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Abstract 

This research paper is related to human ergonomics. Research 

study investigated the combined effects of text, background 

colour, screen luminance and noise level on visual 

performance (readability) task in a mobile driving 

environment at visual display terminal (VDT). Subjects 

performed a readability task on a laptop computer in a sitting 

posture with their back supported with a backrest under 

varying noise and illumination level. The results found that 

visual performance (readability) depends on illumination 

level and text/background colour. Readability speed 

increased as illumination increased from 868 lux (60.47 sec), 

1065 lux (51.07 sec) to 3650 lux (49.054 sec) and 

performance was best for yellow background colour. Average 

time for yellow was (59.5933sec), for grey (63.911sec), for 

red (67.06516 sec), for blue (64.82 sec) and for green (62.045 

sec). The data was in terms of mean reading time in second. 

We also found that effect of polluted noise in individual 

depends on his behaviour upto a limit but after a limit 

performance decreases rapidly.  

Keywords: Ergonomics, Visual Performance, Readability, 

Noise, Illumination. 

 

Introduction 

Mobile computing: being able to use a computing device even 

when being mobile and therefore changing location. 

Portability is one aspect of mobile computing". Mobile 

computing is "taking a computer and all necessary files and 

software out into the field. Computers are used with large 

service vehicles and off-road driving and the harsh 

environmental conditions of constant professional use such as 

in emergency medical services, fire, and public safety. 

 

Figure 1: Mobile Computing [4] 

Visual performance on laptops is a flourishing research area. 

This Research begins with a brief history of the emergence 

and impact of mobile computers and mobile communications 

devices. Key factors in conducting sound Evaluations of new 

technologies for Reading on laptops and various cognitive 

tasks are presented, including Methodology and experiment 

design. 

Variables consider for experiment are:- 

• Illumination level of laptop screen 

• Noise level 

• Text Background color 

Effect of Illumination level on human: Lighting or 

illumination is the deliberate application of light to achieve 

some practical or aesthetic effect. Lighting includes the use 

of both artificial light sources such as lamps and light fixtures, 

as well as natural illumination by capturing daylight. Day 

lighting (using windows, skylights, or light shelves) is often 

used as the main source of light during daytime in buildings. 

This can save energy compared with artificial lighting, which 

represents a major component of energy consumption in 

buildings. Without proper design, energy can be wasted by 

using too much light, or using out-dated technology. Proper 

lighting can enhance task performance, improve the 

appearance of an area, and have positive psychological 

effects on occupants. One of the core tenets of proper lighting 

is uniform illumination, which is required in many 

applications such as projection displays, LCD backlights, 

medical lighting, microscopy, solid-state lighting, and 

general lighting.  

Scientifically, all Video Display Terminals (VDTs) emit 

Pulsed Electro Magnetic Radiation (PEMR). If you are 

watching a 20 colour TV, you should watch it from a 

minimum distance of 160 inches, i.e. eight times the screen 

size, otherwise such a ration is going to harm your eye-sight. 

Though LCD or slim monitors are less harmful compared to 

traditional ones, the risk still persists. With the widespread 

use of Internet and computer education being compulsory for 

higher learning, today‘s generation is addicted to use of 

computer. Result - even primary school kids wearing specs, a 

scenario which used to be the case with senior citizens some 

time back. Medical research on the effects of excessive light 

on the human body suggests that a variety of adverse health 

effects may be caused by light pollution or excessive light 

exposure, and some lighting design textbooks use human 
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health as an explicit criterion for proper lighting. Health 

effects of over-illumination or improper spectral composition 

of light may include: increased headache incidence, worker 

fatigue, medically defined stress, and increase in anxiety. 

Common levels of fluorescent lighting in offices are 

sufficient to elevate blood pressure by about eight points. 

Specifically within the USA, there is evidence that levels of 

light in most office environments lead to increased stress as 

well as increased worker errors. The case against light 

pollution is strengthened by a range of studies on health 

effects, suggesting that excess light may induce loss in visual 

acuity, hypertension, headaches and increased incidence of 

carcinoma. 

 

Figure 2: Visual Display Terminal [3] 

 

Visual performance or visual efficiency is the ratio of 

performance under less than ideal illumination to that under 

ideal illumination. Performance may be time taken to carry 

out a given task, productivity, etc. 

The effect of illuminance on visual performance is shown in 

figure 3, which has the following points: 

(i) Increasing the illuminance on the task produces an 

increase in performance following a law of 

diminishing returns. 

(ii) The illuminance at which performance levels off is 

dependent on the visual difficulty of the task, i.e. the 

more difficult the task, the higher the illuminance at 

which performance saturates. 

(iii) Although increasing illuminance increases task 

performance, it is not possible to bring a difficult 

visual task to the same level of performance as an 

easy task simply by increasing the illuminance. 

 

Figure 3: Improvement in visual efficiency  

for various tasks [9] 

Effect of Noise on Human Health: How noise affects will 

depend upon how long we are exposed to a sound, the 

loudness of the sound, and the ability of our body to recover 

after that exposure. 

Temporary Threshold Shift-Temporary threshold shift 

(TTS) is a temporary loss of hearing. If we are exposed to a 

very noisy job, by the end of the shift we may have noticed a 

loss of hearing sensitivity. The greatest portion of temporary 

hearing loss occurs within the first two hours of exposure. 

