
  

 

Abstract—During two studies the influence of technologies on 

sleep were analyzed.  The first one is about the effect of light on 

the circadian rhythm and as a consequence on sleep quality of 

persons in a vegetative state. The second one, which is still 

running, surveys the influence of several technologies on the 

sleep of elderly people living in a nursing home.  

 

I. INTRODUCTION 

Sleep is essential for our health. Healthy sleep decreases 
the probability of diseases like cancer, diabetes type 2 or 
heart attacks [1, ch.8]. Sleep follows the individual circadian 
rhythm, which is normally fixed like a program in the brain. 
Many parameters are controlled by the circadian rhythm, e.g. 
body temperature or the production of the hormone 
melatonin, which is also called the “sleep hormone” and is 
mainly produced during nighttime (Fig. 1). Environmental 
factors like the time spent in daylight, which has usually a 
higher brightness than artificial light, are essential for the 
high production of melatonin at night. Although the circadian 
rhythm is fixed for any individual, it can be supported by 
light, which has varying brightness and light colors as they 
appear in nature. Other factors may disorganize the circadian 
rhythm. During lifetime, the level of melatonin production 
decreases and for critically ill persons the melatonin 
production is disturbed. Both lead to a disturbed sleep with 
less deep sleep phases and in succession to a disturbed 
circadian rhythm. [1, ch.5; 2; 3] 

Figure 1: The cycle of melatonin Source: [1, p. 24] 
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II. INFLUENCE OF LIGHT ON PATIENTS WITH IMPAIRED 

CONSCIOUSNESS 

There are several states between the dimensions 

wakefulness and consciousness (Fig. 2). Persons in a 

vegetative state are awake with open eyes but do not have 

consciousness. Their movements are sometimes directed 

toward auditive or visual stimuli and sometimes they are 

uncontrolled. It seems that persons in a vegetative state sleep 

with closed eyes. Berkinschtein et al. [5] showed that it is 

possible to identify a weak circadian rhythm by actigraphy. 

 
Figure 2: Simplified illustration of the two major components of 

consciousness and the way they correlate within the different physiological, 
pharmacological and pathological modulations of consciousness. Source: [4] 

 

 
 

During two single-case studies the activities of two 

patients were measured to record the circadian rhythm and 

the phases of sleep. Instead of the measurement at the wrist, 

as described in [5], a three-parted, pressure-sensitive mat 

was used, which allows do differ the movements of legs, 

body and head. Therefore, it was also possible to detect 

interventions like mobilization. 

One of the patients was in a vegetative state; the other 

had phases of conscious wakefulness but left the bed only 

for two hours in the morning and in the afternoon to stay in a 

wheelchair. As the patients are mainly exposed to artificial 

light, which is insufficient to support the circadian rhythm, 

and it is known, that the effect of light is a significant factor 

to maintain the circadian rhythm [6], a light system has been 

used to intervene. This light system allows the simulation of 

natural light and considers the seasons.  
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There was nearly no rhythm for the patient in a 

vegetative state at the beginning of the intervention by light 

(Fig. 3, upper line chart). With the influence of dynamic 

light the daily routine is more structured and the dormancy 

was less dissected (Fig. 3, second line chart, white areas). 

You can see the mobilization times for the second patient in 

Fig. 3, third line chart, which structured the daily routine. 

Even lying in bed, the dormancy was restricted to eight 

hours. The dormancy increased with the light control (Fig. 3, 

lower line chart, white areas). 

As a conclusion, it could be shown that the circadian rhythm 

of persons with impaired consciousness can be strengthened 

by intervention with light.   

 
Figure 3: Activity protocol of the patients 

 

III. TECHNICAL SUPPORT FOR ELDERLY PERSONS IN A 

NURSING HOME ENVIRONMENT 

Although elderly people need as much sleep as younger 

ones, sleep quality decreases in middle and old age. 

Especially the phases of deep sleep are shorter [1, ch.5]. 

Together with a nursing home as partner, the quality of sleep 

of the residents and the possibilities to improve the sleep by 

technologies were researched. To get an idea of the sleep 

circumstances and the subjective rating of the individual 

sleep, the residents were interviewed in a focus group 

discussion. Most of them do not think they have reduced 

sleep quality, which coincide with the findings in [1, ch.5]. 

