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Introduction

Human reliance on computers to execute job-related 
tasks has increased immensely with advances in com-
puter technology1, 2).  These kinds of tasks were once 
performed through a man-machine interface (MMI) by 
using traditional hardware equipment such as meters, 
dials and monochrome televisions.  However, as com-
puters have replaced MMI, the tasks have changed, in 
both their uses of time and scope, and an integrated dis-
play has entered the mainstream.

Today, the visual display terminal (VDT) is believed 
to be the most convenient tool for human/computer 
interface in industrial environments.  Operators control 
and monitor a complex system through the computer 

user interfaces of keyboards, mice or touch screens.  
Research has identified the use of computers at work 
as a contribution factor for occupational stress3).  
Nevertheless, in order to acquire information rapidly 
and accurately, humans who use computers at work 
must suffer more stress than using traditional hardware 
in MMI.  Hence, the design of smooth communications 
between human and computer is extremely important.

One application of computers that is growing rapidly 
is performing military maneuvers in defense industries4).  
Computerized systems integrate military information 
from various sources of the battlefield5–8), but the real 
information translated into a conceptual representative 
(e.g., text or symbols) creates a battlefield situation 
presented on the VDTs that lacks a sense of reality.  
Humans want to operate with a high level of situation 
awareness, and they will rely more on well-designed 
system aids for critical decision-making.  This makes 
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the interface of the computer-based controlling system 
one of the most important factors for improving the 
defense industry’s task of preventing safety-related acci-
dents9).

Common symbology is the basis of military infor-
mation-sharing during military deployment or fighting.  
Computerized chain of command system that com-
bines Command, Control, Communications, Computers, 
Intelligence, Surveillance and Reconnaissance (C4ISR) 
is an important issue in defense industries.  The most 
important function of the C4ISR interface is to integrate 
all kinds of information retrieval, then to translate that 
information into a common and meaningful symbol for 
real-time feedback to all users10).  To avoid misunder-
standing symbols, which may result in casualties on the 
battlefield, the symbology of the computer-based inter-
face must be unanimous, adequate and identifiable.

Despite this, many systems have been developed with 
different symbology to represent common types of data.  
With the requirement for integrating each of the systems 
with uniform symbology, it is necessary to standardize 
this symbology for joint operations through the C4ISR 
process by developing a standard which all users can 
understand.  Thus, the warrior symbology, “Military 
Standard 2525b” was produced11).  An example of the 
simulated radar picture which included symbols for 
MIL-STD 2525b was shown in Fig. 1.

Although the standardized warrior symbology regu-
lates most basic principles, including shape and color 
of symbols, there are other potential problems.  For 
example, in the control rooms of some military battle-
field control towers, operators manipulate a radar sys-
tem under red or blue illuminant, and operators work-
ing in the information center or main machine control 
room of military ships perform sonar detection tasks 
on the VDTs under red, blue, and white illuminant12).  
In this kind of environments, any hue discrimination 
errors are critical.  Therefore, the duration of working 
time can not exceed four hours at one time.  However, 
variations in room illuminant and illumination can 
completely change the emergent rating of combat readi-
ness, and illumination or color illuminant factors may 
also seriously influence the human perception ability to 
discriminate symbology.  When symbols are used, illu-
mination or illuminant color might lead to serious safety 
accidents or human error unless careful consideration is 
given to the design of the user interface13).  Lin et al.14) 
indicated that illuminant color has a significant effect 
on visual acuity, and any changes to illuminant color 
in the workplace should consider its effect on human 
psychology and physiology.  In occupational work, 
poor visual discrimination is work-task-specific and can 
be aggravated when exposure to the task is prolonged.  

Noticeability, the interaction between VDT task perfor-
mance and environmental illuminant, also becomes an 
essential issue in these applications.

