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Diode) lighting is receiving much attention, because it is more efficient, digitally controllable, and 
much smaller than earlier types of light source (Hoonhout, Jumpertz, & Mason, 2011).  

Thanks to the advent of LED, lighting does not only function to illuminate, but also to transfer 
information, enhance visual aesthetics, and induce emotions in human-product interaction (Figure 1) 
(Jun et al., 2014; Jun, 2015). For example, landscape lighting has been used to decorate the outdoor 
and to create better sceneries. Traffic signals have used lighting to deliver information at night. The 
LED indicator of battery charge can show how much the battery is charged with the color of the 
indicator.  

Figure 1 The visibility and three sub-functions of lighting in the human-lighting interaction 

The visualization of information is a useful way to deliver information to people, and lighting also can 
be used to visualize information. The method for processing information in the eye is much more 
easy and effective than other senses (Smiciklas, 2012). With extending the method of delivering 
visual information such as paper, video, and computer screen, human has been able to extend the 
depth of our knowledge and experience (Tufte & Weise Moeller, 1997). The traffic signal is a typical 
product that uses visualized information using lighting. Especially, visualized information using 
lighting has increased better effectiveness in the dark night. After developing small light of LED, 
indicators in electronic appliance have started to use lighting in product. The representative product 
is the classic IBM system in 1964 (Schubert et al., 2005). Transmission of visual information by 
lighting is more effective immediately with understanding the information (Jun & Kim, 2014; Jun, 
2015). The method of information transfer using lighting is expected to increase with the expansion 
of electronic goods and the development of LED lighting. Moreover, LED lighting can be easily 
controlled according to situations because of the function of LED digital control. Therefore, the 
lighting would be able to deliver a variety of information by utilizing the function to control lighting 
factors. With LED lighting the interaction between human and product in information transfer can be 
richer than the traditional ways of information transfer. Nevertheless, most studies have focused on 
the development of artificial light source only or the enhancement of aesthetics and emotion. Also, 
only a few factors such as turning on or off lighting and color change have been mostly used in 
present products with LED. Therefore, the study aimed to understand the interaction between 
lighting variables and information transfer, and then explore what possibilities could exist in 
information transfer with LED lighting. With a better understanding of the interaction, it can help 
designers increase utilization of lighting in product, improve usability of product, and furthermore 
create new interactive products with lighting in terms of information transfer. 
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information as nine categories: person, establishment & organization, offering, event, environmental 
condition, trivia & pop culture, finding, availability, and guidance. In human-product interaction 
there are three important elements: person, product and environment (Rooden, 2001; Van Kuijk, 
2010). Therefore, according to the concept of human-product interaction study with three 
components, information is classified as three categories: personal information, product 
information, and environmental information (Figure 3). Personal information includes information 
that is inherent to the person such as name, birthday, phone number, height, blood sugar, and so 
on. Product information refers to what is notified about the state of the product. It includes state of 
operation, size, price, battery storage, time, and so on. Environmental information includes weather, 
geography, traffic and so on. Environment information is closely related to human life. Human can 
get environmental information directly by human senses, and this information is delivered through 
some products such as phone, television, and so on as well. 

 
Figure 3 Three types of information in human-product interaction 

2 Methodology 
2.1 Experiment Design 
2.1.1 Determining the level of lighting variables 
Previously, six lighting variables were identified: intensity, color, area, movement, texture, and 
distribution. The level of each parameter was also determined according to three scales: weak, 
moderate, and strong. Exceptionally, there were four levels for color: red, green, and blue as three 
primary colors and white color that are typical for LED. And there were also two types of 
distribution: direct and indirect (Table 1). 

