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Abstract

Abstract

Lighting in dementia care facilities affects both visual comfort and circadian rhythm.
Older adults and people with Alzheimer’s disease often need higher light levels for
good vision, while also being sensitive to light at night. This study investigates recom-
mended lighting characteristics for older adults with Alzheimer’s disease in a Swedish
care facility setting, with a focus on illuminance, spectral power distribution (SPD),
correlated color temperature (CCT), and melanopic equivalent daylight illuminance
(mEDI).

A mixed method approach was used, combining on-site lighting measurements, a staff
survey, and a lab session evaluating a sample luminaire. The results showed that that
some areas meet the Swedish standard for interior lighting (SS-EN 12464-1), while
others did not. The survey suggested that daylight exposure and warmer light may sup-
port sleep and well-being. This was supported by the lab results, while cooler light was
preferred by staff for short visual tasks. The lab sessions showed that the tested lumi-
naire could support visual comfort, but the mEDI values were generally too high for
evening and night use.

The findings indicate that lighting in dementia care should be adaptable and support
both visual and beyond visual needs. Tunable-white lighting may be useful, but one
luminaire is not enough to fully meet both visual and beyond visual needs. The study
also highlights the need for clearer Swedish standards on beyond visual effects in care
facilities.

Keywords: Correlated Color Temperature, Spectral Power Distribution, mEDI, light-
ing, care facility, Alzheimer’s disease.
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Sammanfattning

Sammanfattning

Belysning i demensvérdsboenden paverkar bade visuell komfort och dygnsrytm. Aldre
personer och personer med Alzheimers sjukdom behover ofta hogre ljusnivier for att
se bra, samtidigt som de &r kénsliga for ljus under kvills- och nattetid. Denna studie
undersoker rekommenderade belysningskarakteristika for édldre personer med Alz-
heimers sjukdom i en svensk vardboendemilj6, med fokus pé belysningsstyrka (illumi-
nans), spektral effektfordelning (SPD), korrelerad fargtemperatur (CCT) och mela-
nopisk ekvivalent dagsljusbelysning (mEDI).

En mixed methods-ansats anvéndes, dir platsbaserade belysningsmitningar, en
enkédtundersokning bland personal samt en laboratoriestudie av en provarmatur kom-
binerades. Resultaten visade att vissa omraden uppfyllde den svenska standarden for
inomhusbelysning (SS-EN 12464-1), medan andra inte gjorde det. Enkédtsvaren indik-
erade att exponering for dagsljus och varmare ljus kan bidra till béttre somn och okat
vélbefinnande. Detta stoddes av resultaten fran laboratoriestudien, medan kallare ljus
foredrogs av personalen for kortare visuella arbetsuppgifter. Laboratoriestudien visade
att den testade armaturen kunde bidra till god visuell komfort, men att mEDI-vérdena
generellt var for hoga for anvdandning under kvélls- och nattetid.

Resultaten tyder pa att belysning inom demensvéarden bor vara anpassningsbar och
stodja bade visuella och icke-visuella behov. Dynamisk belysning med justerbar férg-
temperatur (tunable white) kan vara en anvidndbar l6sning, men en enskild armatur
racker inte for att fullt ut tillgodose bade visuella och biologiska behov. Studien belyser
ocksa behovet av tydligare svenska riktlinjer och standarder for belysningens icke-
visuella effekter i vardmiljder.

Nyckelord: Correlated Color Temperature, Spectral Power Distribution, mEDI, light-
ing, care facility, Alzheimer’s disease.
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Introduction

1 Introduction

Light plays a big role in human health and well-being across the lifespan. Our vision
decreases as we get older due to the deterioration of our eyes. As the global population
ages, a larger number of older adults face cognitive challenges and health issues.
Among the challenges, disrupted circadian rhythms and poor sleep patterns are espe-
cially common in people with dementia, affecting both their well-being and the care
staff’s workload. The Suprachiasmatic Nucleus (SCN), located in the Hypothalamus, is
the body’s master clock. SCN regulates the circadian system, including body tempera-
ture and hormone levels such as melatonin and cortisol. The pathological features of
dementia, and particularly Alzheimer’s disease (AD) primarily involve that degenera-
tion and destruction of the nerve cells in the temporal lobe and parietal lobes. Several
parts of the brain are involved in the progression of the disease, causing disruption of
the SCN. (Hoyt & Obrietan, 2022)

With respect to Alzheimer’s disease, sleep disturbance has been investigated as both a
symptom of and a risk factor for the disease. It has been concluded that particularly two
types of protein, amyloid-beta andtau play a role in the progression of AD,
where build-up of Amyloid in the brain can be seen several years before other AD
symptoms (Figueiro & Leggett, 2021). Sleep, and particularly NREM (Non-Rapid Eye
Movement) sleep, which occurs before the dreaming stage known as REM (Rapid Eye
Movement) helps to clear these build-ups. As a consequence of interrupted sleep cycle,
this clearing step does not occur, and, in turnthe protein build-up can increase
(Figueiro & Leggett, 2021). Hoyt and Obrietan (2022) state that evidence supports the
idea that light therapy leads to a stabilization of rhythm, sleep consolidation, and im-
proved cognition in patients with AD.

Research has shown that the amount of light, light levels, spectral power distribution in
light, and the timing of light exposure can shift the circadian rhythm, and impact sleep
patterns (Boyce, 2017). Light reaching the Intrinsically photosensitive retinal ganglion
cells (ipRGC cells) on the retina at the back of the eye triggers the release process for
the sleep hormone melatonin in the blood. Being exposed to high levels of short wave-
length light in the evening suppresses and delays production of the darkness hormone
melatonin and elevates or maintains cortisol levels. This makes it difficult for the body
to slow down and for us to fall asleep. (Figueiro et al., 2015) If exposed to short wave-
length light during the night, it might also affect the circadian rhythm and the ability to
fall asleep again. Research is inconclusive regarding the amount of time re-
quired to break the cycle. Brown et al. (2022) state that modulatory effects of prior light
exposure are not limited to earlier parts of the day, but that there is a benefit of main-
taining high melanopic light exposure throughout the day, and reducing the Melanopic
Daylight Efficacy Ratio (M-DER) to keep a white light but limit the effects of melato-
nin suppression. Higher levels of daytime light exposure may therefore help mitigate
any disruptive effects associated with unavoidable light exposure in later parts of the
evening. The suppressive effects on melatonin levels were not as big if exposed to day-
light (Schoéllhorn et al., 2023). A recommendation from their study was to include the
time of year studies involving human sleep and circadian rhythm are done, to better un-
derstand daylight as a factor of influence on the sleep cycle.
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Many studies have pointed to the fact that higher illuminance levels (photopic lux) re-
sult in making us more alert (Siraji et al., 2022; Smolders et al., 2012). There are sev-
eral ways to measure light and its effects on humans. One key factor is illuminance.
[lluminance can be measured in photopic lux and melanopic lux, where photopic lux is
the (level of) light on a surface, helping our vision. Melanopic lux is the level affecting
our internal body clock, the circadian rhythm, by triggering a reaction in the ipRGC
cells on the retina, at the back of the eye. The reflected light from the surface, hitting
the eye, is defined as luminance. Highly luminant surfaces and objects can be blinding
and can cause difficulties in seeing contrasts.

The thesis work has been conducted in collaboration between Lighting Design
and Technology students at Jonkdping university and the company “Age of light inno-
vations”, with the aid of other organizations (Nordanstig municipality and Evidy). The
external partners’ focus lies on providing good lighting solutions that support health
and wellbeing for an aging population, both from a scientific and societal as-
pect. Evidy has a long history of such installations, for example the first Humana own-
operated care facility in Gavle, which was awarded the price “Svenska ljuspriset” (the
Swedish lighting award) in 2017. (Rokka, 2017) The concept was a light installation to
support challenges faced by older adults both regarding the visual system, and the non-
visual system to best support care takers, but also the staff during different times of day.
Evidy now collaborates with Age of Light Innovations (AoLI) in several care facility
projects, and AoLI reached out to the Jonkdping University, with a thesis prospect in
hope of engaging students to implement good lighting solutions, and Focus for our work
will be to provide input for the state-of-the-art facility in Nordanstig municipality in
Northern Sweden.

The goal of this study is to see if higher illuminance levels and changes in the spectral
power distribution can help patients maintain a healthy circadian rhythm. In addition,
the placement of the luminaires in relation to the eye will also be evaluated.