The background color of the screen is another impor-
tant factor in visual detection that could affect perfor-
mance on VDT work.  The standardized warrior sym-
bology does not regulate the background color either.  
This might arise some unexpected problems in human’s 
visual performance.  For instance, previous research had 
indicated that text/background color combinations also 
significantly influence visual performance and subjective 
preference2, 15, 16).  Appropriate text/background color 
combinations of a VDT interface could be an effec-
tive means by which to improve visual performance 
with regard to searching speed and legibility, and the 
luminance contrast between text and background colors 
is an important factor in color combination17).  In sev-
eral of the warrior symbology detection tasks that were 
surveyed in the information center or control room, 
the greater part of background colors were formed by 
brown (which represents the land on chromatic screen), 
blue (which represents the sea on chromatic screen) 
and black (which means both of land and sea on mono-
chrome screen).  In foregoing situation, the main reason 
that the ambient illumination is very low.  Currently, 
few researches have been done regarding the effects of 
target/background color combinations on visual perfor-
mance under different illuminant colors.

The objective of this study was to examine the 
influence of different levels of illumination, colors of 
illuminant and background colors on discrimination 
performance in combat symbology on VDTs.  A lab 
experiment was conducted to explore the visual discrim-

Fig. 1.   An example of the simulated radar picture included sym-
bols for MIL-STD 2525b.
Users can plot the locations of all troops in a given region on a mili-
tary operations planning map, or add the nearby locations of potential 
threats.
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ination, and the result may provide design guidelines for 
designing effective signals to reduce or eliminate human 
errors of VDT operators.

Method

Subjects
The subjects were 10 volunteers (4 men and 6 

women) who were paid for their participation in this 
study.  Their ages ranged from 20 to 31 yr (M=26.1 yr, 
SD=3.18).  All subjects had a corrected visual acuity 
of 0.8 or better, as well as normal color vision.  The 
protocol of this experimental study has been approved 
by the Research Ethics Committee of National Chung-
Shan Institute of Science and Technology.  Each subject 
signed a letter of consent before the experiment.  In the 
beginning of each treatment, the subjects adapted to the 
ambient illumination for 20 min before starting.  The 
subjects were randomly assigned to each treatment and 
test individually and were also instructed to avoid VDT 
work for at least 3 h prior to the experiment.

Apparatus
A Topcon-acp.8 vision tester was used to test the 

visual acuity of each subject.  Another instrument of 
Optec 2000 tester which can show six Ishihara plates 
was used to test all subjects’ color vision18, 19).  An 
Intel Pentium 4 desktop computer with an Advantech 
Fpm-3175tvr-t 17-inch color Liquid Crystal Display 
(LCD) monitor with a display resolution of 1,280 × 800 
pixels at a refresh rate of 60 Hz was used.  The moni-
tor was calibrated with a Minolta CS-100 chroma meter.  
A chin rest restrained the subject’s head position, ensur-
ing a constant viewing distance of 50 cm.  Before the 
experiments began, the monitor was warmed up for 2 h.  

A test program was developed in accordance with the 
theorem of the Farnsworth-Munsell 100 (FM-100) hue 
test20).  Kinnear and Sahraie21) employed the FM-100 
hue test norms of normal observers for each year of 
age 5–22 and decades 30–70.  Bernard and John22) 
used the FM-100 hue test measurement to evaluate the 
discrimination of colors, and Murray et al.23) employed 
the simulated Munsell samples on the screen to study 
the changes of the color appearance under low illumina-
tion.  In the current study, the color-matching test that 
follows the FM-100 hue test principles was used.  The 
experiments were conducted in a darkened room, and 
subjects performed a color-matching task under different 
color illuminant sources.  Environmental illuminant with 
a diffuse light source from a fluorescent tube simulated 
the normal and combat situations in the control room 
or information center.  The Commission International 
de l’Eclairage (CIE; International Commission on 

Illumination) primaries value and illumination of envi-
ronmental illuminant were measured with a Minolta 
CL-200 chroma meter at the height of the keyboard, 
and the background colors of LCD screen, simulated 
Munsell caps were measured with a Minolta chroma 
meter CS-100.  The CIE chromaticity diagram of the 
simulated Munsell caps, background colors and illumi-
nant colors were shown in Fig. 2.

