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This research deals with the indoor air in long term care facilities and its relation to airborne 
infectious diseases. In this research a method has been developed to evaluate the indoor air in long 
term care facilities and compare these results with the outbreaks of infectious diseases and health 
and comfort of health care professionals. The method has been applied at the Psycho Geriatric 
department of 7 long term care facilities in the Netherlands. The applicability of the method as well 
as the results of the investigated buildings are described in this report.  
The current research is part of the project “BEZielende omgeving voor de Ouderenzorg” (BEZO) 
which is about healing environments in elderly care. BEZO aims to investigate the physical 
environment in long term care facilities and its effect on health and wellbeing of the building 
occupant. Within this project, the lighting and acoustic environment and indoor air are investigated. 
The project is in corporation with the University of Applied Sciences in Utrecht, Eindhoven University 
of Technology, WoonZorgcentra Haaglanden (WZH) and is supported by the foundation SIA RAAK 
(registratienummer: 2010-14-38P). The healthcare facilities Archipel, Florence, Vivent and WZH took 
part in the research. 
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The indoor air in long term care facilities has been investigated because older adults, especially 
those who suffer from dementia, are more sensible to the indoor environment. However,  no special 
requirements for the indoor air in long term care facilities exist. The indoor air affects health, 
comfort and the spread of airborne diseases. This current study focuses on the relation between 
indoor air and the spread of airborne infectious diseases in buildings. The objective of this research 
is to provide a method to analyze current long term care facilities to see if differences in building 
characteristics and HVAC systems influence the spread of airborne infectious diseases. 
 
A method has been set up to evaluate building-, location- and HVAC characteristics, use, indoor air 
quality, outbreaks of infections and health and comfort in long term care facilities (LTCF’s). This 
method has been carried out at seven LTCF’s in the Netherlands. Boxplots are used to give an 
overview of the quality of the buildings. For each variable, the buildings have been ranked and a 
score has been assigned from the point of view of infection prevention. A radar chart has been 
composed using these scores. This visualizes the quality of the building compared to the other 
investigated LTCFs.  
 
It was found that reliable information about the about breaks of infectious diseases is difficult to 
obtain. It also appeared to be complicated to find all the desired technical information about the 
HVAC systems. The radar chart, which gives insight in the scores and possible relations, needs 
further research to be validated. It is recommended to further develop the method, so it can be 
applied and thereby serve as a tool to find correlations, determine design guidelines and assist 
facility managers to improve the building quality of LTCF’s. 
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De  binnenluchtkwaliteit in verpleegtehuizen is onderzocht, omdat ouderen, met name zij die ook 
last hebben van dementie, gevoeliger zijn voor het binnenmilieu. De kwaliteit van de binnenlucht 
heeft invloed om comfort, gezondheid en de verspreiding van infectie ziekten. Er zijn echter geen 
speciale ontwerp richtlijnen voor verpleegtehuizen. Dit onderzoek richt zich op de relatie tussen de 
binnenluchtkwaliteit en de uitbraak van infectieziekten. Het doel van het onderzoek is een methode 
op te stellen om de huidige verpleegtehuizen te onderzoeken, om te zien of verschil in gebouw-  en 
installaties kenmerken invloed heeft op de spreiding van infectieziekten. 
 
Hiervoor is een methode opgezet die de gebouw, locatie- en installatie kenmerken, het gebruik van 
het gebouw, de binnenluchtkwaliteit, de uitbraak van infectieziekten en comfort en gezondheid van 
zorgprofessionals evalueert. Deze methode is uitgevoerd in zeven verzorgingtehuizen in Nederland. 
Om een overzicht te geven van de resultaten is er gebruik gemaakt van boxplots. De antwoorden 
van elke variabele zijn geordend van het meest ongunstige tot meest gunstige antwoord, vanuit het 
oogpunt van infectiepreventie. Elke gebouw heeft aan de hand van deze boxplots per variabele een 
score toegekend gekregen. De scores zijn gebruikt om een radar grafiek op te zetten per locatie. 
Deze grafiek geeft per categorie de kwaliteit van het gebouw, ten opzichte van de andere 
onderzochte verpleegtehuizen weer. 
 
Bij het uitvoeren van deze methode, bleek het lastig om betrouwbare informatie over de historie 
van infectie ziekten te verkrijgen. Ook was het moeilijk om alle gewenste informatie over de 
installaties in gebouwen te vinden. Er is meer onderzoek nodig om de radar grafiek te valideren. 
Aanbevolen wordt om de methode verder te ontwikkelen zodat deze toegepast kan worden om 
relaties tussen verschillende variabelen te onderzoeken, richtlijnen op te stellen en facilitair 
managers van verpleegtehuizen inzicht te geven in de gebouwkwaliteit zodat zonnodig gerichte 
verbeteringen doorgevoerd kunnen worden. 
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Abbreviations 
ACH: Air Changes per Hour 

BRI: Building Related Illness  

DRM: Design Research Methodology  

GGD: Municipal health care department 

HCF: Health Care Facilities 

HVAC: Heating Ventilation and Air Conditioning 

IAQ: Indoor Air Quality 

IEQ: Indoor Environmental Quality 

LTCF: Long Term Care Facilities 

MERV:  Minimum Efficiency Reporting Value 

PG:  Psycho Geriatric 

PMV: Predicted Mean Vote 

PPD: Percentage People Dissatisfied  

PPM: Parts per million 

PSI5: Personal symptom index 5 

RH: Relative humidity 

SBS: Sick Building Syndrome 

SNIV: Sentinel Surveillance Network on Infectious diseases in nursing homes 

 

Definitions 
Airborne transmission: refers to the passage of microorganisms from a source to a person through 

aerosols, resulting in infection of the person with or without consequent disease (Li et al, 2007). 

Aerosols: are a suspension of solid or liquid particles in a gas with particle size from 0.001 – 100 μm 
(Hinds, 1982). 

Droplet nucleus: is the airborne residue of a potentially infectious microorganism bearing aerosol 
from which most of the liquid has evaporated. (Wells, 1934) 

Health Care Facilities: HCF are places where patients with health conditions go for treatment, which 
is provided by specialists and other care professionals (Huisman et al, 2012). 

Indoor air: the air in an enclosed occupiable space (ASHRAE, 2007) 

Olf: One olf is the sensory pollution strength from a standard person defined as an average adult 
working in an office or similar non–industrial workplace, sedentary and in thermal comfort, with 
a hygienic standard equivalent of 0.7 bath/day. It was defined to quantify the strength of 
pollution sources which can be perceived by humans (REVHA, 2011). 

Sick Building Syndrome symptoms: Non–specific symptoms experienced by building occupants which 
may include irritation of eyes, nose, and skin, headache, fatigue, and difficulty in breathing and 
are related to the characteristics of buildings and indoor environments. The symptoms improve 
when the occupant is away from the building and are not related to any known disease or 
exposure (REVHA, 2011). 

Ventilation: the process of supplying air to or removing air from a space for the purpose of 
controlling air contaminant levels, humidity, or temperature within the space (ASHRAE, 2007). 

Ventilation rate: Magnitude of outdoor air flow to a room or building either through the ventilation 
system or infiltration through building envelope (REVHA, 2011). 
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The number of older adults is increasing rapidly in European societies. Aging goes together with 
sensory changes and an increased risk of age related diseases like dementia (van Hoof et al, 2010a). 
Therefore the aging society causes an increase of people suffering from dementia. These people 
suffering from dementia often need institutional care and therefore live in long term care facilities 
(LTCF). This puts important challenges on the current health care systems (Alzheimer Europe, 2009). 
Older adults, and especially those who suffer from dementia, have an altered sensitivity to indoor 
environmental conditions. Since the physical environment directly influences health and wellbeing, 
careful attention to the indoor environment in LTCF’s is desirable. However, there are no special 
requirements for elderly care facilities (Kort, 2012). The literature study “Indoor air in LTCF’s and 
how it effects elderly with dementia” (te Kulve et al, 2013) has been performed to investigate the 
current knowledge on indoor air in LTCF’s. It describes the possible effects of the quality of indoor air 
on health and comfort of older adults living in LTCF’s. The study’s most relevant literature and 
conclusions, as well as how it gave rise to this current study, are described below. The complete 
theoretical background can be found in the literature study. 
 

1.1 Literature overview 
Indoor environmental standards are based on the perception of average people whereas older 
adults people are known to have a different sensitivity of the physical environment (i.a. Anderson, 
2011; Bae, 2009; Norbäck 2009). There are no specific requirements regarding to the indoor 
environment in LTCF’s, while the changes in sensitivity are even larger for older adults coping with 
dementia and who live in these care facilities (van Hoof et al, 2010a). Little is known about the 
current indoor climate in these LTCF’s, although the effect of the physical environment on the health 
and wellbeing of patients has proved to be important (Huisman, 2012).  
 

Salonen et al (2013) have critically reviewed the implications of key indoor physical design 
parameters in healthcare facilities, in relation to their potential impact on human health and 
wellbeing. They concluded that adequate and sufficient ventilation, thermal comfort and control 
over temperature were three, of the, in total fourteen, most beneficial design elements. By adjusting 
the indoor environment to the needs of older adults, it is expected they put less demand on the 
professionals working in the LTCF’s. Healing environments applied in hospitals, which take into 
account the consequences of the indoor environment (Huisman, 2012), save money, increase staff 
efficiency and reduce the duration of hospital stays by making the stay less stressful (Ulrich, 1992). 
According to Aminoff (2007) poor indoor environmental conditions may have a role in the suffering 
of people with dementia.  

Indoor Air

Health

Comfort
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Comfort

Building related 
illness

Spread of airborne 
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Perceived Indoor 
Air Quality

Odor perception

Thermal comfort

  
Figure 1.1 Relation indoor air and health and comfort of human 
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The physical indoor environment consists of the thermal environment, the indoor air quality, lighting 
and the acoustic environment. These parameters have impact on health and comfort. Figure 1.1 
illustrates the relationships for the parameter indoor air. These relations will briefly be discussed in 
this chapter, followed by a more extensive review about indoor air in LTCF’s and the spread of 
airborne infectious diseases. 
  

1.1.1 Comfort & health 
In this paragraph it is described how each of the indoor air topics (thermal comfort, perceived air 
quality, odor perception, sick building syndrome symptoms and the spread of airborne diseases) 
affects older adults with dementia and why a good indoor environment is important in LTCF’s. 
Additionally, appendix I gives an overview of the current knowledge on each topic and the guidelines 
which are best applicable for LTCF’s. 
 
Thermal comfort 
Thermal comfort is the condition of mind that expresses satisfaction with the thermal environment 
and is assessed by subjective evaluation (ASHRAE Standard 55, 2004). According to Schellen et al 
(2010,) older adults in a thermal stationary situation prefer a higher temperature than younger 
people. For older adults with dementia, the altered sensitivity to indoor environmental conditions 
can result in problematic behaviour which is a burden for the patient, family and carers (van Hoof et 
al , 2009). Van Hoof (2010b) concluded that there are clear indications that people with dementia 
are generally very sensitive to (changes in) indoor environmental conditions and that their 
perception differs from healthy subjects.  
 
Perceived indoor air quality 
The perceived air quality can be expressed in the percentage of people dissatisfied (PPD). The PPD 
together with limits on concentrations of contaminations is used to establish ventilation rates to 
arrive at a certain level of air quality (Wargocki, 2009). According to von Kempski (2002) acceptable 
indoor air does not carry health risks and it is perceived as pleasant and fresh. Where the subjective 
part consists of thermal comfort, which depends on room temperature and humidity, and the 
odorous substances present in air.  
 
Odor perception 
Smell can be very effective in evoking emotional responses and memories (Mather, 2009). 
Aromatherapy has therefore been recommended for use in dementia. However, odor recognition 
decreases with an increasing age (Mather, 2009). A study of Doty and Reyes (1987) suggest that 
Alzheimer’s disease is accompanied with a major alternation in the ability to detect and identify 
odors. Evidence that aromatherapy has a positive influence on people suffering from dementia is 
scarce (Nguyen and Paton, 2008). Considering the recognition of odors and adaption to an odor over 
time (Ekman et al 1967), odors seem to be more important for health care professionals working in 
these buildings and family visiting the residents. 
 
Health 
Health, as defined by the World Health Organisation (1948), is the state of complete physical, mental 
and social wellbeing and not merely absence of disease or infirmity. Huber et al (2011) proposed a 
supplement to this definition to shift the emphasis towards the ability to adapt and self manage in 
the face of social, physical and emotional challenges. Considering both, the indoor air quality, 
contaminations and pollutants as well as temperature, influences the health of occupants in a room. 
However which pollutants cause which effects is often unknown (Wargocki, 2009). 
 
The study of Bae and Park (2009) confirmed, in line with previous studies, that older adults are more 
likely to be affected by air pollution. Franchimon (2009) started from the notion that the aging 
society calls for a shift in design from comfort back to complete health. From that point of view, 
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building services function to improve the health of the occupants of the building because the indoor 
air quality is associated with various health effects. Apart from contaminations, overheating in 
buildings also goes together with health effects. This is especially important in nursing homes 
because older adults are of increased risk of heat (Marmor, 1978). 
 

1.1.2 Infectious diseases 
Apart from the fact that a poor indoor air quality can cause health problems, air can also transfer 
pathogens of airborne diseases. The study of Li et al (2007) emphasized the need for investigation on 
the impact of indoor air environments onto the spread of airborne infectious diseases, as little 
known about the impact of airflow patterns on infectious disease propagation.  
 
Transmission in long term care facilities 
The transmission of infections is complex, and controlling the infections at the psycho geriatric (PG) 
departments of LTCF’s is hard because: 

 Residents can freely interact with each other (Siegel et al, 2007). 

 Residents live close together (Siegel et al, 2007). 

 Older adults have an increased risk of infection (Siegel et al, 2007). This is due to the fact 
that advanced age is associated with a declining immune system and a weakened host 
defence. 

 Illness is often recognised after it has already spread, because of subtle presentation of the 
infection, the lack of onsite diagnostic facilities and the presence of co-morbid illness which 
obscure the symptoms of the infection. However delays in diagnosing and treating 
infections increase the risk of transmission within the facility (Garibaldi, 1999). 

 It is hard to apply restrictions for residents because they do not understand the situation 
(Siegel et al, 2007). 

Health care facilities in the Netherlands are obligated to report notifiable infections, like 
Staphylococcal diseases (MRSA) and tuberculosis. Furthermore, there are a number of symptoms 
which should be reported because of their potential infectiousness (GGD, 2012). The municipal 
health care department (GGD) can assist these institutions to assess the urgency of the situation and 
set up measures to reduce the risk of infection for other patients. Measures can include source 
research, offering vaccinations and improvement of hygiene protocols. 
 
Indoor air and transmission of infections 
There is not much evidence that ventilation reduces the risk of transmission of infections. But there 
are many studies which suggest that an insufficient amount of ventilation contributes to the spread 
of airborne diseases. High ventilation rates could decrease transmission but no maximum ventilation 
rate is known at which the spread does not decrease anymore. So the information about the relation 
of ventilation and infection is scarce and there is only few evidence about this relation (WHO, 2009). 
The reason for the little evidence is first of all due to the large numbers of factors that contribute to 
the transmission of the infections. Besides that, the (airborne) evidence of the airborne infection 
rapidly disappears once the infection period is over. Finally the influence of the ventilation impact is 
often too difficult to be quantified (Li et al, 2007). The airborne route will become more important 
when the other routes are blocked. However it is not known how many particle loads must be 
reduced to achieve a measurable reduction in disease transmission (ASHRAE, 2012). 
 
Spread of infections 
The spread of infections can be described by the ‘infection chain’, this is illustrated in figure 1.2 
(Chohan et al, 2001). This current research focuses on step 1, 4 and 6 of this chain. In this case, the 
causative agents are pathogens which can spread into the air, the mode of transmission is airborne 
transmission and the susceptible individuals are residents in LTCF’s. 
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1. Causative agent
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4. Mode of transmission
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Fig.1.2: The chain of infection (Chohan et al, 2001) 

Causative agent 
There are many causative agents which can cause illness of susceptible individuals, however not all 
of them can spread through air. It is difficult to prove that an individual infection is airborne (Schaal, 
1991). Tang et al (2006) have listed a table of pathogens and diseases that have the potential to be 
transmitted via the airborne route. From this table, the relevant diseases which are found in LTCF’s 
were selected using documents of the Dutch National Institute for Public Health and Environment 
(RIVM, 2009) and listed in table 1 in Appendix II. 
 

Mode of transmission 
It is difficult to define the contribution of the airborne route of transmission compared to the 
contact route. Although there is not much evidence, the contact route is assumed as being the most 
important. Beggs (2003) concluded that the contribution of the airborne route is likely to be greater 
than expected, though contact spread is the principle route of most infections. 
 

Airborne transmissions occur when organisms are contained in droplet nuclei or in dust particles 
containing microbes. The droplets with respiratory infections can spread during activities such as 
talking, coughing and sneezing (Xie et al, 2009). For a prolonged period of time they remain 
suspended in the air and can spread widely. These droplets or particles are inhaled by a susceptible 
host who may be some distance away from the source patients or individuals (Brankston et al, 
2007). The size of these droplets mainly determines the time they remain airborne, have the 
possibility to spread infectious diseases and thus, determine the strategies for controlling the 
respiratory droplets generated during the expiratory activities (Xie et al, 2009). A study of Tang et al 
(2013), investigated the maximum cough and sneeze propagation distances and velocities. It was 
found that both were in similar ranges of 0-0.6m and 0-6 m/s. For nasal and mouth breathing the 
propagation distances were significantly less with a range of 0-0.5m and 0-1m/s. Propagation was 
slightly larger and faster for mouth breathing. 
 

Viruses are smaller than bacteria, as can been seen in figure 1.3. But because viruses cannot survive 
in ‘semi-dry’ air, they need droplets or microorganisms to spread through air (Ham, 2002). The 
respiratory droplets that carry microorganism such as bacteria and viruses evaporate and reduce in 
size after they are released. This can results in droplet nuclei that are sufficiently small to remain 
suspended in the air for a long time while remaining infectious. On the other hand, large droplets (> 
100 μm) can settle on the ground before they become nuclei. The majority of the respiratory 
droplets are less than 100 μm and evaporate rapidly in the surrounding environment. The arisen 
droplet nuclei suspend in the air or are transported away by the airflow (Eames et al, 2009). 
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Fig. 1.3 Fall velocity (Ham, 2002) 
 

Although not much quantitative data is available, a recent study of Noti et al (2013) concluded that 
maintaining indoor relative humidity at 40%, will significantly reduce the infectivity of aerosolized 
virus. According to Nielsen (2012) a large amount of air should be supplied to a room to ensure 
dilution of airborne infections. Analyses of the macro-environmental level shows that: a high airflow 
rate, air distribution pattern which has a high ventilation effectiveness and personalized ventilation 
may reduce the risk of cross infection. Personalized ventilation can be used especially where people 
are located at defined positions. 
 

