesis must be 

assumed. 

 
H0 : μX = μY  

HA : μX ≠ μY 

 

� = �� − ��

�1� + 1"

	 

 

with 

 

T = Test statistic 

X� = Sample mean 

S = Standard deviation 

n = Sample number 

 

������ > 	 �∝,�: �	� = ������ > �∝,�� =	∝	= 0.05 

 

with 

 

v = Degree of freedom 

tα,v =  Critical value 

α = Exceedance 

 

If T < tα,v
 , then H0 is rejected and HA can be assumed.  
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4 Results 
 

In this chapter the results of this research are described. The results are divided into three parts: the 

actual measurement results, a reciprocal comparison and the results of the statistical analysis. In all 

three parts the results will be given for the associated bedroom and for the different types of baby 

cots.  

 

4.1 Measurement results 

 

In this paragraph the results of the measurements inside the baby cots are described. It should be 

pointed out that the results given in this paragraph are only applicable to the measurement period 

used in this research. The results are gathered in the period between 26th of April and 21st of May, 

2013 (configuration 1) and between January 29th and February 5th, 2014 (configuration 2). 

Measurements at another time of the year, for instance during the winter, can lead to other results 

and, possibly, to other conclusions. 

 

4.1.1 CO2 -concentrations (configuration 1) 

 

 
Figure 19: General CO2 –concentration measured in bedroom A (29-04-2013 till 06-05-2013) 
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Figure 20: CO2 –concentration measured inside the baby cots of bedroom A (29-04-2013 till 06-05-2013) 

 
As visible in figure 19 and 20, the course of the  general CO2 –concentration and the concentrations 

inside the baby cots is similar but the CO2 –concentrations (peaks) inside the baby cots of bedroom A 

are higher than the general CO2 –concentration in  bedroom A.  Also, the national holiday on Tuesday 

30th of April (Queens day) is visible since there is no activity on that day.  

Where the general CO2 –concentration  exceeds the recommended maximum value of 1000ppm but 

stays below 2000ppm, the CO2 –concentration inside the baby cots of bedroom A exceed even 

2000ppm and rises on a single day up to approximately 2500ppm for one baby cot.  
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Figure 21: General CO2 –concentration measured in bedroom B (15-05-2013 till 21-05-2013) 

 

 

Figure 22: CO2 –concentration measured inside the baby cots of bedroom B (15-05-2013 till 21-05-2013) 
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In bedroom B the general CO2 -concentration has a similar course as the CO2 –concentrations inside 

the baby cots. Also, here it is visible that the concentrations inside the baby cots (peaks) are higher 

than the general CO2 –concentration of the bedroom. Inside the baby cots the CO2 –concentration 

rises above 2000ppm.  

 
To get a more clear image on the actual CO2 –concentrations inside the baby cots, plots are made for 

each bedroom with the CO2 –concentrations during naptime. The chosen days for each plot 

represents days when the measured cots are most occupied. 

 

Figure 23 depicts the CO2 –concentration during naptime on April 29th, 2013 in bedroom A. The figure 

shows that the CO2 –concentrations in each baby cot are different with A.2 (crib right) and A.3 

(bedstead door) as outliers.  The CO2 –concentration in the baby cots reaches a value of more than 

2000ppm for baby cot A.3. At the beginning of the naptime all children go to bed which could be an 

explanation for the rise in CO2 at the beginning of the naptime. When all the infants are in bed the 

CO2 drops a little and when naptime is half way the CO2  rises again for all baby cots.  

 

 

Figure 23: CO2 –concentration measured inside the baby cots of bedroom A during naptime (29-04-2013) 
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Figure 24: CO2 –concentration measured inside the baby cots of bedroom A during naptime (02-05-2013) 
 

Figure 24 depicts the CO2 –concentration for bedroom A during naptime again, but now on May 2nd, 

2013. The course of the CO2 –concentration for each baby cot is quite similar, but the value of the 

concentration differs a lot. In this figure it is clearly visible that the CO2 –concentration in A.3 

(bedstead door) is  a lot higher than the other three baby cots, and both A.2 (crib right) and A.3 

(bedstead door) exceed the recommended CO2 –concentration of a 1000ppm on several moments 

during naptime. 
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Figure 25: CO2 –concentration measured inside the baby cots of bedroom B during naptime (15-05-2013) 

 

Figure 25 depicts the CO2 -concentration inside the baby cots of bedroom B on May 15th, 2013. In this 

figure the CO2 –concentration of all baby cots have a similar course, but baby cot B.2 (bottom bunk 

bed – right) has multiple outliers which exceed 1500ppm. This figure depicts the period between 

10:00h and 16:00h. During this period the children sleep in multiple time slots, since not all baby cots 

are used at the same time. For the exact time table of both bedroom A and B, see appendix X. 
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Figure 26: CO2 –concentration measured inside the baby cots of bedroom B during naptime (21-05-2013) 

 
Figure 26 depicts the CO2 –concentrations inside the baby cots of bedroom B on the 21st of May, 

2013. Also on this day the different baby cots are used between 10:00h and 16:00h. As visible in the 

figure, the CO2 concentrations inside the baby cots exceed 1000ppm for all types and exceeds 

1500ppm for the top bunk bed on the right side. 

 

4.1.2 CO2 –concentrations (configuration 2) 

 

During the second measurement, the configuration of the bedroom has changed to setup 2 for both 

bedrooms. This change in configuration aims to detect differences in the used type of baby cots as 

well as the location this baby cot is placed inside the bedroom.  Clear differences are used to 

determine whether the type of baby cot or the location inside the bedroom is determinative for the 

measured CO2 –concentrations. Unfortunately, due to internal relocation of several groups within 

the child daycare center, only results of one day are available for configuration 2. 
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Figure 27: CO2 –concentration measured inside the baby cots of bedroom A during naptime (30-01-2014) 
 

As visible in figure 27, the CO2 –concentrations inside the bedsteads are significantly higher during 

naptime than inside the cribs.  During naptime the concentrations in all four beds rises above the 

recommended value of 1000ppm up to concentrations of 1400ppm for the cribs and up to 2200ppm 

for the bedsteads.  
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Figure 28: CO2 –concentration measured inside the baby cots of bedroom B during naptime (31-01-2014) 
 

During the second measurement period in bedroom B only three baby cots were occupied. The 

results of these three baby cots are depicted in figure 28. It is visible that the CO2 –concentrations for 

all three cots are quite similar. The peak at the end of naptime in baby cot B .3 is explainable. At this 

point the nurse worker took the child out of bed and in this process she is very close to the sensor, 

which would explain the elevated CO2 concentration.  
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4.2 Reciprocal comparison 

 

Figure 29: Boxplot of CO2 –concentration in all baby cots during naptime – configuration 1 
 

Figure 29 depicts the CO2 –concentration inside the baby cots of both bedrooms during naptime in 

configuration 1. It is visible that the CO2 –concentration inside the baby cots of bedroom B are 

generally given higher than the concentrations in bedroom A (the outlier of baby cot A.3 aside). The 

higher CO2 concentrations in bedroom B might be explained due to the higher activity in this 

bedroom. Since the infants sleeping in this bedroom all sleep in different time periods, there is 

higher activity in this bedroom since the daycare worker has to lay the infants in and out of bed more 

often than in bedroom A. In bedroom A the children often sleep at the same time, but for a longer 

period of time. 
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Figure 30: Boxplot of CO2 –concentration in all baby cots during naptime – configuration 2 

 
In figure 30, the CO2 –concentrations during naptime are given for all types of baby cots in 

configuration 2. What stands out first is the higher CO2 –concentrations than the first measurement 

in configuration 1. As noted before, results are only applicable for the given measurement period. 