Experimental design
The study used a complete factorial (2 × 3 × 3) 

within-subject design.  The independent variables were 
two ambient illumination levels (50 lux and 300 lux), 
three illuminant colors (red, blue, and white), and three 
background colors (black, blue and brown).  The three 
dependent variables were the error scores, completion 
time, and the subjective preference.  The CIE chromatic-
ity coordinates (x, y) of the three illuminant colors are 
presented in Table 1, the chromaticity coordinates and 
luminance values of background colors are shown in 
Table 2 and the CIELuv space of the simulated Munsell 
caps are presented in Table 3.  Each subject executed 
eighteen (2 × 3 × 3) experimental tasks at random under 
different setting conditions.

Task and procedure
The test program was developed in accordance 

with the theorem of the FM-100 hue test, which was 
designed to measure zones of color confusion and 

Fig. 2.   Chromaticity coordinates of the colors were used in the 85 
simulated Farnsworth Munsell samples, screen background colors 
and illuminant colors.
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separates normal trichromats into classes of outstand-
ing, average, and inferior color discrimination.  The 
color-matching test that follows the FM-100 principles, 
which contains 85 specific of colors and is divided into 
four groups (1 group of 22 and 3 groups of 21 colors), 
with each group representing a different series of just 
noticeably different shades of colors, e.g., from yellow 
to green when the colors are arranged in proper order.  
The experiment interface is shown in Fig. 3.  Two col-
ors are repeated and fixed as pilot colors at either end 
of one group, representing the correct colors and serving 
as judgmental anchor points.  Before the experiment, 
the groups and colors were arranged in a pre-determined 
random order, and the subjects could practice operat-
ing the interface before each test.  The object of the 
experiment was to arrange the colors in order accord-
ing to different shades of colors, and the subject’s task 
was to arrange the colors into the appropriate sequence 
between each pair of anchor points on the screen.  Each 
color was assigned a number in the program in order 
to facilitate scoring, but the numbers were not visible 
to the subjects.  The error score for individual caps was 
calculated based on Kinnear and Sahraie’s21) method 
where the magnitude of difference between the cap and 
the two adjacent caps is summed and then 2 is sub-
tracted from the error score to scale the value so that a 
perfect arrangement has an error score of 0.  The score 
for each row and total were then calculated from the 
sum of the individual cap values.

At the end of the experiment, subjects completed the 
post-experiment questionnaire regarding the participant’s 
opinion about the workload under different illuminant 
colors, ambient illumination levels and background 
colors.  The questionnaire was based on the National 
Aeronautics and Space Administration-Task Load Index 
(NASA-TLX), which was one of the most widely 

known and widely used tools for assessing subjective 
workload24).  The NASA-TLX is in two-parts.  In the 
first part, the subjects evaluate the contribution of six 
factors (Mental, Physical, and Temporal demands and 
Performance, Effort, and Frustration levels) to the work-
load of the task, choosing the more important factor in 
15 paired comparisons.  Second, the subject estimates 
workload by providing numerical ratings for each of the 
six scales, which reflects the magnitude of the experi-
mental task.  Each scale is presented as a 100-mm line 
with “low” and “high” marked in five scales.  The sixth 
scale, the “performance” scale, extends from “good” to 
“poor”.  Subjects mark a X on the 100-mm line, and 
the position of signal translates into a score (between 0 
and 100).  The overall workload score is calculated by 
multiplying each raw rating given by the subject.  The 
sum of the weighted ratings is then divided by 15 (the 
sum of the weights) to give an absolute workload score 
that lies between 0 and 100.

Results

The mean proportion of completion time, error 
scores and subjective preference under each level of the 
independent variables is shown in Table 4.  The basic 
design independent variables were tested by the repeat-
ed measures analysis of variance (ANOVA), and these 
results are summarized in Table 5.

Error scores
Table 5 shows the ANOVA results of error scores.  