1.1 Background and problem definition

Light plays a fundamental biological and psychological role across the lifespan, influ-
encing sleep, mood, and health (Aries et al., 2024). As people get older, the circadian
system becomes more fragile, and exposure to effective light often decreases, especially
for those living in care facilities. Many built environments are therefore inadequately
designed to support aging physiology, especially in relation to the circadian rhythm. An
important example of how these challenges can be addressed is the elderly home
in Gévle, which received the Swedish “Ljuspriset” (lighting award) in 2017 for its in-
novative lighting concept focused on supporting circadian health. In that project, dy-
namic lighting and access to daylight were used to increase daytime exposure to blue-
enriched light and provide calmer, and warmer light during the evening. With the aim of
improving sleep, orientation and everyday well-being for residents with cognitive im-
pairment.(Rokka, 2017)

With age, changes such as lens yellowing and pupil constriction reduce light transmis-
sion to the ipRGCs in the retina, making older adults need two to three times more
light to achieve the same ability to see as younger adults (Landvreugd et al., 2024). This
investigation aims to help improve daily life of people while also supporting their phys-
iological needs. Current lighting in many nursing homes is primarily designed for vis-
ual tasks. In many cases illuminance levels are too low, and the spectral distribution of
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the light sources fails to support beyond visual circadian functions. This is particularly
problematic for people living with dementia, who are more sensitive to environmental
disruptions and frequently experience sleep-wake disturbances and agitation. Typical
effects of Alzheimer’s disease is deficient memory and the ability to understand com-
plex information and problem-solving. These symptoms cause stress and increased anx-
iety, and agitation is often also part of the disease (Waldemar & Burns, 2017) Symp-
toms may also sleep deficiencies, worsened eyesight (Garcia-Bermudez, 2023), hear-
ing and sense of smell worsening to step-by-step losing the ability to think, converse
and function in daily life.

Spectral power distribution (SPD) is a function describing the radiant power emitted by
a light source as a function of wavelength, expressed in the unit nanometer (nm). The
power range between 380-780 nanometer is visible to the eye (Boyce, 2017). Previ-
ous research has shown that SPD, of light sources can affect the circadian rhythm
through melanopsin activation, with peak sensitivity in the short-wavelength range
around 460 nm (Figueiro et al., 2009). Studies suggest that higher daytime levels of
circadian-effective light, combined with lower, warmer light in the evening, can im-
prove sleep, stabilize Rest-Activity Rhythms (RAR) and reduce depressive symptoms
and agitation, while insufficient daytime illuminance weakens the circadian entrain-
ment and exacerbate sleep fragmentation.

Several studies have evaluated nursing home illuminance in terms of beyond visual
requirements (Turley et al., 2026). Konis (2018) did a study in California where daylit
spaces in dementia care facilities offered substantial benefits in terms of higher equiv-
alent melanopic illuminance, with gaze direction and proximity to windows making a
significant difference. Kolberg et al. (2021) measured light exposure in Norwegian de-
mentia units and showed that median melanopic EDI at eye level was often below rec-
ommended thresholds (200-250 melanopic lux), indicating that residents are typically
exposed to levels that are insufficient to support circadian health, especially during win-
ter.

Building on insights from Gévle, Nordanstig municipality has expressed an intention to
improve lighting in its dementia units even further, with a focus on implementing a
specific luminaire  designed to provide circadian-effective light during
the whole day. However, there is still limited empirical knowledge on how such lumi-
naires and their SPD should be used in real care environments over time, and what ef-
fects they have on RARs and well-being (Turley et al., 2026). In this context, there is a
clear knowledge gap between theoretical understanding of how SPD, timing and inten-
sity of light affect the aging circadian system, and practical, evidence-based guidance
for how lighting in care facilities should be designed and used in everyday prac-
tice. This study will therefore examine how daylight exposure and electric lighting with
varying spectral power distribution can stabilize rest-activity rhythms and improve
well-being among people with dementia.

1.2 Purpose and research questions
The purpose of this study is to investigate what kind of lighting is best suited for older
adults with dementia, specifically Alzheimer’s disease, and present a recommended
lighting solution to the company “Age of light innovations”. This study will examine
how daylight exposure and electric lighting with varying SPD and timing can stabilize
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RAR and improve well-being in dementia care facilities. This study aims to contrib-
ute applied knowledge that can support lighting designers, care-facility architects and
care staff in creating light environments that better meet both the visual and beyond
visual needs of older adults with dementia.

Main research question
What is the state-of-the-art recommended lighting characteristics for older adults/peo-
ple with Alzheimer’s disease?

Sub-research questions

1. Which lighting conditions do patients with diagnosed Alzheimer’s disease prefer or
avoid, and how can improved lighting support challenges faced by older people and
people with Alzheimer’s disease?

2. What kind of behavioral patterns need to be considered for the positioning of light?

3. How can the sample luminaire best support good vision for evening and night activ-
ities, and also support the circadian rhythm?

1.3 Delimitations
The scope of light’s effects on health and wellbeing is quite extensive. Hence, the
scope was limited as follows:

o This study has only investigated healthy older adults and people diagnosed with
Alzheimer’s disease. It does not focus on individuals with any other type of de-
mentia.

e Recommendations are tailored to Swedish care facilities.

e The survey results are from the month of March and may not applicable for
other months of the year, with the exception of questions relating to time spent
outdoors.

e No eye health examinations were conducted on participants in lab experiments.

o Participants in the lab sessions were only healthy older adults, excluding people
with diagnosed dementia.

e Only one resident room was modeled in the lab session. Common areas were
not investigated in the lab.

e The effects on wake/sleep cycle were not measured in the experiment as the
time was too short for this, nor did we seek ethical approval to gather such sen-
sitive information.
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2 Theoretical framework

2.1 Light and health

Many bodily functions are regulated through our internal body clock, also referred to
as the circadian rhythm (Boyce, 2017; Dragoi et al., 2022). The circadian rhythm con-
trols, for example, body temperature, blood pressure, metabolism, and sleep-wake cy-
cle. It has been found that the sleep/wake cycle is closely linked to the admittance of
light affecting the production and suppression of the sleep hormone melatonin. (van
Lieshout-van Dal et al., 2019). Light transmitted into the eye, to the ipRGC cells, that
in combination with the Suprachiasmatic Nuclei (SCN) form a photocell which sig-
nals absence or presence of light to the Pineal Gland, which in turn starts or stops the
production of melatonin. This is done by stimulation of the Intrinsically photosensitive
retinal ganglion cells (ipRGC) at the back of the retina. Studies have indicated that
chronic misalignment between our lifestyle and the rhythm dictated by our endogenous
circadian clock may be associated with increased risk for various diseases including
cancer, neurodegenerative diseases metabolic disorders and inflammation (Videnovic
etal., 2014).

Positive effects on maintaining a sound circadian rhythm have been shown for older
adults with extended exposure to daylight. It has had a positive effect on sleep, irre-
spective of season. The key factor is related to the duration of the exposure to bright
light the day prior to the night. (Aarts et al., 2018). Research by Konis (2018) and fur-
ther strengthens the positions that daylit spaces revealed significant benefits in regard
to circadian stimulus potential and circadian efficacy. Similar effects have been
seen when older adults have been exposed to bright light therapy, for example in a re-
cent study by (Mei et al., 2024).

Figueiro et al. (2015) learned that ambient artificial lighting with the purpose to increase
daytime circadian stimulation can be used to increase sleep efficiency in persons with
Alzheimer’s disease. They also concluded that their caregivers at home could also ben-
efit from this lighting may also be effective for other populations such as healthy older
adults with sleep problems, adolescents, and veterans with traumatic brain injury.

2.2 Spectral power distribution

The theoretical part of study explores the basics needed to understand lighting and de-
mentia. Light and health cover how light affects the body clock and sleep through the
ipRGC cells in the eye. Spectral power distribution (SPD) describes how a light source
distributes its energy across different wavelengths, indicating which colors and how
much of each color is in the light. Light visible to the eye spans approximately be-
tween 380-780 nm, with shorter wavelengths being blue and longer red. The SPD for
daylight is shown in Figure 1. SPD serves as the foundational characteristic determin-
ing both visual and beyond visual lighting effects, particularly critical for health appli-
cations in ageing and dementia care (Figueiro & Kales, 2021). Intrinsically photosensi-
tive retinal ganglion cells, which link to the body’s circadian clock, show peak sensi-
tivity to blue light at 460-480 nm, thus SPDs enriched in this range maximize beyond
visual benefits like improved RARs and sleep.
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Figure 1: Spectral power distribution graph for daylight.