Since this is a different measurement period than the first, other CO2 –concentrations are expected.  

 

There is however a resemblance between the first and the second measurement period. In both 

periods the CO2 –concentrations in bedroom B are generally slightly higher than in bedroom A. 

Another thing that is noticeable out of figure 29 and 30 is that the bedsteads in bedroom A have 

higher CO2 –concentrations than the cribs in both configurations. This would imply that bedsteads 

have worse CO2 –concentration during naptime than cribs 

 
Table 7: CO2 –distribution inside bedsteads bedroom A, configuration 1 & 2 

Class 
A                              

(Very good) 
B                              

(Good) 
C                             

(Acceptable) 
D                

(Insufficient) 
E                                    

(Very poor) 

CO₂ -concentration [ppm] 
percentage of 

naptime 
hours < 650 

percentage of 
naptime 

hours 650 – 
800 

percentage of 
naptime hours 

800 - 1000 

percentage of 
naptime hours 

1000 - 1400 

percentage of 
naptime hours 

> 1400 

Con 1: A.3 (bedstead front) 2,2% 5,4% 14,2% 22,6% 55,65 

Con 1: A.4 (bedstead back) 4,6% 18,3% 23,3% 42,7% 11,2% 

Con 2: A.1 (bedstead left) 0.0% 0.0% 1,2% 40,5% 58.3% 

Con 2: A.2 (bedstead right) 0.0% 2.0% 13.9% 54.0% 30.1% 
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Table 7 gives the CO2 –distribution for the bedsteads in bedroom A during naptime for both 

configurations. The table shows that the CO2 concentration inside the baby cots in configuration 1 

are most of the time acceptable to good . The outlier of this bedroom, baby cot A.3, has a CO2 –

concentration that is most of the time very poor. In configuration 2 the CO2 –concentrations are even 

higher than in configuration one. What is noticeable is that bedsteads which are placed close to the 

entrance of the bedroom (Con 1: A.3 and Con 2: A.1) have higher CO2 –concentrations than 

bedsteads which are placed in a distance from the entrance. This could be explained due to the fact 

that the baby cot is placed directly next to the door/inlet ventilation. Since the ventilation air is 

coming directly from the common area of the daycare facility and  the activity at the door (daycare 

workers moving in and out) is a lot higher, this could affect the results of this baby cot. 

 
Table 8: CO2 –distribution inside cribs bedroom A, configuration 1 & 2 

Class 
A                              

(Very good) 
B                              

(Good) 
C               

(Acceptable) 
D                

(Insufficient) 
E                                    

(Very poor) 

CO₂ concentration 
[ppm] 

percentage of 
naptime hours 

< 650 

percentage of 
naptime hours 

650 - 800 

percentage of 
naptime hours 

800 - 1000 

percentage of 
naptime hours 

1000 - 1400 

percentage of 
naptime hours 

> 1400 

Con 1: A.1 (crib left) 19.5% 27.0% 24.6% 21.6% 7.3% 

Con 1: A.2 (crib right) 13,0% 32,5% 27,4% 16,9% 10,2% 

Con 2: A.3 (crib front) 0.0% 3.6% 24.8% 62.4% 9.2% 

Con 2: A.4 (crib back) 0.0% 0.0% 0.0% 56.8% 43.2% 

 

Table 8 shows directly that during the second measurement period the CO2 –concentrations were 

much higher for a longer period of time. Also, in this table it is visible that the location of the crib has 

an influence on the CO2 –concentration measured inside the baby cot. Cribs A.1 in configuration 1 

and A.3 in configuration 2 show significantly higher CO2 –concentrations than the other positions. 

Again, cribs placed near the entrance of the bedroom give higher CO2 –concentrations than cribs 

placed in a distance from the entrance. 

 
Table 9 gives the CO2 –distribution for bedroom B during naptime for both configurations. In this 

table the differences between  top and bottom bunk beds are clearly visible. None of the beds have a 

good CO2 –concentration, but it is visible that the bottom bunk beds have more worse CO2 –

concentrations than top bunk beds. The amount of time a bottom bunk bed has a very poor CO2 –

concentration is a lot higher than with top bunk beds. This could be explained due to the fact that 

bottom bunk beds can be considered as a volume which is opened only on the side, while top bunk 

beds are open on the side and the top. In configuration 2 a bedstead is placed on the location of 

bottom bunk bed B 1.2. The results of the second measurement make clear that the CO2 –

concentrations inside the bedstead aren’t any better than the CO2 –concentrations inside the bottom 

bunk beds.  
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Table 9: CO2 –distributions in bedroom B, configuration 1 and 2 

Class 
A                              

(Very good) 
B                              

(Good) 
C                             

(Acceptable) 
D                

(Insufficient) 
E                                    

(Very poor) 

CO₂ - concentration 
[ppm] 

percentage of 
naptime hours 

< 650 

percentage of 
naptime 

hours 650 - 
800 

percentage of 
naptime hours 

800 - 1000 

percentage of 
naptime hours 

1000 - 1400 

percentage of 
naptime hours 

> 1400 

Con 1: B.1 (bottom left) 0.0% 1,2% 6,3% 48,8% 43,7% 

Con 1: B.2 (bottom right) 0.0% 0.0% 2,9% 68,5% 28,6% 

Con 1: B.3 (top left) 0.0% 0.0% 38.0% 48.7% 13.3% 

Con 1: B.4 (top right) 0.0% 11,4% 27,5% 45,3% 15,8% 

Con 2: B.1 (bottom left) 0.0% 0.0% 0.0% 44.4% 55.6% 

Con 2: B.2 (bottom right) 0.0% 0.0% 0.0% 11,9% 88,1% 

Con 2: B 2.3 (bedstead) 0.0% 0.0% 0.0% 42,7% 57,3% 

  



 
 

46 
 

4.2.1 Difference in type 

 

Using averages of the CO2 –concentrations given in paragraph 4.1, graphs are made to depict the 

difference in type of baby cots  for each bedroom configuration. Figure 31 depicts the 2 types of baby 

cots present in bedroom A with configuration 1. The figure clearly shows that bedsteads have a 

higher CO2 –concentration than cribs used in this bedroom.  

