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ABSTRACT

Dynamic display systems are widely used in information communicating
technology. Most of these display systems employ cathode ray tubes, liquid crystal
displays, gas plasma displays, or light-emitting diodes (LED) as the output device.
LED display simply acts as a display output unit like a computer screen, which
provides a means of delivering messages or advertisements to customers or people.
In order to overcome the limitations of screen size of the display units, numerous
means of presenting moving materials on dynamic display have been invented. The
advanced display technology offers a selection of colors, display methods, display
rates, and highlighting methods, which have improved the presentation of textual
information. The text display method, character type, text display direction, text
color, and other features can be freely chosen by designers or operators. Thus, the
different combinations of the selected factors would affect the readability of
electronic text. However, all the previous findings on optimal dynamic text display
and readability of electronic text were focused on small screens, such as cellular
phones, pagers, and desktop phones. There has been an obvious lack of
consideration of reading situations in which the displays are located at a distance
from the observers, especially when reading Chinese characters. Therefore, there is a
need to understand the effects of the display factors on the readability of electronic
text in order to design better display interfaces on large displays written in Chinese.

Three experiments were conducted in this research on investigating the effects
of display factors on comprehension performance and subject preference for reading
Chinese characters on LED displays. In each experiment, objective performance
measures and subjective evaluation measures were collected. The objective
performance measure consisted of the comprehension score, which denoted the
accuracy of subject responses to a set of multiple-choice questions in a
comprehension task following the reading passage. The preference rating was a
subjective evaluation of the testing display format given by the readers reflecting
individual preference, which should also be considered when designing an optimal
display method. The subjective evaluation questionnaire investigated the subjects'
preferences towards a reading interface by having them evaluate reading comfort,
reading ease, eyestrain, musculoskeletal strain, mental demand, usability, and overall

preference.
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Experiment 1 was performed by examining the effects of display method,
display text rate, and observation angle on comprehension performance and
preference on LED displays. The results indicated that a display rate of 160
characters per min (cpm) was found to be superior to 240 cpm and 320 cpm in terms
of higher comprehension scores and better subjective evaluations. The interaction
between display method and text display rate had a significant effect on reading
comprehension. Observation angle and display method were found to be
non-significant for both comprehension performance and subjective evaluation.

Experiment 2 investigated the effects of display method, number of message
lines, and display color on comprehension performance and preference for LED
displays. The results showed that green text was superior, with higher
comprehension scores than amber and red. The condition with the RSVP display
method resulted in higher comprehension scores than the scrolling with pauses
method. However the scrolling with pauses condition had better subjective
evaluation ratings than the RSVP method. A multi-line display was found to be
superior to a single-line display, yielding higher comprehension scores and
subjective evaluations.

Experiment 3 was conducted to evaluate the effects of text direction and
highlighting methods of color coding and font format on comprehension
performance and preference for LED displays. The results indicated that subjects
achieved better comprehension in the highlighting conditions with color coding (red)
than those without color coding. It was also noted that regular format with color
coding (red) resulted in the best comprehension. Font format and text direction did
not significantly affect comprehension or subjective evaluations. Furthermore, the
validity of highlighting was also examined and the results showed that the condition
with 100% validity of highlighting was found to result in better comprehension
performance than other validity levels and conditions with no highlighting.

The three experiments successfully revealed the design factors that would affect
the readability of electronic text. According to readability and preference ratings of
the subjects in different conditions, the optimal display method, color, highlighting
method, and its validity for comprehending the delivered messages were
investigated. These results provide useful design recommendations for using LED

displays for advertising and delivering messages to the public.
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In summary, this dissertation 1) investigated the effects of display factors on
comprehension performance and subject preference for reading Chinese characters
on LED displays, 2) investigated the comprehension performance under the
conditions of different highlighting validities and highlighting methods, 3)
established general ergonomics guidelines applicable to various display
configurations for determining the optimum dynamic text display methods, and 4)
provided information for formulating further research plans for determining the

optimum dynamic text display methods on LED display boards.



