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Abstract. LED notification lights are used in smartphones to deliver various in-
formation to users, such as missed calls, incoming calls, receiving a new text 
message, and low battery. This study explores whether the settings of the color 
and blink frequency of the LEDs notification lights affect smartphone users’ ur-
gency perception in two important information states, i.e., missed calls and in-
coming calls. We set the blink frequency of LED notification lights high and 
low, assuming that high frequency blink will be perceived as more urgent noti-
fication. As for color, we first set the color of LED indicators as White for both 
high and low blink frequencies. Then, we changed the color to Red for high 
frequency blink and Green for low frequency blink to examine whether color 
has any effect on smartphone users’ urgency perception of the notification. We 
measured users’ urgency perception by asking participants to evaluate how ef-
fective each setting of LED notification lights is in indicating the degree of  
urgency of the corresponding information state. In an experiment with 30 par-
ticipants, we found that participants perceived high blink frequency as more in-
tuitive and attractive and therefore more effective than low blink frequency in 
indicating high urgency in both information states. We also found that the use 
of color increases users’ overall urgency perception. We further found that us-
ers’ urgency perception—both intuitive and attentive—was highest when color 
was used and the blink rate of notification was high. That is, the urgency per-
ception score was highest when the color was Red and the blink frequency was 
high. In the post-experiment interviews, participants chose red as the best color 
to indicate urgency.  Given that, we conclude that the use of red color with 
high blink frequency of the LED notification light is most effective in convey-
ing urgency information. 
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1 Introduction 

The smartphone LED notification lights help users to recognize various situations 
without activating the display. The LED notification lights use movement pattern and 
color to deliver various information states to users. For instance, movement pattern of 
lighting can deliver different information states to users such as warning or progress-
ing by using different blink frequencies. Color is also useful in providing specific 
information because people have specific preconceived images of particular colors. 
Therefore, when a color is used in a way that does not match users’ preconceived 
image of the color, intended information cannot be effectively delivered (Kang, 
2006).  

This study examines whether the use of movement pattern and color of smartphone 
LED notification lights can deliver intended information more effectively when they 
match users’ mental model. This study focuses on two emergency situations, i.e., 
notification of missed calls and incoming calls, where LED notification is most fre-
quently used. Specifically, we examine whether users perceive the urgency of the 
situations differently—in both cognitive and emotional aspects—as the blink frequen-
cy and color of LED lighting change. Perceived urgency leads individuals to take 
immediate actions or attentions to the situation (Suied, Susini, & McAdams, 2008) 
because individuals respond more appropriately and promptly to the situations when 
they perceive greater urgency of the situations (Guillaume et al., 2003; Bliss, Gilson, 
& Deaton, 1955).  

Prior studies on colors found that long wavelength colors such as red have a greater 
arousing effect than short wavelength colors such as blue or green (Elliot, Maier, 
Moller, Friedman, & Meinhardt, 2007). Because colors with greater arousing effect 
can draw more attention from individuals, we predict that red color LED lighting will 
be more effective in generating perceived urgency among smartphone users. We also 
predict that smartphone users will perceive greater urgency when high blink frequen-
cy is used than when low blink frequency is used. We further predict that when both 
red color and high blink frequency are used together, smartphone users will perceive 
greater urgency than when they are separately used. 

2 Experiment 

2.1 Participants 

30 undergraduate students participated in this study. All participants had normal  
vision and all of them were smartphone users. 

2.2 Experimental Design 

This study was conducted to verify the effect of blink frequency (speed) and pattern’s 
color on perceived urgency. Blink frequency (high, low) and color (without color, 
color) were manipulated to compare the perceived urgency of Smartphone LED.  
It was 2 X 2 within factorial experimental design. 
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2.3 Experimental Tasks and Procedures 

Before the experiment conducted, participants received Smartphone samples that 
would be used for the experiment. Then they turned on the several LED themselves in 
order to understand the experiment well. The LED which participants had to observe 
during the test was situated on the top of front of Smartphone. After simple instruc-
tion, participants took part in the experiment. The experiment was proceeded with the 
sample smartphone’s display was covered. Participants were given two situations and 
there were four patterns in each situation. In a concrete aspect, the situations were 
consisted of incoming calls and notification of missed calls. Four smartphone LED 
patterns were presented from the combination of frequency (high, low) and color 
(without color, color) in each situation (table1). 

Condition of frequency was consisted of high and low blinking conditions of LED 
light in identical time. Because the high frequency condition blinked more in the same 
amount of time, participants perceived the speed faster than low frequency one. We 
labeled the high blinking condition as urgent condition, and low blinking condition as 
normal condition. For the color condition, white color was presented as condition of 
without color (white). With color condition, normal condition was presented with 
green and urgent condition was presented with red to classify.  

Table 1. Four LED types in each situation 

Situation 1. Missed Call 2. Incoming Call 
 (Normal) 

Low Frequency 
(Urgent)  

High Frequency 
(Normal) 

 Low Frequency 
(Urgent)  

High Frequency 

no color 
Pattern 1 
(White) 

Pattern 2 
(White) 

Pattern 1 
(White) 

Pattern 2 
(White) 

      color 
Pattern 3 
(Green) 

Pattern 4 
(Red) 

Pattern 3 
(Green) 

Pattern 4 
(Red) 

 
The task for the participants was to assess how each pattern delivered urgent mean-

ing effectively in cognitive and emotional aspects by comparing the conditions of 
changing frequency and changing both color and frequency. As for the questionnaire, 
intuitiveness (Current situation can be noticed through LED) and attentiveness (LED 
catches eyes and outstands) were presented for cognitive aspect of items, each item 
was measured with 7-point likert scale.  

As for emotional aspect, emotional vocabularies which were related to urgency 
were selected. Participants measured how the given patterns match well with each 
vocabulary. In a detailed aspect, adjectives relate to urgency presented on two axes, 
and then participants had to situate the patterns on a spot on each axis. The adjectives 
related to urgency such as ‘important’, ’urgent’ were chosen from the previous  
research. After finishing questionnaire for every situation and pattern, simple  
instruction of the experiment was presented and the experiment ended. 
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3 Result  
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