Susceptible individuals 
In this study, the susceptible individuals are older adults suffering from dementia and living in LTCF’s. 
These individuals are a weakened host which makes it more likely for infectious agents to invade 
(Chohan et al, 2001). Additionally, a poor indoor air quality can also contribute to a weakened host. 
This is the case because the Sick Building Syndrome (SBS), caused by the a poor indoor environment, 
can influence the healing process, recovery and well-being (Norbäck, 2009). So apart from airborne 
transmission, the indoor air quality may also play another role in the infection by weakening the 
defence mechanism of individuals. 
 
Controlling transmission 
Known methods to control airborne transmission include the use of HEPA and other air cleaning 
methods, the use of air disinfection methods and ventilation (Eames et al, 2009). This fits within the 
methods to create a good indoor air quality. Careful attention to source control, proper ventilation, 
humidity management and adequate filtration is required. These aspects should be considered 
during the design and construction of the building and HVAC systems and should be followed by 
proper operation and maintenance throughout the life of the building (Trane, 2002). 
 
Contaminant source control 
The most effective way of controlling contaminations is at the source. Indoor pollutants come from 
building occupants, their activities, furnishings and wall coverings or can be brought into the building 
with the outdoor air intake. Therefore, carpeting and other textile materials should be avoided, 
unless they are properly cleaned (Norbäck, 2009). Micro contamination, such as fungi and bacteria, 
can also grow within the HVAC system. Mold spores and other microbiological particles can become 
airborne, which results in allergic reactions of occupants of the room. Building materials and the 
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HVAC systems are important in reducing the potential of microbial growth inside buildings (Trane, 
2002).  
 
Ventilation 
Li et al (2007) concluded that there is sufficient and strong evidence that demonstrate an association 
between ventilation, air movements in buildings and the transmission spread of infectious diseases 
indoors. Brankston et al (2007) also state that control of airborne transmission requires control of 
airflow through ventilation systems. The ventilation in buildings consists of several elements:  

 The ventilation rate: the quality of the outdoor air should be taken in consideration while 
designing the ventilation system. Also, maintenance and cleaning of the system is essential 
to ensure proper ventilation.  

 Airflow direction; the pressure hierarchy should be from clean to dirty rooms.  

 The airflow pattern should ensure that the external air is delivered to each part of the space 
in an efficient manner and the airborne pollutants is removed in an efficient manner in each 
part of the space (Eames et al, 2009). 

 
Humidity Management 
ASHRAE recommends a relative humidity level between 30 and 60 %. A relative humidity below 30% 
can cause breathing discomfort, whereas a humidity above 70% can promote mold growth near 
surfaces. The study of Noti et al (2013) even recommends a humidity above 40% to reduce the 
infectivity of aerosolized virus. 
 
Filtration 
The concentration of contaminations in the indoor air can also be reduced by the use of filters. 
Particle filtration is applicable for particle sizes ranging from 0.01 to 100 μm. Figure 1 In appendix III  
gives an overview of which particles can be controlled by which filter type. Figure 2 in appendix III 
shows the depth of penetration in the human body for particles with different sizes. Particles smaller 
than 10 μm cause the most health problems because they can penetrate the natural defence of the 
body. However, their size also makes them the most hard to control.  
Another way to clean the air is to make use of UV light. Ultraviolet germicidal irradiation (UVGI) is 
defined as the use of ultraviolet (UV) wavelengths of light in the germicidal range (200–320 nm) for 
the disinfection of air and surfaces. UV combined with filtration can remove those microbes that 
may penetrate the filter. Smaller microbes tend to be more susceptible to UV, while large microbes 
like spores tend to be susceptible to filtration. It can be used in air handling units to prevent or limit 
growth of bacteria and fungi. A review from HICPAC (2003) shows that studies to bacterial 
inactivation estimated that the effect of UVGI is equivalent to 10 - 39 ACH. While other studies 
suggest that the effectiveness of UVGI is influenced by air movement. Still the optimal relationship 
between ventilation and UVGI is not known (HICPAC, 2003).  

 

1.1.3 Discussion & conclusion 
Little knowledge is available about the favourable indoor environmental conditions for older adults 
with dementia. Studies about the effect of the indoor climate on human, usually focuses on the 
average person. Due to the decreased cognition function of people suffering from dementia, it is 
complicated to evaluate favourable conditions for this group. Quantitative data of preferable 
conditions is almost not available. So the relation of indoor air and health and comfort, as illustrated 
in figure 1.1, is difficult to quantify.  
For the spread of airborne diseases, it is clear that many factors influence transmission. But the ratio 
of airborne compared to contact transmission is unknown. Also optimum ventilation rates are hard 
to define. Because little is known about the current situation of indoor air in LTCF’s and it is difficult 
to describe favorable conditions, an inventory study about the contribution of indoor air to the 
spread of airborne diseases has been performed. 
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The method of this study is based on the HOPE study (2002). HOPE investigated if energy-efficient 
buildings can also be healthy buildings and was performed in office buildings. This current study will 
focus on the relation between indoor air and the outbreaks and spread of airborne infectious 
diseases in buildings. The buildings in this study are LTCF’s for older adults with dementia. The 
approach and structure of the HOPE study has been used as a basis to set up the evaluation method 
for LTCF’s. 

 
1.2 Objective 
The objective of this research is to provide a method to analyze current long term care facilities to 
see if differences in building characteristics and HVAC systems influence the spread of airborne 
infectious diseases. It should assist in the development of design guidelines for the indoor 
environment in LTCF’s. This results in the following research questions: 
 “How to assess the current indoor air quality in long term care facilities and its effect on the spread 
of airborne infectious diseases?” 

 How to assess and compare the indoor air quality in different long term care facilities? 
 Does this indicate that indoor air quality influences the spread of airborne infectious 

diseases? 
 
This will be done on the basis of the following steps, which are illustrated in figure 1.4:  

a) Identify which aspects which might contribute to the spread of airborne infectious diseases. 
b) Appoint which of these aspects influence the transmission by the airborne route. 
c) Provide a method how to evaluate these aspects within a building. 
d) Identify which indoor air parameters are related with the spread of airborne infectious 

diseases. 
e) Set up a method how to measure the indoor air parameters. 
f) Determine the variables that can be used to describe an outbreak of airborne infectious 

diseases. 
g) Provide a method to map the outbreaks of airborne infectious diseases. 
h) Identify other comfort and health related parameters which are also influenced by indoor 

air. 
i) Provide a method how to evaluate these parameters in a building. 
j) Verify if the method is suitable to evaluate the relation of indoor air and the outbreaks of 

infectious diseases. 
k) Startup a database with data collected in different buildings, using the above mentioned 

methods. 
l) Deduce the role of indoor air in the contribution of the spread of airborne diseases. 
m)  

Indoor Air

Health

Comfort

Health & 
Comfort

Symptoms

Spread of airborne 
diseases

Perceived Indoor 
Air Quality

Odor perception

Thermal comfort

Parameters:
- CO2
- Temperature
- Relative Humidity
- PM 

Building 
characteristics

HVAC systems

Use of building

Outbreaks of 
infectious diseases

Parameters:
- Infection
- Size
- Period
- Frequency 

a

bc

e

d

f

g

h

i

i

i

i

 
Fig. 1.4 Scheme building characteristics, HVAC systems and use of building influencing outbreaks of infectious diseases 
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To answer these research questions, a method has been developed which consists of six different 
parts. These six successive steps are developed using the steps stated in the introduction. The 
method of this research is based on the HOPE study (Health Optimisation Protocol for Energy 
Efficient buildings). The analogy between the HOPE study and this current study is already 
mentioned in chapter 1.1. 
 
Paragraph 2.1 starts with defining building variables which might influence the outbreaks of 
infectious diseases and a method how to evaluate these. In the second part a method is provided to 
measure indoor air parameters which might influence the outbreaks. Then, parameters are defined 
which can describe an outbreak of an infectious disease. Part four provides an evaluation method of 
comfort and health. The relation of these four steps is illustrated in fig 2.1. The fifth part consists of 
the data collection, using the methods established in the previous steps. Finally, this data will be 
analyzed in the sixth part. For each of these six steps, the method is described more extensively in 
this chapter. 
 

Building

Airborne 
transmission

Contact 
transmission

Indoor air

Outbreaks Health and Comfort

 
Figure 2.1 Scheme of the first four steps 
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2.1 Defining variables influencing outbreaks 
 

Indoor Air

Health

Comfort

Health & 
Comfort

Symptoms

Spread of airborne 
diseases

Perceived Indoor 
Air Quality

Odor perception

Thermal comfort

Parameters:
- CO2
- Temperature
- Relative Humidity
- PM 

Building 
characteristics

HVAC systems

Use of building

Outbreaks of 
infectious diseases

Parameters:
- Infection
- Size
- Period
- Frequency 

 
Figure 2.2 parameters which influence the outbreak of infectious diseases 

 

2.1.1 Objectives 
This paragraph describes how the building related variables which influence the outbreak of 
infectious diseases, as illustrated in figure 2.2, can be identified and evaluated. The objectives are to: 

 Identify the aspects which might contribute to the spread of airborne infectious diseases. 
 Identify which of these aspects influence the transmission by the airborne route. 
 Provide a method how to evaluate these aspects within a building. 

 
2.1.2 Development of the method 
The literature study which has been performed as a preparation to this research, has been used to 
define the variables which might contribute to the transmission of airborne infectious diseases. 
These variables are listed in appendix IV.  
The first column shows the different building related variables which may influence the spread of 
airborne infectious diseases. In the second column, parameters which influence these variables or 
characterize these variables are listed. Then, in the third column, it is indicated how these variables 
influence the transmission of airborne diseases. The references which attribute the role of these 
variables to the transmission of airborne diseases are given in the fourth column.  

 
2.1.3 Description of the method 
The variables are divided in different categories for evaluation. For each category has been 
described  how the evaluation method has been composed.  
 
Building characteristics 
A building checklist has been composed to evaluate all building and location related variables of the 
list in appendix IV. The HOPE checklist for office buildings has been used as a reference to select and 
formulate the questions (HOPE, 2002a). Some of these questions are changed to fit to the function 
of the building, a the long term care facility. Extra questions are added to evaluate all of the defined 
variables. The building checklist can be found in appendix V. In the sixth column of the table in 
appendix IV, it is specified which questions evaluate which variables. 
 
Heating ventilation and air-conditioning systems 
Another checklist has been composed to evaluate the HVAC systems. This list was also partly based 
on the HOPE checklist for office buildings. Questions are selected, adjusted and written in the same 
way as has been done for the questions about the building characteristics.  Air flow measurements 
need to be performed to complete the questions of the checklist. The checklist is attached in 
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appendix VI. In the seventh column of the table in appendix IV, it is specified which questions 
evaluate which variables. Below is described how to perform these measurements. 
 
Air flow measurements 
Air flow measurements are performed to measure the ventilation rate. This is done using a flow 
finder. The measurements of the airflow rate are, if possible, performed in two living rooms (with 
attached kitchen) and five bedrooms. The “Acin flow finder mk-2” is used to perform the 
measurement (figure 2.3). It uses the so called “zero pressure” method to determine the air flow. 
The flow finder compensates the pressure from the ventilation grill with a fan, so the calculation of 
the air flow is not influenced by the measurement itself. The measured airflow is shown on the 
display in m3/h.  
As verification the measurements are performed twice at each ventilation grille. An extension can be 
attached to the device for ventilation grilles which are larger than 350 x 260 mm. With this extension 
air supplies with a size up to 600 x 600 mm can be measured. 
 
Additional information of the room that is required: 

 Size [m2] 
 Height [m] 
 Volume [m3] 
 Number of residents who use the room 
 Location within the building (orientation and floor level) 

 

 
Fig. 2.3 Flowfinder with the extension 

 
Use of building 
An interview is done with a team manager of the PG department, in which  the use of the building is 
discussed. This is done to get notion of the way the PG department is used; how do residents live 
together, which activities take place, which rooms are used, the possibility of health care 
professionals to control the indoor climate and what is done in case of an infection. Therefore the 
interview consists the following topics: 

 General 

 Residential groups 

 Activities 

 Control over the indoor climate 

 Hygiene 

 Outbreak of diseases 
 

The variables from the table in appendix IV which are also discussed in this interview, are indicated 
in the last column of this table. The questions and instructions of the complete interview are 
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attached in appendix VII. The answers are processed using a data sheet which is also attached in 
appendix VII. 
 

2.1.4 Deliverables 
Figure 2.4 shows the deliverables of the building evaluation: 

 Building checklist (appendix V) 

 HVAC checklist (appendix VI) 

 Interview on the use of the building (VII) 
 

 - Building checklist
 - HVAC checklist 
 - Use of building interview

Airborne 
transmission

Contact 
transmission

Indoor air

Outbreaks Health and Comfort

 
Figure 2.4 Scheme including the deliverables of step 1 the building evaluation 
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2.2 Identification and assessment of indoor air parameters 
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Figure 2.5 Indoor air parameters which influence the outbreaks of infectious diseases 

 

2.2.1 Objective 
The objectives of this paragraph are to: 

 Identify indoor air parameters which seem to be related with the spread of airborne 
infectious diseases. 

 Provide a method how to measure the indoor air parameters 
This is illustrated in figure 2.5. 

 
2.2.2 Development of the method 
The literature study has also been used to identify which indoor air parameters seem to be related 
with the spread of airborne diseases. These parameters are listed in table 2.1. References are given, 
and when available guidelines are described. It should be noted that these indoor air parameters are 
influenced by the outdoor conditions.  
 
Table 2.1 Indoor air parameters 

Indoor air parameter Reference(s) Guidelines 

Relative humidity  Cole and Cook, 1998;  
Noti et al, 2013 

30-60% (ASHRAE 170-2008
[1]

) 

CO2 concentration 
(as indicator of the 
ventilation rate) 

Li et al, 2007; WHO 
2009; Nielsen, 2013 

<700 ppm above outdoor air (ASHRAE 62.1) 

6 ACH (ASHRAE 170-2008
[1]

) 

Temperature Cole and Cook, 1998 21-24°C (ASHRAE 170-2008
[1]

) 

PM size and concentration Cole and Cook, 2009 PM10: < 50μg/m3 
PM2.5: <15μg/m3 

(ASHRAE 62.1) 
[1] From ASHRAE 170-2008 the recovery room of a hospital has been taken as reference 
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2.2.3 Description of the method 
 
Temperature, relative humidity and CO2 concentration 
Temperature, relative humidity and CO2 concentration measurements are performed in a living 
room and two bedrooms per LTCF. The equipment is placed in the room, taking into account the 
behaviour of the residents and in approval with their carers. The measurement period is set at  two 
months, to be able to see the effect of the outdoor conditions and use of the room. 
The measurements are performed using an “Eltek” data logger and three corresponding sensors. 
One sensor (figure 2.6) is placed in each room where the measurements take place and measures 
the temperature, relative humidity and CO2 concentration. The data logger (figure 2.7) is placed in 
one of the rooms to save the data of the three sensors. The sensors and the data logger have a 
wireless connection to send and receive the data. The time interval of the measurements is set at 10 
minutes. 
 
After the measurement period, the data can be retrieved. The data logger is connected with a laptop 
and the Darca software (Downloading And Remote Control Application) is used to retrieve the data. 
 

 
Figure 2.6 Temperature, RH and CO2 sensor Figure 2.7 Data logger 

 
The following characteristics of the room are reported: 

 Size [m2] 
 Height [m] 
 Volume [m3] 
 Orientation  
 Floor level 
 Drawing of the room including measurement set up and furniture. 

 
The outdoor conditions for the measurement period need to be reported as well. The temperature, 
relative humidity and sunshine duration can be extracted from the closest weather station of the 
Royal Netherlands Meteorological Institute (KNMI) (KNMI, 2013). These measurement data is logged 
at an interval of one hour. 
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PM measurements 
Particulate matter measurements are performed using a particle counter, Remote Airborne particle 
counter model: Remote 2014 by Lighthouse. The device is shown in figure 2.8a. The particle counter 
counts particles with a size smaller than: 10, 2.5, 0.7 and 0.5 μm. The time interval of the PM 
counter is set at 30 seconds. The device is placed in the living room at the day of the building 
investigation. The measurement starts in the morning and continues till the other activities at the 
location are finished (around 4 PM).  
 
The measurement equipment is placed on furniture with a height of at least 1.80 meter. This to 
prevent that resident can switch off or demolish the measurement equipment. A data logger is 
connected to the PM counter to save the measured data (figure 2.8b). To check if the data is being 
saved, a laptop is connected to the data logger. Before the measurement starts, a filter, Whatman, 
polyVENT 40, PFTE 0.2 μm (figure 2.8c), is placed on the inlet of the PM counter. This is done to 
check if no contaminations are measured which do not come from the surrounding air.  
 

  
FIg. 2.8 a PM counter, b PM counter with data logger, c PM counter with filter 

 
When the measurement is finished the data can be retrieved from the data logger. The device needs 
to be connected to the laptop to retrieve the data and to export the data to excel, so it can be used 
for analyses.  
 
The outdoor PM concentration influences the indoor concentration. The RIVM measures the PM10 
concentration at different locations in the Netherlands. Daily data is available at their website The 
PM data of the day of the measurements, 15 days before and 15 days after can be retrieved from 
the measurement locations closest to the building, to check whether the measurements were 
performed at an average day.  
 
Additional information of the room which need to be reported: 

 Size [m2] 
 Height [m] 
 Volume [m3] 
 Number of residents who use the room 
 Location within the building (orientation and floor level) 
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2.2.4 Deliverables 
Figure 2.9 shows the deliverables of the indoor air evaluation: 

 Measurement plan T, RH, CO2 

 Measurement plan PM 
 

 - Building checklist
 - HVAC checklist 
 - Use of building interview

Airborne 
transmission

Contact 
transmission

Measurement plan indoor air
- Temperature, CO₂ & RH

- PM

Outbreaks Health and Comfort

 
Figure 2.9 Deliverables 
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2.3 Identification and assessment of outbreaks 
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Figure 2.10 Parameters to describe outbreaks 

 

2.3.1 Objectives 
The objectives of the third part of the research are, as illustrated in figure 2.10, to: 

 Identify the variables which can be used to describe an outbreak of airborne infectious 
diseases. 

 Provide a method to map the outbreaks of airborne infectious diseases. 
 

2.3.2 Development of the method 
The history of outbreaks of infectious diseases of the past 5 years is used to describe the outbreaks 
of infections. The parameters which are defined to describe an outbreak are: 

 Type of infection 

 Time outbreak started 

 Period of infection 

 Number of infected persons 

 Location within the building 
Information about the outbreaks of infectious diseases should be gathered from the health care 
facilities. Since most health care facilities do not have this information available, the information the 
municipal health services from the corresponding regions should be consulted to retrieve the data. 
The information is saved here, because health care facilities are obliged to report infectious diseases 
at the municipal health services. However, the municipal health care services are is not allowed to 
give the information to third parties. So, the health care institution itself has to request for the 
information  at the municipal institution. 
 

