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Abstract

Purpose: The field study was to understand older adults’ reactions to and use of different low-light
conditions while walking to bathrooms in the dark in their homes. Low-light conditions included
participants’ usual nightlights and a destination-based LED strip lighting system. Background: Older
adults encounter fall accidents while going to bathrooms at night due to low illuminance levels. They
also fear falling due to previous fall histories or visual impairments. This field study tested and com-
pared a destination-based LED strip lighting system with their usual nightlights on their movement and
fear of falls. Methods: Fifteen older adults from an independent living facility participated in the within-
subject design experiment, walking under two scenarios in random order: with usual nightlights turned
on or with the destination-based LED strip lighting system turned on. Body-worn sensors were used
to collect participants’ movement behaviors, and subjective questionnaires were used to understand
participants’ anxiety under the two low-light conditions. Further, semi-structured interviews were
conducted to understand their nightlight usage patterns and their evaluations of the destination-based
LED strip lighting system. Results: Participants walked more smoothly under the destination-based
LED strip lighting system scenario. However, the anxiety states were not statistically different between
the two scenarios. Conclusion: Visual cues in the dark can benefit older adults’ safe movement.
However, the application of the lab-effective LED strip lighting system in home settings should con-
sider older adults’ floor plans and their furniture layout, both indoor and outdoor ambient lighting
sources, and their lifestyles.

Keywords
older adults, nightlight, movement behaviors, Life Plan Retirement Community, floor plan

! Shimberg Center for Housing Studies, University of Florida, Gainesville, FL, USA
2The Hong Kong University of Science and Technology (Guangzhou), Nansha, Guangzhou, Guangdong, China
3 Department of Industrial and Systems Engineering, University of Florida, Gainesville, FL, USA

Corresponding Author:

Xiaojie Lu, PhD, The Hong Kong University of Science and Technology (Guangzhou), Nansha, Guangzhou,
Guangdong 511400, China.

Email: xiaojielu@ust.hk


https://orcid.org/0000-0002-0718-619X
https://orcid.org/0000-0002-0718-619X
https://orcid.org/0000-0002-0062-3190
https://orcid.org/0000-0002-0062-3190
mailto:xiaojielu@ust.hk
https://sagepub.com/journals-permissions
https://doi.org/10.1177/19375867221113067
http://journals.sagepub.com/home/her

168

Health Environments Research & Design Journal 15(4)

Older adults’ visual system changes as they age,
such as decreased pupil size and retinal illumi-
nance, increased lens density, reduced contrast
sensitivity, and others (Erdinest et al., 2021). As
aresult, older adults experience a decline in visual
capabilities; for example, older adults take longer
to adapt to low-lit environments than younger
adults (Erdinest et al., 2021). The difficulty of
adapting to the darkness can be a potential fall
risk factor for older adults, for example, going
to the bathroom at night (Dionyssiotis, 2012).
Thus, studies have proposed providing visual cues
to help older adults walk safely in the dark while
making sure the lighting intensity of the visual
cues won’t disrupt older adults’ sleep (Figueiro
et al., 2012; Figueiro et al., 2011; Lu et al.,
2019). Figueiro and colleagues (2012) examined
the effect of visual cues—installing the LED
lights around a simulated doorframe under a lab-
controlled dark environment—on older adults’
weight transfer time. The study indicated that the
simulated door-framed LED lights worked better
than the nightlight plugged near the wall side;
with the door-framed LED lights, older adults
with a fall history experienced significantly less
weight transfer time, indicating fewer fall risks
(Figueiro et al., 2012). Built upon Figueiro’s lab
studies’ findings, Tholking and colleagues (2020)
installed Gight™, a LED strip installed along the
path from the bed to the bathroom, which can be
turned on with a motion sensor, in older adults’
homes. They used a single-item questionnaire to
examine the Gight’s effects on older adults’ over-
coming fears of falls and sleep quality, respec-
tively, and concluded that the Gight'™ was
beneficial to overcome the fear of falling and
increase sleep quality among participants.
Previous studies (Figueiro et al., 2012; Fig-
ueiro et al., 2011) examined lighting effects on
older adults’ movement behaviors in a uniform
floor plan. They did not consider the variations
of participants’ home settings, such as the furni-
ture layout and floor plans. Although Thélking
and colleagues conducted a study at participants’
homes, the details of the participants’ floor plans
and furniture layout were not provided. Further,
studies (Figueiro et al., 2012; Figueiro et al.,
2011) only measured predefined behaviors, such
as the weight transfer time and spatial-temporal

gait parameters in the predefined routes. How-
ever, older adults’ walking paths and movement
behaviors were more complicated in their home
settings than in the lab settings; for example,
older adults might stop a few seconds to turn on
lights or reach out to a piece of furniture for sup-
port and others. Kim and his colleagues (2021)
suggested that lighting design for older adults
should consider older adults’ behaviors and their
needs related to daily activities.