The results indicated that the main effects of illuminant 
colors and screen background colors were significant.  
The result of ANOVA for the error scores showed that 
the effect of ambient illumination levels was not sta-
tistically significant.  The result demonstrated that the 
illuminant colors and background colors on the screen 
influenced subjects’ color discrimination performance.  
Further analyses of illuminant colors and screen back-
ground colors indicated a significant simple main effect 
on the error scores; the result of the Duncan grouping 
test showed that the error scores under white illuminant 
was significantly lower than the error scores under red 
or blue illuminant.  On the other hand, the Duncan 
grouping test result demonstrated that the best color dis-
crimination occurred under black and brown background 
colors, followed by brown and blue background colors.

Figures 4 and 5 show the results for the significant 
effects.  In Fig. 4, the comparison of performance of 
illuminant colors, the white illuminant performed bet-
ter than red or blue illuminant.  As shown in Fig. 5, a 
black background color resulted in fewer errors than did 
a blue or brown background.  Results were very consis-

Table 1.   The CIE chromaticity coordinates (x, y) of the illu-
minant colors

Illuminant colors x y z

White 0.32 0.35 0.33

Red 0.55 0.28 0.17

Blue 0.17 0.19 0.64

Table 2.   The CIE chromaticity coordinates (x, y) for screen 
the background colors of screen

background colors x y L

Black 0.28 0.35 0.48

Blue 0.16 0.16 5.3

Brown 0.57 0.35 3.5

L = luminance (cd/m2).
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tent over the entire color range of the FM-100 hue test.

Completion time
Table 5 shows the ANOVA results of completion 

time.  The results indicated that the main effects of 
ambient illumination were significant.  However, the 
ANOVA results for completion time showed that the 
differences in main effects of illuminant colors and 
screen background colors levels were not statistically 
significant.  Fig. 6 showed the results for the signifi-
cant effects of ambient illumination.  The result of each 
color group reflected that the completion time of 300 
lux was faster than that of 50 lux.

Subjective preference
Each rating scale of the NASA-TLX was calculated 

on a 100-mm scale (0 = lowest workload, 100 = highest 
workload), and the values of the TLX were compared 
using ANOVA test.  The results between different items 
(such as total task load, mental, physical and temporal 
demand, effort, performance and frustration level) are 

Table 4.   Mean error scores, completion time and subjective preference under each level of 
the independent variables

Independent variable n Error scores Completion time (s)
Overall subjective 

preference of task load

Ambient illumination

300 lux 90 76.3 339.9 57.8

50 lux 90 72.2 359.9 58.3

Illuminant colors 

Red 60 78.0 348.0 58.4

Blue 60 77.9 349.0 58.1

White 60 66.9 352.5 57.6

Background colors 

Black 60 68.1 353.5 58.2

Blue 60 79.5 351.2 60.4

Brown 60 75.1 344.8 60.3

Table 5.   ANOVA results of dependent variable

Error scores Completion time (s)
Overall subjective 

preference of task load

Source DF F p F p F p

Subject (Block) 9 31.30 0.000 31.83 0.000 61.72 0.000

Ambient illumination (AI) 1 1.91 0.169 4.68 0.032 0.25 0.617

Illuminant colors (IC) 2 6.09 0.003 0.09 0.916 0.24 0.785

Background colors (BC) 2 4.93 0.008 0.32 0.728 0.06 0.937

AI × IC 2 0.21 0.810 0.16 0.853 0.40 0.671

AI × BC 2 2.33 0.101 0.31 0.731 1.73 0.180

IC × BC 4 0.60 0.661 0.44 0.779 0.56 0.692

AI × IC × BC 4 0.57 0.687 1.27 0.286 0.01 1.000

Significant at α=0.05, DF: degree of freedom, F: F value, p: p value

Fig. 3.   The simulated Munsell samples interface was used in a suc-
cessive color-matching task.
The gray background replaced by the black, blue and brown backgrounds 
in the experiment.
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summarized in Tables 5 and 6.  Neither the three-way 
interaction among illuminant colors, ambient illumina-
tion levels, and background colors nor the two-way 
interactions between each pair of independent variables 
had a significant impact on subject preference; only the 

main effect of illuminant colors had a significant impact 
on the comparison of mental load, although its impact 
was not significant on other items.