Table 1 Control levels of each lighting variable 

Variables 
Control Level 

1 2 3 4 

Intensity Moderate Strong Weak - 

Color White Red Green Blue 

Area Moderate Wide Narrow - 

Movement Non-blink Rapid Blink Slow Blink - 

Texture Moderate Strong Weak - 

Distribution Direct Indirect - - 
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Figure 4 Control parts of the stimuli with Arduino and LED: external hard disk (left), blood pressure gauge (middle), and 
ozone concentration indicator (right)  

After making control parts of the experimental stimuli, the appearance design was made in Solid 
works and they were manufactured through 3D printing technology. The appearance of all the 
stimuli was designed with simple rectangular shapes in order to avoid possible bias done by form 
and help participants concentrate on the manipulation of the lighting. For instance, a fancy form 
might affect the behavior of participants and influence the results of the experiment and it might 
also distract participants in the experiment. The same appearance design was applied to the design 
of control box equipped with Arduino inside and four potentiometers (Figure 5). 

 
Figure 5 The complete experimental stimuli: external hard disk (left), blood pressure gauge (middle), and ozone 
concentration indicator (right) 

All control boxes have four tuning switches to adjust level of four lighting variables, intensity, color, 
area, and movement. These control knobs could adjust its level of intensity, color, area and 
movement depending on the degree of turn (see the example of intensity in Figure 6). For texture, 
three films having different thickness were used for controlling texture of lighting (Figure 7): the 
thicker film was used, the light was scattered more. A cover was used to control distribution (Figure 
7). When the light source is covered, this condition refers to indirect lighting. On the other hand, the 
cover is off from the light source, it refers to direct lighting. 
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Figure 6 Example of three levels of intensity in the external hard disk 

    
Figure 7 Example of controlling texture (left) and distribution (right) in the external hard disk 

2.3.2 Lighting variable card set 
In order to identify which parameter of lighting is dominant in information transfer, the participants 
were asked to rank the lighting variables according to the importance in perceiving the information. 
To gather this data, card sorting method was used and the card set including an icon and brief 
description of each variable was designed (Figure 8). 

 
Figure 8 A card set consisting of six lighting variables on which the icon and description of each parameter of lighting are 
described. 
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2.4 Procedure 
Participants were invited to Home Lab at UNIST and a sub-experiment was done per day with 
participants. Each participant attended three sub-experiments for 3 days. Each sub-experiment was 
conducted in a space expected people to use each experimental stimulus in real environment (Figure 
9): the sub-experiment with the external hard disk was conducted on a desk with the computer. The 
sub-experiment with the blood pressure gauge was progressed in Home Lab, a virtual home where a 
studio for single person household was built in laboratory. And the sub-experiment with the ozone 
concentration indicator was also conducted on the windows of Home Lab. The level of ozone 
concentration in the air is mostly informed during daytime in real life. Accordingly, the sub-
experiment was conducted only during daylight. 

 
Figure 9 The experimental environments (from left to right): external hard disk, blood pressure gauge, and ozone 
concentration indicator 

In order to avoid the order effect, sub-experiments were randomly given to participants were given. 
In each sub-experiment, a brief instruction of the sub-experiment was explained and a participant 
spent five minutes for getting accustomed to the experimental stimulus. Then, participants adjusted 
the parameters of lighting in a way that they think most appropriate to perceive the information of 
the given scenario (Figure 10). The same procedure was made for the other sub-experiments. After 
the sub-experiment, the participant was asked to rank each lighting factor with a card set that 
described each parameter of lighting according to the degree to which it is important (Figure 11). 
After this, a retrospective interview was conducted in order to figure out why they had chosen such 
levels. Lastly, participants were asked to give their opinions about the strength and weakness of 
information transfer with lighting.  