The current study tested and compared the
destination-based LED strip lighting systems and
participants’ usual nightlights’ effects on their
movement behaviors and anxiety in the dark in their
homes. The purposes of the study were to under-
stand older adults’ light usage patterns at night in
their residential settings, analyze movement beha-
viors with the interaction of the dark surroundings
and their furniture layout, discover older adults’
impressions of the destination-based LED strip
lighting system, and their suggestions for improving
the LED strip lighting system. Accordingly, three
research questions were summarized as follows.

Research Question 1.1: What are the typical
nightlight usage patterns when partici-
pants go to the bathroom at night?

Research Question 1.2: How do participants
operate their usual nightlights?

Research Question 2: What are the differ-
ences in participants’ movement behaviors
and anxiety between the destination-based
LED strip lighting system and their usual
nightlights while going to the bathroom in
the simulated dark environments?

Research Question 3.1: What are the older
adults’ impressions of the destination-
based LED strip lighting system?

Research Question 3.2: What are the older
adults’ suggestions for redesigning the
destination-based LED strip lighting?

Methods

Ethical Considerations

This study was approved by the University of Flor-
ida Institutional Review Board (IRB201901881).
Participants were recruited from the independent
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Figure |. The LED strip lighting system was attached
to the bathroom door at each participant’s home.

living at a local Life Plan Retirement Community,
and all could walk independently without using
walking-assistant devices. Each participant signed
a consent form before the experiment.

Experiment Design

The experiment simulated a dark environment by
blocking natural and artificial lighting at each par-
ticipant’s apartment or house. In the first scenario,
only the usual nightlights (hereafter referred to as
the nightlight) were turned on. In the second sce-
nario, only the destination-based LED strip light-
ing system (hereafter referred to as the LED strip
lighting system, Figure 1) was turned on. The
color temperature of the LED lighting is 3,000
K, and the lumen is 1,549 (Commercial Electrics,
Model # C624340). If measured on the floor
within a radius of 61 cm (24 in.) under the LED
strip lighting as suggested by the Illuminating

Engineering Society (2020), the lighting meter
cannot detect any illuminance level emitted from
the LED strip lighting. The illuminance level
emitted from the LED strip lighting around the
doorframe was 0.01 foot-candle (fc) when the
researcher placed a lighting meter very close to
the LED strip lighting.

The experiment was a within-subject research
design experiment (i.e., repeated-measures). Par-
ticipants walked four times for each lighting sce-
nario, and the lighting scenarios were arranged in
random order.

Instrument and Assessment

Inertial measurement unit (IMU) sensors (Xsens
MVN Awinda, Xsens Analyze, Xsens Technolo-
gies BV; Enschede, the Netherlands) were
attached to each participant’s lower body to col-
lect movement behaviors, including gait perfor-
mance, lower-limb kinematics, and trunk motion
measures.

State-Trait Anxiety Inventory (STAI) was
used to evaluate each participant’s anxiety level
(the fear of falling) after walking each lighting
scenario. STAI is an evaluation tool assessing the
symptom of anxiety with appropriate reliability
and validity (Spielberger et al., 1983). There are
20 items for the STAI questionnaire, each item
ranging from “not at all” to “very much so” (from
1 to 4), with a total score of 80. The higher score
represented more anxiety.

Experiment Procedure

The experiment began after briefing the whole
experiment process and getting consent from
each participant. There were three stages for the
experiment, including preparation work by doc-
umenting the layout of the furniture and measur-
ing the illuminance levels of the simulated dark
environment, collecting gait behaviors, and con-
ducting interviews. The flowchart (Figure 2)
detailed each step and an estimated time for each
step of the experiment. The time for each step
varied slightly due to different factors, such as
each participant’s home setting being different,
and the time taken to complete questionnaires and
interviews was different.
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eBrief the experiment procedures to the participants
eRead and sign consent form

eldentify the resident's floor type
eDocument the furniture layout on the residents' floor plans

eAsk the residents to draw the curtain/blinds to simulate a dark environment h
eMeasure illuminance levels at different locations in the simulated dark environment
eTake photos of nightlights (if they have any) with the residents' permission )

eInstall LED strip lighting along the doorframe of bathroom h
eMeasure illuminance level after installing LED strip lighting
eTake photos of doorframe with LED strip lighting turned on with the residents' permission )

eWear and calibrate sensors

eWalk under the LED lighting scenario 4 times in random order (or Usual Night light scenario)
eComplete the STAI questionnaire for the above scenairo

eTake a break

eWalk under the Usual Night Lighting scenario 4 times in random order (or LED lighting scenairo)
eComplete the STAI questionnaire for the above scenairo

eRemove sensors from the participants' lower body
eRemove LED strip lighting

eTake photos of the route from bed to bathroom if permits h
eDocument participants' route from bed to bathroom in the floor plan
*Measure the distance from bedroom to bathroom )

eComplete Fall Efficacay Scale and demographic questionnaires

eConducted semi-structured interview with the resident

€E€E€C€CC€CCCKCCKCKCKC

Figure 2. The flowchart of the experiment procedure.

