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ABSTRACT 

The Swedish Healthy Home is an innovative concept that the Swedish Energy Agency has been 

working on, since 2013. The purpose has been to find how technologically advanced solutions in the field 

of lighting can help reduce energy consumption in the Swedish homes, while improving the quality of life 

of the home occupants at the same time. Several lighting sensors are being proposed and tested to 

achieve the goal. 

 
This initiative to empower families to make healthy choices or make the right adjustment in their domestic 

lighting environment sounds exciting indeed, especially here in Sweden, where we have such an uneven 

length of days and nights during the different seasons. Nevertheless, I cannot help but wonder how such 

lighting controls can impact the lives of those members of the household, who may have some special 

needs, especially those with Autism Spectrum Disorder (ASD). These individuals comprise about 1-2% 

of our Country’s population [1], with more being diagnosed every year. Apart from other social and 

neurological issues, autistic individuals also struggle with light sensitivity, so lighting design is a key 

concern for them. How much flexibility and diversity can be too much in their case? On one hand, the 

sensory controls would give them some autonomy and the great benefit of eliminating or diming any 

disturbing lights, but on the other hand, many of them, especially children, often exhibit a strong aversion 

to change. If the lighting is too flexible, they might live in constant fear that their environment will suddenly 

be changed. That can throw them over the edge. 

 
This Thesis therefore attempts to understand what lighting control systems are being proposed for the 

Swedish Healthy Home, as well as study simultaneously the impact of lighting on autistic individuals in a 

domestic environment, so that conclusions can be drawn about what would work well for them and what 

not, if and when the Swedish Healthy Home concept is implemented. The survey is based on literature 

review, discussions with experts and a response to a questionnaire by 10 adult autistic subjects. The 

results show clearly how important it is to keep in view the special needs of the autistic section of the 

population also, before introducing any new light related concept on the national level. 
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INTRODUCTION 

The use of household energy has doubled in Sweden since 1970, even if the population growth is taken 

into consideration. There are 4.7 million households today, that each use approximately 1000 kWh of 

lighting per year. Lighting accounts for around 20% of the total household electricity consumption. The 

Swedish Energy Agency has now set a goal to cut the total energy consumption for lighting to half by 

2020, from 14 TWh to 7 TWh. By using home lighting more energy-efficiently, individual households can 

contribute to this decrease. The costs of electrical energy are however quite low, so there must be 

another motivation and driving force than only economic, to engage the residents in energy saving. [2] 

It was therefore in November 2013, that the Swedish Energy Agency commissioned the Lighting 

Research Center at Rensellear Polytech (New York), Department of Architecture and Built 

Environment (Lund University) and ÅF Lighting (Stockholm) to combine their expertise and join forces 

to work on a ‘Swedish Healthy Home’ concept. The purpose has been to find how new technical 

solutions in the lighting area can help reduce energy consumption, while improving the quality of life of 

the home occupants, through lighting controls and better daylighting. The project is being financed 

entirely by the Swedish Energy Agency [3]. 

Several Circadian Monitoring Devices are proposed to be used, which can: 
 
• Continuously monitor circadian stimulus (CS) and physiological signals 
• Quantify circadian entrainment/disruption 
• Use predictive model to compute light treatments [3] 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1. Diagram of Swedish Healthy Home System 
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The design is aimed at most of the population with normally operating information processing 

mechanisms. The proposed lighting controls can obviously not be expected to fulfil preferences of every 

individual, as our nervous systems react differently to stimuli based on our age, previous experiences, 

physical and mental states. However, the minority of persons with some special needs e.g. autism, must 

not be forgotten (Please refer to Appendix A for the definition and symptoms of Autism). In case of 

children or adults with autism, it may be relatively harder to adjust to the sudden change in the 

environment brought about by these lighting control devices.  

This gives rise to the following questions, which the author has attempted to investigated and 

answer through this Thesis: 

1) What lighting control systems are being proposed for the Swedish Healthy Home and what is 

their function? Is it to control the level of light, intensity, glare, light distribution, colour 

temperature, schedule, or transition between different settings? 

 

2) How are these proposed lighting control systems going to impact the well-being and behaviour of 

autistic individuals in their home environment? Are they going to be benefitted entirely, or can any 

of these sensory controls agitate or disturb them in any way?  

 

3) Can any recommendations be laid out, based on my study, that can help to make the Swedish 

Healthy Home more autistic-friendly? If so, will the Swedish Energy Agency be willing to take 

them on board? 

 

 

SCOPE AND LIMITATIONS 

1) The Swedish Healthy Home has been 

studied objectively only, to draw the 

answers to the above questions. It is not in 

the scope of this work to analyse the 

Project critically. 

 

2) Even though many disorders come under 

the Autistic Spectrum Disorder (ASD), 

this study refers to it broadly as Autism. 

 

3) There are many environmental conditions 

that can impact the behaviour and 

wellbeing of Autistic individuals, e.g., 

sound, smell, temperature and other 

sensory perceptions, however this study is 

only limited to the impact of Light and 

Lighting Controls on the Autistic 

individuals, as per my Thesis topic.  