Recent research shows that Correlated Color Temperature (CCT) alone is not enough
to describe how a light source behaves. Studies of metameric pairs demonstrate that
LED sources can share the same CCT yet have different SPDs, which leads to differ-
ences in color appearance under each light (Zandi et al., 2021). This means that two
luminaires that both have a color temperature of, for example, 3000K do not neces-
sarily produce the same visual experience (Mukthy et al., 2022). For circadian focused
lighting, this limitation is even more important, since the melanopic content depends
on the SPD, not only CCT. Simulations show that light sources with the exact same
CCT can vary significantly in melanopic efficacy (Esposito & Houser, 2022). What can
seem like white light can have high values in different parts of the spectrum, which
can consequently affect the circadian rhythm differently.

2.3 The Ageing eye
As we get older, not only do our vision worsen, but also the ipRGC cells start to dete-
riorate. The color of the lens becomes more yellowish. Also, the pupil size decreases
and becomes less flexible and color vision is affected. (Huang et al., 2024). As the lens
becomes more rigid with age, it has effect on both vision and beyond-vision. (Aries,
2025). One complicated factor, pointed to by (Boyce, 2017) which reduces our ability
to see contrasts, is that the light entering the eye scatters as we get older. This occurs
mostly in the lens but also in the cornea. Hence, bright lights or highly luminant areas
cause more problems as we get older. The different parts of the eye are shown in Fig-

ure 2.
Cornea

Sclera Retina

Iris
Optic nerve

;/\

Figure 2: Image of the eye, showing important parts for transmitting light to the optic
nerve.

Vitreous body
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The major conditions that affect people’s eyes as they age are Macular degeneration
disease, or rather Age-related Macular Degeneration (AMD), Cataracts; Diabetic Reti-
nopathy, and Glaucoma (Joseph, 2024). AMD affects the macula, the part of the eye
that allows you to see fine detail. Cataract is a clouding of the lens, with blurry vision as
a consequence. It usually also affects night vision and causes trouble with bright and
blinding lights. Diabetic retinopathy is a diabetes complication that affects eyes, and
the condition can develop in anyone who has either type 1 or type 2 diabetes, especially
if blood sugar levels are not controlled carefully. It’s caused by damage to the blood
vessels of the light-sensitive tissue at the back of the eye (retina). Glaucoma is a group
of diseases that are all caused by fluid in the eye that builds up and damages the optic
nerve.

2.4 Dementia and Alzheimer's Disease

Major Neurocognitive Disorder (MND), commonly referred to as dementia, is charac-
terized by progressive cognitive decline that significantly impairs daily functioning and
independence (Emmady PD, 2022). The global prevalence is substantial, affecting ap-
proximately 47 million individuals, and the number is expected to increase to 131 mil-
lion by 2050.(Arvanitakis et al., 2019).

Common types include Alzheimer's disease (60-80% of cases) Topalis et al. (2026),
vascular dementia, Lewy body dementia, and frontotemporal dementia. Core symptoms
encompass memory loss, impaired executive function, language difficulties, and re-
duced social cognition, alongside behavioral changes such as agitation and apathy.

Alzheimer’s disease is the most prevalent form, caused by abnormal buildup of amyloid
plaques and tau tangles throughout the brain, leading to widespread neuron death.
Symptoms typically progress from mild memory loss and confusion to severe cognitive
impairment, language difficulties, disorientation, and loss of self-care abilities. Recent
studies estimate that sleep and circadian disturbances occur in around 45% of the pa-
tients with Alzheimer’s disease (Ahmad et al., 2023).

2.4.1 Rest- activity rhythm (RAR)

RAR stands for rest- activity rhythm. It refers to the pattern of activity and rest over a
24-hour period. These rhythms are characterized by features such as stability, fragmen-
tation, amplitude, and how well the activities fit in a 24-hour cycle (Smagula et al.,
2019). RAR provides a useful theoretical lens for understanding how lighting may in-
fluence dementia-related outcomes, since they reflect the 24-hour cycles of sleep,
wakefulness, and physical activity. In Alzheimer’s disease, RAR are more disrupted,
showing lower stability, greater fragmentation, reduced amplitude, and poorer 24-hour
alignment, reflecting weakened circadian entertainment. These changes link to core
neurobiological markers (e.g. amyloid buildup, hippocampal overactivity, cerebrovas-
cular issues) and prospectively predict cognitive decline in initially unimpaired older
adults.

Intervention studies testing Bright Light Therapy (BLT) to stabilize rest-activity
rhythms in people with dementia continue to demonstrate modest and inconsistent re-
sults. A 2021 cluster randomized trial by Kolberg et al. (2021) found that 24 weeks of
ambient bright light (peaking at 10001x, 6000K midday) advanced the acrophase but
did not significantly improve other RAR metrics like stability or fragmentation.
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Figueiro et al. (2023) showed that tailored circadian lighting (bright days, dark nights)
improved sleep- wake patterns and mood among dementia patients, yet effects were
most evident in those retaining good vision and milder cognitive impairment.

2.4.2 Circadian Disturbances

Circadian disturbances are now seen as a key feature of many neurodegenerative dis-
eases. The circadian system, with the suprachiasmatic nucleus (SCN) as its central
clock, helps coordinate sleep-wake cycles, hormone release, metabolism and cognitive
function (Videnovic et al., 2014). In AD, these rhythms become progressively weak-
ened, leading to fragmented sleep, irregular RARs, and increased evening or night-time
behavioral symptoms. Experimental studies indicate a two-way relationship, where
neurodegeneration disrupts circadian timing and prolonged circadian disruptions may
in turn speed up processes like amyloid build-up, oxidative stress and neuroinflamma-
tion, contributing to further cognitive decline (Musiek & Holtzman, 2016).
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2.5 Research questions linked to theoretical field

The theoretical parts of the study explore the basics we need to understand lighting and
dementia. Light and health cover how light affects the body clock and sleep through the
ipRGC cells in the eye. Spectral power distribution shows how different light colors,
especially blue around 460 nm, can impact the circadian rhythm differently, depending
on the time of day. The paragraph about the ageing eye talks about how older eyes let
in less light because of yellowing lenses and smaller pupils; this shows that older people
with dementia need stronger light. The last parts of the theoretical framework are de-
mentia and RAR; it explains how Alzheimer’s messes up sleep patterns and daily ac-
tivity.

To answer the main research question (What is the state-of-the-art recommended light-
ing characteristics for older adults/people with Alzheimer’s disease?) All the sub-ques-
tions need tobe investigated. Sub-question 1 about common challenges for peo-
ple build on dementia symptoms and changes in the ageing eye. Sub-question 2 links
to how light affects mood and agitation. Sub-questions 3 and 4 about light placement,
behavior patterns and blue light content come from RAR, SPD and ipRGC sensitivity.
Figure 3 shows how it all fits together.

Lighting . .
Melanopic content e Circadian
adjustable luminaire rhythm
SPD Dementia :
Perceived alertness
Visual comfort Prefer/avoid : D ti
. . ‘. ementia
Constant illuminance What are the :

! recommended
Light and health -~y | lighting
- : characteristics
: for older : RAR
adults/people :
with dementia?

The ageing eye "

: : Circadian
i Behavioral 5 '
SPD e petteims disturbances
Light placement
Types of
dementia

Figure 3: Overview of relevant research fields.
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3 Method and procedure
This chapter provides an overview of the study’s research strategy, approach, methods
and design, along with details on data collection and analysis.

3.1 Research question linked to choice of method
Three different research methods were used in our thesis work. The different methods

helped to answer the three sub-questions, as illustrated in Figure 4, and contributed to
answering the main research question.

Lighting measurements Lighting conditions (1)

|

Staff survey S ~ Behavioral patterns and
positioning of light (2)

Sample luminaire support
the circadian rhythm (3)

Lab sessions

.

Figure 4: Choice of research methods linked to the different topics being addressed in
the research questions.

Measurements

Lighting measurements were conducted at the Nordanstig care facility. A lux me-
ter (Hagner ec-1) was used to measure the illuminance in the general area. The meas-
urements were conducted during day but also after dark, to ensure that the values illu-
minance levels reflected electric lighting only. The equipment was placed on counters,
tables in the kitchen/dining area and on the floor in the common areas including the
corridor. A spectrometer (Uprtek mk350d compact) was used to determine the spectral
power distribution of the installed luminaires.

Correlated color temperature (CCT), spectral power distribution (SPD), color rendering
index (CRI) and mEDI of the sample luminaire was measured at the university lab fa-
cilities, to clarify the characteristics of the luminaire which will be used in the
new Nordanstig care facility. It was a tunable white light source, ranging from 2700-
5000K. The CIE Toolbox (CIE, 2019) was used to get the mEDI values.
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Staff survey

Surveys were chosen as a qualitative method, to gather information, about sleep pat-
terns, agitation, engagement in activities, and seating preferences related to availability
and distribution of light for older adults at the existing Nordanstig care facility. The
survey targeted sub questions 1 (challenges solvable by improved lighting), 2 (lighting
conditions preferred or avoided by residents), and 3 (behavioral patterns influencing
light positioning). The survey was distributed to Nordanstig care staff, as people diag-
nosed with progressed Alzheimer’s disease are cognitively unable to provide the infor-
mation themselves. Their responses provided practical insights from experienced per-
sonnel. The data was inserted into a data analytical tool called EsMaker, compiled and
analyzed.