In the stage of preparation, the researcher permission, the researcher measured and docu-
asked for each participant’s floor plan type with mented the distance of the beds to the bathrooms’
prepared paper version floor plans of the Life doorframes, measured the furniture sizes, and
Plan Retirement Community. With participants’ documented the furniture layout of participants’
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bedrooms on the printed floor plan for each
participant.

Then, the researcher asked the participants to
draw their curtains (if they had any) or blinds and
turned off all the overhead lighting to simulate a
dark environment. The researcher measured illu-
minance levels near the windows of the bedroom,
near both sides of the bed, and near the bathroom
doorframes of each participant’s home and docu-
mented these illuminance levels on the printed
floor plan. The researcher took photos of the
nightlights at participants’ homes with permis-
sion and documented the locations of the night-
lights on the printed floor plan. Then, the
researcher set up the LED strip lighting around
the bathrooms’ door frames and measured the
illuminance levels emitted from the LED strip
lighting in the simulated dark environment.

During the process of collecting gait behaviors,
the researcher helped each participant wear the
sensors and performed sensors’ calibrations. Then,
the participants walked in random order under two
lighting scenarios. Participants walked four times
under each scenario. Overall, it took about 15 min
to collect each lighting condition scenario (includ-
ing 10 min of walking trails and 5 min completing
the STAI). To prevent tiredness, each participant
was asked to take a break for approximately 5 min.
And then the second lighting scenario data collec-
tion was performed. Once the two lighting scenar-
ios’ gait behaviors data collection was completed,
the researcher helped the participants take off sen-
sors and removed the LED strip lighting from the
doorframe. The researcher drew each participant’s
route trajectory on the printed floor plan and docu-
mented the approximate walking distance.

In the stage of collecting subjective assessments,
the researcher asked participants to fill out the Fall
Efficacy Scales and demographic questionnaire,
which took about 10 min. The last step was to con-
duct the interview with the participant, which took
about 20 min. Specific details of the interview will
be discussed in the “interview” section.

Floor Plans at the Life Plan Retirement
Community

The experiment was conducted at a local Life
Plan Retirement Community, which consisted

of an independent living facility, assisted living
facility, memory care residences, and private
skilled nursing accommodations. This study was
conducted at the independent living facility. The
independent living facility of the Life Plan
Retirement Community consists of 20 types of
floor plans, including 16 apartments and four
single-family houses.

Participants lived in 11 floor plans, including
eight apartments and two single-family houses.
Among them, two participants had the same floor
plan as Figure 3, two had the same floor plan as
Figure 4, three had the same floor plan as Figure 5,
and the other eight participants had unique floor
plans. In addition, two married couples participated
in the study and shared the same floor plan and
furniture layout (Figures 4 and 5). Among the 11
floor plans, 10 have a straight line from the bed-
room to the bathroom, and one requires a turn
between the bedroom and the bathroom (Figure 4).

llluminance Levels at the Experiment
Settings

A lighting meter (EXTECH, Model 401027,
Nashua, NH, USA), with 5% accuracy, was used
to measure the simulated dark environment. The
lighting meter measured the ambient illuminance
levels above the finished floor about 76 cm (30
in.; Illuminating Engineering Society, 2016) in
each participant’s bathroom and bedroom, and
the illuminance levels were documented on the
printed floor plan. Inside the bathroom, 13 parti-
cipants’ bathrooms’ illuminance levels were
close to 0 fc, with all the natural and artificial
lights being blocked. Two participants’ bath-
rooms had some ambient lights through the blinds
of the bathrooms’ windows. The two participants
mentioned ambient lights transmitted through
their bathrooms’ windows at night, which was
very close to the simulated dark environment dur-
ing the experiment. Inside the bedroom, four par-
ticipants used blackout curtains. Their bedrooms
were completely dark; eight participants used
window blinds, and the illuminance levels of the
bedroom ranged from 0.01 to 0.04 fc during the
experiment. However, two participants’ illumi-
nance levels were around 1-4 fc, depending on
the distance from the windows. One participant
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Figure 3. Two participants have the same floor plan as
Figure 3, and the figure demonstrates the bedroom,
closet, and bathroom of this floor plan. Note. The figure
shows one participant’s furniture layout and the usual
nightlights’ locations (in red dots). The yellow dot line
represents the location of the LED strip lighting sys-
tem. The green line represents the participant’s route
from the bed to the bathroom. The floor plan is
adopted from the Life Plan Retirement Community
website: https://www.oakhammock.org/retirement-
community/community-floor-plans.

said she enjoyed ambient lights from outside at
night, and she did not install the blinds for the
glass doors inside the bedroom. The other parti-
cipant’s apartment is located on the east side, and
the blinds cannot block all the natural light in the
morning. Since the purpose of the experiment
was to examine participants’ reactions to the two
different lighting scenarios in the real world, the
researcher ensured the experiment did not change

their daily routines to strengthen the ecological
validity of the experiment.