 
 

 

Figure 31: Average CO2 –concentrations bedroom A – configuration 1 

 
Figure 32 shows the same image as figure 31. The bedsteads in bedroom A show higher CO2 –

concentrations than cribs, also in configuration 2. These results imply that using bedsteads in 

bedroom areas of child daycare centers will lead to higher CO2 –concentrations than when using 

cribs. 
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Figure 32: Average CO2 –concentrations bedroom A – configuration 2 

 
Looking at bedroom B, figure 33 shows the average CO2 –concentrations for the bunk beds in 

configuration 1. The figure shows that there is hardly any difference in CO2 –concentrations present 

in top- or bottom bunk beds. This would imply that there is no difference in using a top bunk bed or 

bottom bunk bed. This is a notable results since table 11 implies that bottom bunk beds have a 

significant longer period of time where the CO2 –concentrations are at an unacceptable level than 

top bunk beds. 

 

Figure 34 depicts the differences in using bottom bunk beds and bedsteads in bedroom B. The figure 

clearly shows that there are no significant differences between using bottom bunk beds or 

bedsteads. 
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Figure 33: Average CO2 –concentrations bedroom B – configuration 1 

 
 

 
Figure 34: Average CO2 –concentrations bedroom B – configuration 2 
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4.2.2 Difference in location 

 

Besides the type of baby cot used in a bedroom of a child daycare center, also the location within this 

bedroom can be an influence on the CO2 –concentration inside each baby cot. To determine the 

influence of this location, figure 35 depicts the average CO2 –concentration for a bedstead on each of 

the measured location.  The first conclusion which can be drawn from this figure is that a bedstead 

placed against the back wall of the bedroom has the lowest CO2 –concentration. The other three 

positions all have high CO2 –concentrations, but the bedstead placed against the left wall of the 

bedroom (in front of the door) has the most peaks and the worst average CO2 –concentrations. This 

implies that bedsteads placed close to the entrance of a bedroom have generally higher CO2 –

concentrations than bedsteads placed away from the entrance. 

 
 

 
Figure 35: Average CO2 –concentrations of bedsteads 

  



 
 

50 
 

Figure 36 depicts the average CO2 –concentrations inside the cribs used in bedroom A for all 

measured positions. This figure shows that cribs placed at the front and the back of the bedroom 

have higher CO2 –concentrations for a longer period of time than cribs placed along the left and right 

side of the bedroom. Again this figure shows that baby cots placed in the vicinity of the entrance (in 

front of the door/next to the door) have generally higher CO2 –concentrations than cribs placed away 

from the entrance of the bedroom. 

 

 

 
Figure 36: Average CO2 –concentrations of cribs 
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4.3 Comparison earlier research 

 

As stated earlier in this report LBP | Sight conducted a research among 60 daycare centers and 20 

host families around the Netherlands. The investigated child daycare centers were divided into three 

types: (1) child daycare centers with all natural ventilation, (2) child daycare centers with natural inlet 

and mechanical outlet of ventilation air and (3) child daycare centers with an all mechanical 

ventilation system. Since the child daycare center in this report consisted of bedrooms with natural 

inlet and mechanical outlet of ventilation air, the results of the measurements will be compared with 

the results of type 2 child daycare centers. 

 
Table 10: Comparison between measurement results and LBP research 

CO₂-concentratie (P₉₈) minimum average maximum 

KDV type 2 (n=21) summer 690 1330 3629 

KDV type 2 (n=21) winter 808 1386 2469 

Room A       

A.1 – left crib 555 901 1735 

A.2 – right crib 539 929 2432 

A.3 – bedstead door 508 1683 3940 

A.4 – bedstead back 626 1053 1826 

Room B       

B.1 – bottom bun bed (left) 749 1295 1676 

B.2 – bottom bunk bed (right) 827 1300 1867 

B.3 – top bunk bed (left) 898 1191 2074 

B.4 – top bunk bed (right)  655 1120 1653 

 
Table 10 shows that the results gathered from this research  are in the same range as the research 

conducted by LBP|Sight. This would imply that the measurement results of this research are reliable 

and could be integrated/ compared with results obtained by other researches.  
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Figure 37: LBP results (summer) vs. measurement results 

 
Figure 37 gives the mean CO2 –concentrations for the LBP research and the measurement results. 

The figure shows that the baby cots in bedroom B have similar mean values as the results from the 

LBP research. Looking at the results of kdv2 versus the measurement results it is also visible that 

these are in the same range. 

 
Figure 38 gives the maximum CO2 –concentration for each baby cot and for the LBP research. This 

figure shows that the maximum values in the LBP research are generally higher than the 

measurement results of this research. This could be explained due to the fact that the results from 

LBP are general bedroom results and aren’t measured inside the baby cots. Another reason could be 

that this research is performed during the spring, so probably no extreme situations have occurred. 

However, this comparison does show similarities between the results from this research and kdv2 

from the LBP research, based on the given CO2 –concentrations. 
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Figure 38: LBP results (winter) vs. measurement results 

 

  

0

500

1000

1500

2000

2500

3000

3500

4000

C
O

₂ 
-c

o
n

ce
n

tr
a

ti
o

n
 [

p
p

m
]

LBP research vs. measurement results 
Maximum bedroom CO₂ -concentrations



 
 

54 
 

4.4 Significance 

4.4.1 One sample t-test 

 

Table 11 and 12 give the results obtained from the one sample t-test performed with the program 

SPSS. In this test, the measurement results of the first and second configuration are tested against a 

test value of 1400ppm. This test value is chosen since it is a critical value associated with  an 

insufficient air quality set by the Public Health Services. Results for t-test with a test value of 

1000ppm (given by the Dutch building code) can be found in appendix 8.4 

 
Table 11: One-sample T-test results (configuration 1) 

  

Test Value = 1400 

t df 
Sig. (2-
tailed) 

Mean 
Difference 

95% Confidence Interval 
of the Difference 

Lower Upper 

A.1 - left crib -64.73 1307 .00 -499.29 -514.42 -484.16 

A.2 - right crib -59.71 1709 .00 -470.98 -486.45 -455.51 

A.3 - bedstead door 12.95 1337 .00 283.13 240.22 326.03 

A.4 - bedstead back -44.22 1307 .00 -347.27 -362.68 -331.86 

B.1 - bottom bunk bed (left) -9.71 603 .00 -105.04 -126.29 -83.79 

B.2 - bottom bunk bed (right) -15.51 905 .00 -100.02 -112.67 -87.36 

B.3 - top bunk bed (left) -16.02 465 .00 -209.32 -234.99 -183.64 

B.4 - top bunk bed (right) -22.19 447 .00 -279.99 -304.79 -255.19 

 
Table 12: One-sample T-test results (configuration 2) 

  

Test Value = 1400 

t df 
Sig. (2-
tailed) 

Mean 
Difference 

95% Confidence Interval 
of the Difference 

Lower Upper 

A.1 - bedstead left 6.65 251 .00 127.01 89.39 164.63 

A.2 - bedstead right -5.47 251 .00 -108.65 -147.75 -69.56 

A.3 - crib door -20.59 281 .00 -241.07 -264.11 -218.03 

A.4 - crib back -6.51 161 .00 -71.09 -92.64 -49.54 

B.1 - bottom bunk bed (left) 5.41 301 .00 47.47 30.20 64.74 

B.2 - bottom bunk bed (right) 17.44 301 .00 132.87 117.88 147.86 

B.3 - bedstead 8.54 301 .00 101.80 78.34 125.27 

 
 
As stated in paragraph 3.2 the results are significant when the results of the test show values lower 

than 5%. In the third column of the results the significance is given for each baby cot. Since the 
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significance is ≤ 0,01% which is ≤ 5%, means that there is a significant difference between the 

measurement results and the recommended CO2 –concentration of 1000ppm given by the Dutch 

building code. 