 
Figure 2. Disorders that come under the umbrella 
of ASD 
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BACKGROUND 

Lighting design goals of the Swedish Healthy Home: 
Several design goals that were kept in mind when laying out the lighting for the Swedish Healthy Home. 
The chief among them states that a home should be able to provide what we need no matter our age or 
abilities. This concept is typically referred to as “universal design.” Lighting in a healthy home must 
support universal design and meet the needs of all home occupants and visitors.  
In cases where the “one-size-fits-all” specification is not sufficient and a more exact specification for 
healthy lighting is needed or desired for the various individuals that live in a household, people will be 
able to choose to make additional, more individualized lighting interventions. To do this, each individual 
will need some way to track their light exposure throughout the day.  

At the heart of this specification is a personal 

lighting measurement device, called Daysimeter, 

that each person who lives in a household will wear 

throughout the day. The person would wear the 

device outside as well as inside the home. As the 

person moves from room to room within the home, 

the home’s lighting system would recognize this 

person’s device and could adjust the lighting as 

needed to provide the person with the lighting 

intervention they need to counterbalance the light 

exposure they received outside of the home.  

Or, if people do not wish the lights in the home to be 

controlled automatically, the device could simply notify 

them of their lighting needs and they could act 

accordingly. In either case, manual override of 

controlled lighting would always be provided so that 

family members could change the lighting as desired. 

The intervention, provided through the Daysimeter 

system, would help to ensure that each family 

member’s circadian system remains properly entrained each day. This technology helps to provide 

healthy lighting and the home becomes the place where lighting invention can happen to promote good 

health and wellbeing.  

The lighting for the home will be well distributed with lighting being provided at various points 

throughout each space within the home, depending on how each area is used. The light fixtures 

in each area will have the capability of providing light of various spectra, distributions, and illuminance 

levels. All of the light fixtures can be tied into a central control system for the home, if homeowners opt for 

automated control of their lighting. The control system will have a network of sensors in each area which 

will be able to sense when an area is in use, which family member is using it (by recognizing their 

personal light measuring device), what the current light level is in that area, and then be able to adjust the 

lighting for the needs of each individual using that area at any given time. If multiple persons are using a 

room at any one time, the system will be able to adjust the lighting in a particular area of the room to best 

suit each individual’s need. If that is not possible because multiple people are grouped in one area at the 

same time, the software will use a pre-set hierarchy (e.g., select the lighting for the person most in need 

of circadian adjustment or most sensitive to circadian disruption). The control system will also turn lights 

off when no one is using the area and adjust the electric light levels if there is sufficient daylight to provide 

the lighting needed. This can save a lot of energy. [3]  

Figure 4. DaysiLight and DaysiMotion Sensors 

Figure 3. The Daysimeter functioning system  
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Additional design concepts: 

Apart from the Daysi-system, LRC had also proposed several other design concepts for the Swedish 

Healthy home. These concepts were not meant to be complete design specifications, but rather a group 

of ideas on how the lighting parameters and requirements of the Healthy Home could be implemented in 

an actual Swedish home. The concepts are outlined as: 

a. Skylights 

b. Daylight harvesting 

c. Faux windows  

d. Circular/square style roof monitors  

e. Tunable electric lighting (intensity, spectral variation - changes 

in color) 

f. Lighting for nighttime safety  

g. Portable lighting interventions (orange/blue goggles) 

h. Vertical illumination [3] 

However, in a recent enquiry made by the author, the Swedish Healthy Home Project Team at the Lund 

University, confirmed that although the overall design goals of the Project remain the same and valid, yet 

out of the additional design concepts shown above, only (e) tunable electric lighting will be carried 

forward, if they get the funds from Swedish Energy Agency. 

(Please refer to Appendix A for more details of the above additional concepts and the overall Swedish 

Healthy Home concept).  

a. 

b. c. 

d. d. 

e. f. g. 

h. 

g. 

Figure 5. Additional design concepts included in the original Swedish Healthy Home proposal 
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Why is it important to evaluate the Swedish Healthy Home from the perspective of autistic 

individuals? 

High prevalence of Autism in Sweden: 

In a coversation with the author in April 2018, Tatja Hirvikoski (Assistant Professor & Neuropsychologist 
at Karolinska Institute and Head of the Research & Development at the Autistic Habilitation & Health 
Department of the Stockholm Public Health Services - SLL), confirmed that, “Sweden is among the 
Countries with the highest number of Autistic individuals (Fig.6), with the largest affected age group being 
the adolescents (13-17 years). The number has risen over the last few years, from 1% to 3% of the total 
national population.”   

 

 

In fact, other researchers also confirm that 1 in every 38 teenagers in Stockholm has been diagnosed 

with autism [4], with a sizable number of children and adults also reported suffering from the condition.  

Sebastian Lundström of the University of Gothenburg, who has been awarded Life Watch Young 

Autism Researcher Award, however clarifies that, “The prevalence of the autism symptom phenotype 

has remained stable in children in Sweden while the official prevalence for registered, clinically 

diagnosed, autism spectrum disorder has increased substantially. This suggests that administrative 

changes, affecting the registered prevalence, rather than secular factors affecting the pathogenesis, are 

important for the increase in reported prevalence of autism spectrum disorder.” [5]  

Figure 6. Countries with the highest prevalence of Autism 
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“It means that there has been no change in the symptoms, but rather an increase in the prevalence of 

diagnosis, as many cases of autism had been misdiagnosed earlier as some other disorders. Most of 

these disorders are now clubbed together under the umbrella of Autistic Spectrum Disorder”, added 

Tatja Hirvikoski.  