TABLE OF CONTENTS
A B ST R A CT e e e a e i
ACKNOWLEDGEMENTS ... .ttt \Y
TABLE OF CONTENTS . ...t e e
LIST OF TABLES ... ..o e e e viil
LIST OF FIGURES ...ttt e e e e e e e e nneees
CHAPTER ONE.....cooii et e e a e e e e s s eeees
Y Ao [T 1 o] o OSSR
1.1 BaCKGIOUNG.......eiiiiiiiieiie et 1
1.2 RESEAICN @M ... 3
1.3 Research OBJECTIVES........c.ooiiiiii 3
1.4 TheSIS OrQanIZAtION ......ccuieiiiiiiieiiiie ittt 4
CHAPTER TWO ..ottt e e e a e e e e e e s s aeee s
LITEratUIE REVIEW ..ottt ettt e et e e e et e e st e e sneaeeanseeeenes
2.1  Design factors of dynamic text reading ...........cccoovverieinieniienieenie s 5
2.11 Text display rate ..o 5
2.1.2 Text display method............ccooviiiiiiiii 5
2.1.21  RSVP.coiii e 6
2.1.2.2 Leading (TIMeS SQUAIE) .......ceourerireerieeiiiesiieesieeenieesree e 7
2.1.2.3  SCIOHING oo 8
2.1.3 Chinese characCter type........cccovveiiieiiiene e 9
214 Number of message lNeS........cccoveiiiiiieiie e 9
2.1.5 COlOT e 10
2.1.5.1  TeXt COIOT....uiiiiiiiiiiii e 10
2.1.5.2 Color combination .........cccccveiiviiiieiiiesiie e 11
2.1.5.2.1 CONLrast ratio........ccccvveereeiiiieiiieiie it 11
2.1.5.2.2 Color differenCe........ccovvviiiiiiiiiieiie e 11
2.1.6 Text display direCtion ..........cccveeviieiiiie e 13
2.1.7 SUMMETY .ttt e e e e e e as 14
2.2 Effects on visual performance ..........ccccoovvveiiie i 15
2.2.1 Observation angle..........cccocve i 15
2.2.2 ANgular Separation............ccceevveeiiieeiiee e 15
2.2.3 Visual angle.......coovve i 16
2.2.4 Elevation angle ..........coooveiiiie i 17
2.3 Effects of highlighting.........cccoooiiiiiii e, 18
2.3.1 Highlighting method.............ccoooiie i, 18
2.3.2 Validity of highlighting ...........ccccooiiiiiiie e, 19
2.4 Chinese and English Writing SYStEMS ..........ccocveiviieiiiie e, 20
2.5  Eye movement in reading Chinese and English text ..............cccccoovveennn. 21
2.6 Subjective evaluation of reading interfaces..........cccccceveeviiveeiiineeiiieesnne, 22
2.6.1 The LIKert SCale........ccvoiiiiiieiiieiie e 22
2.7  Data analysis Methods............ccccouviiiiiii i 23
2.7.1 Analysis of VarianCe .........ccccocoveeiiie i 23
2.7.2 Correlation analysis ..........cccvveiiiee e 23
2.7.3 Kruskal-Wallis teSt ..........cccoiiiiiiiieiice e 24
2.7.4 Wilcoxon Signed-rank test...........ccoveviieeiiiec i, 24
2.7.5 Mann-Whitney U test ..........cooiveiiiiiiiiee e 25

2.7.6 Friedman TESt. .. oo 25



CHAPTER THREE ...t 26
Experiment One: Effects of Display Method, Text Display Rate and Observation
Angle on Comprehension Performance and Subjective Preferences in reading

Chinese 0n an LED DISPIAY .......ccooiiiiiiiiiii e 26
3.1 INEFOAUCTION ... 26
B2 AIM e 30
3.3 ODJECHIVES ...t 30
34 IMEENOA ... 30