4.4.2 Paired t-test 

 

Difference between general CO2 –concentration and concentrations inside baby cots 

 

The aim of performing the paired T-test is to show if there is a significant difference between the 

CO2-concentrations inside the baby cots and the general CO2 –concentration measured inside the 

bedroom. Again, if the calculated significance is below 5%, it can be stated that there is a significant 

difference between these CO2 –concentrations. Table 13 and 14 give the results of the test 

performed with SPSS for both configurations. 

 
Table 13: Paired T-test results (configuration 1)  

  

Paired Differences 

t df 
Sig. (2-
tailed) 

Mean 
Std. 

Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

Pair 1 
General A -                                
A.1 - left crib 

35.07 96.54 1.18 32.76 37.37 29.80 6731 .00 

Pair 2 
General A -                                
A.2 - right crib 

-17.72 117.96 1.44 -20.54 -14.91 -12.33 6731 .00 

Pair 3 
General A -                                 
A.3 - bedstead door 

-347.26 388.50 4.73 -356.54 -337.98 -73.34 6731 .00 

Pair 4 
General A -                                
A.4 - bedstead back 

-7.46 77.38 0.94 -9.31 -5.62 -7.91 6731 .00 

Pair 5 
General B -                                
B.1 - bottom bunk bed (left) 

-12.46 52.28 0.74 -13.90 -11.02 -16.93 5049 .00 

Pair 6 
General B -                                 
B.2 - bottom bunk bed (right) 

-10.65 79.67 1.12 -12.85 -8.45 -9.50 5049 .00 

Pair 7 
General B -                                    
B.3 - top bunk bed (left) 

-1.54 32.03 0.45 -2.42 -0.65 -3.41 5049 .00 

Pair 8 
General B -                                     
B.4 - top bunk bed (right) 

-35.08 98.95 1.39 -37.81 -32.35 -25.19 5049 .00 
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Table 14: Paired T-test results (configuration 2)  

  

Paired Differences 

t df 
Sig. (2-
tailed) 

Mean 
Std. 

Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

Pair 1 
General A -                                 
A.1 - left bedstead 

-227.64 276.94 14.56 -256.27 -199.02 -15.64 361 .00 

Pair 2 
General A -                                    
A.2 - right bedstead 

-111.47 207.68 10.92 -132.93 -90.00 -10.21 361 .00 

Pair 3 
General A -                                   
A.3 - crib door 

-7.94 39.39 2.07 -12.02 -3.87 -3.84 361 .00 

Pair 4 
General A -                                  
A.4 - crib back 

34.65 71.42 3.75 27.27 42.03 9.23 361 .00 

Pair 5 
General B -                                   
B.1 - bottom bunk bed (left) 

9.60 54.12 3.11 3.47 15.73 3.08 301 .00 

Pair 6 
General B -                                     
B.2 - bottom bunk bed (right) 

-75.80 60.48 3.48 -82.65 -68.95 -21.78 301 .00 

Pair 7 
General B -                                   
B.3 - bedstead 

-44.74 168.76 9.71 -63.85 -25.62 -4.61 301 .00 

 

In all cases, both configuration one and configuration 2, the significance (given in column 8) is ≤ 

0.01%, which is ≤ 5%. This means that there is a significant difference between the average CO2 –

concentrations present in the bedrooms and the measured CO2 –concentrations inside the baby cots 

of each bedroom. 
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Difference between concentrations inside different types of baby cots 

 

Another paired samples t-test is performed to show if the difference between concentrations in 

different types of baby cots are significant and to show if there are significant differences between 

the locations inside the bedrooms of the child daycare center.  

 
Table 15: Paired T-test results (type)  

  

Paired Differences 

t df 
Sig. (2-
tailed) 

Mean 
Std. 

Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

Pair 1 
Crib (configuration 1) -                         
Bedstead configuration 1 

-314.81 113.21 5.97 -326.54 -303.08 -52.76 359 .00 

Pair 2 
Bottom bunk beds (configuration 1) -                           
Top bunk beds configuration 1 

7.35 33.63 1.25 4.89 9.81 5.86 719 .00 

Pair 3 
Bedstead (configuration 2) -                           
Crib (configuration 2) 

182.91 177.12 9.31 164.60 201.21 19.65 361 .00 

Pair 4 
Bottom bunk bed (configuration 2) -                          
Bedstead (configuration 2) 

-2.83 133.03 6.07 -14.76 9.10 -0.47 479 .64 

 
Table 15 shows the results for the paired t-test to see if there are any significant differences between 

the CO2-concentrations inside the different type of baby cots for both configurations. If the 

calculated significance is below 5%, it can be stated that there is a significant difference between 

these CO2 –concentrations. Column 8 shows a significance of ≤ 0,01% for the first three pairs. This 

means that there are significant differences between the cribs and the bedsteads of bedroom A for 

both configurations and there are significant differences between the bottom bunk beds and top 

bunk beds of bedroom B for configuration 1. 

Pair 4 shows a significance of 0,65 which is larger than 0,05 (5%). This means that there are no 

significant differences in CO2 –concentrations between the bottom bunk beds and the bedstead in 

configuration 2. This confirms the results given in figure 34 of paragraph 4.2 

 
Table 16: Paired T-test results (location bedstead)  

  

Paired Differences 

t df 
Sig. (2-
tailed) Mean 

Std. 
Deviation 

Std. Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

Pair 1 Left - Right 509.22 207.68 10.95 487.69 530.75 46.52 359 .000 

Pair 2 Left - Door 55.50 541.92 28.56 -0.67 111.67 1.94 359 .053 

Pair 3 Left - Back 232.86 488.39 25.74 182.24 283.48 9.05 359 .000 

Pair 4 Right - Door -453.72 412.81 21.76 -496.51 -410.93 -20.85 359 .000 

Pair 5 
Right - 
Back 

-276.36 375.03 19.77 -315.23 -237.49 -13.98 359 .000 

Pair 6 Door - Back 177.36 333.85 17.60 142.76 211.96 10.08 359 .000 
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Table 16 shows the difference in locations inside bedroom A for a bedstead. The results show that 

there are significant differences between all locations, except for the difference between placed 

against the left wall and next to the door. The significance for this pair is 0,053 ≥ 0,05 (5%). This 

would mean that there is no significant difference between these two locations. Together with the 

results from chapter 4 this implies that both locations have bad CO2 –concentrations. 

Table 17: Paired T-test results (location crib)  

 
Table 17 shows the difference in locations inside bedroom A for a crib. The results show that there 

are significant differences between all locations, except for the difference between placed next to 

the door and against the back wall. The significance for this pair is 0,51 ≥ 0,05 (5%). This would mean 

that there is no significant difference between these locations.  