Lab sessions

A lab session combined with a semi-structured interview was chosen to answer sub-
question 3: “How can the sample luminaire best support good vision for evening and
night activities and also support the circadian rhythm?”. The lab set up was a suitable
method to re-create a resident’s room at a care facility, capture activities that would be
conducted in the room and evaluate the light in different scenarios.

Research participants, older adults without a dementia diagnosis, were recruited
amongst the university staff and social network with the purpose of evaluating color
temperature, brightness and preferences for daily activities. Semi-structured interviews,
with certain predefined questions, were used to gather information about the lighting.
This method also gave the possibility to ask follow-up questions.

3.2 Prerequisites of the study

3.2.1 Survey

To capture the nursing staff’s perceptions of lighting conditions and their effects on
residents with dementia at Nordanstig care facility a structured survey was designed.
The survey aimed to fit the specific setting of the facility and the type of information
needed for the study. Key topics covered work shifts, popular seating preferences, and
activities in common areas along with how lighting supports those activities (e.g. read-
ing, eating, socializing, TV watching). It also explored navigation, glare issues from
luminaires, and how lighting affects resident’s mood or temperament. Further questions
addressed outdoor exposure and sleep patterns. The questions included the time resi-
dents spend outside each season (winter, spring, autumn, summer) with choices like
“no time”, “0-30 mins”, over 30 mins”. The time intervals were identified to determine
if residents spent any time outdoors, and if the time exceeded 30 minutes. The staff
were also asked to think about if falling asleep at night gets easier or harder by season
and if it differs between individuals.

The survey was conducted digitally and distributed by email to staff over a period of
about two weeks, from March 18% to March 31%. The respondents were people from
the same department visited on the on-site visit. In total, five staff members responded.
The answers were anonymous, to ensure that people would answer honestly.
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3.2.2 Lab experiment

The research group consisted of ten healthy older adults, age 60 and older, who had not
been diagnosed with any type of dementia. The purpose being to gather information
from people who faced deficiencies in the older eye yet were able to clearly express
their experience of the light to which they were exposed. There was a mix of men and
women (six men, four women), some still working and others retired. The participants
were recruited through direct contact, posters at Jonkoping university and e-mail-dis-
tribution from the researchers’ and supervisors’ networks. The participants were asked
for consent to record the conversations during the experiment. Participants were in-
formed about anonymization of their names in the report and that only the research team
would be able to connect the codes to the names.

The luminaire was provided by Evidy and was the same type which would be installed
in the new care facility in Nordanstig (Dimensions: L: 1800 mm, W: 75 mm, H: 90mm).
It was dimmable, with tunable-white features. The color temperature could be adjusted
between 2700K-5000K. The light distribution from the source was asymmetrical. Its
intended placement was behind the headboard of the bed (see Figure 5).

_—

Figure 5: The furnished lab room at Jonkoping University.

The participants were exposed to different 24 different light scenes,12 with the lumi-
naire turned away from the wall and 12 with it facing the wall (see Table 1). The dif-
ferent scenes were programmed in the Casambi system, and the app was used to switch
between scenes during the lab sessions.
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Table 1: CCT and dim levels in the Casambi app used in the listed scenes.

Color temperature | Dim level Used at position* Light scene numbers
(ccT) (in the app)

*Positions shown in Figure 6
5000 K 100% 1,2 1and 13
4000 K 100% 1,2 2and 14
3000 K 100% 1,2 3and 15
2700 K 100% 1,2 4 and 16
5000 K 50% 1,234 5and 17
4000 K 50% 1,2,3,4 6 and 18
3000 K 50% 1,2,3,4 7 and 19
2700 K 50% 1,2,3,4 8 and 20
5000 K 10% 4,5 9and 21
4000 K 10% 4,5 10 and 22
3000 K 10% 4,5 11 and 23
2700 K 10% 4,5 12 and 24

A model of aresident’s room in a care facility was built up in the lab rooms at Jonk&ping
university (JTH), (Figure 6). Blinds were pulled down and any openings taped shut to
block any incoming daylight, and secure that only the light from the luminaire was
evaluated. The room was furnished with a rug, a lounge chair, a side table, a bed with
a headboard and mounted luminaire and a bedside table.

1118.54 1618.45

~
@ ™~ Lounge
chair

1163.11

SBAES

Figure 6: The layout of the lab room, with the residential area to the right and researchers’
workstation to the left. Measurements in millimeter. Approximate size of the residential area
12 m?
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The luminaire was turned two different ways during the lab sessions (Figure 7), facing
upwards and against the wall and facing upwards towards the room. The lab participants
were asked to evaluate if and how the light distribution affected the proposed tasks.

Figure 7: The luminaire was turned in two different directions. To the left the light
distribution is upward and further into the room. To the right, the light is mainly dis-
tributed against the wall and upward.

A lux meter (Hagner ec-1) and a spectrometer (Uprtek mk350d compact) were used to
document illuminance levels, CCT and spectral power distribution of the luminaire for
the different scenarios.

3.3 Data collection

Measurements

Measurements were chosen as method for two purposes: to collect primary data for
comparison with the Swedish standards for indoor illuminance ((SIS), 2021), and to
extract data about the quality of light in the sample luminaire. Horizontal and vertical
illuminance was measured at floor level and at specific positions, two dining tables, in
the corridor and at the serving counter at the existing Nordanstig facility.

Measurements were also used to validate the color temperature range of the tunable-
white sample luminaire. A spectrometer was used and to get reliable data at least three
measurements were done for each CCT to secure the validity of the values provided by
the supplier. The aim was also extracting SPD-data and mEDI values for each level of
brightness and CCT variations.

The results were later compared with the compiled data using additional research meth-
ods and the standards set forth by e.g. The Swedish Institute for Standards (SIS) and
the lighting industry in Sweden (Belysningsbranschen).
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Survey

The survey was used as a data collection method because it made it possible to gather
staff observations in a relatively short time. This was important for the study, since the
residents themselves could not be expected to answer questions about lighting, sleep or
daily activities in a reliable way. The process of getting consent for research involving
people with dementia is complicated. By asking the staff who work close to the resi-
dents, it was possible to collect practical knowledge about how the environment is ex-
perienced in daily care.

The questionnaire was created in EsMaker and written in Swedish to make it easy to
understand, since the staff all speak Swedish. It contained 15 questions and included
both open-ended and closed questions. This combination was chosen to collect both
detailed descriptions and more structured answers. The closed questions made it possi-
ble to compare responses between participants, while the open questions gave space for
comments and explanations that could provide a deeper understanding of the lighting
situation in the care facility.

Lab sessions

The participants were informed that the main purpose of the lab session was to investi-
gate how the light levels and color temperature from the specific luminaire were per-
ceived for the defined tasks (listed below) in the evening and at night-time. During the
20-30-minute session there was semi-structured interview going on where the partici-
pants were informed about the next step and asked questions below.

The recordings captured data about how each participant perceived the light when per-
forming different activities in positions 1-4 in the room (see Figure 8).

1118.54 161845

]

o O

|~~~ Lounge

chair

4200

Luminaire

. Ol
@ |

Figure 8: Positions 1-4 were used to evaluate the light when performing certain tasks
in the lab sessions. Position 1-3 as a resident and position 4 as a working nurse.
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Participants were asked to act as residents when carrying out the following tasks:

1. Relaxing in the lounge chair (position 1). What activities would they do here, in
this light? For example, reading, watching TV, socializing.

2. Standing up and getting ready for bed (position 2) or relaxing, taking a short
rest on the bed. (position 3).

3. Sleeping (position 3).

4. Waking up to go to the bathroom (position 3).

The participants were also asked to act as a nurse, and

5. Evaluate how good the light was for checking the health status of a resident, for
example facial expressions, movement, breathing (position 4). The resident was
impersonated by the researchers for this scenario.

A more detailed description of the instructions and the standard questions are listed in
Appendix 2.

The recordings were transcribed using the Teams application and checked manually.
The information was then compared and categorized into themes. The results on the
visual light preferences during the evening and night were also compared with the be-
yond visual effects from each light scenario using the same luminaire.

3.4 Working Process
The work with this study was conducted in several steps. First, the background material
was collected, and the theoretical framework was developed. This included reading
about lighting, circadian rhythm, dementia, the ageing eye, and spectral power distri-
bution. This helped us build the framework for the study and understand which lighting
parameters were most relevant.