Interview

The semi-structured interview was to understand
the three themes, including whether using night-
lights or not, whether using nightlight control sys-
tems, and participants’ evaluations of the LED
strip lighting. During the process of the interview,
if the participants talked about a specific theme
in-depth, the researcher asked more questions
during the conversation to understand the
participant better, which was defined as a semi-
structured interview (DiCicco-Bloom & Crab-
tree, 2006). For example, the researcher would
ask extra questions if the participants showed
their nightlight intervention strategies to the
researcher, such as the rationales for placing the
nightlight in this location. During the interview,
the researcher documented the interview’s con-
tents in the paper with interview themes listed.
The researcher would read the interview’s con-
tents to the participants after each theme to make
sure the transcripts were correct.

Interview Data Analysis

The interview data analysis followed the steps
suggested by Creswell (2009) and Miles (2014).
The preliminary work was to organize and pre-
pare data from the written transcripts, the notes on
the printed floor plans, and the photos taken dur-
ing the experiment. Since the sample size was
relatively small, two researchers hand-coded the
interview contents independently. The research-
ers read through all the interview transcripts and
identified different themes in Excel. The
researchers double-checked the interview tran-
scripts to make sure the coded contents reflected
the interview transcripts correctly. Later, the two
researchers cross-checked the thematic data
analysis.

Results

Demographic Information of Participants

Fifteen residents participated in the study. Forty
percent (n = 6) of the participants were male, and
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Figure 4. A married couple lives on this floor plan. Note. The yellow dot lines represent the location of the LED
strip lighting system. The red dots represent the locations of participants’ usual nightlights. The floor plan requires
a turn from the bedroom to the bathroom. The Husband’s route was in green, and the wife’s route was in blue.
The floor plan is adopted from the Life Plan Retirement Community website: https://www.oakhammock.org/

retirement-community/community-floor-plans.

60% (n = 9) were female. Twenty percent (n = 3)
of the participants were aged 85 and older, and 80%
(n = 12) were between 75 and 84 years old. Thirty-
three percent (n = 5) of the participants lived alone,
and 67% (n = 10) lived with their spouses. Falls
Efficacy Scale-International (FES-I) evaluated par-
ticipants’ concerns about fall accidents in their daily
life, with internal validity (Cronbach’s o = .96) and
test—retest reliability (intraclass correlation coeffi-
cient (ICC) = 0.96; Tinetti et al., 1990; Yardley
et al., 2005). According to the FES-I questionnaire,
20% (n = 3) of the participants were categorized as
low concern about fall, 53% (n = 8) as moderate
concern about fall, and 27% (n = 4) as high concern
about fall (Table 1).

Movement Behaviors and Anxiety Analysis

The IMU sensors collected participants’ move-
ment behaviors, including gait performance, lower
limb kinematics, and trunk motion measures. The
researchers have discussed participants’ movement
behaviors under two lighting scenarios in

previously published articles (Luo, Lu, Ahrentzen,
& Hu, 2021; Luo, Lu, Grimaldi, et al., 2021). The
LED strip lighting system improved participants’
walking behavior in terms of walking time and
walking smoothness. More specifically, when
walking from bed to the bathroom in the dark,
participants showed an 11% reduction (p = .014)
in walking time (11.99 s), compared to the usual
nightlight condition (13.54s; Luo, Lu, Ahrentzen,
& Hu, 2021). And the decrease in walking time
was accompanied by a stabler walking smoothness,
as demonstrated by the increased values of
trunk log-dimensionless jerk (—15.52 vs. —15.13,
p = .002; Luo, Lu, Ahrentzen, & Hu, 2021) and
trunk maximum acceleration (3.48 m/s* vs. 3.76
m/sz, p = .022; Luo, Lu, Grimaldi, et al., 2021)
under the LED strip lighting system.

The average score of the STAI under the usual
nightlight was 22.3 (standard deviation was 3.52),
and the average score of the STAI under the LED
strip lighting system was 21 (standard deviation
was 1.96). Figure 6 displayed the boxplot of
the STAI score under two lighting scenarios.


https://www.oakhammock.org/retirement-community/community-floor-plans
https://www.oakhammock.org/retirement-community/community-floor-plans

174

Health Environments Research & Design Journal 15(4)

Figure 5. Three participants have the same floor plan
as Figure 5, and this figure demonstrates the bedroom,
closet, and bathroom of this floor plan. Note. The figure
shows one married couple’s furniture layout and their
usual nightlight’s location (in red dot). The yellow dot
line represents the location of the LED strip lighting
system. There was a stair (in blue) for the couple’s pets.
The space between the stair and the wall was narrow.
Due to the narrow space, the husband took the route
in green color, walking from the living room to the
bathroom. The wife’s route was shown in blue color.
The floor plan is adopted from the Life Plan Retirement
Community website https://www.oakhammock.org/
retirement-community/community-floor-plans.