  

Paired Differences 

t df 
Sig. (2-
tailed) Mean 

Std. 
Deviation 

Std. Error 
Mean 

95% Confidence 
Interval of the 

Difference 

Lower Upper 

Pair 1 Left - Right -115.78 149.37 7.87 -131.26 -100.30 -14.71 359 .00 

Pair 2 Left - Door -265.62 261.63 13.79 -292.73 -238.50 -19.26 359 .00 

Pair 3 Left - Back -263.19 287.47 15.15 -292.99 -233.40 -17.37 359 .00 

Pair 4 Right - Door -149.84 263.18 13.87 -177.12 -122.56 -10.80 359 .00 

Pair 5 Right - Back -147.41 291.57 15.37 -177.63 -117.19 -9.59 359 .00 

Pair 6 Door - Back 2.43 70.54 3.72 -4.89 9.74 0.65 359 .51 
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5 Conclusion 
 

The first thing that is noticeable from the overall measurement results is that the indoor air quality, 

with CO2 used as normative indicator, in child daycare centers is insufficient. Guidelines set up by 

public health care and Dutch building code are only complied with for a small period of time. Most of 

the time, especially during nap hours, the CO2 –concentration rises to unacceptable levels.  

 

From the results of bedroom A several conclusions can be subtracted. First it is noticeable that baby 

cots placed close to the door/ventilation inlet show higher concentrations than baby cots placed in a 

distance from the door/inlet. This means that the location inside the bedroom affects the CO2 –

concentration inside the baby cots.  Second, the concentrations inside the bedsteads are significantly 

higher than the concentrations inside the cribs. Both the graphs in paragraph 4.1 as the results of the 

statistical analysis in paragraph 4.4 show that there are significant difference between the CO2 –

concentrations in bedstead and cribs. Based on the CO2 –distribution given in table 7 and 8 and figure 

31 and 32 it can be concluded that bedsteads have higher CO2 –concentrations for a longer period of 

time (during naptime).  

 

Looking at bedroom B, it can be concluded that CO2 –concentrations in bottom bunk beds are 

significantly higher than concentrations in top bunk beds and that the concentration in each cot type 

exceeds the CO2 –boundary of 1000ppm. Regarding the CO2 –concentrations of configuration 2, it can 

be concluded that there is no difference between bunk beds and bedstead in bedroom B. Both the 

graphs as the results of the statistical analysis show no significant differences between these two 

type of baby cots. Height however does effect the CO2 –concentration. Top bunk beds show lower 

CO2 –concentrations than bottom bunk beds, based on table 9. This could be due to height or the 

fact that it is a more open volume than a bottom bunk bed.  

 

From the results of bedroom A and B, the  Table 18: Type vs. location (bedroom A) 

conclusion can be made that the type of 

baby cot does affect the CO2 –concentration 

inside the baby cots. In bedroom A location 

does affect the CO2 –concentration as well. 

In bedroom B location does  not have any 

influence on the CO2 –concentration inside 

the baby cots, but the height of the baby  

cot does. 

 
  

Bedstead Crib

Placed against left wall - - +

Placed against right  wall +/- +/-

Placed next to door - -

Placed against back  wall + - -
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Regarding the main research question formulated in chapter 1: 

 
“What influence does the type of baby cot, used in a child daycare center, have on the CO2 

concentration near a sleeping infant?”, 

 
It can be concluded that the measurement results of this research imply that the type of baby cot 

used in a bedroom, as well as the location of the baby cot inside this bedroom, affects the CO2 –

concentration near a sleeping infant. Bedsteads placed close to the entrance of the 

bedroom/ventilation inlet show higher concentrations than bedsteads placed in a distance from this 

entrance. Also, bedsteads show higher concentrations than cribs and bottom bunk beds show higher 

concentrations than top bunk beds. It should be noted that the results of this research are obtained 

in a daycare center with insufficient ventilation (table 4). Based on the results of this research and 

the result of earlier research it can be concluded that a ventilation system with natural inlet and 

mechanical outlet is not the most suitable ventilation strategy to ensure a healthy indoor air quality 

inside a child daycare center. Further research with different ventilation strategies will have to give 

more distinct answers. 
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6 Discussion 

6.1 Recommendations 

 

Based on the results of this research it would be      Figure 39: Suggestion configuration bedroom A 

recommended to use only cribs or only top bunk 

beds in the different bedrooms. However, to 

give a recommendation using the current 

available baby cots, it would be advisable to 

place the cribs in bedroom A near the entrance 

of the bedroom (left wall, next to door) and the 

bedsteads away from the entrance (back wall, 

right wall). According to the measurement 

results these are the optimal positions for both 

baby cots.  

 

In bedroom B top bunk beds gave ‘healthier’ CO2 

–concentrations than bottom bunk beds. It 

might be a good idea to only use top bunk beds, 

or replace the current baby cots in this bedroom 

with higher cribs (with a storage space beneath 

the crib). This would result in using only “top  

bunk beds”, and therefore better  

CO2 –concentrations around the sleeping  

infants. Downside to using only high placed    = Crib 

cribs is that the capacity of the bedroom will  

reduce.  With the current dimensions of the     = Bedstead 

bedroom, only three infants can sleep at the  

same time using higher placed beds op top bunk  

beds. 

 

6.2 Further research 

 

In the previous chapter it was stated that the location inside the bedroom of a child daycare center 

and the type of baby cot used affect the CO2 –concentration inside a baby cot near a sleeping infant. 

The results obtained in this research are applicable to the child daycare center measured in this 

research and similar child daycare centers. It must be noted that the amount of ventilation inside the 

bedrooms are not included in this research and that the ventilation flow inside the measured 

bedrooms was insufficient.  Bedrooms with a more adequate ventilation system and sufficient 

airflow can give more desirable results. Additional research into the influence of different ventilation 

strategies is therefore recommended.  

 

  



 
 

62 
 

Another point of discussion is the actual influence of the design  of a baby cot. The results show that 

bedsteads give significantly higher CO2 –concentrations than cribs. But regarding table 18 it can be 

concluded that cribs placed near the entrance of a baby cot have healthier CO2 –concentrations than 

cribs placed in a distance from the entrance of the bedroom. This could be due to the fact that a 

bedstead can be considered as a closed volume and a crib is an open volume. The head and foot of a 

bedstead are often closed and the sides of a bedstead consists of bars. This design could have a 

negative effect on the airflow near and through the bedstead, while when using cribs the air can flow 

free above and around the baby cot. It would be interesting to know the influence of the different 

designs (e.g. bedsteads) on the airflow inside a bedroom. Does the airflow reach all the way into the 

baby cot or do the bars of a bedstead prevent the air to reach the sleeping infant.  Simulations with 

the help of CFD could assist in answering these questions. 
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8 Appendix 

8.1 Results indoor temperature 

 
Figure 40: Temperature measured in  bedroom A 

 

 
Figure 41: Temperature measured inside the baby cots of bedroom A 
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Figure 40 and 41 depict the indoor temperature in bedroom A. As visible in the graph, the 

temperature inside the baby cots are almost equal to the general indoor temperature. This means 

that the type of baby cot used in bedroom A hardly effects the temperature inside the baby cot.  