2.3.3 Description of the method 
This results in a request sent to the health care facilities in which is asked for the above mentioned  
information. If this information is not available at the facilities, the request is forwarded to the local 
municipal health services.  
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2.2.4 Deliverables 
Figure 2.11 shows the deliverable of this step, defining and an evaluation of outbreaks of infectious 
diseases: 

 Request history of infectious diseases 
 

 - Building checklist
 - HVAC checklist 
 - Use of building interview

Airborne 
transmission

Contact 
transmission

Measurement plan indoor air
- Temperature, CO₂ & RH

- PM

Request 
history infectious diseases

Health and Comfort

 
Figure 2.11 Scheme including deliverable step 1, 2 and 3 
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2.4 Evaluating comfort and health 
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Figure 2.12 Health and comfort parameters 

2.4.1 Objectives 
Since the quality of the indoor air also influences comfort and health of building users, these 
parameters are evaluated as well. These can be used to verify the effect of the building 
characteristics, HVAC systems and use of the building on the indoor air quality.  

 Identify comfort and health related parameters which are also influenced by indoor air. 
 Provide a method how to evaluate these parameters in a building. 

 
2.4.2 Development of the method 
Table 2.2 gives an overview of the aspects that will be evaluated in the questionnaire. These come 
from the literature study which showed  that these aspects are influenced by indoor air . The second 
column in figure 2.2 shows in which question these aspect are evaluated. The questionnaire is 
attached in appendix VIII. 
The reason for evaluating health and comfort by the health care professionals, and not the residents, 
is  that no method is available how to evaluate comfort and perceived health of people suffering 
from dementia.  
 
Table 2.2 Health & comfort evaluation 

Evaluation of Question nr. 

Thermal comfort 30; 31; 32; 51; 52; 53 

Perceived indoor air quality 36; 37; 38; 57; 58; 59 

Odor perception 39; 60 

Sick Building Symptoms 09-29 

 
The questionnaire was composed using the topics as defined in the literature study. The 
questionnaire of the HOPE study is used as a reference how to evaluate these comfort and health 
aspects. The questions are adjusted to the target group and the desired information. The concept 
version of the questionnaire was reviewed by four health care employees and health care students. 
Their remarks were included in the final version of the questionnaire.  
 
To compare the results of the different locations, the required sample size was estimated. In this 
case the data is unpaired data and there are more than two groups. The variables are discrete and 
the measurement level varies: interval, ordinal, nominal and binominal. 
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The Chi-squared test is suitable to compare these data. The sample size can be calculated with a 
power analyses. The required input for this analysis is:  

- The risk for a type 1 error (α); often set at 5%, is widely used as a standard in the behavioral 
sciences (Cohen et al, 2003). 

- The statistical power (power), or (1- β). Typically, in behavioral science, it is satisfactory 
when the reliability of a predictors reach 80% (Cohen et al, 2003). 

- The expected effect size. 
- The variability and corresponding accuracy of the effect size of the sample. 

 
The expected effect size can be estimated from previous research or a pilot. Because little research 
has been performed in LTCF’s it is hard to estimate. The same is true for the variability of the 
sample. According to Baarda en de Goede (2006), a sample size should always contain at least 30 
samples. Due to time and the available respondents, it is not expected that a higher response rate 
than 30 is easily reachable. Therefore the aim is to get a sample size of at least 30 respondents at 
each location. 
 

2.4.3 Description of the method 
The questionnaire is divided in four parts: 

1. General 
2. Comfort 
3. Health 
4. Control over the indoor climate 

It starts with questions about demographic data, employment, function, location and activities. 
Secondly questions are asked about sick building syndrome symptoms, concentration and alertness. 
The third part is about comfort, specified for the summer and winter situation. Experience of the 
thermal comfort, perceived air quality and odor perception are asked here. The final part consists of 
questions about the opportunity to control the indoor climate and how often people make use of 
this opportunity.  
Questions about light and acoustics are included in the questionnaire as well. These results will be 
used for the light and acoustic part of the BEZO project. 
 
The questionnaires were provided in Dutch and can be found in appendix VIII. The English 
translation of the questions and legend is also attached in appendix VIII.  
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2.4.4 Deliverables 
This part resulted in: 

 Health and comfort questionnaire for health care professionals 
 
The total set of deliverables is illustrated in figure 2.13. 
 

 - Building checklist
 - HVAC checklist 
 - Use of building interview

Airborne 
transmission

Contact 
transmission

Measurement plan indoor air
- Temperature, CO₂ & RH

- PM

Request 
history infectious diseases

Questionnaire about health 
and comfort for health care 

professionals

 
Figure 2.13 A complete overview of the deliverables  
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2.5 Data collection 
 
2.5.1 Objective 
The method to analyze the indoor air quality of health care facilities, as shown in figure 2.13, is 
tested by carrying this out method at several PG departments of health care buildings. 
The objective is to: 

 Verify if the method is suitable to evaluate the relation of indoor air and the outbreaks of 
infectious diseases 

 Start-up of a data base with LTCF’s assessed using this method 
 

2.5.2 Implementation of the methods 
The building analysis is performed at seven different health care facilities. The analysis focuses on 
the psycho geriatric department of nursing homes. To evaluate the experience of health care 
professionals and history of infectious diseases, the building needs to be at least three years old.  
 
In total seven buildings from four different health care institutions were investigated. First the health 
care institutions who participate in the BEZO project were asked to participate in this research. Two 
of them gave the opportunity to investigate, in total, five buildings within the desired time frame. 
Next to these five buildings, two buildings of two other health care institutions were investigated. 
 
The measurements, interviews and observations which need to be done at the location of the health 
care facility can be done in one day. As a preparation, an appointment with the manager of the PG 
department and facility manager / technician need to be planned. The general description of how 
the methods are applied at these seven locations is described in the next paragraphs. More detailed 
information about the measurements at each location, can be found in the report of each building 
separately, attached in appendix XI. 
 
1 Building, HVAC checklist & use of the building 
The two checklists, the air flow measurements and the interview were carried out at the seven 
locations of the different health care facilities. 
Using the instructions included in the checklist, the questions about the building and location 
characteristics could be answered. To complete the HVAC system questionnaire, assistance from a 
technician or facility manager is necessary. Additionally, technical information from drawings and 
descriptions, e.g. information about the indoor air supply and exhaust, design ventilation rates, floor 
plan and lay-out, were also needed for both the HVAC and building characteristics checklist. In the 
checklists is indicated where the information can be found. 
The air flow measurements were done in at least on living room per building. The number depended 
on the possibility to perform the measurements. At each location air flow measurements were 
performed in at least five bedrooms.  
An interview with a team manager of the PG department was planned for the questions about the 
use of the building. The interview was recorded and took about 30-60 minutes. The information 
from the interview was used to give an overview of the general activities during the day.  
 
2 Physical measurements 
Temperature, relative humidity and CO2 concentration measurements were only performed in two 
buildings, due to the availability of equipment. In the first building the measurements were 
performed during a period of 56 days: 6th of May – 1st of July 2013. The measurements at the second 
location were performed during a period of 40 days: 24th of May – 3rd of July. The sensors and logger 
were placed according to the measurement plan in paragraph 2.2. At the start of this investigation it 
was difficult to find health care facilities willing to participate. Therefore, the first facility that agreed 
to participate was chosen for the indoor air measurements. 
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PM measurements have been performed at all locations. Each location has a living room with an 
attached kitchen or pantry. The measurement equipment was usually placed in the high cabinets of 
the kitchens. Alternatively, the high cabinets in the living rooms were chosen in three other locations 
During the measurements the kitchens were not used for cooking. The PM measurements started at 
arrival at the location, so they could run during the day and were installed according the 
measurement plan described in paragraph 2.2. 
 
3 Outbreaks 
Information on the outbreaks of infections from the past 5 years was requested at the health care 
facilities participating in the research. However, it appeared that health care facilities only register 
this information during an outbreak. When the infection is over this information is not saved. From 
only one health care facility this information was directly accessible. 
 
Because health care facilities are obligated report when someone suffers from a notifiable disease or 
when there is an unusual number of sick people with diarrhea, jaundice, skin diseases or other 
diseases of infectious nature (GGD Amsterdam, 2013), the municipal health services from the 
corresponding regions were contacted for the requested information.  
 
4 Carry out questionnaires health & comfort 
The questionnaires were carried out in all seven health care facilities which participated in the 
research. The questionnaires were given to the health care professions at the PG department. This 
was done using a hard copy form, because the employees rarely use computers. A time period of 
two weeks was given to fill out the questionnaires. The questionnaires were collected at the location 
by the manager of the PG department and sent to the researchers. 
 

2.5.3 Processing the results 
The results of the building investigation are presented in separate report for each building. The same 
template is used for each building, which provides a layout to structure all the gathered information. 
By using the same layout for each building, it makes it easier to compare the different locations.  
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2.6 Analysis 
This paragraph describes how the data is analyzed. First, in paragraph 2.6.1, is described how an 
overview is made of the results of the investigation of the seven LTCF’s. In paragraph 2.6.2 is explain 
how the different variables are ranked. Then, in paragraph 2.6.3 the methodology how to compare 
the buildings is given and  2.6.4. describes how correlations between variables can be found. 
 

2.6.1 Displaying an overview of the results 
An overview of the results for all buildings has been made to give insight in the current situation in 
the PG departments of LTCF’s. 
 
Building & location characteristics and HVAC characteristics 
The results of both the building checklist and the HVAC checklist are analyzed similarly. First the 
measurement level of all questions has been defined. A method has been set up to for each 
measurement level to show the results. How these overviews are composed is explained below. 
 
Ratio and interval data 
Boxplots are made from the variables which have an interval or ratio level of measurement. The 
minimum and the maximum of this boxplot are defined from the data from the investigated 
buildings. Boxplots are displayed horizontally. The minimum value is defined as the least favorable 
condition (at the left), and the maximum value as the most favorable condition (at the right). This is 
done from the point of view of preventing the spread of airborne infectious diseases.  
For the lighting and acoustics variables, which do not play a role in transmission of infections, the 
favorable conditions are defined to create a comfortable environment. 
 
Example: 
#11 What is the average space (m

3
) per resident? 

Given answers: 

Building 1 Building 2 Building 3 Building 4 Building 5 Building 6 Building 7 

130.0 125 104.4 78.0 87.0 86.9 95.0 
 
From these data, the following values can be calculated and a boxplot can be made. 

Min Q1 Median Q3 Max 

78.0 87.0 95.0 114.7 130.0 
 

 
 
Ordinal data 
From the variables with a ordinal measurement level, boxplots are made as well. The minimum and 
the maximum of these boxplots are defined from the range of possible answers (multiple choice). 
The minimum value is the least favorable condition, and the maximum value is the most favorable 
condition.  
 
Example: 
#15 How are different residential groups separated? 

1 = Corridor open 
2 = Corridor with closed doors 
3 = Corridor open and different floor levels 
4 = Corridor closed and different floor levels 
5 = Different floor levels 
6 = Different buildings 
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Given answers: 

Building 1 Building 2 Building 3 Building 4 Building 5 Building 6 Building 7 

3 4 5 3 1 3 1 

 
From these data, the following values can be calculated and a boxplot can be made. 

Min Q1 Median Q3 Max 

1 2 3 3.5 5 
 

 
 
Binominal and nominal data 
Horizontal bars are used to show the results of the binominal and nominal data. The bars represent 
the percentage of the investigated buildings for which this answer is applicable. 
 
Example binominal data: 
#01 UV filtration? 

1: Yes 
2: No 

Given answers: 

Building 1 Building 2 Building 3 Building 4 Building 5 Building 6 Building 7 

2 2 2 2 2 2 2 
 

 
 

Example nominal data: 
#05 What type of control system is there for the mechanical ventilation? 

1: Central – manual (on/off) 
2: Central - clock 
3: Central – demand control  
4: Local – manual (on/off) 
5: Local – clock 
6: Local – demand control 

Given answers: 

Building 1 Building 2 Building 3 Building 4 Building 5 Building 6 Building 7 

2 5 3 2 6 5 2 
 

 
  

Remarks for all graphs: 
If the answer of the question is not know for a location, because the information was unavailable, 
the total result will be calculated over the results of the remaining buildings. This is also done for 
questions which are not applicable for a building. The number of buildings which are included in this 
total answer is indicated at the right of the graph.  
 
Use of the building 

An analyses of the interviews will compare the use of the buildings. This will be done by comparing 
the written interviews.  Similarities and differences will be discussed for each of the categories. 
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Measurements 
Temperature, Relative Humidity and CO2 concentration 
The results of the temperature, relative humidity and CO2 concentration of the two buildings are put 
together. Three boxplots (temperature, relative humidity and CO2 concentration) have been made of 
the results in the living rooms and three for the results of the bedrooms. 
 
PM measurements 
The results of the PM measurements are all put together and a boxplot is made for each of the 
measured sizes. 
 
Outbreaks infectious diseases 
Requested information about the history of infectious diseases consists of 5 categories. For each of 
them, it is explained how the results are presented: 

 Type of infection: 
For the type of infection, a circle diagram has been made to show the occurrence of the 
different diseases.  

 Date outbreak started: 
The moment the outbreaks started have been put together in two graphs with vertical bars. 
The first graphs shows for each year the number of outbreaks. 
The second graphs shows the total number of outbreaks for each month. 

 Period of infection: 
The period of all outbreaks in days has been put in a boxplot. 

 Number of infected persons: 
The number of infected persons for all outbreaks has been put in a boxplot. 

 Location within the building: 
A description has been added with the information on how infections spread within the 
building. 

 
Questionnaires 
The data of the questionnaires of all locations have been put together. So health care facilities which 
had a larger number of respondents have a greater contribution to the total result. A data template 
has been used to process the data. The answers for each question are displayed in a graph.   

 
2.6.2 Ranking buildings  
In this paragraph, the results of each building are compared with the total results. How this is done, 
depends on the measurement level of the data. A letter is assigned to each LTFC to keep results 
anonymous. In this case the letters A–G are used  to identify the buildings. 
 
Ratio, interval and ordinal data 
For each building, the results of the building checklist are compared with the total of the results. For 
the data presented in a boxplot, the score of one building is indicated with a horizontal bar. The bars 
are put behind the boxplots, so it can be seen whether the score of that building, is in the 1st, 2nd, 3rd 
or 4th quadrant of the boxplot. 
 
The buildings are ranked depending on which quadrant the score is in. This score indicates how well 
the building scores compares to the other investigated buildings. Answers which are in the 1st 
quadrant, are part of the 25% least scores. Answers which are in the 4th quadrant are part of the 25% 
best answers. 
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This score does not implicate that a building with a score of “1” is in any case good and a score of “4” 
is bad. Due to the lack of guidelines and reference no optimum can be defined. The ranking is used 
to find the effect of differences between buildings and its effect on health and comfort. 
 

 1st quadrant 2nd quadrant 3rd quadrant 4th quadrant 

Score 4 3 2 1 

 Least 25%   Best 25% 

 
Example 
#11 What is the average space (m

3
) per resident? 

Given answers: 

Building 1 Building 2 Building 3 Building 4 Building 5 Building 6 Building 7 

130.0 125 104.4 78.0 87.0 86.9 95.0 

 

 
The answer is the fourth quadrant, which means a score of 1. 
 
Remarks for scores: 

 If the answer does not meet the requirements of the buildings legislation, the score “5” will 
be assigned. Regardless in which quadrant the answer is in. 

 If the answer to a question is not known for a building, the building gets a score of zero for 
this variable.  

 If the question is not applicable for a building, there are different possibilities: 
 If the situation in the building is better or equal to the best value, a score of “1” will 

be assigned.  
Example: Thermal resistance roof:  
Question is not applicable for buildings where the PG department is not at the top 
floor as that is more favorable than having thermal isolation.  

 If the current situation in the building is worse or equal to the worst value, a score of 
“4” will be assigned.  
Example: Air filtration 
Not applicable for a natural ventilated building, because air is not filtrated so the 
building gets the minimum score. 

 If the building or HVAC characteristics cannot be assigned as bad or good, the 
variables gets a score of zero and will be incorporated like an unknown answer. 
 

Binominal data and nominal data 
No ranking will be applied for the binominal and nominal data. But in the separate reports for each 
building, the score of that building will be indicated in the graph. This is shown in the example 
below. 
 

Example: 
#05 What type of control system is there for the mechanical ventilation? 

1: Central – manual (on/off) 
2: Central - clock 
3: Central – demand control  
4: Local – manual (on/off) 
5: Local – clock 
6: Local – demand control 
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Given answers: 

Building 1 Building 2 Building 3 Building 4 Building 5 Building 6 Building 7 

2 5 2 3 6 5 2 

 

 
 
2.6.3 Comparing buildings 
In order or to compare the buildings, a poster with an overview of the results of the assessment has 
been made for each building. The ratio, interval and ordinal data with the assigned score, as 
explained in paragraph 2.6.2, are incorporated in radar graphs. The binominal data, in case one 
answer was better than the other, are also included in this radar graph. The nominal data is 
displayed in graphs, as explained in paragraph 2.6.2., to characterize the building. 
 
Composition of the radar 
Radar plots are used to give a quick overview of all scores of the different health care facilities. 
Figure 2.14 shows an example of the radar chart. The scores range from 0 till 5. The value “0” is 
assigned when a parameter could not be calculated because less than 75% of the answers are 
known. The percentage behind the parameters represents amount of answered questions. The score 
from 1-4 is from the best 25% of the investigated buildings till the worst 25% of the rated buildings. 
A score of 5 shows that the parameter does not meet the requirements of the building legislation. In 
appendix X the building regulations which have been applied are explained and these regulations are 
included in the overview in appendix XII and XIII. 
 
The radar consists of three parts: 

1. The building, HVAC characteristics and physical measurements 
2. The outbreaks of infectious diseases  
3. Comfort and health.  

It gives a quick insight on which aspects a building scores good or bad and helps to find possible 
correlations between those three. 

 
Fig. 2.14 Example of a radar chart 
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1. Building characteristic and Heating Ventilation & Air conditioning systems 
The first part of the radar is composed using the building and indoor air related variables, defined in 
appendix IV. This part consists of six axes:  

 General building characteristics 

 Contaminant source control 

 Building materials  

 Ventilation 

 Maintenance and air cleaning 

 Temperature & humidity  
Each axis consists of different variables which influence this parameter. The constitution of each 
parameter is explained in appendix IX. Because the contribution of each of these parameters is 
unknown, no weighting factor have been applied. Variables are divided over the categories which 
they influence. Each variables is used only once. 
If one of the variables, which is included in the score of one of the axis, is unknown, the average of 
the other variables is used to determine the score. The percentage of answered questions is 
indicated for each axis. When this percentage is lower than 75%, the value “0” will be assigned. This 
percentage is chosen because the difference between the scores is 25%. 
 
2. Outbreaks of infectious diseases 
From the variables which are related to the outbreaks of infectious diseases, a score has been 
assigned to the following three variables (due to the measurement level): 

 Frequency of an outbreak 

 Average size of an outbreak 

 Average duration of an outbreak 
The score of each of these variables are shown at each axis. 
 