The Wilcoxon Signed-Rank test indicated no sig-
nificant difference in anxiety between the two light-
ing scenarios.

Light usage patterns at night. The study found that
80% (n = 12) of the participants had plug-in
nightlights in their homes, and 20% (n = 3) of the
participants used either ambient lighting sources
or overhead lights instead of using the plug-in
nightlights (Table 2). Among the 12 participants
who had plug-in nightlights, they installed the
nightlights in the bathrooms, bedrooms, living
room, kitchens, or laundry (Table 2). Five parti-
cipants plugged nightlights inside the bathrooms
and left the bathroom door slightly open so that
they could see the route from bed to the bathroom
at night. Four participants installed the nightlights
in both the bedroom and bathroom. Three partici-
pants installed more than two nightlights, and the
areas included the living room, kitchen, laundry,
and near the balcony. They wanted to ensure they
could see the route if they grabbed something in
the kitchen at night. Warm white was the most
common nightlight color among the 12 partici-
pants. Participants also used amber, green, or col-
orful LED nightlights. The study also found that
six out of the 12 participants used other lighting
sources to guide them at night, including indoor
ambient lights emitted from electronic devices
and outdoor ambient lighting sources emitted
from the road lights and moonlight. Two of the
participants used overhead lights occasionally.
One participant sometimes used a keychain LED
flashlight if there was no moonlight outside.
Three participants did not use any plug-in
nightlights. One participant just moved in and
planned to install a nightlight inside the toilet to
light the route to the bathroom. He temporarily
used two Google Homes (one was near the bed,
and the other was in the bathroom) and a razor
charger light (inside the bathroom) as lighting
sources. Two participants did not plan to use
plug-in nightlights. One participant had a glass
door in front of the bedroom, with no blinds for
the glass door. The participant said the moon-
lights and road lights through the glass door can
provide enough ambient lighting for her to walk
at night. She also rarely went to the bathroom at
night. If needed, she turned on the overhead light-
ing in the bathroom with the dimmest level. The
other participant (the only one participant in the
study) preferred bright lights at night. She turned
on the reading lamp near the bedside, which
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Table |I. Demographic Information and Participants’ Floor Plans.

Demographic Information Category Frequency Percentage
Gender
Female 9 60
Male 6 40
Age
75-84 12 80
Above 84 3 20
Live arrangement
Live alone 5 33
Live with a spouse 10 67
Concerns about falls
Low 3 20
Moderate 8 53
High 4 27
Turn required from bed to bathroom
Yes 2 13
No 13 87
Windows inside the bathroom
Yes 3 20
No 12 80
Owning pets
Yes 2 13
No 13 87
32
30
28 -1
]
S 26 °
5 —_—
; 24 :
22 *
X
20
18
O Nightlight O LED strip lighting

Figure 6. A boxplot of the State-Trait Anxiety Inventory scores under two lighting conditions.

contained compact fluorescent bulbs, and the
overhead lights in the bathroom when she went
to the bathroom at night. She also carried a fall
detector pendant around her neck. The illumi-
nance level in the bathroom ranged from 65 to
100 fc with the overhead lights on.

Nightlights control strategies. The study found that
some participants used nightlights control strate-
gies. The most common lighting control strategy
included motion, photo, and the photo and motion
sensors combination. Participants said the advan-
tage of the sensor-activated lighting control
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Table 2. Participants’ Nightlights Installation Locations.

Category Frequency Percentage
Used plug-in nightlights
Yes 12 80
No 3 20
Locations of plug-in nightlights
Bathroom 5 33
Bathroom and bedroom 4 27
Bedroom, living room, kitchen | 7
Bedroom, bathroom, living room | 7
Bathroom, laundry room, dining room, kitchen, balcony I 7
No nightlights 3 20

system was to light the route from bed to bath-
room automatically if they needed to go to bath-
room at night. But participants also complained
that the over-sensitive nightlight control system
could disturb sleep; for example, the nightlights
could be turned on accidentally when they moved
on their beds.

A participant demonstrated her strategy of
avoiding direct eye contact with nightlights and
overcoming the over-sensitivity of the lighting
control system’s disturbance to her sleep quality
(Figure 7). She plugged two nightlights inside the
bathroom, one was on the top of the toilet, and the
other was above the sink (see the red dots in Fig-
ure 7). She could not see the nightlights when she
lay on the bed. When she got up and walked
toward the bathroom, the nightlight on top of the
toilet could detect her movement and turn on auto-
matically. She could see the route from her bed to
the bathroom with the ambient light from outside.
The other nightlight above the sink was on auto-
matically when the ambient lighting level was low,
providing some lights when she washed her hands.