 
Figure 10 Participants adjusting the levels of each variable in the experiment: external hard disk (left), blood pressure gauge 
(middle), and ozone concentration indicator (right) 

 
Figure 11 participants ranking the parameters of lighting with the card set: external hard disk (left), blood pressure gauge 
(middle), and ozone concentration indicator (right) 
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3 Results 
3.1 The usage of lighting variables in information transfer 
3.1.1 External Hard Disk 
There were three scenarios of external hard disk: the storage is full, the half of storage is filled, and 
the storage is almost empty. Figure 12 shows the rate of same answers in accordance with the 
scenarios of external hard disk. When the storage was full, 47% of participants chose moderate 
intensity. The selection of moderate intensity was 70% when the half storage was filled. In the case 
of the empty storage, all level of intensity most equally was selected. Almost all participants chose 
red color when the storage was full. The red color was not chosen in any other scenarios. When the 
half storage was filled, blue and green were selected as 40% each. 64% of participants chose white 
color when the storage was empty. When the storage was full, 30% of participants chose rapid blink 
lighting and 47% selected slow blink lighting. Total 77% of participants selected blink lighting for full 
storage. However, in other scenarios most participants preferred non-blink lighting. When the 
storage was full, all level of area was almost equally selected. The moderate area was substantially 
selected as 63% when the half storage was filled. When the storage is empty, narrow area was 
chosen by 40% and wide area was chosen by 37%. Half of the participants selected strong texture 
when storage was full. When the half storage was filled, 54% participants chose moderate texture. 
Strong texture was also selected by 50% when the storage was empty. Most participants preferred 
the direct lighting in all three scenarios. However, there were a few participants to select indirect 
lighting. Selection of indirect lighting slightly increased when the storage was empty. 

Because the sample size is not enough for parametric test, non-parametric tests were adopted in the 
study. A Kruskal-Wallis test was conducted to identify which variables of lighting affected the 
perception of information between the scenarios with external hard disk (Table 5). Color significantly 
affected information transfer in external hard disk [H(2) = 19.34, p < .05]. Red color was preferred 
when the storage is full, and white color was commonly selected in empty storage. And Movement 
also significantly affected information transfer [H(2) = 40.41, p < .05]. Slow blink lighting presented 
the state of full storage and non-blink lighting was used in half filled and empty storage state. 
However, the other variables showed no significant differences between scenarios.  

Table 3 The Kruskal-Wallis test value for lighting variables between scenarios in external hard disk 

variable Chi-Square df Sig. 

Intensity 1.656 2 0.437 

Color 19.338 3 0.000*  

Movement 40.407 2 0.000*  

Area 1.029 2 0.598 

Texture 0.594 2 0.743 

Distribution 0.539 2 0.539 
         *p < .05. 
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Figure 12 The response percentages of each variable according to the scenarios of external hard disk 
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Through the interview, the reasons that participants had chosen the level of lighting factor were 
identified. Some participants selected strong intensity to show the information clearly. Or in order to 
perceive a strong message that storage was full, they chose strong intensity. When the half storage 
was filled, moderate intensity was selected because no warning information was necessary. 
Although the storage was empty, participants chose strong intensity to perceive the state of 
whether it was connected to the electric outlet. The red color was selected to alert that there was 
no extra storage space. Participants considered that white color presents the empty situation like 
white paper. The reason that green color was chosen was to show the state of remaining space for 
storage. And some participants chose blue color because blue represents the mean of computer and 
technology. Participants considered that blink lighting delivers alert state and attracts attention from 
them. Therefore, most participants selected blink lighting when the storage was full. On the other 
hand, participants thought that blinking light was disturbing when the alarm was not required. The 
selection of area was irregular because some participants selected the wide area indicating the 
remaining storage space, while someone selected the wide area which in this case implies the used 
storage space. Although there was no certain reason to select a particular level of texture, many 
participants preferred more scattered lighting with strong texture. Most people chose direct lighting 
in information transfer because indirect lighting could hinder their perception of the light. On the 
other hand, only a few people selected the indirect lighting because of its aesthetical characteristic. 