34.1 SUDJECES ... 30
34.2 MaLerial .......ooeiii e 31
343 APPATALUS ... 31
3.4.4 DBSIGN .. 32
345 PrOCEAUIE ... 33
35 RBSURS . 35
351 Comprehension Performance ..........ccccoovvviienieenie s 35
3.5.2 Subjective evaluations ...........cccceeiveiiieiiieiee e 37

3.5.3 Correlations amongst the eight subjective evaluation attributes39
3.5.4 Relationships amongst comprehension score and subjective

EVAIUALIONS ....ooeiiiiieeeeeeeeeeeee e 40
3.6 DISCUSSION ... 40
3.7 CONCIUSION....ccoeeeeeeee 44
(O o A o I = O 16 1 = PR 45

Experiment Two: Effects of Display Method, Number of Message Lines and Text
Color on Chinese Comprehension and Subjective Preferences for an LED

D11 0] - YOS
4.1 INEFOAUCTION ... e 45
A2 A s 48
G T O | o T £ )Y PR OTSRPRR 48
A4 IMEENOG ..o 48

4.4.1 SUDJECES .ttt 48

4.4.2 MAEEITAL ... 49

443 APPAFALUS ..ottt 49

4.4.4 DESION ..ottt 51

445 PrOCRAUIE ... 51

A5 RESUIS ..o s 52
45.1 Comprehension performance ..........cccccovvveeviieeecie e, 52

45.2 Subjective preference.........ccoovvive i 56

45.3 Correlations amongst the eight subjective evaluation attributes58

45.4 Relationships amongst comprehension score and subjective
EVAIUALIONS ... 59

4.6 DISCUSSION ..eovviiiiiiiie sttt sttt e e et nes 60
A7 CONCIUSION ...ttt 64
CHAPTER FIVE ... ..ottt nnee s 65

Experiment Three: Effects of Highlighting Method and Text Direction on
Comprehension Performance and Subjective Preferences for reading Chinese on

AN LED DISPIAY ...oeeiiiie ettt 65
5.1 INEFOTUCTION ... e 65
5.2 AIM e 68
5.3 ODJECHIVES ..eeiie ittt 68
54 MELNOM ... 68



54.1 SUDJECES ... 68
5.4.2 MaLErTal .......ooeiie e 69
5.4.3 APPATALUS ... 69
5.4.4 DESIGN .t 71
545 PrOCEAUIE ... 72
5.5 RESURS .o 73
551 Comprehension Performance ..........ccccovveiiennienne e 73
55.2 Subjective evaluations ...........ccccevveiiieniieiie e 75

55.3 Correlations amongst the eight subjective evaluation attributes77
554 Relationship amongst comprehension score and subjective

BVAIUALION ...ttt 78

555 Influence of highlighting validity on dynamic text comprehension

PEITOIMANCE ...t 79

5.6 DISCUSSION ....vveiiiiieeiiieeeieieesiieeesieeeateeeateeeateaeanseeeasntaeesnaeeesnteeeanseneanneas 80

T A O] o 113 0] o USSR 84
CHAPTER SIX...iii ottt ettt et e et e sae et e aaeanaeennee s 85
(@0 0] [115] T o P RTR 85

6.1 OVerall diSCUSSION.......ccciiieciiieeiiie et ee e 85

6.2  Contributions OF STUAY ........coouiiiiiiiie i 88

6.3  Limitations of study and recommendations on future work .................... 88
REFERENCES. .......c.oo oottt ta e et e ne e 90
LIST OF APPENDICES. .......oo oottt 90

PUBLICATIONS GENERATED FROM THIS THESIS ........ccccoiii, 118



Table 3.1

Table 3.2
Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7

Table 4.8

Table 4.9

Table 5.1
Table 5.2

Table 5.3
Table 5.4

LIST OF TABLES

Descriptive statistics of mean comprehension score (%) for
different levels of task factors.
Results of ANOVA performed on comprehension scores.

Results of Bonferroni multiple comparisons performed on
comprehension scores with the main factor of text display rate

(cpm).
The means and standard deviations of evaluation ratings on a

9-point scale ranging from 1 (not at all / excellent) to 9 (very
much / very bad) for different levels of task factors.