Participants’ evaluation of the LED strip lighting
system. Participants’ impressions on the LED strip
lighting system included positive, mixed feelings,
and negative (Table 3). The degree of satisfaction
was closely related to their floor plans.

Three participants were satisfied with the LED
strip lighting system and agreed that the LED
strip lighting outlined the bathroom’s doorframe
very well. All the three participants’ floor plans
had a closet area between the bedroom and the
bathroom, and the bifold doors of the closet area

Figure 7. This figure shows the bedroom and the
bathroom of the participant’s floor plan. Note. The
green lines represent the participant’s route from the
bed to the bathroom. The yellow dot lines represent
the location of the LED strip lighting system. The red
dots represent the locations of the participant’s usual
nightlights. The floor plan is adopted from the Life Plan
Retirement Community website (https://www.
oakhammock.org/retirement-community/community-
floor-plans).

made the LED strip lighting system an indirect
lighting source. The participants’ floor plans were
very similar to Figure 3.

Nine participants had mixed feelings about the
LED strip lighting system. The positive side was
that the LED strip lighting system helped them
see the bathrooms’ doorframes better at night.
However, all were concerned that the brightness


https://www.oakhammock.org/retirement-community/community-floor-plans
https://www.oakhammock.org/retirement-community/community-floor-plans
https://www.oakhammock.org/retirement-community/community-floor-plans

Lu et al.

177

Table 3. Participants’ Impressions of the LED Strip Lighting System.

Number of
Participants ~ Comments
Positive evaluation 3 The LED strip lighting outlined the doorframe very well.
Mixed evaluation 9 The LED strip lighting system can be useful if the LED strip lighting system
would not disrupt their sleep quality.
Negative I The LED strip lighting was too dim; the participant preferred bright
evaluation overhead lights to the LED strip lighting system.
Not applicable 2 Participants took different routes to the bathrooms. They could not see the

LED strip lighting system when they went to the bathrooms.

of the LED strip lighting could disturb their sleep
quality, especially without the motion-activated
lighting control system or the inadequate function
of the motion-activated sensors.

The positive side was that the LED strip
lighting system helped them see the
bathrooms’ doorframes better at night.
However, all were concerned that the
brightness of the LED strip lighting could
disturb their sleep quality, especially
without the motion-activated lighting
control system or the inadequate function
of the motion-activated sensors.

These participants had similar floor plans’
characteristics as Figure 7. The distances from
the LED strip lighting system to their bedsides
were relatively short. Or some participants placed
the bed position as Figure 5. There was no wall or
doors to block the LED lighting system partially.
Thus, their eyes could see the LED strip lighting
system directly when they lay on their beds. Some
participants also mentioned ambient outdoor
lighting transmitted through their windows inside
their bedroom or bathroom. The ambient lighting
sources were sufficient for them to navigate in the
dark. In addition, the mixed feeling to the LED
strip lighting system is also relevant to whether
participants had already installed nightlights at
home. The participants thought that either the
LED strip lighting system was similar to theirs
or their nightlights worked better.

Only one participant had negative comments
about the LED strip lighting system, and she pre-
ferred her bright overhead light and reading lamp

to the LED strip lighting system. The one parti-
cipant as mentioned earlier (Please refer to the
subsection of Light Usage Patterns at Night)
liked bright light at night and commented that the
LED strip lighting system was too dim for her.
That is possibly related to her high concern about
fall accidents and her vision impairment.

Two participants commented that the LED
strip lighting system did not apply to them. One
participant managed to make minimum inferences
to his spouse’s sleep when they went to the bath-
room at night by taking the route through the liv-
ing room to the guest room bathroom (see green
lines in Figure 4). This participant used the com-
bination of his nightlights inside the bedroom and
the overhead lights inside the living room. The
other participant detoured the living room to the
bathroom due to the narrow space between the pet
stair and the wall (see green lines in Figure 5).

Recommendations for redesign. Participants gave
recommendations to improve the design of the LED
lighting system, which included providing lighting
sources inside the bathrooms, reducing the length of
the LED strip lighting, changing the LED strip
lighting color to amber color, and adding an effec-
tive motion-activated nightlight control system.

... providing lighting sources inside the
bathrooms, reducing the length of the
LED strip lighting, changing the LED
strip lighting color to amber color, and
adding an effective motion-activated
nightlight control system.

In the walking trials, the LED lighting system
was attached to one side of the bathroom door.
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Four participants suggested that providing light-
ing sources inside their bathrooms would be help-
ful for them to navigate safely at night. There
were no windows inside the bathroom in the floor
plans, and their bathrooms were completely dark;
they could not see the route from the bathroom to
the bed. They suggested it would be helpful to
install the LED strip lighting on both sides of the
bathroom’s doorframe. Two participants were
also concerned that their eyes sensitivity would
decrease as they aged and suggested adding light-
ing sources inside the bathroom to provide visual
guidance.