Discussion

This experimental study was designed to examine the 
performance of color discrimination on the VDTs.  The 
results were discussed as follows.

Illuminant colors
The findings indicated that the error scores under the 

red and blue illuminant were significantly higher than 
the error scores under white illuminant, a finding that 
was consistent with previous studies12, 14).  It is possible 
that the subjects were accustomed to the daylight or 
fluorescent light as a “usual” illumination so they could 
arrange the shades of colors on the screen more easily, 
while it may have been more difficult to discriminate 
the color-matching test of FM-100 colors under the 
colored illuminant because the subjects were not accus-
tomed to environmental colored illuminant.  The percep-
tion of colors could be adjustable when the observers 
persisted 1–2 wk under the environmental colored illu-
minant25).  Thus it took a long duration continuously to 
induce the change in color perception.  However, in this 
study, the duration of working time can not exceed four 
hours at one time.  Therefore, the possibility of human’s 
perception adjustability has been excluded.  

In addition, there was no significant difference in 

Fig. 4.   Comparison of 100-Hue Test performance in the four 
color groups under different illuminant colors.

Fig. 5.   Comparison of 100-Hue Test performance in the four 
color groups under different screen background colors.

Fig. 6.   Comparison of 100-Hue Test performance in the four 
color groups under different ambient illumination levels.



HUMAN COLOR DISCRIMINATION FOR VDT WORKERS 445

how subjects performed in red illuminant and in blue 
illuminant, but the error scores in group 1 (red to yel-
low) were significant higher than the error scores in 
other groups when under the red illuminant (F (3, 
236)=12.02, p<0.001).  Moreover, the error scores were 
also significant higher in group 3 (green to blue) under 
blue illuminant(F (3, 236)=5.83, p=0.001), which could 
be attributable to the same character of environmental 
illuminant and target light, for example the blue illu-
minant confused the human perception of blue hue.  
Based on the results of this study, the color of the most 
important target should not be similar to the illuminant 
color to prevent color confusion by workers.

Besides, the delta E for difference between adjacent 
colors value did not equal.  That may cause illumi-
nant colors dissimilar variations in each group.  The 
results showed that the mean error scores of illu-
minant colors were significantly different in color 
group 2 (Average∆E=4.33, p<0.001) and group 3 
(Average∆E:5.98, p<0.001), but were not significantly 
either in group 1 (Average∆E:6.22, p>0.4) or group 4 
(Average∆E:7.66, p>0.6).  The delta E value may par-
tially explain why there was differential effect of illumi-
nant color on the error scores for different color groups.

Although the overall subjective preferences shown 
in the NASA-TLX evaluation were not significant, the 
effect of mental contribution was statistically significant.  
The results showed that both the red and the blue ambi-
ent lighting had a significantly higher impact on mental 
factors than did the white lighting.  The result was con-
sistent with that of previous studies14).  Subjects felt a 
higher mental workload when they were working under 
either the red or blue lighting condition than they did 
when working in the white lighting.

Ambient illumination
The factor of ambient illumination had a statistically 

significant impact on completion time, but not on the 
error scores or subjective preference.  As shown in Fig. 6, 

the completion time under 300 lux was shorter than 50 
lux in each group, a result consistent with that of previ-
ous studies14, 26, 27).  The results further showed that, 
whether there were illuminant colors or background col-
ors on the screen, subjects seemed to be able to main-
tain a shorter completion time under the high illumina-
tion condition.

Screen background colors
The results of this experiment indicated that back-

ground colors of monitor affected the error scores on 
the color discrimination task.  In Fig. 5, the comparison 
of the errors in four groups of different background 
colors showed that there were fewer errors for the black 
background than for the brown background and that the 
errors in the blue background occurred the most often.  
The recommendation of background color on the screen 
was to adopt target/background color combinations with 
higher color differences, a finding that was consistent 
with that of previous studies28).  The reason for this 
finding could be that the luminance of the background 
color affected the color discrimination performance.

