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Abstract. This research discusses the influence of code colors and duration of 
display to the corrective rate of visual codes working memory and the Critical 
Fusion Frequency (CFF) value in different gender and two age groups (high 
school and university). The results showed that gender has a certain effect upon 
the corrective rate of the visual codes working memory and on the CFF ratios. 
Moreover, female fencers’ CFF ratios were higher than the male fencers’. The 
high school participants’ CFF ratios were obviously higher than the college 
participants’. The color of display has a significant effect on the corrective rate 
of visual codes working memory. Evidence showed that the duration time of 
display affected the corrective rate of the visual codes working memory. The 
code duration of display of 0.3 second had the highest corrective rate of visual 
codes working memory. 

Keywords: duration of display, visual codes working memory, Critical Fusion 
Frequency (CFF) value, and color of display. 

1   Introduction 

Most kinds of sports have a great relationship with speed, strength, agility, and hand-
eye coordination. The performance of speed, agility, and hand-eye coordination has a 
lot of relevance with vision organ – eyes. Among important factors affecting the 
performance of sports players, whether to focus their attention on becomes the key to 
victory or defeat [1]. Attention refers to pay full attention on a definite target; in 
particular, those sports which require accuracy and rapid response demand a high 
degree of attention [2]. Excellent attention can rule out unnecessary interference and 
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stimulus, and quickly focus on specific objectives, so as to develop out speed and 
techniques. Literatures show that the performance of athletes is related to vision 
ability ([3] and [4]) since the vision capacity will affect the reception of messages of 
the external environment as well as reaction time. A fast-moving sport which is 
unnecessary to track fast-moving objects has higher vision capacity; furthermore the 
first-class players are superior to other level players [5]. The quality of the vision 
capacity has larger impact on the performance of sport [6]. 

Studies have shown that sports vision plays an important role on the performance 
of sport. Some studies also pointed out that the vision skills of athletes are better than 
non-athletes, [7], [8], [9], [10], and [11], and it is an undisputed fact that a good sport 
vision can help elite athletes reach peak state, and enhancement of vision ability of the 
athletes can help sports performance. 

Vision capacity related to sport is such as to distinguish two different points and 
lines or the visual acuity to clearly detect the structure of the object; the contrast 
sensitivity – the ability to differentiate objects and background brightness. After 
image appears, through visual experience, conduction, and finally the formation of the 
brain process of perception, it is determined by visual reaction time, referred to as 
perceptual speed, for human being who is averaged at about 0.2 second [12]. 
Literature found that fencing players can not change the direction of movement within 
0.25 seconds [13], so a good fencer must have good predictability. Predictability is an 
ability of keen observation, formed by immediate integration, analysis, determination, 
which is also a kind of early response capacity, based on distance perception, time 
difference, the feeling of the sword and a wealth of game experience. Rapidness, 
accuracy, adaptability, and predictability are the characteristics of sport fencing [13], 
and the basic elements of predictability are sensing the subtlety, having an insight into 
chances in advance, which depend on the most important human sensibility - the eyes 
to carry out its work. Spontaneous change of the fencing action requires more than 
0.25 seconds, while the average perception rate is at least 0.2 seconds, leaving only 
0.05 seconds of the judge time, therefore how to shorten the time of perception rate, 
enhance the correct rate of predictability is a very important question. 

In 1989, Japan used "Acuvision 1000-type" system to implement the training for 
the women's volleyball players on the items of eye-hand coordination, eye movement, 
and visual concentration [5]. The study found that enhancement of sport vision ability 
can help enhance sport performance; and code visual recognition exercise capacity is 
one of the training courses for sport vision ability. Under athletes training theory, 
gender and age will have their differences, and men and women players are different 
at speed, muscle strength, physiological cardiopulmonary endurance, so as the 
intensity of the load. Different psychological pressure, so as to the performances of 
the attention, enthusiasm, self-confidence, perception efficiency, therefore sport 
performance will be different. 