One participant did not think the whole length
of the LED lighting was necessary since she only
needed a small amount of lighting to help her see
the direction of the bathroom. She suggested
attaching a small length of LED strip lighting
on her bathroom’s doorknob.

Two participants had pilot experiences and
suggested using red (or amber) color lighting to
help people adapt to the dark environment better.
They explained that white color lighting could
bleach out the chemical of the eyes and make the
eyes less sensitive to dark adaptation.

Observations of Participants’ Movement
Behaviors

The study observed participants’ behaviors while
walking in the simulated dark environment. The
study found that the layout of the furniture, the
nightlight control systems, whether the bath-
room’s door is kept slightly open, and owning
pets at home can change participants’ movement
behaviors.

Participants walked slower or stopped for a
few seconds when they encountered a piece of
furniture in the dark. The furniture included the
bed, cabinet, dresser, and bookshelf. Some parti-
cipants reached out to a piece of furniture for
support, such as the vertical column of the four-
poster bed. It was possible that reaching out to the
furniture can increase a sense of safety in the
dark, particularly while navigating along a nar-
row pathway. As mentioned earlier, some parti-
cipants kept the bathroom door slightly open to
see the route from the bed to the bathroom. How-
ever, some participants kept the bathroom door

closed so that they stopped for a few seconds to
find the doorknob to open the bathroom doors.
Although participants mentioned that over-
sensitive of the nightlight control system dis-
turbed their sleep at night, one participant said
she had to wait for the nightlight to turn on before
walking because her nightlight motion detector
delayed a few seconds. Her waiting for the night-
lights to turn on was also observed in the study.
The study also found that owning pets affected
older adults’ movement behaviors. The other
married couple had pets at home, and they placed
a stair near their bed so that the pets could climb
to the bed easily (Figure 5). However, the space
between the stairs for the pets and the walls was
too narrow to walk at night. The husband was
aware of the safety issues, and he took another
route to the bathroom, walking from the living
room to the bathroom with a staff (Figure 5).

Discussion

The field experiment provides a strong ecological
validity (Andrade, 2018) by examining older
adults’ movement behaviors and anxiety states
in their real residential settings. The field experi-
ment combined objective measurements of older
adults’ gait characteristics, subjective measure-
ments of their anxiety states while walking in the
dark, and an in-depth interview to understand
older adults’ nightlight usage habits and their
acceptance to the LED strip lighting intervention.
The combination of the research methods, includ-
ing the qualitative and quantitative analysis,
helped the researchers to have an expanded
understanding of older adults’ nightlight usage
and their acceptance of the LED strip lighting
(Creswell, 2009).

One innovation was to use wearable sensors to
measure older adults’ gait characteristics in their
residential settings, compared to the existing lit-
erature (Figueiro et al., 2012; Figueiro et al.,
2011; Tholking et al., 2020). With the minimum
interruptions to older adults’ everyday routines,
the wearable sensors can reflect older adults’ gait
performance in a dark environment.

Previous lab studies (Figueiro et al., 2012;
Figueiro et al., 2011) indicated that LED strip
lighting was beneficial in a uniform floor plan.
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The real-world field experiment brings new
insights by examining the LED strip lighting’s
effects on older adults’ movement behaviors
under different floor plans. The 11 types of floor
plans in the field study almost represented all the
types of bedroom and bathroom layouts in the
independent living facility. The study was able
to receive different feedback from the older
adults due to the different bedroom-to-bathroom
layouts. For example, the LED strip lighting was
able to provide indirect ambient lighting for cer-
tain bedroom-to-bathroom layout (Figure 3),
where a closet exists between the bedroom and
bathroom, and the LED strip lighting received
positive evaluations. However, the LED strip
lighting can disrupt older adults’ sleep quality if
the LED strip lighting was installed on certain
bedroom-to-bathroom layout (Figure 7), where
the distance from the bedroom to the bathroom
is very short. Such new insights might not be
discovered if we tested the LED strip lighting in
a uniform lab environment.

Although the field experiment cannot control
all the factors as a lab-setting experiment, the
combination of the interview and gait perfor-
mance results can help explore the LED strip
lighting effects on older adults’ movement beha-
viors in the dark (Creswell, 2009). The gait char-
acteristics analysis indicated that older adults
spent 11% reduction in the walking time and
demonstrated a stabler walking pattern in the
LED strip lighting system compared to their usual
nightlights conditions (Luo, Lu, Ahrentzen, &
Hu, 2021; Luo, Lu, Grimaldi, et al., 2021). But
the interview results indicated that the design of
the LED strip lighting system could be improved.
For example, some participants already had spent
extra effort to compare nightlight installation
locations by themselves. Thus, they knew better
nightlight installation locations to help them see
at night while the nightlights won’t disturb their
sleep. The study finds out that visual health con-
dition affects the acceptance of the LED strip
lighting in the interview. For example, one resi-
dent with several eye diseases is concerned about
fall accidents and preferred bright overhead lights
to the LED strip lighting. The combination of the
interview and the objective gait characteristic
measurements suggested the lab-setting effective

LED strip lighting system should be redesigned to
satisfy older adults’ needs in their home settings.