Conclusion

Experiments in color discrimination for VDT workers 
in this research revealed that illuminant colors signifi-
cantly affected color perception when signals with color 
coding appeared on the screen.  Based on the measure-
ment data, the color of the most important target should 
not be similar to the illuminant color.  The results also 
indicated that a lower luminance of background color 
could improve color discrimination but that subjects 
could maintain a shorter completion time on a color dis-
crimination task under high illumination.  Designers of 
workstations for the control room can use these findings 
to adopt different combinations of colors, appropriate 
background colors on the screen, and ambient illumina-
tion levels to prevent color confusion.

Table 6.   ANOVA results of NASA TLX among different items

Mental Physical Temporal Effort Performance Frustration

Source DF F p F p F p F p F p F p

Subject (Block) 9 83.53 0.000 116.51 0.000 60.83 0.000 65.61 0.000 15.39 0.000 51.16 0.000

Ambient illumination (AI) 1 0.38 0.539 0.44 0.509 0.03 0.852 0.03 0.868 0.00 0.957 2.00 0.159

illuminant colors (IC) 2 3.41 0.036 1.09 0.338 0.88 0.418 0.88 0.461 0.60 0.548 0.90 0.408

Background colors (BC) 2 1.56 0.214 2.03 0.135 1.37 0.257 0.01 0.991 2.44 0.091 0.99 0.373

AI × IC 2 0.13 0.882 0.76 0.468 0.26 0.768 1.64 0.197 1.61 0.203 0.49 0.613

AI × BC 2 0.11 0.899 1.57 0.212 0.66 0.519 0.18 0.836 2.25 0.109 1.06 0.350

IC × BC 4 0.33 0.859 0.17 0.935 1.53 0.195 0.81 0.518 0.44 0.781 1.49 0.208

AI × IC × BC 4 0.72 0.581 1.78 0.136 1.17 0.328 0.06 0.994 0.35 0.845 0.29 0.887

Significant at α=0.05, DF: degree of freedom, F: F value, p: p value



446 F-Y TSENG et al.

Industrial Health 2010, 48, 438–446

References

 1) Lee DS, Shieh KK, Jeng SC, Shen IH (2008) Effect 
of character size and lighting on legibility of electron-
ic papers. Displays 29, 10–7.

 2) Wang AH, Tseng CC, Jeng SC (2007) Effects of 
bending curvature and text/background color-combina-
tions of e-paper on subjects’ visual performance and 
subjective preferences under various ambient illumi-
nance conditions. Displays 28, 161–6.

 3) Smith MJ, Conway FT, Karsh BT (1999) Occupational 
stress in human computer interaction. Ind Health 37, 
157–73.

 4) Mcbride ME, Ntuen CA (1997) The effects of mul-
timodal display aids on human performance. Comput 
Ind Eng 33, 197–200.

 5) Rovira E, McGarry K, Parasuraman R (2007) Effects 
of imperfect automation on decision making in a 
simulated command and control task. Hum Factors 49, 
76–87.

 6) Talcott CP, Bennett KB, Martinez SG, Shattuck LG, 
Stansifer C (2007) Perception-action icons: an inter-
face design strategy for intermediate domains. Hum 
Factors 49, 120–35. 

 7) Liao SH (2001) A knowledge-based architecture for 
implementing military geographical intelligence system 
on intranet. Expert Syst Appl 20, 313–24.

 8) Ahlberg S, Hörling P, Johansson K, Jöred K, 
Kjellström H, Mårtenson C, Neider G, Schubert J, 
Svenson P, Svensson P, Walter J (2007) An infor-
mation fusion demonstrator for tactical intelligence 
processing in network-based defense. Inf Fusion 8, 
84–107.