This section of the population, apart from being hyper-reactive to other sensory inputs, are highly 
sensitive to the impact of light, so lighting design is a key concern for them. Most of the individuals with 
autism live with family or a housemate. Home is like a safe nest for them, where they spend most of their 
time. If lighting is not got right at home, the consequences will be felt more acutely than elsewhere [8]. 
How much flexibility and diversity in the domestic lighting can be too much in their case? On one hand, 
the sensory controls proposed for the Swedish Healthy Home would give them some autonomy and the 
great benefit of eliminating or diming any disturbing lights, but on the other hand, many of them, 
especially children, often exhibit a strong aversion to change. If the lighting is too flexible, they might live 
in constant fear that their environment will suddenly be changed. That can throw them over the edge. 
 
There’s a saying in the autism community though: “If you know one person with autism, you know 

one person with autism.” In other words, there is no single set of characteristics for those on the 

spectrum. Each has varying degrees of difficulty with social situations, verbal and nonverbal 

communication, and repetitive behaviors. With all of this in mind, there’s no umbrella approach for 

housing those with autism. [6]  

Nevertheless, an effort has been made to understand broadly which possible changes brought about in 

the lighting qualities (level of light, intensity, light distribution, various spectra, colour temperature, 

schedule, occupancy and vacancy sensors or transition between different settings) in the proposed 

Swedish Healthy Home, could have an impact on an autistic member of the family, if any. 

 

METHODOLOGY 

1) A broad study of the Swedish Healthy Home concept (through literature review and discussions 

with the Project Team), to obtain the background of its design goals and an understanding of the 

lighting control systems proposed. 

 

2) A parallel study (through interviews with experts, a questionnaires survey and literature review) to 

derive an in-depth understanding of the impacts of lighting on the autistic individuals, in their 

domestic environment. 

 

3) Synthesis of the above findings to answer the main questions of the Thesis. 

 

4) Presentation of the conclusions and recommendations to the Swedish Energy Agency, to 

explore the feasibility of incorporating them into the Swedish Healthy Home concept. 

 

 

RESULTS - INTERVIEW 

Following are the responses to a Questionnaire distributed to 10 (ten) autistic subjects (age 22-55 years), 
on 12th April 2018, at the Autistic & Asperger Association of Stockholm, located at Banergatan 21, 
Östermalm (Stockholm). Aim of the survey was to know how they feel about the lighting conditions in their 
daily environment. 
 
Please refer to Appendix C for the distributed Questionnaire. [7] 
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0 2 4 6 8 10 12

Generally, I do not like artificial lighting

I can dim the light by myself (brighter/darker)

The light does not flicker

The light is not too bright

I cannot see the lamp

“normal” bulbs are installed

Fluorocent tubes are installed

I feel comfortable in spaces with artificial lighting, 
if..

No Yes

0 2 4 6 8 10 12

Generally, I do not like daylighting

If I have the possibility to close the sun
screening device

The light is not too bright

The sun does not shine directly into the room

I feel comfortable in spaces with daylight, if… 

No Yes

0 1 2 3 4 5 6 7 8 9 10

See my environment distorted

Have difficulties in reading

Get a headache

I have difficulties in perceiving the environment

Become inattentive

Lose concentration

Get flustered

If I feel uncomfortable under certain lighting 
conditions, I… 

No Yes
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0 2 4 6 8 10 12

Pastel colours

Green

Blue

Violet

Pink

Red

Orange

Yellow

White

I like it if the light has following colours

No Yes

0 2 4 6 8 10 12

I would make all the lights in the house
dimmable and controllable

Fluorescent lamps are also ok, provided I can
control the brightness myself

I feel comfortable under all lighting conditions

Totally dark

Preferably a little bit darker

Not too bright

Even

How would you design lighting so that it is the most 
comfortable for you?

No Yes

0 1 2 3 4 5 6 7 8 9 10

Willingness to wear

Would you be willing to wear a ‘Daysimeter’?

No Yes

Figure 7. Questionnaire Survey Results 
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RESULTS - LITERATURE REVIEW 

Apart from the Questionnaires and Interviews, the following information was gathered from various 
sources and categorized into sub-topics here, to get a deeper insight into the topic: 
 
Daily Routine:  

Individuals with autism depend on consistency, repetition, 
and structure [8]. Ceiling heights must be kept low, spatial 
volumes small and personal spaces intimately 
proportioned and appropriately illuminated [9]. 
 
Downlighting is important, because it lights the path and 

reduces glare. Subdued task lighting can support a sense 

of calm and focus [10]. 

Wayfinding and Orientation: 
Inside the home, predictability can be a big deal. Each 

room should have an obvious purpose. Corridors should 

be well-lit at night. Closets with built-in organization 

systems, with good lighting can help with daily dressing 

and grooming tasks [6]  

Transition:  

Some automated controls, like occupancy and vacancy 
sensors that cause lights to turn on or off, might be 
disorienting for some people on the autism spectrum [8]. 
When using artificial lighting, light levels should be 
controllable by dimmers in each room. [10]  
 
Transitions between rooms should be smooth and their 
boundaries should be clear. This may help an autistic 
person establish routines and increase independence, 
while minimizing anxiety. [6] 

Lighting fixtures: 

Fluorescent lighting is a significant source of 

extraneous stimuli that can not only be annoying, but 

also trigger and aggravate common symptoms of 

autism [11]. 