There are multiple limitations that need to be
pointed out. The current study did not find the
statistical difference of the anxiety states between
the two lighting scenarios, but Tholking and col-
leagues’ study (Tholking et al., 2020) indicated
that nightlights were beneficial to lower partici-
pants’ fear of falls and improving sleep quality,
with an average time of 118 days installing the
Gight™. One of the possible explanations is that
having the same STAI test in a short time might
not reflect older adults’ true anxiety levels while
walking in the dark environment. Using the same
testing (STAI questionnaire) in a short time dur-
ing the experimental procedure can be an internal
validity threat to the experiment (Campbell et al.,
1963; Creswell, 2009). Another possible explana-
tion for the no statistical difference in the anxiety
states (STAI) between the two lighting scenarios
was that the participants were not sleepy during
the study. The study wanted to make minimum
inferences on their daily lives, like avoiding col-
lecting movement data during participants’ sleep
time. Thus, the STAI might not reflect partici-
pants’ actual anxiety when they got up and
walked to the bathroom at nighttime although the
movement analysis indicated that the LED strip
lighting system was helpful to their smooth
movement.

The small sample size was another limitation.
Since the study was conducted at home, people
can be hesitant to participate due to privacy con-
cerns. After conducting several experiments in
different residents’ homes, more residents are
willing to participate. However, the COVID-19
affected the whole research community nega-
tively in early 2020 (Subramanya et al., 2020).
Our study was also severely interrupted by the
COVID-19. The reported samples were collected
just before the pandemic outbreak, and due to the
nature of our experimental protocol and the
vulnerability of the targeted population, we did
not continue the data collection.

The field experiment provided insights to
future research directions. The current study
recruited participants were from the independent
living facility of the Life Plan Retirement Com-
munity, which indicated they were in a relatively
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healthy status. It would be beneficial to conduct a
study in the future with different sample charac-
teristics, such as participants in different geogra-
phical areas, with different visual capacities. The
research findings from a diversified sample char-
acteristics can be generalized to a broader aging
population.

Conclusions

Although the LED strip lighting system in the lab
setting indicates that visual cues can help older
adults walk safely in the dark, details of the pla-
cement of the nightlights should be addressed
when applying the LED strip lighting system in
home settings.

The field study found that factors such as the
layout of the furniture, floor plan, living arrange-
ment, visual capabilities, owning pets, ambient
lighting sources, concerns about falls, concerns
about sleep quality, lighting control system, and
whether owning nightlights previously can deter-
mine the older adults’ acceptance of the LED
strip lighting system. The layout of the floor plan
and the distance from the bedside to the bathroom
can be the most prominent factors to explain the
differences.

The field study found that factors such as
the layout of the furniture, floor plan,
living arrangement, visual capabilities,
owning pets, ambient lighting sources,
concerns about falls, concerns about sleep
quality, lighting control system, and
whether owning nightlights previously can
determine the older adults’ acceptance of
the LED strip lighting system. The layout
of the floor plan and the distance from the
bedside to the bathroom can be the most
prominent factors to explain the
differences.

The study also found that designers should
emphasize the nightlights control system. The
nightlight control system can be crucial to older
adults’ sleep quality and safe movement during
the night. Participants kept mentioning that the
motion detectors should work adequately.

Oversensitive motion-activated sensors can turn
on the nightlights accidentally while older adults
toss on the beds, which disrupts sleep quality. In
contrast, the motion-activated sensors’ delay in
turning on nightlights can make participants
hesitant to walk before the nightlight is on. Thus,
the lighting control system can be an essential
design factor when installing nightlights for
older adults.

The Illuminating Engineering Society (2020)
provides general nightlight guidelines for older
adults and people with visual impairments,
including the height of the nightlight locations
and the color of the nightlights. However, they
might also need to add other factors in the future
recommendations, such as combining with the
existing floor plans and furniture layouts of the
older adults, ambient lighting whether sufficient
for aging eyes.

Implications for Practice

e Providing appropriate visual cues at night
was beneficial to older adults’ safe
movement.

e Although the destination-based LED strip
lighting system was helpful in fall preven-
tion in the lab setting, designers should con-
sider older adults’ lifestyles, floor plans,
furniture layout, ambient lighting sources,
and sleep quality before placing the LED
strip lighting system in the actual home
setting.

e The interview reveals that some older adults
did research about the nightlights, and they
were concerned about the effectiveness of
the nightlight control strategy.
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