3. Comfort & health 
In figure 1.4 it is shown that the quality of the indoor air also influences the following aspects:  

 SBS 

 Perceived indoor air quality 

 Odor perception 

 Thermal comfort 
These parameters are evaluated in the health & comfort questionnaire and each of them is indicated 
at an axis of the radar. SBS is represented by the PSI5, Personal symptom index 5. The perceived 
indoor air is represented by the percentage of the people who find the indoor air quality acceptable. 
How people rate the air from unpleasant to pleasant odor is shown on the axis of odor perception. 
Thermal comfort is represented by the percentage of people who find the indoor temperature 
acceptable. 

 
2.6.4 Correlations 
Using this visual representation of the results, possible relations can be found and further analyzed. 
By sorting the buildings, for example, on the frequency of infections, patterns in the building and 
HVAC characteristics might be observed. These possible relations can then be further analyzed 
depending on the data. The same can be done by sorting the buildings on average size of infections 
and average period of the infections. 
When correlations are found, the effect on health and comfort should be analyzed as well. This in 
order to check whether desired conditions also have a positive influence on health and comfort of 
health care professionals.  
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3.1 Results per building 
A separate report has been written for the results of each building assessment. See appendix XI for 
the seven reports. The reports consists of: 

 The building and location characteristics, which are displayed in tables and supported with 
illustrations and pictures. Aside from these results, the score of the health care facility is 
compared to the other buildings. 

 The characteristics of the heating ventilation and air conditioning system, which are also 
displayed in a table. A detailed description about how and where the air flow measurement 
are performed is included. The score of the building compared to the other investigated 
buildings is displayed at the end of the chapter. 

 A description of the use of the building, which has been written  on the basis of the 
interview with the team manager of the PG department. 

 The results of the physical measurements with a detailed description about how and where 
the measurements were performed. For all health care facilities the results of the PM 
measurements are shown in boxplots and a graph with the measurements results plotted 
against the time during the day. The results of each building are compared to the average 
and standard deviation of the other buildings.  
For two buildings, the CO2, temperature and relative humidity measurements are also 
measured. The results are presented in separate boxplots for each of the measured rooms 
Additionally, the indoor temperature is plotted against the outdoor temperature for each 
room. Temperature, humidity and the CO2 concentration are plotted against the time of the 
day. Current guidelines are added to compare these results to the desired situation. 

 The results of the outbreaks of infectious diseases are displayed in a table. The frequency, 
period and size of the outbreaks are compared with the other locations. 

 The results of the questionnaire about health and comfort. The results of the health care 
facility are compared with the results of the respondents of all LTCF’s together. (In 
comparing the results between buildings and giving them a score, the results of each 
building is compared to the others so the number of respondents does not influence the 
ranking.) 

 Radar plots which combines all scores of one health care facility. 
 

3.2 Overview of all buildings 
In this paragraph the results of all building assessments are combined to give an overview of the 
characteristics of the current buildings, the total number of outbreaks of infectious diseases and 
how health care professionals experience health and comfort.  
The position of each building, compared to the total results is included in the report of the building 
assessment, as described in the previous paragraph. 
 
The “N”  in the graphs represents the number of valid answers for each variable. When N<7, this 
variable was not applicable for one or more buildings, or information to answer the question was 
not available. 
 

3.2.1 Building & location checklist 
Appendix XII shows the results of the assessments of the buildings characteristics of all seven 
buildings. The ratio, interval and ordinal data are presented in boxplots. The nominal and binominal 
data are presented in horizontal bars. 
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The results are presented in the following categories: 
 General 
 Outdoor conditions 
 Building materials 
 Building structure 
 Light and acoustics 

 

3.2.2 HVAC checklist 
Appendix XIII gives an overview of the assessments of the heating ventilation and air conditioning 
system characteristics of all seven buildings. The ratio, interval and ordinal data are presented in 
boxplots. The nominal and binominal data are presented in horizontal bars. 
The results are presented in the following categories: 

 Ventilation 
 Humidity management 
 Contaminant source control 
 Temperature 
 Maintenance and cleaning 
 Light and acoustics 

 

3.2.3 Use of the building 
At most LTCF’s there are, aside from psycho geriatric care, also other health care services available 
like somatic care and assisted living. Furthermore, most locations also have a comfort services like a 
restaurant and a hairdresser. 
 
General 
At all health care facilities, residents are divided in residential groups. Group size differs from 6 to 32 
residents. The number of groups also differs a lot, from 2 groups in one facility to 15 in another. Staff 
is assigned to the same group as much as possible. 
 
Activities 
The schedule during the day does not differ a lot for the different LTCF’s. Residents are free to get in 
and out of bed and go to bed when they want. During the day lunch and dinner is consumed with 
the other residents of the group. At some LTCF’s health care professionals prepare diner themselves, 
at other locations it only needs to be warmed. Some activities are organized for the residents during 
the day. Such activities can be for one group only or for all residents who want to join. Most facilities 
have an activity room for these kind of activities. 
 
Control over the indoor climate 
Indoor climate at most PG departments can be adjusted by opening and closing windows, adjusting 
radiator valves and setting the position of the sunscreens. At some LTCF’s the sunscreens go up and 
down automatically. The mechanical ventilation cannot be adjusted by the users. 
 
Hygiene and outbreak of diseases 
There are some differences in who is responsible for the cleaning. Most LTCF’s have housekeeping 
staff, but at some LTCF’s the health care staff party does this themselves. 
In case of an infection, care giving is done with gloves, skirt and a mask. Cleaning has to be done 
more often and extra hygiene measures are applicable. Whether visitors are allowed during an 
outbreak, differs a bit for the different locations. It appears to be hard to convince visitors of the 
importance of the measures.  
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3.2.4 Physical measurements 
 
Temperature, Relative Humidity and CO2 concentration 
The results of the temperature, relative humidity and CO2 concentration measurements at LTCF A 
and LTCF C are put together in one figure. Three boxplots (temperature, relative humidity and CO2 
concentration) have been made of the measurements in the living rooms and three for the results of 
the bedrooms. 
The boxplots of the measurements in the living room are shown in figure 3.1. These results are from 
the period of 24th of May – 1st of July. During this period, measurements were performed at both 
locations. These graphs also include the guidelines as described in table 2.1. 
In the first graph, the temperature is shown on the y-axis. As can be seen, the median measured 
temperature of LTCF A is within the guidelines. However, the median temperature of LTCF C is 
almost 1.5 °C above. The second graph shows the relative humidity in the room. At both locations 
almost all  measured values are within the desired range. The same is true for the measured CO2 
concentration, which is measured in ppm. At LTCF the concentration is more stable than at LTCF C. 
 

 
Figure 3.1 Comparison of a) indoor temperatures, b) relative humidity and c) CO2 living room in LTCF A en C  

 
The boxplots of the measurements in the bedrooms are shown in figure 3.2. These results are also 
from the period of 24th of May – 1st of July. For LTCF A the graph shows the results for two 
bedrooms. At LTCF C, the measurements in one bedroom failed, so this graph shows the results of 
only one bedroom. There is not much difference between the measurement results in the living 
room and the bedrooms. Only the temperature is a bit lower in the bedrooms. 
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Figure 3.2 Comparison of a) indoor temperatures, b) relative humidity and c) CO2 bedrooms in LTCF A en C  

 
PM measurements 
The average results of the PM measurements at each location are put together in a boxplot. This is 
done for the particulate matter with a size till 10, 2.5, 0.7, and 0.5 μm, figure 3.3. Unfortunately, the 
measurement equipment was not calibrated. So the absolute values are not reliable. However, the 
measurements at the different LTCF’s can be compared and used to rank the buildings from the 
lowest to the highest PM concentration. 
 

 
Figure 3.3 Boxplots of the measured PM counts 0.5, 0.7, 2.5 and 10 μm 

 

  

Description Unit N

Unit N

#01 Aveage PM 10 μm count
Count 53.8 20.2 Count 7

#02 Aveage PM 2.5  μm count
Count 201 61.2 Count 7

#03 Aveage PM 0.7 μm count
Count 2424 935 Count 7

#04 Aveage PM 0.5 μm count
Count 3468 1148 Count 7

Graph

PM
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3.2.5 Outbreaks infectious diseases 
The obtained information about the outbreaks of infectious diseases for all locations is put together. 
These results are translated in graphs as shown in figure 3.4. The frequency of outbreaks at each 
location has been plotted in a boxplot. The same has been done for the average period of infection 
at a LTCF and the average time of an infection. The number of locations of which this is known is 
indicated in the last column.  
 

 Figure 3.4 Boxplot outbreaks infectious diseases 
 

 
Figure 3.5 Type of infection 

 
The type of infection that has occurred is show in figure 3.5. Gastro-enteritis has similar symptoms 
as the NORO virus. Figure 3.6 shows the months in which the outbreaks started. It can be seen that 
most outbreaks occur during the heating season. 

 

 
Figure 3.6 Month in which outbreak started 

Description Unit N

Unit N

#01 Frequency Number 1.2 0 Number 5

#02 Size Nr. persons 14 11.7 Nr. persons 2

#03 Period Days 70 7 Days 3

Graph

Outbreaks

NORO 
Virus 
36% 

gastro-
enteritis 

57% 

Respiratory 
infection 

7% 

Infectious diseases 

0 

1 

2 

3 

4 
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3.2.6 Questionnaires 
All questionnaires of the locations are put together and the total results are given in appendix XIV.  
The variables which are used at the axes of health and comfort in the radar chart, are presented in 
the boxplot, figure 3.7. These variables are: 

 The PSI5 index 

 The thermal acceptability, which shows the percentage of people who judged the thermal 
environment as acceptable (average of summer and winter) 

 The perceived air quality acceptability, which shows the percentage of people who judged 
the perceived air quality as acceptable (average of summer and winter) 

 Odor perception (average of summer and winter) 
The median PSI5 index is just above 2. The median thermal acceptability and the perceived air quality 
acceptability are both just above 50%. The median odor score is 4.8 on a scale from 1 (pleasant odor) 
to 7 (unpleasant odor). 
 

 
Figure 3.7 Boxplot of four health and comfort parameters 
 

The results from the questionnaires, which are used in figure 3.6, are summarized in table 3.2. The 
second column shows, the total of all respondents (N=95). LTCF’s which had a higher response rate 
have a greater contribution in these results. The results per LTCF are shown in the following columns 
A to G. 
 

Table 3.2 Comparison health & comfort 

 
      Total A B C  D  F G 

      N=95 N=21 N=10 N=10 N=7 N=21 N=26 

PSI 5: 0 symptoms;  
  5 symptoms 

  average 2.13 1.76 2.00 1.80 1.86 2.76 2.15 

  st dev 1.63 1.61 1.89 1.40 1.95 1.55 1.52 

Thermal acceptability 
  

Winter % acceptable 61% 73% 63% 100% 60% 43% 48% 

Summer % acceptable 45% 73% 75% 89% 17% 33% 14% 

Thermal sensation 
1 cold; 7 hot 

Winter Average 5.53 5.06 5.10 5.40 5.14 6.16 5.72 

Winter st dev 1.15 0.90 1.20 0.97 1.77 1.12 1.02 

Summer Average 5.70 5.24 4.70 5.60 5.71 6.10 6.12 

Summer st dev 1.19 0.97 1.42 1.07 1.98 1.02 0.86 

Perceived air quality 
acceptability 

Winter % acceptable 51% 69% 71% 63% 33% 36% 45% 

Summer % acceptable 53% 62% 71% 75% 33% 58% 33% 

Perceived air quality 
sensation 
1 dry; 7 humid 

Winter Average 3.13 3.76 3.40 3.20 2.57 2.78 2.96 

Winter st dev 1.63 1.09 1.65 1.40 1.27 2.24 1.59 

Summer Average 3.17 3.76 3.10 3.20 3.00 2.89 3.04 

Summer st dev 1.60 1.09 1.37 1.14 2.16 1.88 1.75 

Perceived air quality 
sensation 
1 fresh; 7 musty 

Winter Average 4.71 4.31 4.56 4.00 5.33 5.22 4.80 

Winter st dev 1.47 1.62 1.51 1.56 1.21 1.31 1.41 

Summer Average 4.71 4.81 4.44 3.90 4.86 4.82 4.92 

Summer st dev 1.51 1.22 1.51 1.52 1.68 1.55 1.62 

Perceived air quality 
sensation 

Winter Average 4.67 4.41 5.22 4.33 5.00 5.26 4.24 

Winter st dev 1.51 1.80 1.30 1.32 0.63 1.37 1.56 

1 pleasant odor; 7 
unpleasant odor 

Summer Average 4.72 4.59 4.78 3.70 5.00 5.26 4.73 

Summer st dev 1.49 1.54 1.64 1.16 0.63 1.19 1.73 

Nr. Question Unit N

Unit N

#01 SBS PSI5 5 0 PSI5 6

#02 Thermal Comfort acceptable 0% 100% acceptable 6

#03 Perceived Indoor Air Quality acceptable 0% 100% acceptable 6

#04 Odor Unpleasant odor 7 1 pleasant odor 6

Graph

Health and comfort
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3.3 Building comparison 
In order to be able to compare the buildings, scores have been assigned to the LTCF’s. Complete 
overview of these scores are included in the report of the building assessment for each location, 
attached in appendix XI. Posters containing the results have been made for each LCTF. These posters 
can be used to find possible correlations between the building and the outbreaks of infectious 
diseases and comfort and health of health care professionals. 
 

3.3.1 Descriptions and building rankings 
The posters with the scores of the assessment have been attached in appendix XV. The poster 
consists of : 

 Radar chart with the scores of the different categories. These are calculated using the ratio, 
interval, ordinal and binominal data. An overview of these seven radars is presented in 
figure 3.8. 

 The description of the buildings, using the nominal variables. 

 Floor plans of the building with the functions. 

 When applicable, the results of the temperature, relative humidity and CO2 concentration 
have been included. Current guidelines are included in these graphs. 

 

3.3.2 Correlations 
The scores of the buildings and the indoor air quality have been compared with the outbreaks of 
infectious diseases. Information about the outbreaks of infectious diseases is only party present 
from five buildings. These buildings are sorted based on their score on the frequency of the 
outbreaks. 
In comparing these results, it was found that the general building characteristics seem to be related 
to the frequency of outbreaks. This is illustrated in figure 3.9, on the x-axis the score of the general 
building characteristics is displayed and on the y-axis shows the score of the frequency of infectious 
diseases. An good score on the building characteristics goes together with a good score on the 
frequency of infections. However the sample size is too small to draw conclusions and perform 
statistical analyses. 
 

 
Fig 3.9 General building characteristics versus score frequency infections 
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Fig. 3.8 Radar charts for each long term care facility 
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In this chapter the results of the current research will be discussed. The first paragraph is about the 
developed method and will discuss the feasibility and applicability of the method. The second 
paragraph is about of the building investigation itself and will discuss the assessment of the 
buildings. 
  

4.1 Evaluation of the method 
The aim of this research is to provide a method to analyze current LTCF’s to see if differences in 
building characteristics, HVAC systems and use influence the spread of airborne infectious diseases. 
Below is discussed whether the method succeeds in this objective and how it possibly can be 
improved. 
 

4.1.1 Purpose of the method 
The developed method has two objectives: 

 Investigate possible relations between, on one hand the building characteristics and HVAC 
systems, and on the other hand the spread of infectious diseases and health and comfort of 
health care professionals.  

 Give an overview of the current buildings and rank the investigated buildings. The overview 
and ranking consist of the variables which might influence the transmission of airborne 
infectious diseases, by the airborne as well as the contact route. 

 

4.1.2 Feasibility  
Below is described what was found while carrying out the method at different LTCF’s. These findings 
are about the availability and reliability of the required information. 
 
Availability 
To perform the whole method at one LTCF, assistance is necessary from different persons within a 
LTCF. All these people need to be willing to participate and put time and effort in finding the 
required information which is not frequently used. This makes it difficult to find facilities which want 
to collaborate in the research and to get all the desired information from the LTCF. Especially the 
technical information is hard to find. This is partly due to the fact that for some LTCF’s the 
information is at the installation company and/or housing corporation. All together, this makes it 
time consuming to investigate a building.  
 
A change in the facility management of these facilities is necessary to make the information better 
accessible and comparable. If this information would be stored systematically, for example with the 
developed model, it will provide useful information to the facility mangers. It will give them insight in 
the quality of the building and its effect on comfort and health. Preferably this would be done at all 
LTCF’s so it can be used for comparison as well. 
 
Reliability 
The reliability of the obtained information depends on the knowledge of the people who provided 
the information and the availability of documentation. Information provided from interview, is 
based on the experience, knowledge and interpretation of that person. 
 
Some health care organizations are not willing to give information about the history of infections, 
because they doubt the comparability of the available information. Although infectious diseases 
have to be reported at the municipal health services, conform the Dutch Health Law Article 26 
“Reporting institutions” (RIVM, 2008), there is no uniform structure on how this information is 
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stored. For nursing homes, the documents describes that gastrointestinal problems should be 
reported if: “unusual high incidence but at least in case > 1/5 part of the unit or > 1/10 part of the 
institution in one week.” According to one health care organization, these rules can be interpreted in 
various ways, the completeness differs and therefore it is hard to compare the data. This is also 
confirmed by the municipal health services. The manner of registration by the LTCF is not prescribed 
by the government, neither is the method of registration of the municipal health services. There is a 
registration form, but the procedures do not always have to be followed completely (RIVM, 2008). A 
systematical way of data collection is necessary to rank and score the buildings on the parameters of 
the outbreaks of infectious diseases. The sentinel surveillance network on infectious disease in 
nursing homes (SNIV) monitors the weekly incidence of infections in participating nursing homes and 
compares this data with characteristics of the health care facility. They set up a systematic data 
collection in which they collect weekly data. For 2013 this was monitored in 19 nursing homes 
(Veldman-Ariesen et al, 2013).This data was unknown by researchers when the building assessments 
started, so these LTCF’s are not used. Tough, it confirms that a more systematical way of data 
collection is necessary to draw conclusion from history of infectious diseases. 
 

4.1.3 Applicability 
The methodology of the building assessment has been developed from the point of infection 
prevention. So the parameters and the scores have been defined to reduce transmission. Perceived 
health and comfort are also evaluate because these are also affect by indoor air. However, favorable 
conditions for health and comfort are not necessarily the same.  
 
Validation 
The parameters at the axes of the radar charts, consist of different variables. However the impact of 
each of these variables is not known. In the current analyses, the contribution of the different 
variables which have been defined, are divided in different categories in which their contribution is 
assumed to be the same. The average of the variables is used to calculate the score of one 
parameter. The active house certification is another building evaluation which uses radar charts. 
Similar to the current research, the scores at the axes of the radar plot are calculated using the 
average of the parameters. However, instead of using a ranking system, they have defined criteria to 
assign scores (Active house, 2013). 
 
To give insight in the scores of the variables within one parameter, sub radars can be been made of 
these scores. This has been done for one building, and the result is shown in the appendix XVI. Based 
on these sub radars, it can be discussed whether the average, median, trimmed mean, modus 
etcetera is best representative for calculating the score of the parameters in the radar chart. 
Appendix XVII shows the difference of taking the median score compared to the average score in 
calculating the radar charts. It shows that there are not many differences between these scores. This 
is probably because the average and median score is taken from a small number of variables.  
 