This study takes self-develop code working (instant) memory capacity detection 
software" as a research tool, uses visual codes working memory capacity to explore 
the correct rate for the fencers of different gender and age to identify the code 
working memory capacity, and then uses visual flicker fusion threshold (CFF) 
detector to detect the change of CFF values after continuous 15 minutes for the visual 
codes of working memory. It is expected that through inspecting visual code working 
memory capacity and the detection of CFF values, the differences between different 



 The Influence of Gender and Age on the Visual Codes Working Memory 141 

gender and age groups are understood, provided to the coaches and fencers as 
reference for vision capacity training, helping them to enhance sports performance. 

2   Research Methods 

2.1   The Subjects 

A total of eight subjects, with the average height 169.5 ± 8.0 cm, weight 61.6 ± 10.8 
kg, and age of 19 ± 2 years old, have learned and exercised fencing for 3.4 ± 1.5 
years, among whom are four high school students, aged from 16.5 to 18.3 years old 
(M = 17.2 years), and four college players, aged from 19.8 to 20.8 (M = 20.4 years); 
four male players (M = 19.8 years), and four female players (M = 17.8 years). Each 
player has accepted fencing training for at least 2 years, all right-handed, no eye 
diseases, with vision of more than 0.9 degree after correction.  

2.2   Experiment Design 

(1) Instrument and inspection software configuration 
Visual flicker fusion threshold detection is based on Model 12021 Flicker Fusion 
System made by Lafayette Co. Ltd. of the United States, adopting descending method 
to detect flicker threshold. The detection tool for capability of working memory for 
codes is based on Microsoft's PowerPoint 7.0 to write software which is installed on 
the same four host computers with the same brand and model 17-inch screen as 
inspection display. The main functions of inspection software for working memory 
for codes include: control of the screen background color, font color, font size, font 
selection, code number, show time, the number of test questions and the total testing 
time, etc. For each parameter setting in experiment design, please refer to Table 1. 
Experimental inspection of environmental luminance is based on digital measurement 
VDT to measure the focal point, which is also the position the code appears, whose 
environmental illumination is set to 300 lx.  

(2) The experimental variables 
The experiment adopts repeated measures design, with the independent variables as 
gender, age (to be divided into high school and college groups), code display duration 
(set to 0.1s, 0.2s or 0.3s, the 3 levels), display color (blue, green and yellow, the 3 
colors). There are 2 dependent variables, respectively the visual flicker fusion 
threshold (CFF) and the correct rate. The correct rate refers to the ratio of the correct 
question number and the total question number when the subject takes inspection for 
working memory for codes.  

(3) Site design 
For the arrangement for the four experimental computers, please refer to Figure 1. Subject 
to only one CFF detector, the subjects are randomly assigned one after another, with the 
experiment carried out orderly. Illumination comes from the ceiling fluorescent light 
source and four halogen dimmers with the independent adjustor. Four halogens are 
respectively placed at the corner of 3 meters behind the subject, one meter high from the 
ground (see Figure 1). The irradiation angle of light source should be avoided to generate 
reflection upon VDT, with the environment illumination level controlled at 300 lx. 
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Table 1.  Configuration parameters for working memory inspection 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. Subjects’ experimental layout 

