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Abstract. Chronic stress puts individuals at an increasing risk of numerous
health problems. In this study, we present an ambient lighting interface of a
biofeedback system that helps users to self-regulate their breathing pattern in a
home environment. To evaluate the usability and functionality of the ambient
lighting interface, an experiment was conducted with 12 participants. The
results suggest that users would be able to use ambient lighting biofeedback to
regulate their breathing with the purpose of improving heart rate variability.
Moreover, the lighting interface designed in the study is more acceptable than a
traditional graphic interface for home use. We discuss these results as well as
design implications for the interface of future biofeedback systems.
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Introduction

Chronic stress has a number of negative effects on individual health and well-being.
Without relief between stresses in everyday life, such stress would increase the risk of
diseases such as depression, heart attacks and even cancer [1]. Biofeedback
techniques have demonstrated efficacy in coping with stress [2]. Heart rate variability
(HRV), the variation between heart-beat intervals, represents one of the most
promising markers of the autonomic nervous system (ANS). Due to the chronic stress,
the autonomic nervous system tends to be thrown out of balance. Heart rate variability
(HRV) biofeedback is a powerful tool for coping with chronic stress. During HRV
biofeedback training, individuals will be able to restore overall autonomic balance by
following the feedback information and using breathing and relaxation techniques[3].
Pervasive healthcare enables individuals to increase awareness about their health
condition through bio-sensing. By integrating computer interfaces into the real
environment, a user can obtain health information from the surrounding environment
and interact with it. The combination of decorative and informative aspects makes
intelligent lighting both pleasant and helpful for users. Based on this hypothesis, we
believe that ambient lighting could be a ubiquitous interface in biofeedback systems. In
clinical settings, most of biofeedback systems utilize numeric or graphic interfaces as
shown in figure 1(b), which may not apply to the average people for home use.
Therefore, in this study, we designed a HRV biofeedback system which integrates
ambient lighting, assisting users in regulating breathing patterns for stress reduction at
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home. In our system, heart-beat data are recorded by a pulse sensor in a bio-sensing unit
and transmitted to a data processing unit; then, heart rate variability value is calculated
and fed back to users through the changes of ambient light. The feasibility of ambient
lighting interface in presenting biofeedback information was evaluated in an experiment
with 12 participants. Based on the results, we discuss our findings for the design of
future biofeedback system interfaces in the context of pervasive healthcare.

2

System Design

In this study, we designed an ambient lighting interface for a HRV biofeedback
system of home use. Users do not have to sit in front of a computer and stare at the
screen, but they can perform biofeedback training in the living room, the bedroom or
even the bathroom. The intensity and color of light are selected to represent two
variables of heart-beats: beat-to-beat intervals and real-time heart rate variability, as
shown in Figure 1(a). Light intensity is controlled directly by beat-to-beat intervals
while light color is controlled by heart rate variability in real-time.

Fig. 1. (a). Ambient lighting responses to HRV (b). Traditional graphic interface

In HRV biofeedback training, the individual can learn to consciously influence the
HRV with changing ambient lighting. Firstly, beat-to-beat intervals guide users to
adjust their breath to fit in their resonant breathing frequency for example; secondly,
actual HRV value would make users be aware of the training effects, which helps to
enhance their confidence in a training process. With the user’s breathing becoming
slow and deep, the beat-beat intervals change in an approximate sinusoidal pattern,
and accordingly, the light changes from dark to bright and back to the dark
periodically. Depending on the improvement of HRV, the light color changes from
warm tone (orange) to calming tone (blue), indicating the degree of users’ training
effects. The system consists of three parts: a bio-sensing unit, a data processing unit,
and a “Hue” intelligent light (Phillips, the Netherlands). The heart beat data is
measured by a PPG sensor placed on the left index finger. In the signal acquisition
unit, the beat-to-beat interval data is calculated and transmitted to the PC’s data
processing program through a USB serial port. The Hue's intensity and color is
controlled by the beat-to-beat interval and heart rate variability via a Wi-Fi wireless
connection.
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Experiment

