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Which one looks more comfortable in the eyes?







Authors of study Findings Experimental conditions

Rea and Ouellette, 1988 Visual performance increased with 
luminance contrast.

Display device: CRT 
Maximum luminance: 255 cd/m2 
Ambient lighting: dim condition 
Observer age: 17-31 yrs

Zhu and Wu, 1990
Subjective evaluation score was 
highest for moderate luminance 
contrast.

Display device: CRT 
Maximum luminance: 633 cd/m2 
Ambient lighting: 400 lux 
Observer age: 18-26 yrs

Roufs and Boschman, 1997; 
Boschman and Roufs, 1997

Visual performance and subjective 
visual comfort were both highest for 
moderate luminance contrast.

Display device: CRT and print 
Maximum luminance: 400 cd/m2 
Ambient lighting: 340 lux 
Observer age: 24-62 yrs

Wang and Chen, 2000 Visual acuity increased as luminance 
contrast increased up to 8:1.

Display device: CRT 
Maximum luminance: 50 cd/m2 
Ambient lighting: 400 lux 
Observer age: college students

Ling and Van Schaik, 2002

Higher contrasts between text and 
background colour led to faster 
searching and were rated more 
favourably.

Display device: CRT 
Maximum luminance: 100 cd/m2 
Ambient lighting: 347 lux 
Observer age: m=24 yrs, SD=10 yrs

Ayama et al., 2007 Subjective rating for legibility 
increased with luminance contrast.

Display device: CRT 
Maximum luminance: 82 cd/m2 
Ambient lighting: 500 lux 
Observer age: 20-29 yrs

Lin and Huang, 2009
Visual performance was better at high 
luminance contrast ratio than at low 
luminance contrast ratio.

Display device: TFT-LCD 
Maximum luminance: 160 cd/m2 
Ambient lighting: 250-2000 lux 
Observer age: 19-22 yrs



Experiment 1:
using a 46-inch LCD TV



Display

• A 46-inch LCD TV
• Aspect ratio: 16:9  (1920 by 1080 pixels)
• Display peak white had a luminance of 551.8 cd/m2

• Viewing distance: 150 cm

The display was situated in a darkened room.



Colour Samples

















Colour Samples

Number of trials:
[ 4 (4-1) ] x [ 4 (4-1) -1 ] / 2 = 66

which were replicated once for repeatability test:
66 x 2 = 132



Observers

Male Female Age range

Older 10 10 60 ~ 78

(m=66.8)

Young 11 10 22 ~ 29

(m=25.2)

All observers were Taiwanese and based in Taipei.
They all passed Ishihara’s test for colour deficiency.



Results



Conventional measures of luminance contrast



CIELAB



CIELAB



Older observers Young observers



Older observers Young observers





Experiment 2:
using a 9.7-inch iPad 2

Size	of	document	layout

iPad	size iPod	touch	size



Size	of	document	layout

iPad	size iPod	touch	size



Display

• A 9.7-inch iPad (2nd generation)
• Aspect ratio: 4:3  (1024 by 768 pixels)
• Display peak white had a luminance of 397.3 cd/m2

• Viewing distance: 30 cm

The display was situated in a darkened room.









Color	Samples	- Experiment	2

Number	of	trials�
[5(5-1)]	x	[5(5-1)-1]/2	=	190	

Colour Luminance (L*) (x,	y)
1. black 0.52	cd/m2 1.19 (0.2638,	0.2552)
2. dark grey 12.59	cd/m2 20.71 (0.3010,	0.3126)
3. medium grey 84.25	cd/m2 53.17 (0.3004,	0.3114)
4. light grey 202.73	cd/m2 76.69 (0.3010,	0.3125)
5. white 397.34	cd/m2 100 (0.3005,	0.3115)



Observers
Numbers Age	range

Older 20 Over	60	Yrs

Young 20 20 – 30	Yrs



Results



Young observers Older observers



Young observers Older observers



Effect of document size







Experiment 3:
using a 9.7-inch iPad Air



Display
• A 9.7-inch iPad Air (1st generation)
• Aspect ratio: 4:3  (2048 by 1536 pixels)
• Display peak white had a luminance of 286 cd/m2

• Viewing distance: 35 cm



Viewing conditions
• The iPad Air was placed in a viewing cabinet.
• There were 5 illuminance levels for ambient lighting:
   0, 50, 200, 600 and 1200 lux





Color Color	(R,	G,	B) Illuminance(lx) Luminance	(cd/m2) Lightness	(L*) (x,	y)

Black (12,	12,	0)

0 0.8 2.52 (0.31,0.319)
50 0.84 2.67 (0.3082,0.3176)
200 0.97 3.08 (0.3029,0.3138)
600 1.32 4.17 (0.2953,0.309)
1200 1.83 5.76 (0.2914,0.3095)

Dark	grey (64,	64,	64)

0 12.8 25.2 (0.3082,0.3171)
50 12.84 25.26 (0.3081,0.3169)
200 12.97 25.39 (0.3076,0.3166)
600 13.33 25.74 (0.3065,0.3159)
1200 13.86 26.25 (0.3056,0.3157)

Medium	grey (117,	117,	118)

0 54.18 50.64 (0.3095,0.3179)
50 54.22 50.7 (0.3094,0.3179)
200 54.39 50.74 (0.3092,0.3176)
600 54.83 50.88 (0.3088,0.3174)
1200 55.43 51.06 (0.3086,0.3174)

Light	grey (181,	181,	185)

0 138.43 75.09 (0.3101,0.3179)
50 138.43 75.16 (0.3101,0.3179)
200 138.61 75.17 (0.3099,0.3178)
600 139.12 75.22 (0.3096,0.3175)
1200 139.85 75.29 (0.3095,0.3176)

White (255,	255,	255)

0 285.55 100 (0.3105,0.3184)
50 285.3 100 (0.3105,0.3184)
200 285.61 100 (0.3103,0.3183)
600 286.26 100 (0.3101,0.3181)
1200 286.77 100 (0.3101,0.3181)



Observers

Male Female Age range

Older 6 14 > 60

(m=66)

Young 10 11 20 ~ 30

(m=24)

All observers were Taiwanese and based in Taipei.
They all passed Ishihara’s test for colour deficiency.



Results





Young observers



Older observers



Effect of gender



Young observers Older observers



Summary



• Extremely large lightness difference between text 
and background tended to result in lower visual 
comfort for young observers than for older 
observers.

• Extremely large lightness difference between text 
and background tended to result in lower visual 
comfort for female observers than for male 
observers. 

• There was little effect of ambient lighting on visual 
comfort for reading using the iPad.



Thank	you	for	your	attention!

Li-Chen	Ou
lichenou@mail.ntust.edu.tw