More research is needed to find out whether weighting factors or a hierarchy should be applied in 
this analysis. This can be done using the Delphi method by using the analytic hierarchy process 
(AHP). Somerville (2008) characterises Delphi as: 

“an iterative process, normally three to four rounds, involving a series of questionnaires, each 
building on the results of the previous one. The results of each round are compiled and 
returned to the participants. Over successive iterations, participants are able to revaluate their 
responses in the light of the complied responses of all participants. Responses to the 
questionnaires are made anonymously. Participants are known to the researchers but not 
necessarily to the other participants. The anonymity of panellists enhances the probability that 
opinions are considered in and of themselves without being influenced by the person who 
expressed the opinions. (Somerville ,2008) ” 
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Variants have been developed of which one is the “ranking type” Delphi. This method is used to 
develop group consensus about the relative importance of issues (Okoli and Pawlowski, 2004), which 
matches the objective of the further development of the model. 
Another method to arrange the variables is the Analytic Hierarchy Process. In this process,  
contribution factors are arranged in a hierarchic structure descending from an overall goal to 
criteria, sub criteria and alternatives in successive levels (Saaty, 1990). To construct this hierarchy, 
relevant details are required to represent the problem, consider the environment surrounding the 
problem, identify issues or attributes that contribute to the solution and identify the participants 
associated with the problem. It provides an overall view of the complex relationships inherent in the 
situation; and helps the decision maker assess whether the issues in each level are of the same order 
of magnitude, so he can compare such homogeneous elements accurately (Saaty, 1990). 
 
The analyses of the sub radars and median versus average scores can be used to give more insight in 
how the hierarchy should be applied. When there are large differences within the sub radars, 
hierarchy and weight factors probably will become more important. 
 
Reliability 
From the parameters in the radar chart which consist of more variables, at least 75% of the variables 
are necessary to calculate the parameter. When less variables are known the parameter gets a score 
of “0”. This value is chosen because the difference between scores is 25%.  
 
Contributing variables 
The nominal variables cannot be incorporated in the radar chart. So for example air movement, 
which is important according to the literature study, is not included in the scores. To include this 
variable, it needs a higher measurement level. This means that the air movement will have to be 
quantified or different types of air movements need to defined, and arranged from least to most 
favourable type.  
Another aspect which is hard to quantify is the contribution of the natural ventilation. The indoor air 
supply from the mechanical ventilation is included in the checklist. However, the contribution of the 
natural ventilation is not measured. To include this is in the score, a higher measurement level is 
necessary for this variable as well. Behavior of health care professionals has a large influence on the 
amount of natural ventilation which makes it difficult evaluate. 
Looking at the contribution of the indoor air quality on the transmission of infections by weakening 
the defence mechanism of individuals, it is unfortunate that the perceived health, is really hard to 
evaluate for the residents. A questionnaire cannot be filled out by people suffering from dementia. 
Methods which could be applied are an observational study and/or an interview with health care 
professionals about their experience about health, wellbeing and behaviour of the residents. 
However, these methods are very time consuming. 
In the current building investigation the temperature, relative humidity and CO2 concentration 
measurements are only performed at two locations. It is preferable that these will be performed at 
more locations. Currently the building evaluation is mostly descriptive based, such measurements 
can make it more performance based and support the validation of the model. Quality requirements 
can be added to the descriptive variables to ensure comparability. Currently, only maintenance, the 
year the building was built and renovations take the quality of the systems (for a small part) into 
account. 
Health and comfort of health care professionals has only been evaluated with the hard copy 
questionnaires. It would be useful to perform interviews as well, to get more insight in the 
background of the answers which are given.  
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4.1.4 Further development 
As already described in the previous paragraph, the model needs to be further developed to be able 
to fulfil its purpose. The Design Research Methodology (DRM) can be used to structure this 
development. DRM as described by Blessing (2004) divides the research design in four stages, which 
is illustrated in figure 4.1.  
 

Criteria

Descriptive study I

Prescriptive study 

Descriptive study II

Measure

Influences

Methods

Observation & 
analysis

Assumption & 
experience

Observation & 
analysis

Applications

Basic Method Results Focus

 
Figure 4.1 DRM framework (Blessing, 2004) 

 

Stage 1 is the Criteria Design stage, role of this stage is: 

 to identify the aim and focus of the research 

 to focus descriptive study I on finding the factors contributing to success 

 to focus the prescriptive study on developing support that address those factors that are 
likely to have most influence 

 to enable evaluation of the developed support (descriptive study II) 
Stage 2 is the Descriptive study I, role of this stage is: 

 to identify factors that influence the formulated measurable criteria and describe how 

 to provide a basis for the development to improve design 

 to provide more details that can be used to evaluate developed design support 
Stage 3 is the Prescriptive study, role of this stage is: 

 describing the expected improved situation 

 to develop support in a systematic way 

 to evaluate the support with respect to its in- built functionality, consistency etcetera 
Stage 4 is the Descriptive study II, role of this stage is: 

 identify whether the support can be used in the situation for which it is intended and that it 
does address the factors it is supposed to address 

 Success evaluation to identify whether this indeed contributes to success, thus addressing 
the impact as well as the reference model. 

 

The designed model has gone through stage 1 and 2.  However, the DRM is not purely sequential 
and iterations can still take place. Stage 3 starts with the provided model and the additional 
information for further development. The methodologies suggested in paragraph 4.1.3 can be used 
to further develop the model systematically. This can then be evaluated by expending the sample 
size of the participating LTCF’s. Most preferable would be to select buildings on the basis of the 
number of outbreaks, to ensure variance. However, as previously described, it is difficult to obtain 
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this information. Apart from evaluating the assessment methodology, the increased sample size can 
be used to define criteria for the outbreaks of infectious diseases and health & comfort perception.  
When the model has been validated, relations between on one hand the building characteristics and 
HVAC systems, and the other hand the spread of infectious diseases and health and comfort of 
health care professionals can be analysed. If more information is available about the desired 
conditions and the effect of the building and HVAC characteristics, criteria for the buildings can be 
integrated in the model as well. Finally, all LTCF’s can use the model to structure the buildings and 
HVAC characteristics and can define their positions compared to other long term care facilities. The 
model then shows the strengths and weaknesses of the building. It provides insight in which aspects 
need more attention. 
 

4.1.5 Other applications  
The objective of the methodology is to investigate relations between variables and give an overview 
of the current situation. In this research this is applied on indoor air quality in LTCF’s and its effect on 
the outbreak of infectious diseases. However, this method can also be used for other applications, 
for example energy consumption in buildings.  
Especially when no guidelines or desirable values are known, the method can be valuable because it  

 Provides an overview of the current situation 

 Detects possible correlations 

 Visualises representation of the weak and strong points of one item (for example a building) 

 Visualises representation of the effect of improvements per parameter 

 Provides a tool to develop guidelines or desirable conditions 
 

4.2 Building investigation  
 

4.2.1 Total of buildings 
The results of the building investigations give insight in the quality and the present state of the 
buildings. These findings are discussed below for all parts of the building assessment. 
 
Building characteristics 
The investigated LTCF’s are mostly located in towns or in the suburban areas. The thermal insulation 
differs, depending on the year the building was built. There is not much difference in the building 
material of the interior, most building materials applied at floor and walls are smooth. Only at one 
location carpet was applied in the interior, but this was only used in the corridor. Differences which 
were found are the sizes of the residential groups, how these groups are separated and how 
facilities are shared. At some locations double rooms are common, while most LTCF’s nowadays 
have single rooms. 
 
HVAC systems 
For the HVAC systems, the largest differences appeared to be that some LTCF’s have cooling and 
some locations have not. Except for one location, all buildings have balanced ventilation. The 
building with only mechanical exhaust, was originally built as a temporary building, although the 
building is already 20 years old. Some buildings can control the humidity of the air by the system, but 
additional information about humidity management was not found. 
 
Use 
Daily schedules very similar in the different LTCF’s. The largest differences are found in the size of 
the residential groups and the separation of these groups. These aspects are also included in the 
checklist of the building characteristics and in this way incorporated in the analyses. Most probably, 
there are differences in the protocols in case of an outbreak when they would be investigated more 
closely. However, this is not done within the scope of this research. 
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Physical measurements 
The measured relative humidity and CO2 concentration show that these parameters are within the 
defined guidelines. CO2 concentration exceeds the 1000 ppm only occasionally. In LTCF A, there was 
one episode of a high CO2 concentrations, this can be seen in figures on the poster in appendix XVI. 
These high concentrations were found in the three measured rooms at the same time. This could be 
due to temporal failure of the ventilation system, or failure of the measurement equipment.  
The relative humidity of location A is perfectly between 30% and 60%. For location C, the range is 
from 30% till 70%. 
The measured indoor temperature is high compared to the guidelines which were found, especially 
in the living rooms, where the median temperature is above 24°C. The indoor temperature is not 
strongly related to the outdoor temperature, so it is not likely that the system is not capable of 
maintaining lower temperatures in summer time. The cause of these high temperatures could be 
because older adults prefer higher temperatures in a stationary situation than younger people 
(Schellen et al 2010). Most likely, the temperature set point is high, to prevent residents from feeling 
cold. The study of Hwang and Chen (2010) investigated thermal comfort of older adults as well, in 
this case in residential environments. It was found that neutral temperature for the older adults was 
25.2°C in summer and 23.2°C in winter. For the older adults the area of 80% thermal acceptance was 
between 23.2°C and 27.1°C in summer and 20.5°C and 25.9°C in winter. Comparing these results 
with younger people, the area of 80% acceptance in summer is between 23.0°C - 28.6°C. So the 
range is smaller for older adults. Roelofsen (2013) concluded that older people have a lower 
tolerance for uncomfortable situations than younger people. 
 
PM measurements 
The performed PM measurements give only relative results because the measurement equipment 
was not calibrated. For most locations the scores for the different PM sizes, compared to the other 
buildings, were the same. So a building with relatively low score for PM<0.5 μm also has a relativlity 
low score for PM<10 μm. However for one location, the score for the small size particles is best and 
for the large particles is worst. Unfortunately, not enough information about maintenance and air 
cleaning is available to find potential causes. 
 
Infectious diseases 
It appeared to be hard to obtain information about the history of outbreaks of infectious diseases. 
According to the LTCF’s, the NORO virus or the similar gastroenteritis virus, is the most common type 
of infection. The results show that most infections occur during winter. This is also confirmed by 
SNIV, which found a higher incidence of gastro enteritis during the winter season (Veldman-Ariesen 
et al, 2013).  As already described, the reliability of the information is not sufficient to compare the 
data. The frequency of an outbreak might depend on when staff defines the number of sick people 
as “an unusual number”.  
In comparing the frequencies between different buildings, it should be noted that the guidelines on 
reporting an infection are vague. When a high frequency in combined with a small average size, this 
could be because for this LTCF’s infections are also reported when the number of infected people is 
small, while other LTCF’s only report with a large outbreak. The information about the size of the 
outbreaks is scarce in this research.  
 
Comfort & health 
The results of all LTCF’s are put together, to represent the health and comfort experience of all 
health care professionals. The most relevant parameters are displayed in figure 3.2.  
The thermal sensation of the health care professionals has a an average score of 5.53 during winter 
and 5.70 in summer, ranked on a 7 point scale from 1 being cold and 7 being hot.  The average score 
on the 7 point scale can be used to calculate the predicted percentage of people dissatisfied (PPD). 
The mean value is then expressed in the thermal sensation scale as shown in table 4.1. The thermal 
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sensation corresponds with a score of 1.53 in winter and a score of 1.70 in summer. The following 
formula can be used to calculate the PPD (source: ISO 7730, 2005): 

 PPD = 100- 95 exp(-(0.03353PM4 + 0.2179PMV2))  

Table 4.1 Thermal sensation scale  Table 4.2 Thermal sensation scale 
+3 Hot    Mean vote PPD Unacceptable 

(1-acceptability) +2 Warm 

+1 Slightly warm All LTCF’s 
together 

Winter 1.53 52.5 % 39% 

0 Neutral Summer 1.70 61.8% 55% 

-1 Slightly cool 
LTCF C 

Winter 1.40 55.5% 0% 

-2 Cool Summer 1.60 56.3% 11% 

-3 Cold      
 

The calculated PPD during winter is 52.5% and during summer 61.8%, as shown in table 4.2. The 
percentage of people who find the thermal environment unacceptable according to the 
questionnaire is 39% and 55%, during winter and summer respectively. In figure 4.2 the blue dot 
represents the winter situation and the red dot the summer situation measured with the 
questionnaire. The graph describes the expected percentage of people dissatisfied. The measured 
values are close to the expected values using the mean vote. However, when the same values are 
calculated for LTCF C only, it was found that the acceptability is much higher than expected with the 
mean vote. Table 4.2 shows the values and this is illustrated in figure 4.2. 

 
Fig 4.2 Acceptability and mean vote placed in the PPD PMV graph (ISO 7730, 2005) 

 

This high acceptability of the thermal environment could be caused by a recent renovation of the 
interior. This can be explained using the adaptive PMV model as described in the review of 
Djongyang et al (2010). It shows that the thermal comfort is influenced by more aspects than 
included in the PMV model. These other aspects are called adaptations and include psychological 
aspects, thermal expectations and previous thermal experience. The sample size of this LTCF was 
only 9, so no conclusion can be drawn from these results. Still, this can be a reason to include 
questions about the experience of the architectural environment in the questionnaire.  
 
The desired thermal environment, expressed in PPD and PMV, may be selected from three 
categories (A, B and C) as shown in table 4.3 (ISO 7730), 2005). 
 
Table 4.3 Comfort scales, PPD and PMV 

Comfort PPD Range of PMV 

1 <6 -0.2 < PMV < 0.2 

2 <10 -0.5 < PMV < 0.5 

3 <15 -0.7 < PMV < 0.7 
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For different types of buildings, e.g. offices and residential buildings, corresponding temperatures 
are defined for winter and summer situation. However, as already described at the section physical 
measurements,  no uniform temperature can be defined to satisfy both the residents and the health 
care professionals in a nursing home. The percentage of people who are dissatisfied with the 
thermal environment significantly exceeds the PPD as defined in these three classes. This is true for 
the health care professionals, however this is not known concerning the residents. Although more 
guidelines are available, it should be noted that even occupants in office buildings are difficult to 
satisfy. A study of Hellwig et al (2006) investigated 14 office buildings in Germany and found a mean 
satisfaction with the thermal environment of 61%. 
 
The shift to move from the design of a shared indoor environment towards the design of individual 
indoor environments as discussed by Melikov (2013), fits within the need of the thermal 
environments in nursing homes. This shift will lead to change from design of building services 
systems towards the development and implementation of occupant services systems. The 
individually controlled systems can compromise e.g. convection heated chair, under-desk air 
terminal device supplying cool air and floor radiant heating panel (Watanabe et al, 2010). 
 
The acceptability of indoor air quality in the investigated LTCF’s is also low, 51% in winter and 53% 
during summer. However there is no clear cause for that. The indoor air is perceived as a somewhat 
dry, a bit musty and the odor a slightly unpleasant. The combination of those three parameters 
could possibly lead to this low acceptability.  
 
From the answers concerning the control of the indoor climate it appeared that all facilities have 
operable windows, often in most rooms. However, the health care professionals cannot open the 
windows when they like, because residents often complain about draft. Only when the weather is 
really nice, or there are no residents in the room, the windows can be opened. Roelofsen (2013) 
confirms that it is often thought that older adults are more sensitive to draught, although no 
systematic alternation with age is found. A possible explanation could be that the older adults are 
usually less physically active and therefore have a lower metabolic heat production and are more 
sensitive to convective heat loss (Griefahn and Künemund,  2001). 
 

4.2.3 Building comparison 
As already described in paragraph 4.1, a large sample size is necessary to find correlations which can 
be proven to be significant because a large number of variables are influencing the transmission of 
diseases by the airborne or the contact route. 
Using the available data, a graph has been made which compares the score of the frequency of the 
outbreaks to the general building characteristics. What can be seen is that an increased score for the 
general buildings characteristics goes together with a better, and thus lower, frequency of 
outbreaks. However, these relations are only based on the doubtful results of five buildings. Still the 
general building characteristics, which include the age of building and materials, space per person, 
separation of residents and sharing facilities, with the frequency of outbreaks, would not be an odd 
contribution factor the transmission of diseases. The results of the SNIV, which investigated the 
presence of infections and 19 nursing homes, found that a frequent change of staff between 
different departments had a higher incidence rate of gasto-enteritis (Veldman-Aries et al, 2013). This 
fits within the general building characteristics which include separation of residents and sharing 
facilities. It should be considered to include the movement of health care professionals in the 
interview about use of the building. 
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This research was performed on the basis of the following research question: 

“How to assess the current indoor air quality in long term care facilities  
and its effect on the spread of airborne infectious diseases?” 

Paragraph 5.1 describes and evaluates the assessment and comparison of the indoor air quality in 
different LTCF’s. Followed by paragraph 5.2, where the preliminary conclusions about relations 
between the indoor air quality and outbreaks of infectious diseases are described. 
 

5.1 Assessment and comparison of the indoor air quality in different LTCF’s  
A methodology has been designed to evaluate building characteristics, HVAC systems, the indoor air 
quality, the outbreaks of infectious diseases and health and comfort in LTCF’s. Only little information 
and guidelines are present about the favorable indoor environmental conditions in LTCF’ and not 
much is known about the current indoor air quality. Therefore the developed method does not 
define criteria but it ranks and compares the current buildings and gives an overview of the current 
buildings. In this way it can serve as system to provide information to facility managers. Since the 
information is now scattered across many different people, there is a need to combine this 
information and make the information accessible. The visualization of the current state of the 
building will assist in useful improvements of the building. The model gives information about: 

 Ranking compared to other investigated buildings 

 Shows strength and weaknesses of a building 

 Shows the effect of the building and HVAC characteristics on infections and the perceived 
health and comfort. 

 

5.2 Relation indoor air quality and spread of airborne infectious diseases 
It was intended to investigate the indoor air quality and compare these results with the outbreaks of 
infectious diseases. It appeared to be hard to find reliable information about the HVAC systems and 
data of the history of infectious diseases in LTCF’s. 
When buildings are sorted on the frequency of infectious diseases, the score of the general building 
characteristics show a relation. However the reliability and the sample size is too small to draw 
conclusions from this analyses. The indoor air related characteristics do not show possible relations 
with the frequency of outbreaks.  
 
Adjustments and improvements need to be applied in the methodology, so relations can be further 
analyzed. If this is combined with a larger sample size, design requirements can be determined using 
information retrieved from the model. When these desirable conditions are known these values can 
be used to compose the radar chart. 
 
Additionally, this type of model can also be applied in other fields when relations between variables 
and desired values are unknown. The benefit of the method is that relations can be visualized easily.  
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5.3 Recommendations 
The objective of this research was: 

“To provide a method to analyze current long term care facilities to see if differences in building 
characteristics and HVAC systems influence the spread of airborne infectious diseases” 

It can be concluded that the method, which has been developed in this research, needs some 
adjustments to achieve this objective. The following things need to be done: 

 First of all a more unambiguous and structural way  to collect data about the history of 
infectious diseases is needed.  