Next, the lighting conditions at the Nordanstig care facility were examined. Observa-
tions and measurements were made on site to understand the general environment.
These observations formed the basis for the survey part of the study. The survey was
then prepared and distributed to the staff at the facility. After the responses had been
collected, the material was compiled and organized. In parallel with the survey, lab
participants were recruited using criterion sampling, with inclusion criteria of > 60 and
being generally healthy. The lab sessions were planned and executed. The results from
the lab session were then compiled and analyzed.

Finally, all collected material was brought together and analyzed as a whole. The find-
ings from the literature, survey, and the lab session were used to identify common pat-
terns and to develop recommendations for lighting in dementia care environments.

3.5 Analysis Method
Measurements are a very objective method and fit the purpose of providing quantitative
data. The measurements were analyzed by comparing the measured photopic illumi-
nance with the Swedish standard SS-EN 12464-1. CCT values for the sample luminaire
were compared to the information from the supplier. SPD values were used to take out
the mEDI values to analyze the health aspect in relation to CIE standards.
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The survey responses were analyzed by sorting them into different themes: lighting,
activities and sleep. This made it easier to see patterns in how the staff experienced the
lighting environment and how they believed it affected the residents.

The transcriptions of the lab session recordings were analyzed manually. Afterwards
the statements about the lighting in each situation were categorized as follows:
“Good/sufficient”, “Less sufficient”, Not good/sufficient”. Participants’ statements of
CCT said to be “Preferred” was also summarized, after which the modal value in each
situation was defined. This was later used to compare the most commonly appreciated
CCT and brightness with mEDI values and CCT suitable for maintaining a sound cir-
cadian rhythm.

3.6 Credibility of Results
The information gathered during the onsite visit was used for two purposes: to prepare
the survey and as a baseline for suggested improvements found in the literature and de-
rived from the survey and lab session. The on-site observations strengthened the valid-
ity of the study because they made it possible to connect to the empirical results to the
actual care environment.

The purpose of the survey was to gather information about people’s movements, posi-
tion preferences, sleeping patterns et cetera. By asking the staff working at a care center,
it was possible to gather information without seeking ethical approval. The approach
helped to identify care gaps, safety concerns, and operational bottlenecks that could not
be captured through direct patient surveys, as patients/residents are unable to answer.
The respondents had all worked for many years in this field and represented both day-
time and nighttime workers. The survey was written and distributed in Swedish, for
easy understanding, and can be found in Appendix 1. The respondents answered anon-
ymously. These factors support both the validity and the reliability of the survey results.

Using a survey as such is a useful method to gather large amounts of data in a short
period of time. (Safsten & Gustavsson, 2019). As there is a risk of misinterpretations
of questions, the respondents received instructions (Appendix 2) and were provided
with contact details to us, so that they could reach out in case clarifications were needed.
Lab participants’ health was not investigated prior to the session. This could possibly
affect the result of the session. It is also a rather small study, and the results cannot be
generalized for a larger population.

4 Results

The data collected during the thesis work will be presented and analyzed below.

4.1 Empirical data

411 Measurements
The measurements conducted during this study will be demonstrated here.

[lluminance levels measured in Nordanstig municipality are shown in Table 2 below.
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Table 2: Illuminance in Nordanstig facility. Values in green meet the recommended

standard, red do not.

Location Average horizontal illumi- | Average vertical illumi-
nance (Ix.) nance (Ix.)

Dining room (square table) 294 98

Dining room (round table) 108 83

Kitchen (serving counter) 529 264

Corridor (daytime) 658

Corridor (nighttime) 1,4

In Table 3, the different light scenarios used during the lab session are presented, along
with the corresponding mEDI levels for each scenario. The measurements were taken
on the position of the head lying down, i.e. vertical to the eye. The sample luminaire
showed different mEDI values for different CCT. The mEDI values drop by around
50% for 5000K when brightness is dimmed to 10%, while for the warmer CCTs (3000
and 2700K), there is hardly any difference.

Table 3: levels for the sample luminaire used in the lab session.

Lighting scenario | mEDI (luminaire | mEDI  (luminaire
(CCT, brightness | turned towards the | turned toward the
level) room) wall, wrong way)
5000K, 100% 53 50

5000, 50% 46 46

5000, 10% 25 29

4000, 100% 35 33

4000, 50% 33 29

4000, 10% 19 25

3000, 100% 22 21

3000, 50% 20 21

3000, 10% 21 5

2700, 100% 19 17

2700, 50% 19 12

2700, 10% 18 7

18




Results

Measurements were conducted to verify that the luminaire used in the lab had the cor-
rect SPD and CCT, as shown in Figure 9 below.

a) 5000K b) 4000K

Spectral power distribution Spectral power distribution

c) 3000K d) 2700K

| B iox
Spectral power distribution Spectral power distribution

© O © s e s e

380
394
408
422

Figure 9: SPD for the different CCT of the luminaire used in the lab sessions.

4.1.2 Survey
The results of the survey are presented here, and to see the full questionnaire see Ap-
pendix 1.

The first question was about schedules 4 people worked evenings, 4 people day shift,
and 1 person had night shifts. No one worked all three shifts.
Seating preferences

The four most frequently mentioned seating positions were number 12, 13, 14 in the
lounge area and 16, at the dining table (see Figure 10).

19




Results

S BN

®

=
(@]
@
®

S
®
S

&)
®

®)
®

Figure 10: Seating arrangement in common area. Seats at the dining tables: 1-8 and
15-21. The other seats are in the lounge areas.

Activities and lighting in the common area

Common activities reported in the general space included resting, reading/painting, eat-
ing, socializing, and TV watching. Four people reported that the lighting functioned
well or very well for TV watching. The same was reported for eating and socializing.
For resting one person reported it worked well or very well, while 3 people found it less
suitable or inadequate. Reading/painting showed that 2 people found it positive while
one person mentioned it was inadequate (see Figure 11)

Activities

5 - -
4

1-.---
0

Resting Painting/reading Eating Sodializing Tv-watching

m Works very well Works well Works less well  m Does not work

Figure 11: Result graph for the activities
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The respondents emphasize that lighting should be bright and well-directed to make
objects on tables and within rooms more easily visible, while also allowing for dim-
ming.

Corridor lighting for navigation

Three respondents rated the corridor lighting as good for helping residents to find their
rooms. Two respondents found it less good. No respondents reported it as poor or very
good (see Figure 12).

One additional comment suggests that corridor lighting may benefit from dimming.

Corridor lighting for navigation

0 0

Works very well ~ Works well Works less well Does not work
Figure 12: Result graph for corridor lighting for navigation.
Discomfort or glare from lighting

In the corridor there were four who responded with no glare, while one reported that
they observed residents feeling discomfort from the ceiling light.

Four observed no discomfort from lighting such as glare in the general area, while one
reported some discomfort. Specific locations and fixture types were not detailed in re-
sponses (see Figure 13).

Discomfort or glare (corridor) Discomfort or glare from lighting

1
1
1 1 -
Yes No

Yes, from ceiling lights Yes, from wall lights No

Figure 13: Result graph for discomfort or glare.
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Lighting’s impact on temperament

This was an open question. Most respondents noted that lighting affected residents’
temperament. Daylight was viewed positively, while strong electric light at night or
evening caused stress and anxiety. White/cold light was stress-inducing, while warm
light promoted calm.

Another question asked what type of lighting staff switch to first when they notice a
resident experiencing anxiety. Primary response was dimming lights. Staff described
trial and error adjustments and use of softer sources like window lamps.

Outdoor time by season

The residents spent no time outdoors during the winter, according to the survey results.
Spring/autumn and summer show more outdoor activity, especially in the morning and
afternoon (see Table 4 below).

Table 4: The amount of time residents spend outdoors each season

Duration Morning Afternoon | Evening
= No time 5 4 4
£ |0-30 min 0 0 0
= Over 30 min 0 0 0
o E No time 1 0 4
=~ g 0-30 min 4 4 1
D < | Over 30 min 0 1 0
E No time 1 0 3
g 0-30 min 3 3 1
] Over 30 min 0 2 1

Seasonal sleep

The responses show a mixed picture where some report greater difficulty falling asleep
when it’s light outside, while others have not noticed any seasonal differences. Sleep
problems also occur year-round regardless of season. At the same time, it is emphasized
that there are big variations between individuals, suggesting that seasonal differences
differ from person to person.

Factors influencing sleeping

Residents that have difficulty sleeping: 3 people responded that the residents have
strong/daylight like morning light, while 2 people have warm light. 4 people responded
that they have little daylight access; 3 people responded with little common area time.