(4) Experimental procedures  
Before the experiment, the subjects are first told the experiment purpose, notes which 
should be paid attention to, and operation method. Each subject has a 10-question 
practice for 2 times before inspection. In this experimental design, the average 
number of question items every minute is 10 questions, with the inspection duration 
of total 15 minutes. The eight subjects are randomly assigned to 4 computers, with 3 
levels of display duration and 3 kinds of display colors, totaling 9 experimental 
combinations in this experiment design. Each subject is respectively taken 3 CFF 
detections before and after experimental inspection, and taken the average. During 
inspection, record simultaneously the total number of questions for each experimental 
code memory and the correct answers, and calculate the correct rate. Each inspection 
duration takes 15 minutes, and 5 minutes rest with eyes closed after each inspection, 
plus 3 times respectively, pre- and post- experimental CFF detections which are 
expected to take about 10 minutes. Thus an average composition of each experiment 
takes about 30 minutes, and the subject takes about 4 hours 30 minutes to complete 
the 9 experimental combinations. CFF and the correct rate inspection for working 
memory for visual codes are as follows: 
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a. The correct rate inspection for working memory for visual codes  
After setting the environmental illumination, enter the inspection software, orderly 
accomplish the settings for working memory for codes such as the screen resolution, 
background color, font color, font size, display duration, the number of codes, fonts, 
inspection duration, etc., referring to Table 1. This experiment takes display duration, 
display color, gender and age as independent variables, among which the age is 
divided into college and high school groups according to enrollment. 

After the subject is ready in place, press "Enter" key to begin answering. Working 
memory for codes takes Arabic numerals to randomly display a 6-digit number at the 
focal point of VDT. The display duration has 3 levels respectively 0.1s, 0.2s, 0.3s in 
this experiment. After the end of display duration, the subject inputs VDT codes 
appeared according to experimental requirement, and it is considered correct only 
when all 6 codes are same and in same order. After completion of answer, press 
“Enter” again according to computer prompt to continue the next item, until 15 
minutes when the inspection software turns off automatically. In the mean time, the 
system records the total number of items the subject has answered and the correction 
rate. 

b. CFF threshold inspection  
Use the flicker fusion instrument Model 12021 made by the company Lafayette of the 
United States, to inspect CFF threshold value. CFF value is measured 3 times 
respectively before and after each 15 minutes inspection for working memory for 
visual codes, and taken the average. CFF threshold value measurement takes 
descending method, with flickering frequency of 1-100 Hz, and the descending 
frequency of the light source flash at 0.5 Hz per second. The subject looks straight 
into the continuous light source until flickering is felt at the light source, then quickly 
press recording switch button. The critical point from the continuous light to the 
blinking light is called the flicker fusion threshold. 

3   Results and Discussions 

This study summarizes the conclusions of relevant VDT code color and background 
color combinations domestically and overseas. The combinations of code color and 
background color will affect the performance of user’s computer operation, and 
improper application of color combination could not let users quickly understand the 
information content presented on the screen. According to the result of Tinker and 
Paterson [14] study, there is optimal reading speed for black-text-white-background 
on VDT display, and from the study by Zhu and Cao [15] about background and code 
color on VDT display, it has worse recognition effect when the brightness contrast is 
too small. Therefore in this study the background and code color uses back against a 
white background. 

(1) Effect of gender, age, display duration and code color on the correct rate of 
working memory. 

It is discovered from the inspection results of effect of gender, age, display duration and 
the code color on the correct rate of working memory, that men and women have 
statistical significance (p< .05), see Table 2. Female students have higher correct rate 
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performance of working memory than male students, which is contradictory to the 
conclusion by Long and Johnson [16]. Long and Johnson's study shows that men's 
dynamic visual acuity is better than women, but results of this study show that women 
have higher correct rate for recognizing codes than men. Good dynamic visual acuity can 
better clearly identify the mobile codes, which leads to better capacity of code working 
memory; therefore there should be higher identification correct rate. That the reason for 
this is whether the 15 minutes experiment concentration duration is too long, thus 
affecting the correct rate for the subject to identify, or due to gender or individual 
difference, there is an optimal work time, that is to be further explored. 

According to Ishigaki and Miyao study [17], it indicated that dynamic visual acuity 
for 6-20 year-old men and women has not reached statistically significant difference, 
which is inconsistent to the result in this study that gender showed significant 
difference. In this study, subjects from high school group are 17 to 18 years old (M = 
17.2 years), college group are 20-21 (M = 20.4 years), whose ages are about between 
6-20 years old. Study results show that age does not have significant difference with 
the correct rate for identifying codes, which is in line with the Ishigaki and Miyao 
[17] findings that gender has no significant differences with the correct rate. 