 Information about the HVAC systems is sometimes hard to find. Indoor air measurements, 
temperature, relative humidity and CO2 concentration, need to be performed to get a better 
insight in the indoor air quality.  

 Important nominal variables need to be included in the scores. 
 Application of weight factors and hierarchy needs further research. 
 Sample size should increase to validate the model.  

It is recommended to carry out the above mentioned  points to make the method applicable and 
thereby serve as a tool to find correlations, determine design guidelines and assist facility managers 
to improve the building quality of LTCF’s. 
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Table 1 Overview of current knowledge  

Comfort/health parameter Effect on older adults and/or people suffer from dementia 

Thermal comfort Older adults have an altered sensitivity, but it is hard to apply the 
definition of comfort on person suffering from dementia, because the 
state of mind is unknown. There are indications that people with 
dementia are generally very sensitive to indoor environmental conditions. 

Perceived indoor air quality No data was found about the perceived air quality of older adults or 
people suffering from dementia.  

Odor perception Aromatherapy has been recommended for people dementia, however 
research show that results are positive as well as negative. Increase of age 
goes together with a decline in olfactory function. 

Building related illness Older adults are more sensitive to particulate matter air pollution and at 
higher risk of heat. High temperature can cause health problems and 
decrease quality of live. In the Netherland “the national heat plan” has 
been developed to reduce this burden. 

Spread of airborne diseases Advanced age is associated with a declining immune system and therefore 
a higher risk of infection. Living in long term care facilities increases the 
risk of infectious because there is a lot of interaction with people. 
Information about ventilation and its effect on infection is incomplete. 

Table 2 Overview of the existing guidelines which seems to be best applicable for long term care facilities. 

Parameter ASHRAE-62.1[1] ASHRAE 170-2008[2] 

Design Temperature °C - 21 - 24 

Minimum Air Changes of Outdoor Air per hour  - 2 

Minimum Total Air Changes per hour  - 6 

Outdoor air requirements [l/s/person]  13 - 

Humidity [%] - 30-60 
 

[1] From ASHRAE-62.1 value is taken from the patient room 

[2] From ASHRAE 170-2008 the recovery room of a hospital has been taken as reference 

References 
ASHRAE, 2007, Standard 62.1-2007, Indoor air Quality 

ASHRAE, 2008, Standard 170-2008 Ventilation of Health Care Facilities 
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Table I Pathogens and diseases potentially transmitted via the airborne route and found in LTCF’s (Tang et al, 2006) 

Pathogen Aerosal route of transmission 

Chickenpox / shingles Droplet or airborne spread of vesicle fluid or respiratory tract secretions 

Human parvovirus Contact with infected respiratory secretions 

Influenza Airborne spread predominates 

Legionellosis Epidemiological evidence supports airborne transmission 

Measles Airborne by droplet spread 

Meningitis Droplet spread 

Mumps Airborne transmission or droplet spread 

Norwalk virus (Norovirus) Airborne transmission from fomites 

Respiratory infections Droplet spread 

Rubella Droplet spread 

SARS Aerosol transmission 

Scabies crustosa Skin flakes  

Smallpox Via respiratory tract (droplet spread) 

Staphylococcal diseases (MRSA) Airborne spread is rare but has been demonstrated in patients with 
associated viral respiratory diseases 

Streptococcal disease (scarlet 
fever) 

Large respiratory droplets. Individuals with acute upper respiratory tract 
(especially nasal) infections are particularly likely to transmit infection. 

Toxoplasmosis Inhalation of sporulated oocysts was associated with one outbreak 

Tuberculosis Exposure to tubercle bacilli in airborne droplet nuclei 

Whooping cough Direct contact with discharges from respiratory mucous membranes of 
infected persons by the airborne route 

 
 
Reference 
Tang JW, Li Y, Eames I, Chan PKS and Ridgway GL, 2006, Factors involved in the aerosol transmission 

of infection and control of ventilation in healthcare remises, Journal of Hospital Infection vol. 64, 
pp. 100-114 
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Fig. 1 Common Particle Contaminants and their Characteristics (Trane, 2002) 

 

 
Fig. 2 Penetration depth breathing system according to G. Anderson (Ham, 2002) 

 
References 
Ham Ph.J., 2002, Handboek ziekenhuisventilatie, TNO Divisie Technologie in de Gezondheidzorg, 

Leiden 

Trane, 2002, Indoor air Quality A Guide to Understanding ASHRAE Standard 62-2001  

 



Research Report  Appendices 

 
 

  



Research Report  Appendices 

References 
ASHRAE, 2012, ASHRAE Position Document on airborne infectious diseases  

Cohen J, Cohen P, West SG, Aiken LS, 2003, Applied multiple regression/ correlation analysis for the 
behavioral sciences third edition, Lawrence Erlbaum Associates, London 

Cole EC and Cook CE, 1998, Characterization of infectious aerosols in health care facilities, American 
Journal of Infection Control aug. 1998 pp. 453-464 

Eames I, Tang JW, Li Y and Wilson P, 2009, Airborne transmission of disease in hospitals, Journal of 
The Royal Society Interface vol. 6 no. Suppl 6 S697-S702 

Garibaldi RA, 1999, Residential care and the elderly: the burden of infection, Journal of Hospital 
infection ( 1999) 43 (Supplement): S9-S I8 

Li Y, Leung GM, Tang JW, Yang X, Chao CYH, Lin JZ, Lu JW, Nielsen PV, Niu J, Qian H, Sleigh AC, Su HJJ, 
Sundell J, Wong TW and Yuen PL, 2007, Role of ventilation in airborne transmission of infectious 
agents in the built environment - a multidisciplinary systematic review, Indoor air 2007 Vol 17 p 
2-18 

Nielsen PV, 2012, Air distribution systems and cross-infection risk in the hospital sector, Proceedings 
ventilation 2012 Paris 

Noti JD, Blachere FM, McMillen CM, Lindsley WG, Kashon ML, Slaughter DR and Beezhold DH, 2013, 
High Humidity Leads to Loss of Infectious Influenza Virus from Simulated Coughs, PLoS ONE 8(2): 
e57485. doi:10.1371/journal.pone.0057485 

Norbäck D, 2009, An update on sick building syndrome, Mechanisms of allergy and adult asthma, pp. 
55-59 

Salonen H, Lahtinen M, Lappalainen S, Nevala N, Knibbs LD, Morawska L and Reijula K, 2013, Design 
approaches for promoting beneficial indoor environments in healthcare facilities: a review, 
Intelligent Buildings International, 5(1), pp. 26-50 

Seppänen O and Fisk WJ, 2002 Association of ventilation system type with SBS symptoms in office 
workers, Indoor air, vol 12 pp.98-112 

Wargocki P, Sundell J, Bsichof W, Brundrett G, Fanger PO, Gyntelberg F, Hanssen SO, Harrison P, 
Pickering A, Sppanen O and Wouters P, 2002, Ventilation and health in nonindustrial indoor 
environments: Report from a European multidisciplinary scientific consensus meeting, Indoor air, 
vol 12, pp.113-128 from; Wargocki, 2009 

WHO, 2009, Natural Ventilation for Infection Control in Health-Care Settings, Chapter 3 Infection and 
ventilation, WHO Publication/Guidelines, pp. 17-24 

 

 

    



Research Report  Appendices 

 

 
  



Research Report  Appendices 

 



Research Report  Appendices 

 

Use of the building, interview 
This interview is done to get insight in the PG department in the building is used. The interview is  
performed with a team manager of the PG department. 
 
Ask permission to record the interview with a voice recorder. Take a map of building, so locations of 
functions can be indicated. This interview will take about 30-60 minutes. 
 
The interview consist of different parts: 

 General 

 Residential groups 

 Activities 

 Control over the indoor climate 

 Protocol in case of an outbreak 
 

 

Health care facility:     

Location:      

Date:        
 

 
 
General 

- What is your job position within this health care facility? 
- Which facilities are present at this location: 

For example: 
• Psycho Geriatric department 
• Somatic nursing 
• Assisted living 
• Homecare 
• Care Hotel 
• Daytime activities 
• Day care 
• Swimming pool 
• A little shop 
• Restaurant 
• Hairdresser 
• Library / meeting room  

- Can you please indicate the location of these facilities on the map? 
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Residential groups 
- Could you indicate how many PG residents live at the department of this health care facility? 
- How do these residents live together? 

 - How many residents does one group have? 
 - Which facilities do they share 

- Does the staff has fixed groups where they work? 
- Does the staff has fixed shift or rotating? 

 

Residential groups 
- Could you describe what a day looks like? 
- Could you describe different shift? 
- Is this according to a schedule? 

 - Get out of bed 
 - Breakfast 
 - Morning activities 
 - Lunch 
 - Afternoon activities 
 - Diner 
 - Evening actives 
 - Go to bed 

- Which activities take place and when? 
- Where do activities take place and who can join these activities? 
- Do residents have the possibility to go outside? 
- How much freedom do they have to walk through the building? 
- What is the possibility regarding to visitors? 

 - Number, frequency, time 
 

Control over the indoor climate 
Do you, and other health care professionals, have the possibility to adjust the indoor temperature? 

 Is there a thermostat which you can use? 
 Is there a radiator valve which you can open and close? 
 If yes, in which rooms do you have this possibility? 
 Do you make use of this possibility? 

 
Do you, and other health care professionals, have the possibility to adjust the ventilation? 

 Can you adjust the mechanical ventilation? 
 Are windows operable? 
 If yes, in which rooms do you have this possibility? 
 Do you make use of this possibility? 

 
Do you, and other health care professionals, have the possibility to adjusts the position of the 
sunscreens? 

 How much control do you have over the sunscreens?  
 In which rooms do you have this possibility? 
 Do you make use of this possibility? 
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Protocol in case of infection 
Who is responsible for cleaning? 
 - Which rooms? 
 
Could you describe the protocol in case of an infection? 
 
How does this differ from a normal situation? 
 - Extra hygiene measures 
 - Restrictions 
 - Cleaning frequency 
 
Which of the measures are hard to apply? 
 
Are there restriction for visitors? 
 - Are they allowed at the department? 
 - Which measures do they also have to apply? 
 
What is your experience with outbreaks of diseases? 
 - Applicability of the protocol? 
 - How does is spread through the building? 
 
 

Requested 
- Protocol outbreak of infectious diseases 

 
 

This is the end of the interview. 
Thank you for your time. 
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Werkbeleving zorgprofessionals  

Vragenlijst 

Beste zorgprofessional, 

Introductie 
De vragenlijst die voor u ligt is onderdeel van een afstudeeronderzoek en heeft betrekking op uw 
werkbeleving in de zorginstelling waar u werkt. Het invullen van deze vragenlijst zal ongeveer 15 minuten 
in beslag nemen. Het verwerken van de vragenlijsten zal volledig anoniem gebeuren. Uw werkgever krijgt 
geen inzicht in de door u persoonlijk ingevulde antwoorden. 
 

Doel 
Het doel van het onderzoek is de werkbeleving van zorgprofessionals in kaart te brengen om de huidige 
situatie in kaart te brengen en mogelijke verbeterpunten en problemen te signaleren.  
 

Uitleg 
De vragenlijst bestaat uit verschillende onderwerpen. De vragenlijst start met enkele vragen over 
demografische en werkgegevens. Vervolgens zal de vragenlijst ingaan op uw werkbeleving  en uw ervaring 
van het binnenklimaat, licht en geluid. 
 

Voorbeeld  
Uw kunt uw antwoorden invullen in de daarvoor bestemde witte vlakken. Bij vragen die voorzien zijn van 
een * kunt u de antwoorden die niet van toepassing zijn doorstrepen. Bij meerkeuze vragen kunt u het 
bolletje (0) van het gewenste antwoord inkleuren. Fouten graag zo verbeteren: 
Voorbeeld: Hoe ervaart u de binnentemperatuur? (in dit geval is 3 het foute, en 4 het correcte antwoord) 

Koud ○ ○ ● ● ○ ○ ○ Warm 

 1 2 3 4 5 6 7  
 

Alvast hartelijk dank voor u tijd en medewerking 
Namens het onderzoeksproject Bezielende Omgeving voor de Ouderzorg (BEZO) 
 

Het project Bezielende omgeving in de Ouderenzorg (registratienummer: 2010-14-38P) wordt gefinancierd 
door SIA RAAK. 

 

I. Algemeen 
Zou u de volgende gegevens over uzelf in willen vullen: 

   

1. Geslacht: Man / vrouw*  

2. Leeftijd:                                  jaar  

3. Functie binnen zorginstelling:   

4. Aantal werkuren per week:                                  uur  

5. Naam + locatie zorgcentrum:   

6. Locatie werkplek(ken) binnen 

zorgcentrum (nr. etage, naam 

woongroep): 

 

 

 

7. Diensten: 

(kruis aan welke dagdelen 

er binnen uw dienst vallen) 

 4-5 dagen 
p/week 

2-3 dagen 
p/week 

1 dag per 
p/week 

Minder dan 1 
x week 

 

Ochtend: 0 0 0 0  

Middag: 0 0 0 0  

Avond: 0 0 0 0  

Nacht: 0 0 0 0  
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8. Taken: Wat zijn de voornaamste taken die u verricht en hoeveel tijd bent u daar gemiddeld per dag mee 

bezig? 

 n.v.t. 0-1 uur 1-2 uur 2-4 uur 4-8 uur  

Bewonerscontact: 0 0 0 0 0  

Dossier invullen: 0 0 0 0 0  

Formeel overleg: 0 0 0 0 0  

Maaltijd voorbereiden: 0 0 0 0 0  

Bewoners begeleiden naar : 0 0 0 0 0  

Activiteiten begeleiden: 0 0 0 0 0  

Wassen/aankleden: 0 0 0 0 0  

Medische verzorging (medicatie 

toedienen, wonden verzorgen, 

inzwachtelen) 

0 0 0 0 0  

Huishoudelijke taken: 0 0 0 0 0  

Anders n.l.          ……………………………….:                               0 0 0 0 0  

……………………………….: 0 0 0 0 0  

……………………………….: 0 0 0 0 0  
 

* Doorstrepen wat niet van toepassing is 
 

 

De volgende vragen hebben betrekking op de zorginstelling waar u werkt. 

II. Gezondheid 
Zou u de volgende gegevens met betrekking tot uw gezondheid in willen vullen: 

  

9. Heeft u de afgelopen 12 maanden meer dan 2 keer last gehad van droge ogen: Ja / Nee* 

Indien ja:  

         10. Is het beter op dagen dat u niet op u werk bent? Ja / Nee* 

         11. Hoe vaak heeft u hier last van?  

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak 

 0 0 0 0 0 
  

12. Heeft u de afgelopen 12 maanden meer dan 2 keer last gehad van een loopneus: Ja / Nee* 

Indien ja:  

         13. Is het beter op dagen dat u niet op u werk bent? Ja / Nee* 

         14. Hoe vaak heeft u hier last van?  

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak 

 0 0 0 0 0 
  

15. Heeft u de afgelopen 12 maanden meer dan 2 keer last gehad van droge keel: Ja / Nee* 

Indien ja:  

         16. Is het beter op dagen dat u niet op u werk bent? Ja / Nee* 

         17. Hoe vaak heeft u hier last van?  

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak 

 0 0 0 0 0 
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18. Heeft u de afgelopen 12 maanden meer dan 2 keer last gehad van hoofdpijn: Ja / Nee* 

Indien ja:  

         19. Is het beter op dagen dat u niet op u werk bent? Ja / Nee* 

         20. Hoe vaak heeft u hier last van?  

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak 

 0 0 0 0 0 
  

21. Heeft u de afgelopen 12 maanden meer dan 2 keer last gehad van moeheid Ja / Nee* 

Indien ja:  

         22. Is het beter op dagen dat u niet op u werk bent? Ja / Nee* 

         23. Hoe vaak heeft u hier last van?  

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak 

 0 0 0 0 0 
 

24. Heeft u de afgelopen 12 maanden meer dan 2 keer last gehad van 
concentratieproblemen 

Ja / Nee* 

Indien ja:  

         25. Is het beter op dagen dat u niet op u werk bent? Ja / Nee* 

         26. Hoe vaak heeft u hier last van?  

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak 

 0 0 0 0 0 
 

27.  Heeft u de afgelopen 12 maanden meer dan 2 keer last gehad van verminderde 
alertheid: 

Ja / Nee* 

Indien ja:  

         28. Is het beter op dagen dat u niet op u werk bent? Ja / Nee* 

         29. Hoe vaak heeft u hier last van?  

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak 

 0 0 0 0 0 
 

* Doorstrepen wat niet van toepassing is 
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III. Comfort 

Zou u willen invullen hoe u de volgende aspecten ervaart in de winter en in de zomer? 
Winter Zomer 

Hoe ervaart u de binnentemperatuur? Hoe ervaart u de binnentemperatuur? 

        30. Acceptabel/ onacceptabel*         51. Acceptabel/ onacceptabel * 

        31.         52. 
Koud ○ ○ ○ ○ ○ ○ ○ Warm Koud ○ ○ ○ ○ ○ ○ ○ Warm 

 1 2 3 4 5 6 7   1 2 3 4 5 6 7  

        32. Stabiel / varieert* gedurende de dag         53. Stabiel / varieert* gedurende de dag 
  

Hoe ervaart u de luchtbeweging binnen? Hoe ervaart u de luchtbeweging binnen? 

        33. Acceptabel/ onacceptabel *         54. Acceptabel/ onacceptabel * 

        34.         55. 
Te stil ○ ○ ○ ○ ○ ○ ○ Tocht Te stil ○ ○ ○ ○ ○ ○ ○ Tocht 

 1 2 3 4 5 6 7   1 2 3 4 5 6 7  

        35. Stabiel / varieert* gedurende de dag         56 . Stabiel / varieert* gedurende de dag 
  

Hoe ervaart u de binnenluchtkwaliteit? Hoe ervaart u de binnenluchtkwaliteit? 

        36. Acceptabel/ onacceptabel *         57. Acceptabel/ onacceptabel * 

        37.         58. 
Droog ○ ○ ○ ○ ○ ○ ○ vochtig Droog ○ ○ ○ ○ ○ ○ ○ vochtig 

 1 2 3 4 5 6 7   1 2 3 4 5 6 7  

        38.                        59.                
Fris ○ ○ ○ ○ ○ ○ ○ Muf Fris ○ ○ ○ ○ ○ ○ ○ Muf 

 1 2 3 4 5 6 7   1 2 3 4 5 6 7  

        39.           60.        
Aan- 
gename 
geur 

○ ○ ○ ○ ○ ○ ○ Onaan-
gename 
geur 

Aan- 
gename 
geur 

○ ○ ○ ○ ○ ○ ○ Onaan-
gename  
geur 

1 2 3 4 5 6 7 1 2 3 4 5 6 7 

         40. Stabiel / varieert* gedurende de dag          61. Stabiel / varieert* gedurende de dag 
  

Hoe ervaart u de daglichttoetreding Hoe ervaart u de daglichttoetreding? 

        41. in de keuken?         62. in de keuken? 