Nevertheless, most of the participants have a fragmented 

sleep, most because of urge to urinate. Some of them have 

difficulties to fall asleep because of rumination, which may 

be based on unconscious anxieties. Other problems are 

unpleasant odors from the environment and noise pollution. 

Most of the residents take sleeping pills. Most persons are 

restricted in their mobility, which leads to few stay outside at 

daylight. A dim light at night was perceived as calming and 

important for orientation, when getting up.  

Based on the findings of the focus group discussion, 

technical solutions were defined.  

A central aspect is the effect of light, as it is a main 

trigger for the melatonin production. Daylight impulses are 

important for the melatonin production; however, a bright, 

cold white light at night stops it. Such kind of disturbance 

happens, when the caregivers in night shift look after the 

persons and have to turn on the light or when the person 

goes to the bathroom. A light system similar to the one 

described in chapter II can create a light scene, which 

simulates the natural light. It has a dim, warm colored light 

in the morning and in the evening, as well as a bright, cold 

white light at noon. Color and brightness change during 

daytime, like shown in Fig. 4. Therefore, the light supports a 

smooth waking up and creates a relaxing scene in the 

evening. The light should be nonglare. Additionally the light 

system should provide a dim, warm white light for 

orientation at night.  

 
Figure 4: Light color and intensity over the day 

 
 

To interrupt the rumination, sound therapy in form of 

calming noises or white noise can be used. With sound, one 

can create a relaxing atmosphere either with smooth music, 

like classical music, or sounds from nature like e.g. the 

sound of ocean waves. Such kind of music or sound is able 

to distract from thoughts and helps to fall asleep. [7] 

Overlaying the sounds with ultrasound, which is not audible, 

may intensify the effect, which is discussed in [9; 10; 11]. 

Applying white noise has the effect of calming and 

distracting from thoughts as well [8]. 

Additionally, white noise also helps against noise 

pollution by masking environmental noise, which happens 

by adding an unstructured noise. The environmental noise 

and the white noise together generates an unstructured 

sound, which can be filtered by brain. Another possibility to 

reduce the disturbance by noise pollution is to apply active 

noise cancelling (ANC). An ANC machine records the noise 

of the environment and analyses it. A so-called anti-noise, 

which is a destructive inference, is used to suppress the noise 

[12]. 



  

For improvement of the air quality the application of 

fragrance dispensers or air purifiers are possible. Fragrance 

dispensers just apply another scent to the sleeping room. To 

choose the appropriate scent, individual preferences should 

be respected as well as a relaxing effect of the scent. 

Although the effects of scents are discussed controversially, 

some researches found that fragrances could be used for 

relaxing and activating [13]. Air purifiers, however, filter out 

particles in the air, which deteriorate the quality of air. For 

this use, there are different devices with different 

technologies, e.g. HEPA (high efficiency particulate air) 

filters or photocatalytic oxidation. 

Based on these perceptions four patient’s rooms have 

been equipped with technical features as follows: circadian 

light system in form of a free-standing luminaire (two 

rooms), sound therapy either integrated in a pillow providing 

classic music (one room) or a sound system providing 

relaxing or activating sounds (two rooms), dim warm white 

light as night light (one room) and fragrance dispenser, 

which are able to spray relaxing or activating fragrances 

(two rooms). The free-standing luminaire, the sound system 

with activating and relaxing noises and the fragrance 

dispenser can also be used during daytime, if necessary, to 

activate or calm the persons like described in [11]. The 

activating or relaxing atmospheres are then triggered by the 

nursing staff. For recording the activities and sleep phases, 

an actigraph is used, which the persons wear at their wrist. 

The actigraph measures activity, wrist temperature and light 

exposure, and the according software allows many 

interpretations of the recorded data as main and secondary 

sleep phases, rest phases, sleep interruptions and activities. 

Additionally, the testpersons fill out the PSQI questionnaire 

(Pittsburgh sleep quality index). 