The same counts for the baby cots in bedroom B (figure 42 and 43). In fact, the temperatures inside 

the baby cots of bedroom B are slightly lower than the general indoor temperature of the bedroom 

 

 
Figure 42: Temperature measured in bedroom B 
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Figure 43: Temperature measured inside the baby cots of bedroom B 
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8.2 Results relative humidity 

 

Inside each baby cot the relative humidity is measured. Figure 44 – 47 depict the humidity 

percentages in each bedroom and in each baby cot during the first measurement period. In each 

figure is visible that the relative humidity inside the baby cots is almost equal to the relative humidity 

measured inside the bedroom. This means that the used baby cots doesn’t influence the relative 

humidity inside the baby cots. 

 
Figure 44: Relative humidity measured in bedroom A 
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Figure 45: Relative humidity measured inside the baby cots of bedroom A 

 

 
Figure 46: Relative humidity measured in bedroom B 
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Figure 47: Relative humidity measured inside the baby cots of bedroom B 
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8.3 Measurement equipment 

 
Table 19: Used measurement equipment 

Type of measurement Equipment Brand TU/e ID Range Measurement 

Process data Laptop Dell Latitude D600 1649 n.a. 1 

Log data Data logger 2F16 Grant 2040 series 2088 n.a. 1 

Log data Data logger 4F16 Grant 2040 series 892 n.a. 2 

Temperature, 

Sensor EE80 1190 

0° - 40°C 

2 Relative Humidity & 0% - 100% 

CO2-concentration 0 - 5000ppm 

Temperature, 

Sensor EE80 2331 

0° - 40°C 

1 & 2 Relative Humidity & 0% - 100% 

CO2-concentration 0 - 5000ppm 

Temperature, 

Sensor EE80 2332 

0° - 40°C 

1 & 2 Relative Humidity & 0% - 100% 

CO2-concentration 0 - 5000ppm 

Temperature, 

Sensor EE80 2333 

0° - 40°C 

1 Relative Humidity & 0% - 100% 

CO2-concentration 0 - 5000ppm 

Temperature, 

Sensor EE80 2334 

0° - 40°C 

1 & 2 Relative Humidity & 0% - 100% 

CO2-concentration 0 - 5000ppm 

Temperature, 

Sensor 

  

2336 

0° - 40°C 

1 Relative Humidity & EE80 0% - 100% 

CO2-concentration   0 - 5000ppm 

Temperature, 

Sensor EE80 2337 

0° - 40°C 

1 & 2 Relative Humidity & 0% - 100% 

CO2-concentration 0 - 5000ppm 

Air flow Flow meter MK 2 2289 10 - 550m³ n.a. 
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             Figure 48: power supply measurement setup              Figure 49: grant data logger 
 
 

 
             Figure 50: EE80 sensors                Figure 51: Flow finder 
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Calibrations 

 
Figure 52: Calibration first  part measurement 1 (bedroom A) 

 
Figure 52: Calibration first  part measurement 1 (bedroom A) 

 

 
Figure 53: Calibration second  part measurement 1 (bedroom B) 
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8.4 Statistic results 

8.4.1 One sample t-test (test value = 1000) 

 
Table 20: One sample statistics (configuration 1)  

  N Mean 
Std. 

Deviation 
Std. Error 

Mean 

A.1 - left crib 1308 900.71 278.99 7.71 

A.2 - right crib 1710 929.02 326.16 7.89 

A.3 - bedstead door 1338 1683.13 800.00 21.87 

A.4 - bedstead back 1308 1052.73 284.05 7.85 

B.1 - bottom bunk bed (left) 604 1294.96 265.87 10.82 

B.2 - bottom bunk bed (right) 906 1299.98 194.05 6.45 

B.3 - top bunk bed (left) 466 1190.68 282.04 13.07 

B.4 - top bunk bed (right) 448 1120.01 267.11 12.62 

 
Table 21: One sample t-test results (configuration 1)  

  

Test Value = 1000 

t df 
Sig. (2-
tailed) 

Mean 
Difference 

95% Confidence Interval 
of the Difference 

Lower Upper 

A.1 - left crib -12.87 1307 .00 -99.29 -114.42 -84.16 

A.2 - right crib -9.00 1709 .00 -70.98 -86.45 -55.51 

A.3 - bedstead door 31.24 1337 .00 683.13 640.22 726.03 

A.4 - bedstead back 6.71 1307 .00 52.73 37.32 68.14 

B.1 - bottom bunk bed (left) 27.26 603 .00 294.96 273.71 316.21 

B.2 - bottom bunk bed (right) 46.53 905 .00 299.98 287.33 312.64 

B.3 - top bunk bed (left) 14.59 465 .00 190.68 165.01 216.36 

B.4 - top bunk bed (right) 9.51 447 .00 120.01 95.21 144.81 

 
  



 
 

75 
 

Table 22: One sample statistics (configuration 2)  

  N Mean 
Std. 

Deviation 
Std. Error 

Mean 

A.1 - bedstead left 252 1527.01 303.24 19.10 

A.2 - bedstead right 252 1291.35 315.12 19.85 

A.3 - crib door 282 1158.93 196.57 11.71 

A.4 - crib back 162 1328.91 138.89 10.91 

B.1 - bottom bunk bed (left) 302 1447.47 152.54 8.78 

B.2 - bottom bunk bed (right) 302 1532.87 132.38 7.62 

B.3 - bedstead 302 1501.80 207.23 11.92 

 
Table 23: One sample t-test results (configuration 2)  

  

Test Value = 1000 

t df 
Sig. (2-
tailed) 

Mean 
Difference 

95% Confidence Interval 
of the Difference 

Lower Upper 

A.1 - bedstead left 27.59 251 .00 527.01 489.39 564.63 

A.2 - bedstead right 14.68 251 .00 291.35 252.25 330.44 

A.3 - crib door 13.58 281 .00 158.93 135.89 181.97 

A.4 - crib back 30.14 161 .00 328.91 307.36 350.46 

B.1 - bottom bunk bed (left) 50.98 301 .00 447.47 430.20 464.74 

B.2 - bottom bunk bed (right) 69.95 301 .00 532.87 517.88 547.86 

B.3 - bedstead 42.08 301 .00 501.80 478.34 525.27 

 
  



 
 

76 
 

8.4.2 Additional tables one sample t-test (test value = 1400) 

 
Table 24: One sample statistics (configuration 1) – test value = 1400ppm 

  
N Mean 

Std. 
Deviation 

Std. Error 
Mean 

A.1 - left crib 1308 900.71 278.99 7.71 

A.2 - right crib 1710 929.02 326.16 7.89 

A.3 - bedstead door 1338 1683.13 800.00 21.87 

A.4 - bedstead back 1308 1052.73 284.05 7.85 

B.1 - bottom bunk bed (left) 604 1294.96 265.87 10.82 

B.2 - bottom bunk bed (right) 906 1299.98 194.05 6.45 

B.3 - top bunk bed (left) 466 1190.68 282.04 13.07 

B.4 - top bunk bed (right) 448 1120.01 267.11 12.62 

 
Table 25: One sample statistics (configuration 2) – test value = 1400ppm 

  N Mean 
Std. 