In aspect of code color, it reaches a significant level (p< .05). It is shown that when 
the background color is white, and the code color is yellow, the working memory 
accuracy is lower than the blue and green code color. When fencers are in game, 
averagely there are about 3 meters in distance, which has slight increase or decrease 
depending on the heights, speed and response capacity of the two fencers, but little in 
error. Fencers will choose a safe distance that they consider they can effectively 
defend against attacks, and the optimal distance that they can effectively perform their 
own scoring attacks. In fencing, the two parties are bound to appear sudden attack or 
parry actions, so at any time the fencers should maintain a high degree of attention at 
the opponent's tip, whose purpose is to foresee their possible threat, so as to improve 
the correct rate of response actions, and achieve the purpose of scoring. 

Fencing competition rule stipulates that, measuring from the tip, the weapon 
should be coated at least 12cm long using insulating plaster (in fencing competition it 
normally uses color blue, green or yellow), which is the right target that the 
opponent’s eyes are focusing. Whether the conclusion of this study can be applied 
that yellow has the lowest code recognition accuracy, so that yellow insulating plaster 
is chosen to coat the 12cm part of the tip, with the white clothes of the fencers as the 
background color, and so that it can be achieved to interfere the opponent’s visual 
recognition accuracy, that is left to the future experimental observation. 

This study shows that time to the correct rate of code working memory has also 
reached the significant level (p< .05). However, the interactions among four 
independent variables of gender, age, code color, and display duration do not reach 
significant level (p> .05), refer to Table 1. The accuracy for the code display duration 
of 0.3 seconds is averagely 68.30 percent, and 53.97% and 60.8% respectively for the 
code display duration of 0.1 seconds and 0.2 seconds. It is indicated from these codes 
identification accuracy that 0.3 seconds is only the former part of the average 
response time in game, whose recognition accuracy is near about 70% (> 68.30%), 
and how to effectively take advantage of, and shorten the reaction time to 0.2 second 
or even to 0.1 second, so that it can help to observe movements in order to correctly 
and effectively implement techniques [13]. 
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Table 2. The analytical summary table of factors difference for the correct rate of visual code 
working memory 

*p� .05 
*dependent variable: the correct rate (visual code working memory) 

With the assumption that visual code working memory accuracy unchanged, when 
display duration reduces, the perception effect should augment accordingly. It was 
previously discussed that the spontaneous movement change for fencing sport 
requires at least at least 0.25 seconds, while the average perception rate requires 0.2 
seconds, coupled with the at least 0.05 seconds of judging time, therefore that how to 
shorten the perception time and enhance the accuracy of foreseen capacity is a very 
important issue. That how to strengthen the visual code working memory capacity, to 
provide more adequate time for visual observation, will contribute to the success rate 
of the tactical and technical implementation. 

(2) The differences of visual code working CFF with regard to gender, age, and 
display duration 

Study found that when inspecting visual code working memory, visual flicker 
fusion threshold reaches the significant level (p< .05). After the experiment, the 
average CFF values for female students are higher than those for male students. Is this 
because the 15 minutes experimental concentration time is too long, which was stated 
previously for the working memory accuracy? Female subjects might be able to focus 
on certain object for long time, therefore there is higher recognition accuracy for the 
female subjects, and visual fatigue is more easily caused for them, whose CFF values 
decline more than male subjects, reaching significant difference. The reason remains 
to be further clarified in the future. 

In respect of age, the average CFF value for high school group is also higher than 
that of college group, reaching significant difference (p< .05). However, the 
interaction among the four factors: gender, age, display color and display duration 
does not reach the significant level (p> .05), referring to Table 3. 

The past study found that the environmental illumination can affect the visual 
fatigue, and Saito and Hosokawa’s [18] study also found that, when the 
environmental luminance increases, the pupil diameter significantly reduces, easily 
leading to visual fatigue. ANSI/HFS 100-1998 [19] recommended that the 
environmental illuminance of VDT workstation should be at 200 lux to 500 lux. The 
environmental lumination in this experiment is set at 300 lux, which is in compliance 
with the above requirement. 