3.1.2 Blood Pressure Gauge 
There were three scenarios of blood pressure gauge: high blood pressure, low blood pressure, and 
normal condition. The results of the experiment are shown in Figure 13. In high and low blood 
pressure, almost half participants chose strong intensity. On the other hand, 47% of participants 
selected weak intensity in normal condition. Almost all participants chose red color in high blood 
pressure. 30% of participants still chose red color in the scenario of low blood pressure. However, 
the half participants selected blue color. In the normal condition, 50% of participants chose green 
color and 33% chose white color. Rapid movement was preferred by 63% when blood pressure was 
high. 47% of participants still chose rapid movement in the scenario of low blood pressure. Most 
participants preferred non-movement in the normal scenario. More than 70% of participants 
selected wide area in high blood pressure and 57% of participants chose wide area as well in low 
blood pressure. On the other hand, 50% of participants preferred moderate area in normal 
condition. When blood pressure was high or low, all level of texture was almost equally selected. In 
the normal condition, 57% of participants chose strong texture. 73% of participants preferred the 
direct lighting in high blood pressure. 67% of participants selected direct lighting as well in low blood 
pressure although the selection of indirect lighting slightly increased. In the normal condition, 63% 
people preferred indirect lighting. 
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Figure 13 The response percentages of each variable according to scenario of blood pressure gauge 
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Information transfer in blood pressure gauge significantly was affected by most variables of lighting 
except texture. Intensity affected significantly information transfer [H(2) = 10.23, p < .05]. Strong 
intensity was used to deliver high and low state and weak intensity informed the normal condition. 
Color significantly affected information transfer [H(2) = 8.36, p < .05]. Red color presented high 
blood pressure and blue presented low blood pressure. Green delivered normal condition. 
Movement significantly affected information transfer [H(2) = 46.71, p < .05]. Rapid blink indicated 
high and low blood pressure and non-blink delivered the normal condition. Area significantly 
affected information transfer [H(2) = 10.26, p < .05]. Wide area presented high and low state and 
moderate area indicated the normal condition. Distribution significantly affected information 
transfer [H(2) = 9.35, p < .05]. Direct lighting presented high and low blood pressure, and indirect 
lighting delivers normal state.  

Table 4 The Kruskal-wallis test value for lighting variables between scenarios in blood pressure gauge 

Variable Chi-Square df Sig. 

Intensity 10.227 2 0.006*  

Color 8.356 3 0.015*  

Movement 46.714 2 0.000*  

Area 10.263 2 0.006*  

Texture 5.669 2 0.059 

Distribution 9.349 2 0.009*  

*p < .05. 
Through the interview, the reason that participants selected the level of lighting factor was 
identified. Participants chose strong intensity in order to notice the dangerous state of high and low 
blood pressure. On the other hand, they selected weak intensity in normal state when the alarm was 
not required. Red color was selected in order to present dangerous situation in high blood pressure. 
Some participants still chose red color for the dangerous alarm in low blood pressure. However half 
participants selected blue color for low blood pressure in contrast with red color for high blood 
pressure. They considered that blue color indicates low and cold state. Green color represented safe 
situation in the normal blood pressure. In normal condition, some people chose white color to 
present the non-problem state. There were two main reasons for participants to have chosen the 
rapid movement in the high blood pressure. The first reason was transmission of alarm, and the 
other was that the fast flowing of blood well matched the state of rapid blink. Even rapid movement 
was chosen in order to show alarm in low blood pressure. Otherwise some participants selected 
slow movement to present low blood pressure. Most participants preferred non-blink lighting in the 
normal condition to avoid nerves. Some participants considered that wide emitting area is regarded 
as high blood pressure and narrow area is low blood pressure. However, more than half of 
participants selected the wide area in order to notify the information, regardless the state of high or 
low. Moderate area was selected because there was no urgent alarm in normal condition. Although 
there was no particular reason to select level of texture in high and low blood pressure, half 
participants chose strong texture in order to avoid glare in normal condition. Participants preferred 
direct lighting in high and low blood pressure, because the direct lighting looked better to deliver 
lighting information than indirect lighting. On the other hand, a few participants selected the 
indirect lighting in all scenarios, because this device was close to human eyes. Many participants 
chose indirect lighting in normal condition, because alarm was not required in this state. A Kruskal-
Wallis test was conducted to identify that which factor of lighting affected the perception of 
information between the scenarios of blood pressure (Table 6). 
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3.1.3 Ozone Concentration Indicator 
There were three scenarios of ozone concentrations indicator: Too high ozone concentration 
(inappropriate for everyone to go out), high ozone concentration (inappropriate for the old and weak to go 
out), and normal condition (appropriate for outdoor activity). Figure 14 shows the experimental results 
of same answering in accordance with scenario of ozone concentration indicator. 73% of participants 
choose strong intensity when ozone concentration was too high. More than half participants 
selected strong intensity in high ozone concentration as well. Most common choice in the normal 
condition was moderate intensity. Almost all participants selected red color in too high ozone 
concentration. In high ozone concentration, the other colors were chosen little by little although red 
color was still selected by 57% of participants. Green and white colors were chosen by each 40% in 
the normal condition. When the ozone concentration was too high, 40% of participants choose rapid 
movement that was not chosen in any other scenario. Although 43% of participants selected slow 
movement, more than half participants preferred non-blink lighting in high ozone scenario. In the 
normal condition, all participants selected non-blink lighting. Wide area was selected by 86% when 
ozone concentration was too high. In high ozone scenario, moderate area was chosen by 70%. In the 
normal condition, most common choice was wide intensity by 47% and selection of moderate area 
was as high as 40%. Although selection of strong texture was high in the all scenario, the other level 
of texture was chosen by range from 20% to less than 40%. Most participants preferred the direct 
lighting in all three scenarios. However, there were a few people to select indirect lighting. Selection 
of indirect lighting slightly increased in normal condition.  