 

Ballasts are required for the operation of fluorescent 

fixtures These ballasts, especially if not replaced at the 

end of their usable life, can generate an audible hum 

and cyclical flickering of light [11].  

 

Alternative light sources, such as incandescent bulbs or 

LED lights should be installed [10] to avoid both glare 

and flickering, which can otherwise cause headaches, 

eyestrain, and increased repetitive behavior in autistic 

individuals [12]. 

 
 
 

Figure 8. Subdued lighting preferred in the home 

Figure 9. Well-lit corridors and storage units preferred  

Figure 10. Automatic occupancy and vacancy sensors 

Figure 11. Dimmers  Figure 12. Ballasts  

Figure 13. Glare can trigger negative consequences 
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Colour: 
Although research has shown that some autistic children 
see colors more intensely, this is not true for all. 
However, children with ASD may respond differently 
from their neurotypical peers to some colors and 
patterns. Intense colors, complex patterns, and bold 
contrast can create problems for those with sustained 
attention issues, but bright colors also can provide 
successful stimulation and help draw focus in others 
[10]. 
 
Regarding the settings of the light objects, it is important 
to consider that especially older persons prefer brighter 
atmospheres. They may often connect dark rooms to 
experiences and fears during war, whereas children 
often favour darker sceneries [7].  
 
However, kids’ issues mirror adults’ issues on the 
whole. In fact, studies show that by the time many 
people with autism reach adulthood, they have learned 
to compensate for their issues. The bottom line is that 
what works well for children will likely work well for 
adults, and vice versa [8]. Since colors have an impact 
on mood, tunable lighting can be put to therapeutic use 
for autistic individuals at home [10]. 
 
Generally speaking, bright colors are exciting, and soft 

colors are calming. However, the effect of particular 

colors on people on the ASD spectrum, especially 

children, can vary, and trial and error with multiple colors 

may be necessary to determine the color that is right for 

any one individual. In addition, the effect of color can 

wear off after a person is in a space for a long period of 

time [10].  

In general, active areas of the home can be more brightly 

colored if this is not stressful for the child, while calming 

colors and more subtle hues should be selected for 

bedrooms and adjacent sitting rooms. If children have 

visual sensitivities, these must be considered when 

selecting paints and wallpapers. When changing the colors 

of any room, always try to change one color at a time so 

that the impact of any change can be understood [10]. 

Providing natural light inside a home that matches outside 

lighting qualities seems to help autistic children with 

transitions. Because natural light enhances colors, making 

them appear truer, harmonizing lighting and color can 

make a big difference in promoting favorable moods at 

home [10]. Bad colour rendering distorting the proper 

perception of objects can be responsible as well for a 

feeling of discomfort for autistic subjects [7]. 

Figure14. Colors can disturb or calm down an autistic child 

Figure 15. Colors can positively impact autistic people of all ages 

Figure 16. The Colour Wheel 
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Colour filters 
A technique of spectral modification by 
coloured filters, known as Irlen-Method 
(named after its inventor, Helen Irlen) 
decreases or even eliminates the 
distorted perception and rebalance the 
overloaded sensory system. Irlen 
glasses help the visual system to cope 
with the incoming information, thus, 
restrictions in perception, such as 
distorted vision of the environment, can 
be eliminated or reduced [7]. 
 
The tinted glasses or foils seem to 
modify the reflected light in the 
environment by filtering out the 
disturbing frequencies of the light 
spectrum, as well as the sensory 
overload caused by bright lights, 
fluorescent lights, and sunlight. Thus, 
the work of the relevant brain sections is 
no longer impaired, and the analysis 
and processing of information will be 
carried out efficiently. The autistic 
individual can cope with the enormous 
amount of sensory stimulation in the 
environment and is given the basis to 
built-up adequate academic, social and 
communicative skills [7]. 

Daylighting 
Like everyone, access to daylight is important for autistic 

individuals as well. But one caveat is the issue of control. 

Being hypersensitive, they don’t do well with intense direct 

sunlight and the resulting glare. Therefore, daylight control is 

especially important. Window blinds and strategic window 

placement can help. Certain materials can absorb glare. 

Seasonal adjustments can be made [13]. 

 

Apart from the glare, windows with exterior views may provide 

autistic students with undesirable distractions also. The basic 

rule therefore is, “Maximize daylighting but avoid high 

contrast (sun/shadow) and distracting views.” To achieve 

this, provide wide window overhangs (over five feet) to 

minimize strong shadows, and high sills (four feet, six inches) 

to direct the view upward toward the sky and treetops and 

away from distracting ground level activities. Due to extreme 

sensitivity to sensory stimulation, clerestory windows and 

skylights may be counterproductive because shifting patterns 

of daylight can complicate the visual environment [8]. 

The amount and type of visual stimulation should be tightly controlled, otherwise it may cause distortions. 

Thus, through good architectural and lighting design, individuals with autism can have access to daylight 

in a healthy, safe way [13].  

Figure 17. Tinted Irlen glasses help the visual system of autistics 

Figure 18. Autistic individuals are hypersensitive to the glare of direct sunlight 

Figure 19. High sill windows  

Figure 20. Different forms of daylight control  
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DISCUSSION AND RECOMMENDATIONS 

As the results show, people with autism are not that radically different than the neurotypical population. 