Weinig ○ ○ ○ ○ ○ ○ ○ Veel Weinig ○ ○ ○ ○ ○ ○ ○ Veel 

 1 2 3 4 5 6 7   1 2 3 4 5 6 7  

        42. in de woonkamer?         63. in de woonkamer? 

Weinig ○ ○ ○ ○ ○ ○ ○ Veel Weinig ○ ○ ○ ○ ○ ○ ○ Veel 

 1 2 3 4 5 6 7   1 2 3 4 5 6 7  

        43. in de gang?         64. in de gang? 

Weinig ○ ○ ○ ○ ○ ○ ○ Veel Weinig ○ ○ ○ ○ ○ ○ ○ Veel 

 1 2 3 4 5 6 7   1 2 3 4 5 6 7  

        44. in de slaapkamer?         65. in de slaapkamer? 

Weinig ○ ○ ○ ○ ○ ○ ○ Veel Weinig ○ ○ ○ ○ ○ ○ ○ Veel 

 1 2 3 4 5 6 7   1 2 3 4 5 6 7  
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        45. op de plek waar u administratieve 
werkzaamheden uitvoert? 

        66. op de plek waar u administratieve 
werkzaamheden uitvoert? 

Weinig ○ ○ ○ ○ ○ ○ ○ Veel Weinig ○ ○ ○ ○ ○ ○ ○ Veel 

 1 2 3 4 5 6 7   1 2 3 4 5 6 7  
  

Hoe ervaart u de aanwezigheid van kunstmatige  
verlichting (lampen)? 

 

Hoe ervaart u de aanwezigheid van kunstmatige  
verlichting (lampen)? 

 

        46. in de keuken?         67. in de keuken? 

Weinig ○ ○ ○ ○ ○ ○ ○ Veel Weinig ○ ○ ○ ○ ○ ○ ○ Veel 

 1 2 3 4 5 6 7   1 2 3 4 5 6 7  

        47. in de woonkamer?         68. in de woonkamer? 

Weinig ○ ○ ○ ○ ○ ○ ○ Veel Weinig ○ ○ ○ ○ ○ ○ ○ Veel 

 1 2 3 4 5 6 7   1 2 3 4 5 6 7  

        48. in de gang?         69. in de gang? 

Weinig ○ ○ ○ ○ ○ ○ ○ Veel Weinig ○ ○ ○ ○ ○ ○ ○ Veel 

 1 2 3 4 5 6 7   1 2 3 4 5 6 7  

        49. in de slaapkamer?         70. in de slaapkamer? 

Weinig ○ ○ ○ ○ ○ ○ ○ Veel Weinig ○ ○ ○ ○ ○ ○ ○ Veel 

 1 2 3 4 5 6 7   1 2 3 4 5 6 7  

        50. op de plek waar u administratieve 
werkzaamheden uitvoert? 

        71. op de plek waar u administratieve 
werkzaamheden uitvoert? 

Weinig ○ ○ ○ ○ ○ ○ ○ Veel Weinig ○ ○ ○ ○ ○ ○ ○ Veel 

 1 2 3 4 5 6 7   1 2 3 4 5 6 7  
  

 

72a. Ervaart u tijdens uw werk hinder van geluiden afkomstig van buiten? 

    

Zelden 0 0 0 0 0 0 0 Vaak 
 

Indien u hinder ervaart:  

         72b. In welke ruimten ervaart u deze hinder? Woonkamer / keuken / slaapkamer / anders 
namelijk*:                                                          

    

 

73a. Ervaart u tijdens uw werk hinder van geluiden afkomstig van gebouwinstallaties, zoals 
ventilatiesysteem, verwarming, air conditioning? 

    

Zelden 0 0 0 0 0 0 0 Vaak 
 

Indien u hinder ervaart:  

         73b. In welke ruimten ervaart u deze hinder? Woonkamer / keuken / slaapkamer / anders 
namelijk*:                                                          

  

74a Ervaart u tijdens uw werk hinder van geluiden afkomstig van andere geluiden (dan gebouwinstallaties) 
binnen het gebouw? 
    

Zelden 0 0 0 0 0 0 0 Vaak 
 

Indien u hinder ervaart:  

         74b. In welke ruimten ervaart u deze hinder? Woonkamer / keuken / slaapkamer / anders 
namelijk*:                                                          
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         74c. Van welke geluiden heeft u hinder? TV/radio / keukengeluiden / geluid uit 
naastliggende ruimten / anders namelijk*: 

    

75a. Heeft u in uw werk last van lawaai, zodat u hard moet praten om u verstaanbaar te maken? 
    

Zelden 0 0 0 0 0 0 0 Vaak 
  

Indien u last heeft:  

         75b. In welke ruimten heeft u hier last van? Woonkamer / keuken / slaapkamer / anders 
namelijk*:                                                          

    

76a. Komt het voor dat belangrijke geluidssignalen moeilijk te horen zijn door andere geluiden? 
    

Zelden 0 0 0 0 0 0 0 Vaak 
  

Indien dit voor komt:  

         76b. In welke ruimten komt dit voor? Woonkamer / keuken / slaapkamer / anders 
namelijk*:                                                          

    

77a. Ervaart u tijdens uw werk moeilijkheden met het verstaan van spraak? 
    

Zelden 0 0 0 0 0 0 0 Vaak 
  

Indien dit voor komt:  

         77b. In welke ruimten komt dit voor? Woonkamer / keuken / slaapkamer / 
badkamer/ anders namelijk*:               

                                            
    

78. Hoe ervaart u de akoestiek?  

      (ter referentie: droge akoestiek         zwaar gestoffeerde huiskamer / galmende akoestiek         kerk) 

         78a. in de keuken? 
 

Droog 0 0 0 0 0 0 0 Galmend 
 

         78b. in de woonkamer? 
 

Droog 0 0 0 0 0 0 0 Galmend 
 

         78c. in de gang? 
 

Droog 0 0 0 0 0 0 0 Galmend 
 

         78d. in de slaapkamer? 
 

Droog 0 0 0 0 0 0 0 Galmend 
 

         78e. in de badkamer? 
 

Droog 0 0 0 0 0 0 0 Galmend 
 

         78f. op de plek waar u administratieve werkzaamheden uitvoert? 
 

Droog 0 0 0 0 0 0 0 Galmend 
 

* Doorstrepen wat niet van toepassing is 
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IV. Controle 
Wilt u aangeven of u de mogelijkheid heeft om de volgende handelingen uit te voeren: 

  

79. Heeft u de mogelijkheid om ramen open te zetten? Ja / Nee*  

Indien ja:  

        80 . In welke ruimten heeft u deze mogelijkheid? 

 

Woonkamer / keuken / slaapkamer / anders 
namelijk*:                                                           

         81. Hoe vaak maakt u gebruik van deze mogelijkheid in de winter? 

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak  

 0 0 0 0 0  

         82. Hoe vaak maakt u gebruik van deze mogelijkheid in de zomer? 

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak  

 0 0 0 0 0  

Evt. opmerkingen 

  

 

 

 

83. Heeft u de mogelijkheid om de binnentemperatuur aan te passen? Ja / Nee*  

Indien ja:  

         84. In welke ruimten heeft u deze mogelijkheid? Woonkamer / keuken / slaapkamer / anders 
namelijk*:                                                           

         85. Hoe vaak maakt u gebruik van deze mogelijkheid in de winter? 

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak  

 0 0 0 0 0  

         86. Hoe vaak maakt u gebruik van deze mogelijkheid in de zomer? 

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak  

 0 0 0 0 0  

Evt. opmerkingen 

  

 

 

 

87. Heeft u de mogelijkheid om het zonnescherm omhoog of omlaag te doen? Ja / Nee*  

Indien ja:  

         88 . In welke ruimten heeft u deze mogelijkheid? Woonkamer / keuken / slaapkamer / anders 
namelijk*:                                                          

         89. Hoe vaak maakt u gebruik van deze mogelijkheid in de winter? 

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak  

 0 0 0 0 0  

         90. Hoe vaak maakt u gebruik van deze mogelijkheid in de zomer? 

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak  

 0 0 0 0 0  
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Evt. opmerkingen 

  

 

 

 

91. Heeft u de mogelijkheid om de gordijnen open of dicht te doen? Ja / Nee*  

Indien ja:  

         92 . In welke ruimten heeft u deze mogelijkheid? Woonkamer / keuken / slaapkamer / anders 
namelijk*:                                                          

         93. Hoe vaak maakt u gebruik van deze mogelijkheid in de winter? 

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak  

 0 0 0 0 0  

         94. Hoe vaak maakt u gebruik van deze mogelijkheid in de zomer? 

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak  

 0 0 0 0 0  

Evt. opmerkingen 

  

 

 

 

95. Indien er een mechanisch ventilatiesysteem aanwezig is: Heeft u de 
mogelijkheid om ventilatiestand aan te passen? 

Ja / Nee*  

Indien ja:  

         96 . In welke ruimten heeft u deze mogelijkheid? Woonkamer / keuken / slaapkamer / anders 
namelijk*:                                                          

         97. Hoe vaak maakt u gebruik van deze mogelijkheid in de winter? 

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak  

 0 0 0 0 0  

         98. Hoe vaak maakt u gebruik van deze mogelijkheid in de zomer? 

 Iedere dag 3-4 dagen p/week 1-2 dagen p/week Elke 2-3 weken Minder vaak  

 0 0 0 0 0  

Evt. opmerkingen 

  

 

 

 

 

* Doorstrepen wat niet van toepassing is 
 

 
 

Einde 
Hartelijk dank voor het invullen van deze enquête. 
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1. Building & location characteristics and HVAC characteristics 
 
General building characteristics 
The score of the “general” characteristics of the building consists of: 

 Age of buildings and materials, this score is average of:  
- B#01 Year built  
- B#02 Year conversion of building ( if not applicable: year is year built)  
- B#03 Year refurbishment ( if not applicable: year is year built)  

 Space per person, score is average of: 
- B#10 Average m2 per person  
- B#11 Average m3 per person  

 Separation residents, score is average of: 
- B#05 Number of floor levels  
- B#06 Number of residential groups  
- B#14 Separation groups  

 Sharing facilities, score is average of:  
- B#07 Number of residents in one group  
- B#12 Average number of bathrooms per person  
- B#13 Percentage with one persons room  

Score “General”= ranking of the average score of 
(Age of building and materials; Space per person; Separation residents; Sharing facilities) 
 
Contaminant source control 
The score of the “outdoor conditions” characteristics of the building consists of: 

 B#15 Location  

 B#16 Outdoor pollutants  

 Radiation, this score is average of: 
- B#17 Radon  
- B#18 TV radio  
- B#19 Mobile phone  

 Position ventilation intake, this score is average of: 
- HVAC#26 Position intake  
- HVAC#27a + b Distance exhaust  
- HVAC#28a + b Distance cooling towers  
- HVAC#29 Nr. of potential pollutant sources close to intake  

Score “Contaminant source control” = ranking of the average score of (Location; Outdoor pollutants; 
Radiation, Position ventilation intake) 
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Building materials 
The score of the “building materials” of the building consists of: 

 Material ceiling, score is average of: 
- B#21 Ceiling living room  
- B#24 Ceiling kitchen  
- B#27 Ceiling bedroom  
- B#30 Ceiling corridor  

 Material floor, score is average of: 
- B#20 Floor living room  
- B#23 Floor kitchen  
- B#26 Floor bedroom  
- B#29 Floor corridor  

 Material walls, score is average of: 
- B#22 Walls living room  
- B#25 Walls kitchen 
- B#28 Walls bedroom  
- B#31 Walls corridor  

 Condensation 
- B#32 Material window frames  
-Binom: - B#33 Condensation on windows  
 - B#35 Visible mould growth  
 - B#36 Damp spots on walls, ceiling or floors 
 - B#37 Visible air leaks in the structure 

Score “Building materials” = ranking of the average score of (Material ceiling; Material floor; Material 
walls; Condensation) 
 

Ventilation 

 Air exchange rate, this score is average of: 
- HVAC#01 Operable windows  
- HVAC#13b Design ACH living room 
- HVAC#14b Design ACH bedroom 
- HVAC#17a Measured ACH living room 
- HVAC#19a Measured ACH bedroom 

 
Air cleaning 

 Air cleaning, this score is average of: 
- HVAC#30a Filtration pre 
- HVAC#30b Filtration main 
-Binom: - HVAC#31 UV (binomial data) 
 - HVAC#32 Air disinfection (binomial data) 

 Maintenance, this score is average of: 
- HVAC#33 Frequency replacement filters 
- HVAC#34 Frequency cleaning supply air ducts 
- HVAC#35 Frequency supply air devices 
- HVAC#36 Frequency cleaning exhaust air devices 

 PM concentration, this score is average of:  
- 10 μm average (measurements) 
- 2.5 μm average (measurements) 
- 0.7 μm average (measurements) 
- 0.5 μm average (measurements)  
 

Temperature and humidity management 

 Remaining a constant temperature, this score is average of: 
- B#38 Structure roof 
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- B#40 Structure external walls 
- B#42 Structure internal walls 
- B#43 Structure floors 
- B#39 thermal resistance roof 
- B#41 Thermal resistance external walls 
- B#44 Thermal resistance floor 
- B#46 Percentage glazing 
-Binom: - HVAC#51abcd Solar shading (binomial data) 
 - HVAC#42 HVAC (binomial data) 
 - HVAC#43 Glazing (binomial data) 

 Heating and cooling, this score is average of: 
-Binom: - HVAC#07 Heating in AHU (binomial data) 
 - HVAC#08 Cooling in AHU (binomial data) 
 - HVAC#44 Temperature controlled by the system (binomial data) 

 Humidity management, this score is average of: 
- HVAC#22Humidification and dehumidification 
-Binom: - HVAC#23 Water droplet eliminators (binomial data) 
 - HVAC#24 Maintained to collect condensed water (binomial data) 
 - HVAC#47 Humidity controlled by the system (binomial data) 

 
The binominal data within one category has been combined to determine a score. For each health 
care facility the number of positive answers at these questions are summed. The results of that 
summation has been treated like the other ordinal data and a boxplot will be made. So from these 
results a score of each building can be divined, depending on the quartile the result is in. If one of the 
variables has the value “0”.  
 
B#01 means: question 01 from the building checklist. 
HVAC#30 means: question 30 from the heating, ventilation and air conditioning checklist. 
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The Dutch building legislation specifies the requirements for different types of buildings, the type of 
building which is best applicable for long term care facilities are the residential function and health 
care function. 
 

1. Building & location checklist 
For the as well health care facilities as residential functions, the requirements for the thermal 
insulation of the building are the same and set at 3.5 m2K/W. This is applicable for all external 
structures. For windows and door the thermal conductivity should be smaller than 1.65 W/m2K. 
So the requirements which are added to the building checklist are: 
Thermal resistance external walls:  > 3.5 m2K/W (question #39) 
Thermal resistance ground floor:  > 3.5 m2K/W (question #41) 
Thermal resistance roof:   > 3.5 m2K/W (question #44) 
Thermal conductivity window:   < 1.65 W/m2K (question #45b) 
 
References 
Bouwbesluit 2012, Article 3.5 

http://www.bouwbesluitonline.nl/ dd: 12-08-2013 

 

2. HVAC checklist 
For the ventilation rates the requirements of a health care facility for a room with beds, are used for 
the bedrooms of the LTCF. For the living room, the requirements of a residential function are used. 
 
The requirements for the bedrooms are an air exchange rate of at least 6.5 dm3/s pp. This is 
minimum ventilation rate of 23.4 m3/h for an one person bedroom. For a two person bedroom the 
minimum ventilation rate is 46.8 m3/h. 
Applicable for question 14, 18a and 19a. 
 
The requirements for a residential function are a ventilation rate of 0.7 dm3/s per m2. With a 
minimum air exchange rate of 7 dm3/s, which is equal to an ACH of 25.2 m3/h. For each living room it 
is calculated whether the building meets these requirements or not. 
Applicable for question 13, 16a, 17a. 
 
These requirements are expressed in m3/h. In the checklist these requirements are converted so 
these can be applied as well on the data which is expressed in m3/h as the data in ACH h-1. If 
necessary the geometric properties are used to calculate the requirements. 
 
References 
Bouwbesluit 2012, Article 3.29 

http://www.bouwbesluitonline.nl/ dd: 02-09-2013 
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This appendix gives the results per building and contain confidential information. Therefore it is not 
attached in this document.  
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Ratio, interval and ordinal data 
The results of the ratio, interval and ordinal data is displayed on the next page.  
 

The results of three nominal and binomial data: 
 

  Building materials       

                    
 

  
 

#33 Does condensation tend to form on 
windows?     N=  7 

                    

                    
 

  
 

#34 Are there materials containing absestos in the building?   N=  7 

                    

                    
 

  
 

#35 Is there any visible mould growth in residential area's?   N=  7 

                    

                    
 

  
 

#36 Are there damp spots on walls, ceiling or floors?   N=  7 

                    

                    

                    

  Building structure         

                    
 

  
 

#37 Are there any visible air leaks in the 
structure?     N=  7 

                    

                    

  Light and acoustics          

                    
 

  
 

#48 Acoustic absorption applied on internal 
walls?     N=  7 

                    

                    
 

  
 

#49 Acoustic absorption applied on ceilings?     N=  7 

                    

 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 
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Ratio, interval and ordinal data 
The results of the ratio, interval and ordinal data is displayed on the next page.  

 
The results of three nominal and binomial data: 

Ventilation               
#02 How is the building ventilated? 
 

N=  7 

                  

                  

                  

                  
#03 Are there air transfer openings between rooms? 
 

N=  7 

                  

                  

                  
#04 Is there any visible mould growth in residential area's? 
 

N=  7 

                  

                  

                  

                  

                  

                  
#05 What type of control system is there for the mechanical ventilation? 
 

N=  7 

                  

                  

                  

                  

                  

                  
#06 Air handling unit 
 

N=  5 

                  

                  

                  

                  
#07 Heating in AHU 
 

N=  7 

                  

                  
#08 Cooling in AHU 
 

N=  7 

                  

                  

  

1 = Natural ventilated 

2 = Mechanical exhaust, … 

3 = Mechanical supply,  … 

4 = Balanced 

Yes 

Varies 

No 

1 = Exhaust only polluted … 

2 = Exhaust only 

3 = Supply system only 

4 = Balanced VAV  

5 = Balanced dual ducts 

6 = Balanced induction units 

1 = Central - manual 

2 = Central - clock 

3 = Central - demand 

4 = Local -  manual 

5 = Local - clock 

6 = Local - demand 

1 = AHU with recirculating … 

2 = AHU with recirculating … 

3 =  AHU for dual duct … 

4 = 100% fresh air 

1 = Yes 

2 = No 

1 = Yes 

2 = No 
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Ventilation               
#09 Heat recovery 
 

N=  7 

                  

                  

                  

                  

                  
#11 Duct insulation 
 

N=  5 

                  

                  
#20 Location indoor air supply 
 

N=  7 

                  

                  

                  

                  

                  
#21Designed air distribution principle 
 

N=  7 

                  

                  

                  

                  
Humidity management             
#23 Is the system equipped with water droplet eliminators 
 

N=  0 

                  

                  
#24 System collects water from cooling coils adequately? 
 