Results of Friedman test performed on differences of
evaluation rating for the factor of text display rate.

Spearman correlation coefficients amongst the eight attributes
of the subjective evaluation questionnaire (n = 528).

Spearman correlation coefficients amongst the eight subjective
evaluation attributes and comprehension score (n = 528).

CIE (x, y) chromaticity coordinates, luminance (L) of text
colors used in the experiments and luminous contrasts and
contract ratios of the text on black background.

Descriptive statistics of mean comprehension score (%) for
different levels of task factors.

Results of repeated measures ANOVA performed on
comprehension scores.

Results of Bonferroni multiple comparisons performed on
comprehension scores with the main factor of number of
message lines.

Results of Bonferroni multiple comparisons performed on
comprehension scores with the main factor of text color.

The means and standard deviations of preference ratings on a
9-point scale ranging from 1 (not at all / excellent) to 9 (very
much / very bad) for different levels of task factors.

Results of Friedman tests performed on differences of
preference rating for the factors of display method and number
of message lines.

Spearman correlation coefficients amongst the eight attributes
of the subjective evaluation questionnaire (n = 264).

Spearman correlation coefficients amongst the eight attributes
on comprehension score (n = 264).

The factors and their levels studied in the experiment.

Descriptive statistics of mean comprehension score (%) for
different levels of task factors.

Results of ANOVA performed on comprehension scores.
Results of Bonferroni multiple comparisons performed on

viii

p.35

p.36
p.36

p.38

p.39
p.40

p.40

p.50

p.52

p.54

p.54

p.55

p.57

p.58

p.59

p.59

p.72
p.73

p.74
p.75



Table 5.5

Table 5.6

Table 5.7

Table 5.8

Table 5.9

comprehension scores for the interaction of color coding and

font format (cpm).

The means and standard deviations of evaluation ratings on a p.76
9-point scale ranging from 1 (not at all / excellent) to 9 (very

much / very bad) for different levels of task factors.

Results of nonparametric test performed on differences between p.77
evaluation ratings for the factors of color coding and te
direction.

Spearman correlation coefficients amongst the eight attributes p.78
of the subjective evaluation questionnaire (n = 380).

Spearman correlation coefficients amongst the eight subjective p.78
evaluation attributes and comprehension score (n = 380).

Results of Bonferroni multiple comparisons performed on p.80
comprehension scores for the factor of validity of highlighting.



Figure 2.1

Figure 2.2
Figure 3.1
Figure 3.2

Figure 3.3

Figure 3.4

Figure 4.1

Figure 4.2
Figure 4.3

Figure 5.1

Figure 5.2
Figure 5.3

LIST OF FIGURES

[llustration of the concept of visual angle. D is the distance
from the eyes to the object. L is the size of the object
measured perpendicular to the line of sight. a is the visual
angle.

Visual angles within a comfortable range (Baker, 1999).
Demonstration of text message presented on the LED display.

An illustration of the seven observation angles tested and the
corresponding angular separations of the display at a distance
of 3 m from the center of the sign. The black dots indicate the
observers’ locations.

(a) A sample passage and (b) three sample questions used for
demonstration at the beginning of the experiment.

Two-way interaction plots of display method and text display
rate.

Sample text messages presented on the LED display: (a)
single-line message with amber text (b) 3-line message with
green text and (c) 4-line message with red text.

The graph of the comprehension performance for different
number of message lines conditions.

Two-way interaction plot of comprehension score (%) for text
color and number of message lines.

Demonstration of text messages presented on the LED display
in horizontal (a-d) and vertical (e-h) directions: No
highlighting - green text in regular format (a and e); with
color (red) coding only (b and f); bold fomat only (c and g);
and, with both color (red) coding and bold format (d and h).

Two-way interaction plots of color coding and font format.

The graph of the comprehension performance of different
validity of highlighting conditions.

p.16

p.17
p.32
p.33

p.34

p.37

p.50

p.55

p.56

p.70-71

p.75
p.79