Daylighting and different spectrums of artificial light affect their circadian rhythm and other biological 

aspects in the same way as anybody else. However, there is a psychological and emotional aspect too, 

that can be impacted differently in them by any change in the lighting conditions.  

This is also clear from the interview held with the 10 autistic subjects. Several psychological symptoms 

bother them, if they feel uncomfortable under certain lighting conditions. Flickering of artificial light 

sources, reflected light and glare were unanimously named as the most disturbing factors by all. Out of 

ambient, task and accent lighting, most of the subjects highlighted task lighting (focused directional light) 

as the one that they preferred to use most at home. Concealing the source of light is also important.  

Surprisingly, none of the subjects liked white colored light. They did not associate it with ‘normal’ light, but 

rather with the harsh artificial light from the fluorescent tubes or cold LEDs. One of the subjects said that 

cold white light caused him severe headaches. Warm white was preferred more. However, mixing warm 

and cold in the same home, like they usually do in the public housing here, was the worst, he said. Most 

of them preferred to use LEDs at home, especially in the living areas and bedrooms.  

Direct sunlight was agitating to all of them and even evoked negative memories in some. Uniform diffused 

north light was mentioned as the most preferable form of daylighting. None of the subjects wanted to cut 

off the artificial light or daylighting completely. However, they preferred some control devices, like 

dimmers or louvres, for flexibility. When shown a picture of Daysimeter, with a simple explanation of how 

it could help control and improve their domestic lighting environment, most of them seemed interested 

and willing to wear it throughout the day, provided it was not too big or bulky.  

From the results it follows that, since Universal Design is one of the main design pillars of the Swedish 

Healthy Home Project, which clearly states that family members who might be particularly sensitive to 

changes in lighting conditions should be able to choose more individualized lighting interventions, it is not 

enough to cater only to the needs of the night shift workers and working members with changing 

schedules. The special needs of the increasing autistic population also ought to be considered, so 

that their homes feel like safe cocoons to them.  

Although most of the concepts work well for autistic individuals, yet certain additional aspects can be 

incorporated to make the Swedish Healthy Home more autistic-friendly. For example, since individuals 

with autism are more vulnerable to the sub-visible flicker and the glare from fluorescent lights that can 

cause headaches, eyestrain, and increased repetitive behavior, it is recommended to include flicker 

control and fluorescent light dimmers in the Daysimeter.  

Personal control is incredibly important as well. From intensity and dimming to focusing and even color 

rendering, lighting controls help create better environments for everyone but especially people on the 

autistic spectrum, because they’re more easily affected by sensory input. However, as the research 

shows, sudden automated controls can throw them over the edge. Therefore, changes brought about 

by the lighting dimmers and occupancy/vacancy sensors through the Daysimeter should be very 

subtle and gradual, to create a smooth transition between different areas in the house  

Since coloured light seems to be an essential element for the wellbeing of autistic individuals, the use of 

tunable electric lighting, as proposed in Swedish Healthy Home, with different intensity and spectral 

variation, can be advantageous to them. However, it is important to use them carefully. An 

overstimulation of the senses initiated by too many different impressions needs to be avoided; 

this already happens in their everyday life. A selective offer of stimulating possibilities and the 

sensitive application of the available features is advisable. 
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As the study shows, coloured Irlen glasses can help in rebalancing the overloaded sensory system in 

many autistic individuals, it is recommended that the use of coloured filtering goggles, that are 

being dropped from the Swedish Healthy Home concept due to the lack of funds, should be 

readopted and adapted to the needs of the autistic members. This could help them to cut off the 

undesirable lighting stimulations, when using a common area in the home with family members 

with different circadian needs. Since easy wayfinding and orientation is crucial for the autistic 

members, especially children, the lighting for nighttime safety and navigation is another design 

concept in the original Swedish Healthy Home proposal, that should be funded for further 

application. Sensory closet lighting can also be a good addition. 

Another interesting but deleted concept of the Swedish Healthy Home, namely the Faux Windows 

(Figure 5b), that if carried further, can be highly beneficial to the autistic individuals as well, since they 

find the glare, intensity, and contrast of direct sunlight too disturbing. It is therefore recommended to 

relook into the concept of Faux Windows and get it onboard again, if funds allow. 

Lastly, one cannot help but wonder if there could be some parameters to tell the lighting control system 

that now an autistic family member is overloaded with external stimulus or agitated, so it needs to tune 

down or adjust the lighting to a certain degree in that area of the house. In that case, it can be highly 

beneficial, if apart from the Daysimeter, an additional sensor system is also distributed to such 

families alone, that can detect the autistic member’s heartbeat and measure his/her level of 

nervousness or anxiety and control the home lighting accordingly. Or maybe the Daysimeter can 

ultimately be overruled with this agitation measurement device, modified with the extra features. 

Although the response to wearing the Daysimeter itself has been the same as the survey 

conducted by LRC of normal subjects, yet a more detailed survey is needed to judge the 

convenience for the autistic children. Some customized design may be required for them. All this 

may seem quite complex and technically unfeasible to achieve at this point, but it is worth a future 

investigation and investment. 