Residents that have no difficulty sleeping: 4 people responded that the residents have
warm morning light while one person responded that they have strong/daylight like
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light. 4 people responded that they have a lot of daylight access; 4 people responded
that they spend a lot of time in common areas.

4.1.3 Lab sessions

The participants shared their perception of the suitability of the lighting they were ex-
posed to for certain activities and thereby provided an indication of suitable lighting for
healthy older adults. The luminaire was programmed to distribute light in four different
color temperatures (see Figure 14).

Figure 14: Illustration of the four different color temperatures (5000K, 4000K, 3000K,
2700 K) at 100% in the lab set-up.

Maximum brightness gave sufficient light for reading, knitting, sudoku, socializing in
for seven out of ten people with the intended light distribution (up and towards the
room). Colder CCTs (5000K and 4000K) were preferred by all but one participant for
activities involving details, as contrasts and colors were clearer (see Figure 15). Several
participants stated that that the color rendering (measured as CRI) was much less accu-
rate when exposed in light scenes with 2700K. Warmer CCTs (3000K and 2700K) were
preferred to a larger extent for socializing or just relaxing at position 1. “Jag far kénsla
av solnedgdng. Man kan varva ner frén en stressig dag” (It gives me a feeling of the sun
setting. One can wind down after a stressful day.”), said one participant about 2700K.

Reading, TV-watching, knitting, soduku, meetings Reading, TV-watching, knitting, soduku, meetings
(100%, light distribution up and into the room) (1009, light distribution up and towards the wall)
20 20
15 15
10 10
5 . 5 .
, ] , 1R ]
Preferred Good/sufficient Less sufficient  Notgood/sufficient Preferred Good/sufficient Less sufficient  Not good/sufficient
m5000K  4000K 3000K 2700K m 5000k © 4000K  3000K 2700K
Socializing Socializing
(1009%, light distribution up and into the room) (100%, light distribution up and towards the wall)
25 25
20 20
15 15
10 10
5 5
. [ . . | -
Preferred Good/sufficient Less sufficient ~ Notgood/sufficient Preferred Good/sufficient Less sufficient  Not good/sufficient
m5000K  4000K 3000K 2700K m5000K © 4000K © 3000K 2700K

Figure 15: Perception of different color temperatures’ suitability for tasks requiring
focus (top) and socializing (bottom). Brightness was at its maximum. Graphs to the left
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show the result for the intended light distribution (up and out into the room). Graphs
to the right when light was distributed towards the wall and up.

All the participants claimed light dimmed down to 50% was sufficient for getting ready
for bed or taking a nap. The colder color temperatures were preferred to a larger extent
for these tasks (see Figure 16). One person said:” Viggarna blir diffusa 1 3000/2700”
(“The walls become indistinct in 3000/2700”"). Overall, light distribution up and to-
wards the room was preferred for this task and not considered “not good/not sufficient”
in any case.

Preparing for bed, taking a nap Preparing for bed, taking a nap
(50%, light distribution up and into the room) (50%, light distribution up and towards the wall)

30 30
25 25
20 20
15 15
10 10
=B =i
0 0 —

Preferred Good/sufficient Less sufficient  Notgood/sufficient Preferred Good/sufficient Less sufficient Not good/sufficient

m5000K  4000K 3000K m 2700K m5000K © 4000K © 3000K m 2700K

Figure 16: Perception of different color temperatures when getting ready for bed.
Brightness was set to 50% of maximum capacity.

In the fourth situation, getting up during the night, 10% of the maximum brightness was
set (see Figure 17).

o

Figure 17: The lab set-up with the luminaire's brightness limited to 10% of its maxi-
mum. CCT 5000K (left) and 4000K (right).

Dimming down the light to 10% was considered enough light for getting up during the
night, but also low enough for sleeping (see Figure 18). Two people stated that even
10% was a bit excessive. “Det &r for ljust for att somna men fungerar for natten. Béttre
ju varmare det blir" (It is too bright for falling asleep but works during the night. Better
the warmer it shines”), said one.” Onodigt mycket ljus. Ju varmare, desto skonare pa
natten” (Not necessary to have this much light. The warmer it is, the nicer during the
night”), said the other.

A color temperature of 4000K was considered “good/sufficient” by everyone, while
2700K was expressed as the preferred CCT by most people (see Figure 18).
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Getting up during the night Getting up during the night
(10%, light distribution up and into the room) (10%, light distribution up and towards the wall)
30 30
25 25
20 20
15 15
10 10
-0 = " m
0 — 0 |
Preferred Good/sufficient Less sufficient  Notgood/sufficient Preferred Good/sufficient Less sufficient Notgood/sufficient
m5000K ~ 4000K © 3000K m2700K m5000K  4000K ©3000K m2700K

Figure 18: Perception of suitability of color temperature when waking up or getting up
during the night. The brightness was set to 10% of the maximum capacity.

For the final situation: personnel checking on residents (during the night), there was a
clear preference for colder CCT (see Figure 19). Two people said they preferred warmer
CCT because they are used to the warmer light (incandescent lamp) and thought that’s
why they could interpret, for example facial expressions easier in such light.

Personnel checking on tenant Personnel checking on tenant
(50%, light distribution up and into the room) (50%, light distribution up and towards the wall)

30 20
25 25
20 20
15 15
10 10
0 0

Preferred Good/sufficient Less sufficient Not good/sufficient Preferred Good/sufficient Less sufficient Not good/sufficient

m5000K © 4000K © 3000K m 2700K W5000K  4000K © 3000K m2700K
Chart Area
ersonnel checking on tenant Personnel checking on tenant
(10%, light distribution up and into the room) (10%, light distribution up and towards the wall)

18 18
16 16
14 14
12 12
10 10
8 8
& 6
: . . : . .
2 2
: mm - e

Preferred Good/sufficient Less sufficient Not good/sufficient Preferred Good/sufficient Less sufficient Not good/sufficient

W5000K  4000K © 3000K m2700K W5000K ~ 4D0OK ' 3000K m 2700K

Figure 19: Perception of color temperature and brightness from a personnel perspec-
tive.

The results of the experiment will, together with the other research conclusions regard-
ing Alzheimer patients’ challenges, serve as basis for the recommended lighting solu-
tion at Nordanstig care facility.
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4.2 Analysis of empiri

4.2.1 Measurements
The research results will be compared to the Swedish standards for indoor lighting, and
an extract (see Table 5).

Table 5: Swedish standard for indoor lighting SS-EN-12464:1, required illuminance
levels in lux (Ix).

Activity Required (Ix.) Adjusted (Ix.) | Table
General areas in care facilities | 300 500 45
Areas for resting 100 200 10
Infirmary 500 750 10
Corridor (daytime) 100 200 45
Corridor (nighttime) 50 - 45
Reading lighting 300 750 47

The measurements show that the lighting in Nordanstig does not fully follow the Swe-
dish standard for indoor lighting in all areas. In the dining room, the horizontal illumi-
nance at the square table was 294 Ix, which is just below the recommended 300 Ix. The
round table reached only 108 Ix, which is far below the standard and therefore likely
insufficient for comfortable daily activities. In contrast, the kitchen serving counter at
529 Ix and the daytime corridor at 658 Ix meet or exceed the recommendations. The
night-time corridor value of 1,4 is much lower than the recommended 50 Ix, which
indicates that the corridor is too dark for safe orientation. Overall, the results show that
the lighting varies considerably between spaces, with some areas meeting or exceeding
the standard and others falling short.

When looking at a German standard, Standardization (2022), focusing specifically on
beyond visual (biological/circadian) effects of light and how these can be considered in
lighting design, there are standards for mEDI. The standard value for 75-year-olds is
the photopic lux/0.319. The illuminance in the corridor was measured at 1.4 photopic
lux at nighttime. Compared to a standard of 1 mEDI at night, it would require 3.1 pho-
topic lux. Hence the nighttime illuminance in the corridor is too low for people 75 years
and older. (/0.68 for a 32-year-old would require 1,47 photopic lux).

The lab measurements show that mEDI levels were generally above the recommended
values for evening and night lighting. The recommendation to not have more than 1
mEDI right before going to sleep could not be met with the luminaire we tested in the
lab sessions, even with the lowest brightness. The results show when the luminaire is
facing the “wrong way” gives a result closer to the recommendation: 7 mEDI. Whereas
when the luminaire is facing the right way mEDI levels reach a minimum of 18 lux,
which is too high to allow melatonin levels to increase and thereby making us sleepy.
When comparing the luminaire setups, it showed that when the light was distributed up
and into the room, it was considered visually better even though the mEDI levels were
further away from the recommended levels.
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At 50% we get the same inconsistency: The mEDI levels do not meet the recommended
levels, even for slowing down three hours before bedtime, where the target mEDIs is
10 lux.