Deviation 
Std. Error 

Mean 

A.1 - bedstead left 252 1527.01 303.24 19.10 

A.2 - bedstead right 252 1291.35 315.12 19.85 

A.3 - crib door 282 1158.93 196.57 11.71 

A.4 - crib back 162 1328.91 138.89 10.91 

B.1 - bottom bunk bed (left) 302 1447.47 152.54 8.78 

B.2 - bottom bunk bed (right) 302 1532.87 132.38 7.62 

B.3 - bedstead 302 1501.80 207.23 11.92 
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8.4.3 Additional tables paired t-test 

 
Table 26: Paired samples statistics(configuration 1)  

  Mean N 
Std. 

Deviation 
Std. Error 

Mean 

Pair 1 
General A 712.62 6732 223.06 2.72 

A.1 - left crib 677.55 6732 176.59 2.15 

Pair 2 
General A 712.62 6732 223.06 2.72 

A.2 - right crib 730.34 6732 246.10 3.00 

Pair 3 
General A 712.62 6732 223.06 2.72 

A.3 - bedstead door 1059.88 6732 577.72 7.04 

Pair 4 
General A 712.62 6732 223.06 2.72 

A.4 - bedstead back 720.08 6732 215.08 2.62 

Pair 5 
General B 914.33 5050 291.62 4.10 

B.1 - bottom bunk bed (left) 926.79 5050 296.37 4.17 

Pair 6 
General B 914.33 5050 291.62 4.10 

B.2 - bottom bunk bed (right) 924.98 5050 307.85 4.33 

Pair 7 
General B 914.33 5050 291.62 4.10 

B.3 - top bunk bed (left) 915.87 5050 297.90 4.19 

Pair 8 
General B 914.33 5050 291.62 4.10 

B.4 - top bunk bed (right) 949.41 5050 342.59 4.82 

 
Table 27: Paired samples correlation (configuration 1)  

  N Correlation Sig. 

Pair 1 General A & A.1 - left crib 6732 .91 0.00 

Pair 2 General A & A.2 - right crib 6732 .88 0.00 

Pair 3 General A & A.3 - bedstead door 6732 .90 0.00 

Pair 4 General A & A.4 - bedstead back 6732 .94 0.00 

Pair 5 General B & B.1 - bottom bunk bed (left) 5050 .98 0.00 

Pair 6 General B & B.2 - bottom bunk bed (right) 5050 .97 0.00 

Pair 7 General B & B.3 - top bunk bed (left) 5050 .99 0.00 

Pair 8 General B & B.4 - top bunk bed (right) 5050 .96 0.00 
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Table 28: Paired samples statistics (configuration 2)  

  
Mean N 

Std. 
Deviation 

Std. Error 
Mean 

Pair 1 
General A 1118.22 362 223.89 11.77 

A.1 - left bedstead 1345.86 362 389.48 20.47 

Pair 2 
General A 1118.22 362 223.89 11.77 

A.2 - right bedstead 1229.69 362 336.95 17.71 

Pair 3 
General A 1118.22 362 223.89 11.77 

A.3 - crib door 1126.16 362 225.42 11.85 

Pair 4 
General A 1118.22 362 223.89 11.77 

A.4 - crib back 1083.57 362 250.53 13.17 

Pair 5 
General B 1457.07 302 110.65 6.37 

B.1 - bottom bunk bed (left) 1447.47 302 152.54 8.78 

Pair 6 
General B 1457.07 302 110.65 6.37 

B.2 - bottom bunk bed (right) 1532.87 302 132.38 7.62 

Pair 7 
General B 1457.07 302 110.65 6.37 

B.3 - bedstead 1501.80 302 207.23 11.92 

 
Table 29: Paired samples correlation (configuration 2)  

  N Correlation Sig. 

Pair 1 General A & A.1 - left bedstead 362 .72 .00 

Pair 2 General A & A.2 - right bedstead 362 .80 .00 

Pair 3 General A & A.3 - crib door 362 .98 .00 

Pair 4 General A & A.4 - crib back 362 .96 .00 

Pair 5 General B & B.1 - bottom bunk bed (left) 302 .97 .00 

Pair 6 General B & B.2 - bottom bunk bed (right) 302 .89 .00 

Pair 7 General B & B.3 - bedstead 302 .58 .00 
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8.4.4 Additional tables paired t-test (type / location) 

 
Table 30: Paired samples statistics (difference in type)  

  Mean N 
Std. 

Deviation 
Std. Error 

Mean 

Pair 1 
Crib (configuration 1) 908.54 360 99.52 5.25 

Bedstead configuration 1 1223.35 360 173.61 9.15 

Pair 2 
Bottom bunk beds (configuration 1) 1023.38 720 188.99 7.04 

Top bunk beds configuration 1 1016.03 720 184.21 6.86 

Pair 3 
Bedstead (configuration 2) 1287.77 362 323.80 17.02 

Crib (configuration 2) 1104.87 362 235.70 12.39 

Pair 4 
Bottom bunk bed (configuration 2) 1440.24 480 137.51 6.28 

Bedstead (configuration 2) 1443.08 480 187.16 8.54 

 
Table 31: Paired samples correlation (difference in type)  

  
N Correlation Sig. 

Pair 1 
Crib (configuration 1) &                                                          
Bedstead configuration 1 

360 .79 .00 

Pair 2 
Bottom bunk beds (configuration 1) &                         
Top bunk beds configuration 1 

720 .98 .00 

Pair 3 
Bedstead (configuration 2) &                                            
Crib (configuration 2) 

362 .85 .00 

Pair 4 
Bottom bunk bed (configuration 2) &                               
Bedstead (configuration 2) 

480 .70 .00 
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Table 32: Paired samples statistics (location bedstead)  

  
Mean N 

Std. 
Deviation 

Std. Error 
Mean 

Pair 1 
Left 1404.18 360 322.48 17.00 

Right 894.96 360 126.09 6.65 

Pair 2 
Left 1404.18 360 322.48 17.00 

Door 1348.68 360 388.72 20.49 

Pair 3 
Left 1404.18 360 322.48 17.00 

Back 1171.32 360 337.17 17.77 

Pair 4 
Right 894.96 360 126.09 6.65 

Door 1348.68 360 388.72 20.49 

Pair 5 
Right 894.96 360 126.09 6.65 

Back 1171.32 360 337.17 17.77 

Pair 6 
Door 1348.68 360 388.72 20.49 

Back 1171.32 360 337.17 17.77 

 
 
Table 33: Paired samples correlation (location bedstead)  

  N Correlation Sig. 

Pair 1 Left & Right 360 .94 .00 

Pair 2 Left & Door 360 -.15 .00 

Pair 3 Left & Back 360 -.10 .07 

Pair 4 Right & Door 360 -.03 .51 

Pair 5 Right & Back 360 -.13 .01 

Pair 6 Door & Back 360 .58 .00 
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Table 34: Paired samples statistics (location crib)  

  Mean N 
Std. 