CONCLUSION 

Autism is a lifelong condition, therefore investments in lighting research and interventions focused on the 

autistic population should be of paramount importance. As this study shows, certain lighting can wreak 

havoc on people who are on the autism spectrum, and our goal as designers should be to give them the 

highest possible quality of life. I strongly believe that the Swedish Healthy Home can have this 

tremendous power to help individuals with autism. It is also worth noting that the lighting solutions that 

often work well for autistic individuals also work well for the general population. Nobody likes flickering 

lights, humming ballasts or harsh fluorescent lights. People on the spectrum may just have a heightened 

response to them. Therefore, by incorporating the given autistic-friendly recommendations in their 

Swedish Healthy Home concept, the Swedish Energy Agency can save energy costs both on the 

micro and macro level. For example, if the flickering or the harsh fluorescent lights in the utility areas like 

laundry or store room are dimmed down, when an autistic individual, or for that matter a normal person 

walks in, that will cut down the energy consumption automatically.  

Since requirements, needs and tastes of those on the autism spectrum vary widely, it’s necessary to work 

closely with the families, before implementing any changes. The importance of doing this cannot be 

overemphasized, as a well-designed lighting environment that addresses the needs of these individuals 

can not only improve their quality of life and ability to live independently, it can also minimize long-term 

costs associated with relocating them to community care centers, if their homes aren’t a good fit. This 

could give rise to more energy costs otherwise. Hence, it can turn out to be a win-win situation for both 

the beneficiary and the benefactor (Swedish Energy Agency) in the long run. 
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CHALLENGES 

The main challenges that limited this study were the difficulty of communication with the subjects. 

Although an attempt was made to get an autistic child’s perspective onboard as well, it was not feasible. 

Neither could the interviewed child communicate his feelings coherently, nor could the parents help, as 

they themselves are unable sometimes to understand their autistic child’s feelings clearly, especially on 

some specific topic as lighting. They did not seem to have given it a thought, as like most parents, they 

are not aware of its significance for their child’s wellbeing and how it can make a difference. 

The 10 older autistic subjects who answered the Questionnaire, seemed quite interested and motivated to 

give their feedback, but all the questions needed to be translated in Swedish and explained verbally 

several times, before they could comprehend the content of the questions. One of them was not so 

responsive due to the severity of her symptoms. 

Although some research and articles are freely available online to gain an understanding on the subject, 

yet more detailed scientific studies need to be carried out to understand clearly how a specific 

behavioural pattern is triggered off by the uncomfortable lighting condition in autistic individuals. Several 

layers of multi-sensorial information e.g., visual noise, sound, smell, temperature, etc. can impact the 

subject as well. For the same reason, I feel that my methodology may not have been adequate to cover 

the topic thoroughly, as the time of the Thesis was limited. A field study for a longer period could have 

accomplished more meaningful and reliable results. Nevertheless, if my humble effort brings some 

awareness on the subject and motivates the Swedish Energy Agency to consider any of the 

recommendations given, which in turn can make a positive difference to the lives of the autistic members 

of the society, then I’d be happy that it has been a step in the right direction. 
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APPENDIX A: WHAT IS AUTISM? 

In the international classification system ICD-10 of the WHO, autism is defined by the Code F 84 and 

described as follows: “Pervasive developmental disorders - a group of disorders characterized by 

qualitative abnormalities in reciprocal social interactions and in patterns of communication, and by a 

restricted, stereotyped, repetitive repertoire of interests and activities. These qualitative abnormalities are 

a pervasive feature of the individual’s functioning in all situations.” [7] 

 

Global prevalence and symptoms:  
Approximately two to four of 10,000 children in the world are affected by autism and three of four children 
are boys. Autism is neither restricted to social backgrounds nor to certain countries or cultures. The 
phenomenon occurs in various severe forms and often in combination with other handicaps. The different 
variations of autism are marked by the following aspects and behaviors: 

 

• detraction of interpersonal relationships 

• severe detraction of communication and fantasy 

• restriction of interests and development of stereotype patterns of behavior 

• detraction of body movements and body language 

• detraction of perception and processing 

• sensitive to changes in the well-known environment 

• suffering from constraints and fears [7]  

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 21. Symptoms of Autism 
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APPENDIX B: SWEDISH HEALTHY HOME – A DETAILED OVERVIEW 

Light-dark patterns reaching the retina synchronize human circadian rhythms such as the sleep-wake 

cycle, with local time on Earth. If we do not receive a sufficient amount of light of the right spectrum, for a 

sufficient amount of time, and with the right timing, we can experience circadian disruption. Short-term 

circadian disruption leads to poor sleep and poor performance. Circadian disruption over many years has 

been associated with health risks, including diabetes, obesity, cardiovascular disease and cancer. [14] 

Because we have little or no control over the lighting we receive throughout our day while we are working, 

going to school, shopping, or undertaking other activities in public spaces, it is only in our home that we 

can make the lighting adjustments needed to help ensure the entrainment of our circadian systems and 

thus promote good health.  