4.2.2 Survey

The survey results show a clear pattern in how lighting is experienced in common
spaces. Overall, the answers suggest that lighting is more effective in some situations
than others. It works relatively well for social and active activities such as eating, talk-
ing, and watching TV. While it is less effective in situations where orientation and com-
fort are more important. The clear divide in effectiveness between social activities and
resting suggests that the current lighting system is too one-dimensional.

The data suggests a link between daylight exposure and evening sleep quality, high-
lighting the role of light as a primary regulator of circadian rhythms. Residents who
spend more time outdoors and have greater access to daylight seem to have less diffi-
culty falling asleep, while those with limited access to daylight more often have diffi-
culty falling asleep. Although the survey does not show a direct link, the observed pat-
terns indicate that the lighting environment plays a role in the residents” overall well-
being and daily routines. In addition, several responses highlight that the quality of light
matters. There is a notable preference for warmer, adjustable light, especially during
times when residents feel unsettled or in need of rest.

423 Lab session

There was a clear difference in how light was perceived by the “personnel” in the lab
sessions both when light level was set at 50% and 10% of the maximum. Generally, the
light was rated as better when the distribution was turned up and into the room, as facial
expressions and health state could be better observed. The direction of the light distri-
bution was not that important for the residents. However, looking at the results for CCT,
there was a significant difference. Tenants preferred 2700 or 3000 K if waking up dur-
ing the night whereas vast majority of staff preferred 4000 or 5000 K where color ren-
dering was truer.

Comparing the effects on ipRGC cells, one can say that it is possible to turn the bright-
ness to 100% light with a warmer CCT and still not trigger the ipRGC cells to the same
extent as having a CCT of 5000K at 10% brightness.

At a care facility, it can be assumed that staff will assist when tenants are getting ready

for bed. In this situation the illuminance level is considered sufficient by the tenants
and by staff checking state of health, and for example providing medicine.
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5 Discussion

5.1 Discussion of the results
Keeping the main research question, “What is the state of the art recommended lighting
characteristics for older adults/people with Alzheimer’s disease” in mind a discussion
of the results will follow.

Good lighting characteristics must support visual comfort, circadian rhythm and prac-
tical needs. Tunable-white luminaires support both circadian rhythm, as the mEDI val-
ues change when CCT is changed, and visual comfort. Using only one sample luminaire
is not sufficient to meet Swedish illuminance standards, nor is it sufficient to meet Eu-
ropean standards for mEDI.

The majority of the responding personnel at Nordanstig claimed that the lighting in the
common areas was good for activities carried out in the common area. Measurements
on-site showed an average of 294 lux at the square table, which is below the standard
average of 300 lux according to SS-EN 12464-1. Values in standard are based the eye
of 40-year olds and an older eyes needs higher illuminance levels for comfortable vision
(Landvreugd et al., 2024). This should be taken into consideration in standard for care
facilities.

Survey results are a bit inconclusive regarding factors which make residents sleep well.
Several responses indicated that residents who spent more time outdoors and had
greater access to daylight tended to have fewer sleep difficulties. Lower illuminance
levels and warmer light have a calming effect. This is supported by the statements in
the survey, where dimming the lights and switching off luminaires with colder CCT in
favor of window luminaires with warmer CCT. As stated by Schollhorn et al. (2023)
patients diagnosed with AD have difficulty keeping track of time and as the body clock
is influenced by increased levels of cortisol, people get confused. Previous research
shows that dementia patients benefit from controlled daytime light exposure, while
bright light at the wrong time may increase alertness and make night-time settling more
difficult (Brown et al., 2022). The light spectrum of sample luminaire would provide a
wide range of wave lengths and plenty of light in the blue area at 5000 K, which would
help to push back the melatonin levels, increase cortisol and make residents more awake
even during the darker months. To further influence mEDI levels, CCTs up to 6500K
and down to 1800K could be evaluated.

Behavioral patterns should also be considered when positioning the light. Several resi-
dents preferred seats where they could watch TV, which means lighting should be
placed according to activity zones rather than room geometry. It is not possible to de-
termine if the seating preferences in front of the TV are based on the interest in TV-
watching or lack of other activities. The light should be planned in a way that can be
adjusted during the day: the CCT can be changed and diming is possible. If engaging
in activities needing detailed vision, such as eating, and reading, good color rendering
is required and colder CCT has higher CRI. The effects on the beyond visual system
should be taken into consideration.

The lab measurements show that mEDI levels were generally above the recommended
values for evening and night lighting. The recommended levels for evening (three hours
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before bedtime) are 10 lux and for nighttime use around 1 lux (CIE, 2019). A clear
pattern is that when the luminaire was turned towards the wall, the mEDI values were
closer to the recommendation. This suggests that the wall may have worked as a shield-
ing surface that reduced the direct light reaching the eye. In other words, the direction
of the luminaire seems to have an important effect on the final light level perceived by
the resident. Indirect light distribution provided by the sample luminaire was appreci-
ated as there was little risk of glare.

At 50% we get the same inconsistency: The mEDI levels exceed the CIE recommended
levels, even for slowing down three hours before bedtime, where the target mEDIs is
10 lux.

Some survey results contradict previous research. Staff reported that residents seemed
to sleep better when exposed to warmer light in the morning, while earlier studies, such
as Figueiro et al. (2009), show that bright white light in the morning can improve night
sleep and reduce evening agitation.

The majority of lab participants preferred warmer CCT during the night. Considering
that the lab participants acting as personnel preferred colder CCT, there is a conflict of
interest. One suggestion would be to install tunable-white luminaries and allow the per-
sonnel to control the light scenarios when visiting the residents’ rooms. This would give
them the possibility of using colder CCT for a short while during the night to check
health status of residents. As it takes longer to trigger ipRGC than rods and cones
(Boyce, 2017), this will give the personnel the opportunity to see well without affecting
the beyond visual system. Additional research involving nurses in a care facility is
needed to validate results indicated in this study.

Given that there is already a European standard for mEDI and that previous research
confirms the impact of light on the body clock, it is recommended to adapt also the
Swedish lighting standards for indoor lighting (SS-EN 12464-1) to include values for
mEDIL.

5.2 Discussion of the method

The mixed-method design was appropriate for the purpose of the study because it made
it possible to combine objective measurements with practical user perspectives. The
lighting measurements in the care facility were important because they established a
baseline for the existing conditions. Measuring illuminance and SPD on-site made it
possible to compare the performance of the current installation with both the general
Swedish indoor standards and circadian recommendations brought forth by researchers
and CIE. Measurements give exact values and will allow repetition at different times or
by different people (Séfsten & Gustavsson, 2019). However, the on-site measurements
were limited to one facility and only for a limited time. Seasonal fluctuations were not
captured. This limits the degree to which the findings can be generalized to other set-
tings or times of the year but again, using the same measuring points and equipment the
measurements can be replicated.
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Measurements were also a good method for evaluating the sample luminaire used in the
lab sessions. CCT and SPD were measured directly from the light source. Dark calibra-
tion before measurement was important to get reliable data and at least three measure-
ments were done for each CCT to secure validity of the content. The internal validation
of measured CCT and SPD was high. External validity of brightness and mEDI values
was low, as measured values depend on colors and reflections of room surfaces.

The survey was conducted to gather qualitative insights from care staff. A limitation is
the small number of respondents, which makes the results indicative rather than repre-
sentative. Another limitation is that the answers reflect staff observations and not direct
resident experiences, which may affect how the findings should be interpreted. The re-
spondents were well acquainted with the facilities and residents but due to the low num-
ber of respondents the result has medium internal validity, and for the same reason low
external validity. In combination with the theoretical framework and measurements, a
baseline for further research was established.

The lab session was a strong part of the research because it allowed the sample lumi-
naire to be tested under controlled conditions with different CCT- and brightness set-
tings. The semi-structured interview format was especially useful because it gave par-
ticipants the chance to explain their impressions and allowed follow-up questions when
needed. This provided more nuanced results and higher reliability than a questionnaire
would have. The internal validity was high but external validity was low. The validity
could be strengthened through additional research (Séfsten & Gustavsson, 2019) with
a larger group of respondents, or for longer observation periods. While the lab session
used healthy older adults to avoid the ethical complexities of testing on dementia pa-
tients, this approach may not fully capture the specific physiological responses of the
target group. Further research with older adults diagnosed with AD could be done using
wearables or videos, but that would require ethical approval from Swedish
“etikprovningsndmnden”.
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6 Conclusion och suggestions to further research

The findings indicate that lighting for older adults with Alzheimer’s disease must be
flexible to support the circadian rthythm while also meeting visual needs. Older eyes
also require much higher illuminance levels than younger people to support the visual
system, so care facilities should be able to meet these standards, which Nordanstig did
not.