N=  0 

                  

                  
Contaminant source control           

#25 Position of ventilation system intake 
 

N=  6 

                  

                  

                  

  

1 = None  

2 = Fixed plate 

3 = Rotating wheel 

4 = Heat pipes 

5 = Two-coil glycol water 

1 = Yes 

2 = No 

1 = Floor 

2 = Low on wall 

3 = Windowsill 

4 = High on wall 

5 = Ceiling 

1 = Mixing 

2 = Displacement 

3 = Personalised ventilation 

4 = Pressure difference 

1 = Yes 

2 = No 

1 = Yes 

2 = No 

1 = Ground 

2 = Facade 

3 = Roof 
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Maintenance and cleaning             
#31 UV filtration 
 

N=  6 

                  

                  
#32 Air disinfection 
 

N=  6 

                  

                  
#37 Alarm system for malfunctioning of main components? 
 

N=  6 

                  

                  
Temperature               
#38 Cooling production plant 
 

N=  6 

                  

                  

                  

                  

                  

                  
#39 Type of heating and cooling distribution network 
 

N=  3 

                  

                  

                  

                  
#40 Heating and cooling therminal units 
 

N=  7 

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  
#41a Room temperature control living room? 
 

N=  7 

                  

                  

                  

                  

                  

                  

  

1 = Yes 

2 = No 

1 = Yes 

2 = No 

1 = Yes 

2 = No 

1 = No cooling 

2 = Heat exchange ground or  water 

3 = Package air cooled chiller 

4 = Water cooled chiller + cooling … 

5 = Water cooled chiller + dry cooler 

6 = Heat pump (heating + cooling) 

7 =  Absorption type chiller + cooling … 

1 = Two pipe system 

2 =Three pipe system 

3 = Four pipe system 

4 = Refrigerant distribution system 

1  = Hot water radiotors or convectors 

2 = Electrical radiotors or convectors  

3 = Two pipe fan coil units 

4 = Four pipe or 2 pipe/wire fan coil units 

5 = Induction units 

6 = Heating or cooling floor 

7 = Heating or cooling ceiling 

8 = Individual heat pump or water loops 

9 = Window units 

10 = Split system 

11 = Air conditioning cabinets 

12 = Direct electric heaters 

13 = Heated walls 

1 = Manual radiator valve 

2 = Manual control in rooms 

3 = Local thermostat at heating unit 

4 = Local thermostat 

5 = Central sensor 

6 = Façade sensor(s) 

7 = Zone sensors 
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Temperature               
#41b Room temperature control bedroom? 
 

N=  7 

                  

                  

                  

                  

                  

                  
#42 Heaters below windows to prevent draught 
 

N=  7 

                  

                  
#43 Large glass surfaces without thermal conditioning? 
 

N=  7 

                  

                  
#44 Temperature set point controlled by the system? 
 

N=  7 

                  

                  
#47 Humidity set point controlled by the system? 
 

N=  6 

                  

                  
#50 Presence solar shading devices  
 

N=  7 

                  

                  

                  

                  
#51 If applicable, which solar shading devices 
 

N=  7 

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  

                  
#52 Control solar devices 
 

N=  7 

                  

                  

                  

                  

                  

  

1 = Manual radiator valve 

2 = Manual control in rooms 

3 = Local thermostat at heating unit 

4 = Local thermostat 

5 = Central sensor 

6 = Façade sensor(s) 

7 = Zone sensors 

1 = Yes 

2 = No 

1 = Yes 

2 = No 

1 = Yes 

2 = No 

1 = Yes 

2 = No 

1 = South 

2 = West 

3 = North 

4 = East 

1 = Internal vertical blinds 

2 = Internal louvres 

3 = Blind between glazing 

4 = External vertical blinds 

5 = External shutters 

6 = External roller shutters 

7 = External louvres 

8 = External screens 

9 = External window films 

10 = External horizontal blinds 

11 =  External awnings / canopies 

12 = External overhangs 

13 = External vertical fins 

14 = Double façade 

1 = Fxed 

2 = Automatic  

3 = Automatic down, manual up 

4 = Automatic with manual overrule … 

5 = Manual 
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Light and acoustics             
#53a Artificial light located at the ceiling 
 

N=  7 

                  

                  
#53b Artificial light located at the walls 
 

N=  7 

                  

                  
#53c Artificial light located at low level / floor lighting? 
 

N=  7 

                  

                  
#53d Up lighters part of the artificial lighting in the room? 
 

N=  7 

                  

                  
#54 What kind of artificial lighting? 
 

N=  6 

                  

                  

                  

                  

                  
#55 What kind of artificial lighting? 
 

N=  7 

                  

                  

                  

                  
#56 Optimize use of daylight in this building 
 

N=  7 

                  

                  

  

1 = Yes 

2 = No 

1 = Yes 

2 = No 

1 = Yes 

2 = No 

1 = Yes 

2 = No 

1 =Incandescent 

2 = Halogen  

3 = Fluorescent 

4 = Compact fluorescent 

5 = LED 

1 = Auto by time 

2 = Auto + manual end control 

3 = Manual 

4 = Demand control 

1 =Yes 

2 = No 
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All results from the questionnaire are shown in graphs and tables. The total number of health care 
professionals who filled out the questionnaire is 95, from six different long term care facilities. 

 
I General 

 
Table 6.1 Gender 

Gender number 

 
Fig. 6.1 Gender 

Male 7 

Female 85 

 
Table 6.2 Age 

Age Years 

Average age 40.7 

Std dev age 12.9 
 
Table 6.3 Working hours a week 
Working hours a week Hours 

Average  26.2 

Std dev  7.2 

  
Shifts (mark which sessions are within your shifts) 
 
Table 6.4 Shifts 
Shifts Morning Afternoon Evening Night 

Less than 1 day a week 10 20 24 79 

1 day a week 3 0 8 1 

2-3 days a week 28 24 20 4 

4-5 days a week 53 50 42 10 

 

 
Fig. 6.2 Shifts 
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What are the main tasks during a working day, and how many time do you, on average, spent on 
each activity? 
 
Table 6.5 Activities 

Activities Not 
applicable 

0-1 
h/day 

1-2 
h/day 

2-4 
h/day 

4-8 
h/day 

FALSE 

Contact residents 8 12 8 16 46 5 

Fill files 12 57 16 5 1 4 

Formal consultations 27 54 7 1 1 5 

Meal preparation 10 46 29 6 0 4 

Accompany 
residents to: 19 47 14 5 6 4 

Guide activities 33 32 16 5 3 6 

Washing / dressing: 15 4 13 52 7 4 

Medical care  28 29 23 7 2 6 

Household 22 27 23 15 2 6 

Other 86 5 1 0 2 1 

 
 

 
Table 6.3 Activities 
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II Health 

 
Personal symptom index 5 
Figure 6.4, shows the personal symptom index 5 values for all subject. PSI 5 = Sum of indicated 
symptoms per person: (dry eyes + runny nose + dry throat + Headache + Fatigue) if indicated that it 
is better on days not at work. 

 
 Fig.6.4 PSI 5 index 

 

Sick building syndrome symptoms 
Figure 6.5 shows how many people indicated that they suffer the seven symptoms indicated at the x-
axis in the graph, regardless the frequency and the situation on days not at work. 

 
Fig. 6.5 Number of people suffer from symptoms 
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Symptoms 

The flowing graphs show for each symptom separately. These graphs are applicable for the people 
who indicated in fig 6.5 that they suffer from a symptom. For this group, the frequency of the 
symptom, whether it is better when they are not at their work and if it influenced by the recent 
interior renovation is indicated in the graphs. For each symptom the number of people suffering 
from this symptom indicated. 
 
Dry eyes 
The number of people who indicated that they suffered from dry eyes is 41. Percentages in the 
following graphs 6.6 and 6.7 are from the population of those 41 persons. 

 
 
How frequent was the symptom?         Was this better on days away from your work? 
  

 
Fig.6.6 Frequency people suffer from dry eyes    Fig.6.7 Dry eyes better if not a work? 
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Runny nose 
The number of people who indicated that they suffered from a runny nose 42. Percentages in the 
following graphs (6.8 – 6.9) are from the population of those 42 persons. 

 
 
How frequent was the symptom?         Was this better on days away from your work? 

  
Fig.6.8 Frequency people suffer from runny nose   Fig.6.9 Runny nose better if not a work? 
 

Dry throat 
The number of people who indicated that they suffered from a dry throat 59. Percentages in the 
following graphs(6.10 – 6.11) are from the population of those 59 persons. 

 
 
How frequent was the symptom?         Was this better on days away from your work? 

  
  
Fig.6.10 Frequency people suffer from dry throat   Fig.6.11 Dry throat better if not a work? 
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Headache 
The number of people who indicated that they suffered from a headache is 62. Percentages in the 
following graphs (6.12 and 6.13) are from the population of those 62 persons. 

 
 
How frequent was the symptom?         Was this better on days away from your work? 

  
 Fig.6.12 Frequency people suffer from headache   Fig.6.13 Headache better if not a work? 
  

Fatigue 
The number of people who indicated that they suffered from fatigue is 72. Percentages in the 
following graphs (6.14 and 6.15) are from the population of those 72 persons. 

 
 
How frequent was the symptom? 
         Was this better on days away from your work? 

  
 Fig.6.14 Frequency people suffer from fatigue     Fig.6.15 Fatigue better if not a work? 
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Concentration problems 
The number of people who indicated that they suffered from concentration problems is 34 
Percentages in the following graphs (6.16-6.17) are from the population of those 34 persons. 

 
 
How frequent was the symptom?         Was this better on days away from your work? 
 

   
Fig.6.16 Frequency people suffer from concentration problems Fig.6.17 Concentration better if not a work? 
  

Less alert 
The number of people who indicated that they suffered from less alertness is 21. Percentages in the 
following graphs 6.18-6.19) are from the population of those 21 persons.

 
How frequent was the symptom? 
         Was this better on days away from your work? 
 

Fig.6.18 Frequency people suffer from less alertness    Fig.6.19 Alertness better if not a work? 
  

 

III Comfort  
Winter Summer 
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How do you experience the indoor temperature? 
 

Thermal acceptability Thermal acceptability 

 
Fig. 6.20 Thermal acceptability winter 

 
Fig. 6.21 Thermal acceptability summer 

 
Thermal sensation 

 
Thermal sensation 

 
Fig. 6.22 Thermal sensation winter Fig. 6.23 Thermal sensation winter 
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Winter Summer 
 

How do you experience the indoor temperature? 
 

Thermal continuity Thermal continuity 

 
Fig. 6.24Thermal continuity winter 

 
Fig. 6.25 Thermal continuity summer 

 
How do you experience the air movement? 

 
 

Air movement acceptability 

 

 
Air movement acceptability 

 
Fig. 6.26 Air movement acceptability winter  Fig. 6.27 Air movement acceptability summer 
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Winter Summer 
 

How do you experience the air movement? 
 

Air movement sensation Air movement sensation 

 
Fig. 6.28 Air movement sensation winter  

Fig. 6.29 Air movement sensation summer 

 
 

Air movement continuity 

 

 
Air movement continuity  

 
Fig. 6.30 Air movement continuity winter  Fig. 6.31 Air movement continuity summer 

 
 
 
 
 

Winter Summer 
 

How do you experience the indoor air quality? 
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Indoor air quality acceptability Indoor air quality acceptability 

 
Fig. 6.32 Indoor air quality acceptability winter 

 
Fig. 6.33 Indoor air quality acceptability summer 

 
Indoor air quality sensation 

 

 
Indoor air quality sensation 

 
Fig. 6.34 Indoor air quality sensation winter  Fig. 6.35Indoor air quality sensation summer 
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Winter Summer 
 

How do you experience the indoor air quality? 
 

Indoor air quality sensation Indoor air quality sensation 

 
Fig. 6. 36 Indoor air quality sensation winter 

 
Fig. 6.37 Indoor air quality sensation summer 

 
Indoor air quality sensation 

 

 
Indoor air quality sensation 

 
Fig. 6.38 Indoor air quality sensation winter  Fig. 6.39 Indoor air quality sensation summer 
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Winter Summer 
 

How do you experience the indoor air quality? 
 

Indoor air quality continuity Indoor air quality continuity 

 
Fig. 6. 40 Indoor air quality sensation winter 

 
Fig. 6.41 Indoor air quality sensation summer 
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Winter Summer 
 

How do you experience the daylight in the kitchen? 
 

Daylight experience kitchen Daylight experience kitchen 

 
Fig. 6. 42 Daylight kitchen winter 

 
Fig. 6.43 Daylight kitchen summer 

 
How do you experience the daylight in the living room? 

 
Daylight experience living room 

 
Daylight experience living room  

 
Fig. 6.44 Daylight living room winter Fig. 6.45 Daylight living room summer 
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Winter Summer 
 

How do you experience the daylight in the corridor 
 

Daylight experience corridor Daylight experience corridor 

 
Fig. 6.46 Daylight corridor winter 

 
Fig. 6.47 Daylight corridor summer 

 
How do you experience the daylight in the bedroom? 
 

Daylight experience bedroom  
 

Daylight experience bedroom  

 
Fig. 6. 48 Daylight bedroom winter 

 
Fig. 6.49 Daylight bedroom summer 
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Winter Summer 
 

How do you experience the daylight at the place where you perform administration tasks? 
 

Daylight experience workplace Daylight experience workplace 

 
Fig. 6. 50 Daylight workplace winter 

 
Fig. 6.51 Daylight workplace summer 

 
How do you experience the artificial light in the kitchen? 

 
Artificial light experience kitchen 

 
Artificial light experience kitchen 

 
Fig. 6. 62 Artificial light experience kitchen winter 

 
Fig. 6. 63 Artificial light experience kitchen summer 
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Winter Summer 
 

How do you experience the artificial light in the living room? 
 

Artificial light experience living room 
 

Artificial light experience living room 

 
Fig. 6. 54 Artificial light experience living room winter 

 
Fig. 6. 55 Artificial light experience living room summer 

 
How do you experience the artificial light in the corridor? 

 
Artificial light experience corridor 

 
Artificial light experience corridor 

 
Fig. 6. 56 Artificial light experience corridor winter 

 
Fig. 6. 57 Artificial light experience corridor summer 
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Winter Summer 
 

How do you experience the artificial light in the bedroom? 
 

Artificial light experience bedroom 
 

Artificial light experience bedroom 

 
Fig. 6. 58 Artificial light experience bedroom winter 

 
Fig. 6.59 Artificial light experience bedroom summer 

 
How do you experience the artificial light at the place where you perform administration tasks? 

 
Artificial light experience workplace 

 
Artificial light experience workplace 

 
Fig. 6.60 Artificial light experience workplace winter 

 
Fig. 6.61 Artificial light experience workplace summer 
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Do you experience nuisance from outdoor noises during your work? 
 If you experience discomfort: In which room do you experience this nuisance? 
 

  
Fig. 6.62 Experience noise from outside   Fig. 6.63 Experience noise from outside locations 

 
Do you experience nuisance from heating ventilation and air conditioning systems noise during your 
work?  
If you experience discomfort: In which room do you experience this nuisance? 
 

  
Fig. 6.64 Experience noise from HVAC    Fig. 6.65 Experience noise from HVAC location 
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Do you experience nuisance from other noise sources during your work? 
 If you experience discomfort: In which room do you experience this nuisance? 
 

  
Fig. 6.66 Experience noise from other sources   Fig. 6.67 Experience noise from other sources locations 

 
From which noise source do you experience nuisance? 
 

 
Fig. 6.68 Experience noise from other sources specified 
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Do you experience noise, making that you have to talk loud to make yourself intelligible? 
 If you experience discomfort: In which room do you experience this nuisance? 
 

 
 

Fig. 6.69 Experience difficulties talking   Fig. 6.70 Experience difficulties talking locations 

 
Is it hard to hear important sounds due to sound by other noise sources? 
 If you experience discomfort: In which room do you experience this nuisance? 
 

  
Fig. 6.71 Difficulties hearing important signals  Fig. 6.72 Difficulties hearing important signals locations 
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Do you experience difficulties with understanding speech? 
 If you experience discomfort: In which room do you experience this nuisance? 
 

  
Fig. 6.73 Difficulties understanding speech   Fig. 6.74 Difficulties understanding speech locations 

 
How do you experience the acoustics? 
 
Acoustics Kitchen Acoustics Living room 

  
Fig. 6.75 Acoustics Kitchen Fig. 6.76 Acoustics living room 
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How do you experience the acoustics? 
 
Acoustics corridor Acoustics bedroom 

  
Fig. 6.77 Acoustics corridor 
 

 

Fig. 6.78 Acoustics bedroom 

Acoustics bathroom Acoustics workplace 

  
Fig. 6.79 Acoustics bathroom Fig. 6.80 Acoustics workplace 
 
 

 
  

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

1  
Dry 

3 5 7  
Mouthy 

Acoustics corridor  

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

1  
Dry 

3 5 7  
Mouthy 

Acoustics bedroom 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

1  
Dry 

3 5 7  
Mouthy 

Acoustics bathroom 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

1  
Dry 

3 5 7  
Mouthy 

Acoustics workplace 



Research Report  Appendices 

IV Control 
 
Operable windows 

 
Do you have the possibility to open and close windows? 

 
In which room do you have this possibility? 

 

 
Fig 6.81 Operable windows 

 

If yes  
How often do you make use of this possibility? 

 

Winter Summer 

  
Fig 6.82 Frequency operable windows winter 

 

 Fig 6.83 Frequency operable windows summer 
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Indoor temperature 
 

Do you have the possibility to adjust the indoor temperature? 
 

 In which room do you have this possibility? 
 

 
Fig 6.84 Indoor temperature 

 

 

If yes  
How often do you make use of this possibility? 

 

Winter Summer 

 
 Fig 6.85 Frequency indoor temperature winter 

 

 
Fig 6.86 Frequency indoor temperature summer 
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Sun shading 
Do you have the possibility to adjust the sun shading? 

 
 In which room do you have this possibility? 

 

 
Fig 6.85 Sun shading 

 

If yes  
How often do you make use of this possibility? 

 

Winter Summer 

 
 Fig 6.86 Frequency sun shading winter 

 

 
 Fig 6.87 Frequency sun shading summer 
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Curtains 
Do you have the possibility to open and close the curtains? 

 
 In which room do you have this possibility? 

 

 
Fig 6.86 Curtains 

 

If yes  
How often do you make use of this possibility? 

 

Winter Summer 

 
 Fig 6.87 Frequency curtains winter 
 

 
Fig 6.88 Frequency curtains summer 
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Mechanical ventilation 
 

Do you have the possibility to open and close the Mechanical ventilation? 
 

 In which room do you have this possibility? 

 
Fig 6.89 Mechanical ventilation 

 

If yes 
 

Winter Summer 

 
Fig 6.90 Frequency mechanical ventilation winter 
 

 
 Fig 6.91 Frequency mechanical ventilation summer 
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The sub-radars show the scores of the variables within the parameters of LTCF C.  
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Radar analyse: compare average versus median 
The charts compare the scores when calculated using the average, versus using the median. 
 