 

 

 

The main goal of the Swedish Healthy Home project is to develop a framework for lighting a ‘healthy 

home’ in Sweden. The design concepts were developed in line with these design principles: 

 
i) Lighting to support vision, comfort, and aesthetics 

• Color rendering 

• Comfort 

• Culturally relevant 

• No glare 

• Visibility 
ii) Circadian regulation 

• Promotes sleep hygiene 

• Promotes good health 
iii) Universal design and safety 

• Accommodates typical, aging and disabled populations 
iv) Optimizes energy use 

• Energy management 

• Daylight harvesting 

• Occupancy sensing 

• Increased ratio of benefits to watt-hours consumed  

Figure 22. Circadian Rhythm and its impacts on the human biological and psychological system 
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In some cases, families already living in an existing home may not be able to make significant changes to 

their homes’ lighting systems. Some families may also have very regular schedules and live in parts of 

Sweden where they are typically exposed to high light levels during daytime hours and darkness while 

sleeping at night. For these families, minimal interventions to their existing lighting systems may be 

needed to provide a healthy, efficient, and effective lighted environment in their homes. Therefore, a 

design specification will be developed that can be easily implemented in an existing home where family 

members have regular hours synchronous with the 24-hour day/night cycle, and where no lighting-related 

difficulties (e.g., sleep disorders, seasonal affective disorder) exist. The team calls this Intervention 

Level One.  

However, there will be cases where some family members are working on non-traditional schedules that 

might include rotating shifts, night work, or travel to different time zones. Some families will also have 

members who might be particularly sensitive to changes in lighting conditions and may have trouble 

sleeping or have depression when daylight is not as available. Some families might also want to have the 

ability to adapt their lighting to the individual needs of family members and desire a lighting system that 

has the capability to do so. 

In Northern Sweden, where the variations in seasonal daylight 

levels are more extreme, the design of the electric lighting systems 

and of daylighting control systems in a healthy home will be more 

important than in southern areas of the country where seasonal 

daylight shifts are less pronounced. In these cases, a more 

complex specification will be developed that will allow for the 

provision of light that best meets the needs of each individual living 

in the household, no matter how those needs may change from 

day-to-day and over time. The team calls this Intervention Level 

Two.  

This is of particular importance for individuals who might work 

rotating shifts, changing schedules, or who work in different 

environments (e.g., some days outdoors, some days indoors) 

depending on the day of the week. Keeping track of daily light 

exposure is the only way that lighting inventions in the home can 

be properly selected to meet each individual’s needs, for which 

Daysimeter will be used [3].  

 

Additional Design Concepts implementation [3]. 

The complexity and array of functions that the home’s lighting and control system could provide, would 

largely be dictated by the ability to incorporate it fully into the design of the home’s lighting system. In new 

construction or substantial renovation, the system would be able to provide full benefits. While in a retrofit 

of an existing home, or a situation where home occupants where renting space and were not allowed to 

make changes to the existing electrical system, the controls would be able to provide less overall 

functionality and response. 

This section provides some idea on how lighting could be integrated into a home. 
 
 
 

Figure 23. Daysimeter worn through the day. 
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Windows 
The students developed of the idea of a tunable lighting system for real and faux windows. 
 
•  Real windows deliver natural light when it is available, and use electric light reflected off the 
blinds to mimic daylight from a window when it is unavailable. 
•  Faux windows allow the delivery of circadian stimulus in areas where real windows and 
daylight are not possible. 
 
This windows concept allows light of the proper spectrum and amount to be delivered to a home 
occupant(s) at the time needed, taking advantage of daylight, when available through real 
windows, or using a tunable LED-based lighting system when daylight is not available, or in 
areas where windows are not possible, by using faux windows. This concept for vertical light 
transmission is an excellent idea for delivering light in the direction needed to reach each 
person’s eyes most effectively, using the lowest possible energy. This concept would be most 
applicable to new construction, but could also be incorporated cost-effectively into homes 
undergoing substantial renovations. The windows concept is illustrated below: 

 

 

 

 

 

 

 

Interior Architectural Elements 

Vertical light delivery could also be done by incorporating lighting into architectural elements such as 

valences or soffits. Architectural elements can also be used to provide indirect lighting in areas where 

ceiling height would allow the use of coves or coffers. These will generally require a ceiling height of 3 

meters or greater to provide lighting effectively throughout a space. These concepts are illustrated below: 

 

Figure 24. Concept of Faux Windows. 

Figure 25. Concept of the vertical illumination 
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Skylights 
In single story houses, or spaces with access to a roof, a skylight can be an excellent means of 
bringing daylight into a space when high light levels are needed and desired. Adjustable baffles 
or shutters in the interior well of the skylight can be used to control glare from overly-bright 
daylight, or to prevent daylight from entering an interior space during times when it was not 
needed or desirable, for example in the evening when it might be counterproductive to the 
circadian entrainment of home occupants. In a similar way to the windows illustrated above, the 
skylight could also include LEDs which would provide lighting during times when daylight is 
unavailable. A skylight concept is illustrated below: 

 

 

 

 

 

 

 

 

 

 
Roof Monitors 
Roof monitors are an exterior architectural element which can be incorporated into the roof of a 
single story home to bring daylight into spaces within the home. These would typically be faced 
toward the south, in Sweden, to allow the roof monitor to collect the maximum amount of 
daylight. The back wall of the monitor would be made of a mat white surface which will diffuse 
the daylight and allow it to enter the space without being too direct or bright. Similar to the 
skylights shown above, these could be illuminated from the interior to provide lighting during 
times when daylight was not available. The concept is illustrated below: 

 

 

 

 

 

 

 

A rendering of what the interior of a circular style roof monitor might look like is shown below: 