A Kruskal-Wallis test was conducted to identify that which factor of lighting affected the notification 
of information in the scenario of ozone concentration indicator (Table 7). Intensity significantly 
affected information transfer [H(2) = 8.99, p < .05]. Strong intensity presented too high and high 
ozone concentration. Movement significantly affected information transfer [H(2) = 31.97, p < .05]. 
Rapid movement delivered the perception of too high ozone concentration. Non-movement 
indicated high ozone concentration and normal condition. Area significantly affected information 
transfer [H(2) = 21.22, p < .05]. Wide area delivered the state of too high ozone concentration and 
moderate area presented high ozone concentration. 

Table 5 The Kruskal-wallis test value for lighting variables between scenarios in ozone concentration indicator 

Variable Chi-Square df Sig. 

Intensity 8.991 2 0.011*  

Color 2.932 3 0.231 

Movement 31.968 2 0.000*  

Area 21.217 2 0.000*  

Texture 1.796 2 0.407 

Distribution 4.182 2 0.124 
*p < .05. 
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Figure 14 The response percentages of each variable according to scenario of ozone concentration indicator 
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Figure 3 Workshop #1 April 2017 

The second workshop of co-design at the beginning of June was made with patients, healthcare 
professionals and administrators. Different methods coming from game storming were used, based 
on activities made to use space as an expression of opinions, and also visual and creative methods. 
The participants were invited to work in small groups of three or four people, and each team had to 
mix patients with doctors, and a secretary or an administrator. Visual materials (such as game board, 
cards, personas, patient care journey, map-tools, map of the network etc.) were prepared by the 
designer and researcher and proposed to the participants to support their expression by playful and 
participative materials. 

The results of this co-design workshop were very useful, as three maps of the care professionals and 
insomniac patients network were sketched, in order to express different visions of the sleep institute 
imagined by the participants. In addition, more than twenty digital tools at the service of the human 
network were produced, allowing to imagine the digital and healthcare services of the institute, the 
functions of the website and the connected object used to optimize the prevention, the support and 
the medical follow-up in sleep medicine. 

 
Figure 4 Workshop #2 June 2017 
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Appendix 
Table 3 Detailed comparison of designed digital platforms for Ventricular Assist Device users 
  




















































































































































































































































































































































































































































































































