12 volunteers employed in research positions in Eindhoven University of Technology
were involved in the experiment. Subjects’ physiological data (pulse and respiration)
were collected by a bio-signal acquisition device designed at TU/e and a set of the
ANT system (ANT, the Netherlands) respectively. All participants complete two
biofeedback tests: one with a traditional graphic interface and the other one with the
lighting interface, see figure 1(c). Before the experiment, the instructions were given
to all participants. In the graphic biofeedback test, the instructions were: “the
waveform represents beat-to-beat intervals, which is related to your breathing. Try to
make the waveform in a smooth sinusoidal form by adjusting your breath sloweddown and deeper.” In the lighting biofeedback test, the instructions were: “the
intensity of light represents beat-to-beat intervals, which is related to your breathing.
Try to make the light change from dark to bright and then to dark periodically by
regulating your breath. You breathe more slowly and deeply, the changes of light
become more smooth and regular. The colors of light indicate the heart rate
variability, when it turns from orange into blue, which means your heart rate
variability is being improved."
After finishing the tutorial, we fitted participants with bio-sensors and instructed
them to relax for 10 minutes with eyes closed. This pre-test resting period is intended to
normalize users’ average HRV value and breathing pattern in resting state. Next,
participants performed two biofeedback tests in a random order and they were given a
10-minute break between each test to answer a questionnaire and relax. During the tests,
pulse signal was recorded throughout this period. The participants’ perceptions were
collected using a questionnaire survey. The questionnaire consisted of 21 questions,
which were partly adopted from Lund’s USE Questionnaire [4]. One-way ANOVA was
then used to analyze whether there were any significant differences in HRV and
participant’s perceptions between the lighting interface and the graphic interface.

4

Results and Discussion

There were twelve participants in this study; however two participants, who did not
finish the biofeedback tests, were eliminated. The final effective sample size was thus
ten, with five males and five females. In Table 1, the result of questionnaire survey
showed that there was no significant difference on user evaluation between ambient
lighting and graphic interfaces. In the satisfaction dimension, the feedback of lighting
biofeedback test (M=0.53) was positive compared to graphic test (M=0.03). We
received more detailed feedback from the open-ended questions. Specifically, more
than 80% participants were interested in ambient lighting interface and emphasized
that the ambient lighting was very convenient due to fewer restrictions on place of
use. Moreover, they found ambient lighting made them feel more comfortable and
relaxed during the training. The improvement of HRV throughout graphic and
lighting biofeedback tests was calculated as shown in Table 2. Compared to the value
before the tests, the average HRV were improved in both tests. The improvement was
significant in the graphic test (M= 37%, F=9.11, p < 0.05). In the lighting test,
average HRV was also improved by 30%. There was no significant difference on
improvement of HRV between the lighting and graphic biofeedback tests.
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Table 1. Mean scores of participant’s perceptions between graphic and lighting interface
Lighting interface
( n=10 )

ANOVA

Dimensions

Graphic interface
( n=10 )
M

SD

M

SD

F

P

Ease of use

0.85

1.08

0.74

0.87

0.07

0.797

Ease of learning

1.34

1.00

1.11

0.76

0.39

0.540

Satisfaction

0.03

1.24

0.53

0.92

1.05

0.319

Table 2. The improvement of heart rate variability in the graphic and lighting biofeedback tests

HRV
Improvement
(%)

Graphic interface
( n=10 )

Lighting interface
( n=10 )

ANOVA

M

SD

M

SD

F

P

37*

0.39

30

0.52

0.14

0.72

* p<0.05 HRV improvement: Graphic bio-test vs. Pre-test

Based on these results, we think that ambient lighting interfaces could be a new
ubiquitous interface of biofeedback system. In future work, we are interested in
involving audio or haptic interface in biofeedback system, which enable users to
perform training sessions with eyes closed. In our view, the timeliness, accuracy and
stability of feedback interface is crucial to provide a pleasant user experience during
biofeedback training. We will reconsider the mapping from physiological information
and the properties of ambient lighting, making it clearer and easier to learn.
Combining these results with qualitative feedback from participants, we concluded
that ambient lighting holds a promise for becoming a good interface to present
biofeedback information to users in home settings; specifically for the purpose of
relaxation, ambient lighting also has a great potential in setting the ambiance.

References
1. Chandola, T., Brunner, E., Marmot, M.: Chronic stress at work and the metabolic syndrome:
Prospective study. BMJ 332(7540), 521–525 (2006)
2. McCraty, R., Tomasino, D.: Heart rhythm coherence feedback: A new tool for stress
reduction, rehabilitation, and performance enhancement. In: The First Baltic Forum on
Neuronal Regulation and Biofeedback, pp. 2–4 (2014)
3. Lehrer, P.M., Vaschillo, E., Vaschillo, B.: Resonant frequency biofeedback training to
increase cardiac variability: Rationale and manual for training. Applied Psychophysiology
and Biofeedback 25(3), 177–191 (2000)
4. Lund, A.M.: Measuring usability with the USE questionnaire. Usability Interface 8(2), 3–6
(2001)