Figure 26. Concept of Skylights 

Figure 27. Concept of Roof Monitors 
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Tunable Electric Lighting 
As shown in the windows concepts above, important lighting elements within the home, either 
built directly into the home’s architecture, or portable, will be able to be tuned by the home 
occupants or the home’s data integration control system automatically. It can include intensity and 
spectral variation (change in colour) 
 
 
 
 
 
 
 
 
 
 
 
 

 

Lighting for Nighttime Safety 
To allow home occupants to safely navigate throughout the home during nighttime hours, without having 
to turn on all of the lighting within a space, nighttime lighting system would illuminate doors, pathways, 
and other areas to a low level. This would provide vertical and horizontal cues to improve the postural 
stability of older adults, while also assisting all family members to easily and safely move through the 
home at night. These elements would be controlled by sensors to only illuminate at night and when 
motion was sensed. These concepts are illustrated below: 
 

 

 

 

 

 

 

 

Figure 28. Interior of a circular style roof monitor 

Figure 29. Tunable Lighting  

Figure 30. Lighting for nighttime safety 
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Portable Lighting Interventions 
In cases where tunable lighting could not be incorporated into a home, or in situations where the 
lighting needs of different home occupants using the same space were in conflict, portable 
lighting interventions could be employed to provide the lighting needed by each person. Some 
ideas of how this might be done are shown below: 

 

 

 

 

 

 

 

 

 

 

Latest Development: 

The new, “Daysi-system” has been completed, calibrated and tested by the LRC. It was first tested on 

mice, followed by humans. The light sensor can be calibrated to measure circadian light (CLA) with less 

than 10% error for most common light sources. The system was able to collect data and could 

successfully communicate protocols to a simple home automation system [15]. 

 

User acceptance: 

During the course of the project it was learned that making the device small and comfortable enough to 

wear on the head was not feasible; instead the light sensor was made to be worn attached to the users’ 

clothing, with a magnetic clasp, near their face. Of the participants who tested the system 64% found the 

DaysiLight “comfortable” or “very comfortable” to wear, while 32% were neutral. Additionally, 52% of 

participants reported the DaysiLight to be “neither large nor small”; however, 33% reported that it was 

either “large” or “too large” (Grant No. 39483-1 from the Swedish Energy Agency “Sensor Acceptance 

Studies for Swedish Healthy Home”) [15]. 

 

 

----------------------------------------------------------------------------------------------------------------------------------------- 

 

 

 

Figure 31. Portable lighting goggles 
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APPENDIX C: QUESTIONNAIRE 

Architectural Lighting Design Master’s Thesis (KTH) 

 

Title: 'Swedish Healthy Home' from the perspective of Autistic individuals - Benefits, Limitations and 

Recommendations 

Student: Amrita Sapru Kaul (KTH)                       Tutor: Christofer Silfvenius (Swedish Energy Agency) 

 

Kindly take a few minutes to tick the right answer to the following questions, to help me find answers to 

my Thesis questions. Highly grateful for your cooperation, thank you. 

Name (voluntary)  

Sex (m/f)  

Age  

 

I feel comfortable in spaces with artificial lighting if…: 

  Yes No 

a) Artificial lighting with fluorescent tubes is installed   

b) Artificial lighting with “normal” bulbs are installed   

c) I cannot see the lamp   

d) The light is not too bright   

e) The light does not flicker   

f) I can dim the light by myself (brighter/darker)   

g) Generally, I do not like artificial lighting   

h) Further comments: 
 

  

 

  

https://www.google.se/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj-qte2ya_aAhVIsaQKHSIYB2MQjRx6BAgAEAU&url=https://en.wikipedia.org/wiki/Fluorescent_lamp&psig=AOvVaw0EasE675EZ7NqkuCn1SuEX&ust=1523445084019417
https://www.indiamart.com/proddetail/normal-light-bulb-13335994162.html
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I feel comfortable in spaces with daylight, if …: 

  Yes No 

a) The sun does not shine directly into the room   

b) The light is not too bright   

c) If I have the possibility to close the sun 
screening device 

  

d) Generally, I do not like daylighting   

e) Further comments:   

 

 

If I feel uncomfortable under certain lighting conditions, I …: 

  Yes No 

a) Get flustered   

b) Lose concentration   

c) Become inattentive   

d) I have difficulties in perceiving the environment   

e) Get a headache   

f) Have difficulties in reading   

g) See my environment distorted   

h) Further comments:   
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I like it if the light has following colours: 

  Yes No 

a) White   

b) Yellow   

c) Orange   

d) Red   

e) Pink   

f) Violet   

g) Blue   

h) Green   

i) Pastel colours   

j)  Further comments:   
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How would you design lighting so that it is the most comfortable for you? 

  Yes No 

a) Even   

b) Not too bright   

c) Preferably a little bit darker   

d) Totally dark   

e) I feel comfortable under all lighting conditions   

f) Fluorescent lamps are also ok, provided I can 
control the brightness myself 

  

g) I would make all the lights in the house 
dimmable and controllable  

  

h) Especially in the ……   

 

Would you be willing to wear a Bluetooth enabled light and activity sensor, called a ‘Daysimeter’? 

It is planned to be developed by the Swedish Energy Agency. It’ll be connected to an iPhone App to 

collect sensor data for generating light treatment protocols. These protocols can be communicated to a 

home lighting control system that receives and implements lighting treatmentsfor your betterment. 

Yes/No? 

Thank you for your input.
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