 9) Wang YS, Hwang SL (1995) An experimental study 
on the information design of CRT display in process 
control rooms. Int J Ind Ergon 15, 459–69.

10) Ahlberg S, Hörling P, Johansson K, Jöred K, 
Kjellström H, Mårtenson C, Neider G, Schubert J, 
Svenson P (2007) An information fusion demonstrator 
for tactical intelligence processing in network-based 
defense. Information Fusion 8, 84–107.

11) DoD, Military Standard-Interoperability Standard 
for Interface Standard (1999) Common Warfighting 
Symbology, MIL-STD 2525b. IHS, Englewood.

12) Kinney JAS, Neri DF, Mercado DT, Ryan AP (1983) 
Visual fatigue in sonar control room lighted by 
red,white or blue illumination. Report No. 1000, Naval 
Submarine Medical Research Laboratory, Gronton.

13) Han SH, Yang H, Im DG (2007) Designing a human-
computer interface for a process control room: a case 
study of a steel manufacturing company. Int J Ind 
Ergon 37, 383–93.

14) Lin CJ, Feng WY, Chao CJ, Tseng FY (2008) Effects 
of VDT workstation lighting conditions on operator 

visual workload. Ind Health 46, 105–11.
15) Shieh KK, Lin CC (2000) Effects of screen type, 

ambient illumination, and color combination on VDT 
visual performance and subjective preference. Int J Ind 
Ergon 26, 527–36.

16) Buchner A, Baumgartner N (2007) Text —background 
polarity affects performance irrespective of ambi-
ent illumination and colour contrast. Ergonomics 50, 
1036–63.

17) Wang AH, Chen CH (2003) Effect of screen type, 
Chinese typography, text/background color combina-
tion, speed, and jump length for VDT leading display 
on user’s reading performance. Int J Ind Ergon 31, 
249–61.

18) Birch J (2001) Diagnosis of Defective Colour Vision, 
2nd Ed., 76, Butterworth-Heinemann, London.

19) Nakagawara VB, Wood KJ (1998) Clinical application 
of the new civil airman vision standards and certifica-
tion procedures. J Am Optom Assoc 69, 144–50.

20) Farnsworth D (1957) The Farnsworth-Munsell 
100-Hue Test for the examination of color discrimina-
tion. Munsell Color Company, Maryland.

21) Kinnear PR, Sahraie A (2002) New Farnsworth-
Munsell 100 hue test norms of normal observers for 
each year of age 5–22 and for age decades 30–70. Br 
J Ophthalmol 86, 1408–11.

22) Fine BJ, Kobrick JL (1980) Field dependence, 
practice, and low illumination as related to the 
Farnsworth-Munsell 100-Hue Test. Percept Mot Skills 
51, 1167–77.

23) Murray IJ, Daugirdiene A, Vaitkevicius H, Kulikowski 
JJ, Stanikunas R (2006) Almost complete colour con-
stancy achieved with full-field adaptation. Vision Res 
46, 3067–78.

24) Hard SG, Staveland LE (1988) Development of 
NASA-TLX (Task Load Index): results of empirical 
and theoretical research. In: Human Mental Workload, 
Hancock PA and Meshkait N (Eds.), 5–39, Elsevier, 
New York.

25) Neitz J, Carroll J, Yamauchi Y, Neitz M, Williams DR 
(2002) Color perception is mediated by a plastic neu-
ral mechanism that is adjustable in adults. Neuron 35, 
783–92.

26) Juslén H, Wouters M, Tenner A (2007) The influence 
of controllable task-lighting on productivity: a field 
study in a factory. Appl Ergon 38, 39–44.

27) Van Bommel WJM, Van den Beld GJ (2001) Industrial 
lighting, productivity, health and well-being. The 
International Conference ILUMINAT, Cluj-Napoca.

28) Wang AH, Chen CH, Chen MT (2002) Effect of lead-
ing display design of dynamic information on users’ 
visual performance and visual fatigue. J Chin Inst Ind 
Eng 19, 69–78.