Three of the four persons are still participating the study, 

whereas one person, in whose room the system of light, 

fragrance dispenser and sound therapy was installed, quit the 

study. Two of the remaining persons did not wear the 

actigraph consequently, so the data could not be used for 

analysis until now, but there should be some results in future 

as the study is still ongoing.  

The last person wore the actigraph over the time of more 

than four months; there was a monitoring for two and a half 

month (75 days) without and nearly two months (56 days) 

with the influence of the technology. The technology used in 

the room was the system consisting of light, fragrance 

dispensers and sound system. The person has dementia and 

unconscious anxieties, which are expressed in loud shouting 

when the person is alone, also at night. Therefore, the 

caregivers use the system for calming and the noises may 

support the feeling of not being alone.  

The analysis of the actigraph data was separated in two 

periods, one without and one with influence of the 

technology. The data was filtered by the total sleep length, 

which should be more than 90 minutes, even the sleep may 

have interruptions less than 40 minutes, and by bed time, 

which should be between 6:00 in the evening and 6:00 in the 

morning. In Fig. 5 the data for total sleep time and the count 

of awakes is shown as lines. The dotted lines are the 

according linear trend lines. There is a high variability for 

both parameters and for both periods. The trend for the total 

sleep time seems to stay nearly constant, however the trend 

line of the count of awakes decreases after the intervention 

by the technology even the variability stays high. The 

standard deviation of the total sleep time decreases from 

241.8 to 190.7. The standard deviation of the count of 

awakes is almost constant 1.3 in period 1 and 1.34 in period 

2. This means that the total sleep time stays almost constant 

but the very short and very long sleep periods are less. As a 

trend the count of awakes decreases but the variability stays. 

 
Figure 5: Total Sleep Time (light grey) and count of awakes (dark grey) 
without (period 1, 75 days) and with (period 2, 56 days) the influence of 

technology 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Further interesting parameters are the continuous time 

spans of sleep, which can be calculated by  

 Total sleep time/(#awakes + 1) 

and the wake time after sleep onset (WASO), which is 

provided by the software of the actigraph. In figure 6 these 

parameters are presented for both periods, continuous time 

span of sleep as line in light grey and WASO in dark grey, 

with the according linear trend lines. The variability for 

these factors is high for both periods and the trend line is 

almost constant for period one, but decreases for WASO and 

increases for the continuous time span of sleep in period 2. 

The standard deviation for WASO increases slightly from 

8.3 in period 1 to 9.2 in period 2. The standard deviation of 

the continuous time span of sleep decreases from 126.1 to 

98.7. It can be concluded, that after implementing the 

technologies, the parameters “continuous time span of sleep” 

and WASO improved, which are important factors for 

measuring quality of sleep.  



  

Figure 6: Continuous time span of sleep (light grey) and WASO (dark grey) 
without (period 1, 75 days) and with (period 2, 56 days) the influence of 

technology 

 

 

 

 

 

 

 

 

                                                    

 

 

 

 

IV. CONCLUSION 

Light, which simulates daylight in brightness and light 

color, is an appropriate instrument to structure the daily 

routine and to improve sleep quality. This effect occurs also 

for persons in a vegetative state, which could be shown. This 

insight has an impact on life quality for the patients and 

relieves the nursing staff in hospitals. 

Most elderly people do not perceive the decrease of sleep 

quality. It is important to empathize with them to find the 

sleep disturbing factors. Main aspects are sleep interruptions 

because of the urge to urinate and rumination. Several 

technological solutions could be defined to increase sleep 

quality, like technologies, which can interrupt ruminations, 

improve air quality and reduce noise pollution. Healthy sleep 

extends lifetime, improves life quality and relieves the 

caregivers in nursing homes. 

In single case studies, which are not yet finished, four 

rooms are equipped with different technologies. At the 

moment only one data set of the actigraphs could be used for 

the analyses. This analysis shows, that after intervention, the 

count of awakes decreased as well as the WASO time. At 

the same time, the continuous time span of sleep increased. 

As these are important parameters for quality of sleep, this 

can be a considerable result for improving sleep quality by 

the use of technologies. The study will be continued. 
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