Sources 
of variation 

Type III Sum of 
Square 

df MSS F p Post-hoc 

Gender 7343.35 1 7343.35 51.20 .000 female＞male 

Age  476.15 1  476.15  3.32 .075  

Display 
Color 

2007.82 2 1003.91  7.00 .002 
Blue, green> 

yellow 
Display 
Duration 

1742.13 2  871.07  6.07 .005 0.3>0.2, 0.1 
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Table 3. Analytical summary of factor differences for visual code working memory visual 
flicker fusion threshold 

Source of Difference Type III Sum of Square df MSS F p Post-hoc 

Gender  1006.58 1  1006.58 16.41 .000 female<male 

Age  1467.33 1  1467.33 23.93 .000 
High School> 

College 
Code Color    1.64 2     .82 .01 .987  

Display Duration    7.49 2    3.75 .06 .941  
*p� .05 

In this study, the results for both code color and display duration do not reach 
significant level, and the CFF value in the same experiment of Chang, Li, Jou, and 
Hsu [20] also does not reach significant difference, which is in line with the 
conclusion of Oohira [21] findings that the CFF value changes little, difficult to reach 
significant difference during the work of VDT. Although the CFF value would 
decline with the operating time increasing, that is, the visual fatigue would also 
increase with the operating time increasing [22], in particular, the operation error rate 
would increase after 75 minutes, and there is a more significant visual fatigue after 90 
minutes, a more significant visual fatigue [23]. Each experiment in this study lasted 
only 15 minutes, and having 5 minutes to rest, therefore, the CFF values for both the 
code color and display duration did not reach the significant level. It is discussed that 
the main reason should be related with the experiment duration which is too short. 

Iwasaki, Kurimoto and Noro [24] studied on the level that the computer operators 
respond to the CFF values of different colors, and it was discovered that the CFF 
values of green and yellow reduce significantly after 30 minutes working, and the 
CFF value of red reduce significantly after 15 minutes working. This study uses the 
code colors blue, green and yellow to work 15 minutes, and the experimental result 
shows that all the CFF values do not reach significant level, which should be caused 
by the short experiment duration that has only 15 minutes. Although by Iwasaki et al. 
[24] the CFF value of red color dropped significantly after 15 minutes working, the 
code color in this study does not use red so as not to be able to compare results, which 
is very unfortunate. 

The study found that the age factor could result in significant difference with 
regard to CFF values (p <.05). The average CFF value of high school students is 
higher than college students, which is different from the conclusion by Ge et al., [25], 
that is, the age factor does not have a significant impact on the CFF value. However, 
the subjects studied in [25] have the age range from 41 to 58 years old, which is very 
different with the age of the subjects in this study– high school group (M=17.2 years 
old), college group (M=20.4 years old). The study by Nomiyama et al. [26] found that 
the CFF values for ages under 40 were not significantly different, and the age gap of 
the subjects in this study is not great, but it has reached significant level. Under the 
circumstance with only 15 minutes of the inspection time, whether it is such as Marek 
and Noworol’s [27] study in assessing VDT operators’ visual and mental fatigue - it 
was found that the CFF value of the focal point of the retina may be affected by visual 
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fatigue, thus causing significant difference – that should remain to be further explored 
in the future. 

4   Conclusion 

Many studies have confirmed that the dynamic visual acuity is trainable, that is, it can 
be trained to improve. It is recommended for coaches that more vision trainings be 
arranged during daily routine, especially the eyesight training watching fast-moving 
objects, which should be able to enhance the ability of dynamic visual acuity. Male 
dynamic visual acuity are better than female, but this study found that female code 
recognition accuracy is higher than male. Attention should be a very important factor. 
In the future it should further explore the topic of attention and vision capacity issues.  
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