Deviation 
Std. Error 

Mean 

Pair 1 
Left 821.56 360 99.48 5.24 

Right 937.34 360 179.23 9.45 

Pair 2 
Left 821.56 360 99.48 5.24 

Door 1087.18 360 225.64 11.89 

Pair 3 
Left 821.56 360 99.48 5.24 

Back 1084.76 360 250.72 13.21 

Pair 4 
Right 937.34 360 179.23 9.45 

Door 1087.18 360 225.64 11.89 

Pair 5 
Right 937.34 360 179.23 9.45 

Back 1084.76 360 250.72 13.21 

Pair 6 
Door 1087.18 360 225.64 11.89 

Back 1084.76 360 250.72 13.21 

 
Table 35: Paired samples correlation (location crib)  

  N Correlation Sig. 

Pair 1 Left & Right 360 .55 .00 

Pair 2 Left & Door 360 -.17 .00 

Pair 3 Left & Back 360 -.20 .00 

Pair 4 Right & Door 360 .17 .00 

Pair 5 Right & Back 360 .11 .04 

Pair 6 Door & Back 360 .96 .00 
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8.5 Photograph’s of child daycare center “De TUimelaar” 

 

   
Figure 54: Indoor playground          Figure 55: indoor playground 
 

   
Figure 56: Construction ceiling bedroom A         Figure 57: Indoor bedroom area’s 

 

   
Figure 58: Additional fan in common area         Figure 59: Overview common area outside bedroom A 
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Figure 60: Toilet and changing room          Figure 61: hallway  

 

   
Figure 62: Bedroom A              Figure 63: Bedroom B 
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8.6 Logs 
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Logboek aanwezigheid 
 

Kdv. De Tuimelaar (Koekies)     26-04-2013 t/m 07-05-2013        Ruimte 0.32b 
 
In onderstaand schema dient u aan te geven op welke tijdstippen u de aanwezige kinderen in bed legt, voor welke periode zij in bed liggen en hoeveel 
kinderen er in de slaapruimte aanwezig zijn. Alvast bedankt! 
 

 

Vrijdag                      
26 april             
(3 kids) 

Maandag                
29 april                  
(5 kids) 

Woensdag                 
1 mei                  

(2 kids) 

Donderdag               
2 mei                  

(7 kids) 

Vrijdag                    
3 mei                  

(4 kids) 

Maandag                   
6 mei                  

(5 kids) 

Dinsdag             
7 mei                

(7 kids) 

 
Van Tot Van Tot Van Tot Van Tot Van Tot Van Tot Van Tot 

Bed 1: left side 
 

 13:00 15:40   13:00 15:55   13:00 15:45 13:00 15:30 

Bed 2: 
 

            
 

Bed 3: back bedroom 
 

 13:00 15:40   13:00 15:55   13:00 15:45 13:00 15:30 

Bed 4: 
 

            
 

Bed 5: right side 13:00 15:30   13:00 16:00 13:00 15:55 13:00 16:00   13:00 15:45 

Bed 6: 
 

            
 

Bed 7: next to door 
 

 13:00 15:40 13:00 16:00 13:00 15:55     13:00 15:30 
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Logboek aanwezigheid 
 

Kdv. De Tuimelaar (Pebbles)     14-05-2013 t/m 21-05-2013        Ruimte 0.43b 
 
In onderstaand schema dient u aan te geven op welke tijdstippen u de aanwezige kinderen in bed legt, voor welke periode zij in bed liggen en hoeveel 
kinderen er in de slaapruimte aanwezig zijn. Alvast bedankt! 
 

 
Dinsdag                      
14 mei 

Woensdag                   
15 februari 

Donderdag             
16 mei 

Vrijdag                    
17 mei 

Maandag             
20 mei 

Dinsdag                    
21 mei 

 
Van Tot Van Tot Van Tot Van Tot Van Tot Van Tot 

Bedstead 13:00 15:30 13:00 15:30 13:00 15:30 13:00 15:30 

W
h

it
 S

u
n

d
a

y
 

13:00 15:30 

B.1 - Bottom bunk bed 
(left) 

  13:00 15:30 13:00 15:30 
 

  
 

B.2 – Bottom bunk bed 
(right) 

13:00 15:30   13:00 15:30 13:00 15:30 13:00 15:30 

B.3 – Top bunk bed 
(left) 

10:25 11;40 

  
 

  
 

10:30 
14:20 

12:10 
16:00 

12:40 15:35 

17:25 17:55 

B.4 – Top bunk bed 
(right) 

9:50 
14:20 

11:25 
16:40 

10:45 
13:45 

11:30 
14:20 

 
  

 
10:30 
12:50 

11:10 
14:30 
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Logboek aanwezigheid 
 

Kdv. De Tuimelaar (Koekies)     29-01-2014 t/m 05-02-2014        Ruimte 0.32b 
 
In onderstaand schema dient u aan te geven op welke tijdstippen u de aanwezige kinderen in bed legt, voor welke periode zij in bed liggen en hoeveel 
kinderen er in de slaapruimte aanwezig zijn. Alvast bedankt! 
 

 
Woensdag               
29 januari 

Donderdag             
30 januari 

Vrijdag                     
31 januari 

Maandag                  
3 februari 

Dinsdag                  
4 februari 

Woensdag                 
5 februari 

 
Van Tot Van Tot Van Tot Van Tot Van Tot Van Tot 

Bed 1: left side 
 

 12:55 15:00  
  

 12:30 13:45  
 

Bed 2: 
 

 
  

 
  

 
  

 
 

Bed 3: back bedroom 
 

 13:00 14:20  
  

 12:40 14:40  
 

Bed 4: 
 

 
  

 
  

 
  

 
 

Bed 5: right side 
 

 12:55 15:00  
  

 12:30 14:40  
 

Bed 6: 
 

 
  

 
  

 
  

 
 

Bed 7: next to door 
 

 13:00 15:20  
  

 12:30 14:40  
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Kdv. De Tuimelaar (Pebbles)     31-01-2014 t/m 07-02-2014        Ruimte 0.43b 
 
In onderstaand schema dient u aan te geven op welke tijdstippen u de aanwezige kinderen in bed legt, voor welke periode zij in bed liggen en hoeveel 
kinderen er in de slaapruimte aanwezig zijn. Alvast bedankt! 
 

 
Vrijdag                      

31 januari 
Maandag                   
3 februari 

Dinsdag                     
4 februari 

Woensdag                 
5 februari 

Donderdag             
6 februari 

Vrijdag                       
7 februari 

 
Van Tot Van Tot Van Tot Van Tot Van Tot Van Tot 

Bed 1: bottom bunk 

bed (left) 
13:00 15:30 

  
 

  
 

  
 

 

Bed 2: bedstead 13:00 15:30 
  

 
  

 
  

 
 

Bed 3: bottom bunk 

bed (right) 
13:00 15:30 8:45 9:55  

  
 

  
 

 

Bed 4: 
 

 
  

 
  

 
  

 
 

Bed 5: 
 

 
  

 
  

 
  

 
 

 
 