A key finding is that one fixed lighting solution is not enough, because lighting needs
change with the time of day and the activity taking place. For that reason, tunable-white
lighting seems to be a better option, since it allows the environment to be adapted to
both active daytime use and for calmer evening and night-time situations.

It was mentioned during the onsite visit that residents diagnosed with AD tend to fiddle
with, and sometimes break, the light controls and luminaires. Hence, working with hid-
den lighting is recommended. This approach can reduce the risk of damage while still
allowing the environment to remain calm, functional, and safe.

The results regarding daylight exposure in winter were inconclusive, which means that
this factor should be examined further before firm conclusions are made. Even so, the
study indicates that the lighting solution should remain flexible and adaptable, since the
needs of residents and staff are not always the same.

The sample luminaire offers promising possibilities it can regulate photopic and mela-
nopic lux as well as SPD. This makes it possible to adjust the lighting to different situ-
ations during the day. In addition, placing the luminaire behind the bed would allow
staff to assess the residents’ health state without exposing the room to unnecessarily
strong or disturbing lighting.

mEDI values can be measured, and given that there is already a European standard for
mEDI, and that previous research confirms the impact of light on the circadian rhythm,
it could be advised to adapt the Swedish lighting standards for indoor lighting (SS-EN
12464-1) to include values for mEDI. Further research is needed to investigate the
mEDI levels of luminaires with both higher and lower CCT, to see if they can better
meet the standard stipulated by CIE and thereby support the beyond visual system. Such
studies would provide a stronger basis for lighting recommendations that balance visual
comfort, circadian rhythm, and practical care needs.
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Appendix 1 - Survey questionnaire

Introduktion

Vi ar mycket tacksamma att du vill vara med och bidra med dina kunskaper till vart
examensarbete. Vi ar Fatimah och Helena och studerar Ljusdesign och belysningsteknik
pa Jonkopings tekniska hogskola och vi gjorde ett studiebesotk hos er i februari.

Enkaten tar cirka 10 minuter att fylla i och den fylls i helt anonymt, sa svaren kan inte
kopplas till dig personligen. De kommer heller inte att delas med ledningen.



Vilka pass jobbar du?

| Dagpass
| Kvéllspass
| Nattpass

| Alla



3

Titta pa bilden nedan och ange de 5 mest populara sittplatserna. Motivera
ditt svar med relevanta observationer.




Vilka aktiviteter sker i det allmanna utrymmet och hur fungerar
belysningen for de boende?

Fungerar Fungerar
Fungerar . Fungerar
mycket mindre .
bra inte
bra bra
vila - ~ - -
Lasa/méla [ B [ [
Ata [ | [ [
Samtal/umgas [ [ [ [
Tv-tittande B B B B

Vad &r bra eller vad kan forbattras med belysningen?

Hur upplever du att belysningen i korridorerna fungerar fér boende att
hitta till och fran sina rum?

| Fungerar mycket bra
| Fungerar bra

| Fungerar mindre bra
| Fungerar inte bra

Skriv mer detaljerat




Enligt din uppfattning upplever de boende obehag fran belysningen (t.ex.
blandning eller ljusstorningar)? Om ja, specificera fran vilka platser samt

vilken typ av armatur (tak-, vagg- eller golvarmatur). Redovisa ditt svar med
stod i bilden.

| la
| Nej

Kommentera




Upplever du att boende har problem med blandning eller besvarande ljus i
korridoren?

[ la, fr&n taklampor
[ Ja, frén vagglampor
| Nej

Kommentera garna!

Upplever du att viss belysning paverkar boendes temperament pa olika satt
(t.ex. att de blir lugna, stressade eller irriterade)? Beskriv pa vilket satt.

Vilken belysningsféorandring brukar ni testa forst nar ni marker att en
person ar orolig?




Ungefar hur mycket tid spenderar de boende utomhus pa vintern?

Ingen tid 0-30 min Ove_r 30
min
Formiddag [ | [
Eftermiddag B B B
Kvall [ [ [

Ungefar hur mycket tid spenderar de boende utomhus pa varen/hosten?

Ingen tid 0-30 min Ove.r 30
min
Formiddag B B B
Eftermiddag B B B
Kvall [ [ [

Ungefar hur mycket tid spenderar de boende utomhus pa sommaren?

Ingen tid 0-30 min O"e.r 30
min
Foérmiddag B B B
Eftermiddag [ [ [
Kvall [ [ [

Fundera pa om de boende har lattare eller svarare att somna pa kvallen
beroende pa arstid. Ar det i s fall stora variationer mellan individer?

Vanligen beskriv.

En person som har svart att somna pa kvallen
a.

" Har mysig/varm belysning i sitt rum p& morgon/férmiddag eller

" Har stark och dagsljusliknande belysning i sitt rum p& morgon/férmiddag



b

" Vistas lite utomhus/ har sallan tillgang till dagsljus genom fonster eller

" Vistas mycket utomhus/ har mycket tillgang till dagsljus

~

~

Vistas lite i allm&nna utrymmen under dagen eller

Vistas mycket i allmanna utrymmen under dagen

En person som har latt att somna pa kvallen

a.
~

~

Har mysig/varm belysning i sitt rum pa morgon/férmiddag eller

Har stark och dagsljusliknande belysning i sitt rum pa morgon/férmiddag

Vistas lite utomhus/ har séllan tillgang till dagsljus genom fonster eller

Vistas mycket utomhus/ har mycket tillgang till dagsljus

Vistas lite i allmanna utrymmen under dagen eller

Vistas mycket i allmanna utrymmen under dagen



Tack s& mycket for att du tog dig tid att svara pa denna enkat!



Appendix 2 - Introduction to survey

Bifogat i denna mail finns enkat med fragor som ror belysning och tillgang till dagsljus pa
demensboenden. Vi skulle vara mycket tacksamma om du vill vara med och bidra med
dina kunskaper till vart examensarbete. Viar Fatimah och Helena och studerar
Ljusdesign och belysningsteknik pa Jonkopings tekniska hogskola och vi gjorde ett
studiebesok hos er i februari. Den har enkéaten ar en del av vart examensarbete, dar
vi samarbetar vi med Age of Light innovations och Evidy, som ar med och skapar
belysningslosningen for det nya aldreboendet i Bergsjo.

Enkéaten tar cirka 10 minuter att fylla i och den fylls i helt anonymt, sa svaren kan inte
kopplas till dig personligen.

Du kommer &t enkaten via denna lank:

https://esmaker.net/nx2/s.aspx?id=8e4481e22bd1

Undersokningen pa 6ppen till pa sondag 29 mars klockan 23.00. Resultatet kommer att
anvandas for att gora en mindre jamfoérande laboration, dar vi undersoker hur personer
som ar 60+ ar utan demensdiagnos upplever belysning. Resultatet kommer
aven analyserasi relation till forskningslitteratur och framga i var examensrapport.
Examensrapporten kommer att delges Age of Light innovations och Evidy.

Tack pa forhand for din hjalp!

Med vanlig halsning Fatimah och Helena


https://esmaker.net/nx2/s.aspx?id=8e4481e22bd1

Appendix 3 - Questions to the lab participants

The lab participants were asked to act as residents and asked to consider the lighting in the
in the below situations. A brief introduction set the scene: They had arrived home, eaten
dinner and were ready to relax.

Participants were asked to...

1. Sit down in the lounge chair (position 1). A table with magazines were next to them.
o What activities would you do here, in this light?
o If no direct answer, a follow-up statement: It could be for example, reading,
watching TV, socializing.
o Isiteasyto see contrasts? Colors? Facial expressions?

2. Stand up and get ready for bed (position 2)
o Ifyou stand up and move towards the bed, could you easily find your way?

o Would you be able to for example hang up clothes, put a water glass on the
table next to the bed?

3. Relax, taking a short rest on the bed. (position 3).
o Could you also take a rest during the day with this light?
o Also fall asleep for the night?

4. Wake up during the night and need to get up (position 3).
o Would this be enough light for you to see well enough to go to the bathroom for
example?
o Or take the water glass from the bedside table?
o Would you be able to sleep with this light on?

The participants were also asked to act as a nurse, and

5. Evaluate how good the light was for checking the health status of a resident during the

night (position 4). (The resident was impersonated by the researchers for this
scenario.)

o Isitpossible to see facial expressions, movement, breathing?
o Would you be able to tell if the person didn’t feel well?

All questions were asked for each of the light scenes in Table 1. The participants were also
asked to mention the preferred CCT for each situation.

The recordings were transcribed using the Teams application and checked manually.



Appendix 4 - Layout of Nordanstig care facility, common area
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