The hair cells in our inner ear become exhausted from the 

excessive noise exposure and require more energy (decibels) 

before they will bend and send nerve impulses to the brain. 

This effect is -temporary because the hair cells get a chance 

to rest while we are away from work, and by the next 

morning, they have recovered their sensitivity. Recovery 

usually begins within one or two 33 hours after being 

removed from the exposure. Full recovery from a TTS occurs 

within about 14 hours. 

Permanent Threshold Shift- Permanent threshold shift is a 

permanent hearing loss that is very similar to the pattern of 

temporary hearing loss, except that we do not recover. Some 

of the hair cells are physically destroyed by the constant 

pounding and bending, leading to nerve loss. The more 

exposure to loud noise, the more hair cells is destroyed. This 

eventually leads to total deafness. Permanent loss does not 

respond to any known treatment or cure. 

Tinnitus- Tinnitus is a ringing in the ears, similar to high-

pitched background squealing with TVs and computers. It 

may accompany temporary and permanent hearing loss. 

Tinnitus is most noticeable in quiet conditions (e.g., sleeping 

at night) and may be a warning signal of permanent hearing 

loss. 

Non Auditory Effects- Noise can affect more than just our 

hearing. First of all, the psychological effects of noise 

induced hearing loss can be distressing Noise can be a major 

cause of stress, adding to nervousness and anxiety. Noise may 

increase the heart rate and raise blood pressure by constricting 

blood vessels. Noise exposure can produce a permanent 

increase in blood pressure leading to heart disease. 

Presbycusis- Presbycusis is a hearing loss as a result of aging. 

Its onset and the amount of damage vary among people. It 

usually begins around age 50. Some people may never have 

hearing loss from Presbycusis. Family/genetic factors 

influence the extent of the loss. Presbycusis can be 

accelerated by noise exposure. 

 

Effect of Color Combination of Background and Font: In 

recent years, LCD (Liquid Crystal Display) and PDP (Plasma 

Display Panel) devices have become more and more 

prevalent. In the past, LCD devices have been in comparison 

with PDP devices in terms of many kinds of factors such as 

spatial resolution, brightness, contrast levels, frame rate, the 

amount of motion blur, the field of view, costs and so forth in 

static as well as dynamic environment .Generally we see that 

a human while working on a computer and other related 

computing devices (laptop, tablet, e-book, mobile phones 
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etc..) in mobile environment then he has to go through various 

parameters such as 

 Illumination level 

 Noise level 

 Color combination 

In this study, we worked on the visual performance of the 

with respect to the given parameters under an ergonomic 

approach. We worked on visual search task which practically 

feasible while a human working on a computer in mobile 

environment due to this we check the overall Human Visual 

Searching performance. 

Task in the form of plain text displayed on the laptop screen 

were presented to the subjects. As the experimental task under 

investigation was merely to investigate Visual performance 

and not the technical know-how of the subjects, plain texts 

easily understandable were presented to the subjects. The text 

was written in the English language, which uses Roman 

script. The characters per screen of text were arranged in 9 

lines with spacing between lines of 1mm. 

The subjects were required to sit on the vehicle seat (without 

a back rest) with the two hands on the keyboard (as observed 

to be the practice of the end-users) while working on VDUs. 

 

Figure 4: Posture for Mobile computing [5] 

 

They were required to respond to the voice signal -start for 

starting the Visual Searching task taking care of both speed 

and accuracy. Figure shows the sample for Visual searching 

material, all subjects was searching a word in this material 

with variable color combinations, noise and illumination 

levels. All searching time by the subject in seconds noted by 

the observer. 

 

Design of Experiment 

The present study evaluated three independent variables: 

screen illumination level, noise level (traffic noise) and 

text/background colour combination as per Figure 4. 

 

Figure 4: Input and output parameters 

 

 The Text/background color combination was 19 and also 

levels of the screen illumination are five employed as: 650, 

1110, 1430, 2150 and 2900 Lux. The noise level generations 

for this experiment were 75, 85, 100, 110 and 120 dB(A). 

Task in the form of plain text (each passage of 9 lines) 

displayed on the laptop screen were presented to the subjects. 

As the experimental task under investigation was merely to 

investigate searching performance and not the technical 

know-how of the subjects, plain texts easily understandable 

were presented to the subjects. The text was written in the 

English language, which uses Roman script. The characters 

per screen of text were arranged in 9 lines with spacing 

between lines of 1 mm. Three texts of required length were 

presented to the subjects as a searching task to avoid any 

learning effect. 

 

Samples Taken for Visual Performance: 

 

Figure 5: Readability analysis 
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Noise Recording and Measurement: 

Road traffic noise was recorded with an audio cassette 

recorder/player. During experimental sessions noise level 

was maintained at pre-specified levels by adjusting the 

volume knob of the audio cassette player. The equivalent 

level of noise was measured with a sound level meter. The 

sound level meter was calibrated prior and after the 

measurements. The measuring level range of the equipment 

and the measuring frequency range (including the 

microphone) were 35-130 dB (A) and 31.5-8000 Hz, 

respectively. 

 

Illumination Measurement: 

Illumination of screen of laptop was measured with the help 

of illumination level meter. 5 illumination (650, 1110, 1290, 

1430, 2150 and 2900 lux) level were selected for study. 

Sensor of illumination level meter was kept 10cm apart from 

screen. 

 

Task Performance: 

Subjects searching words in the material (French script 

written in English) presented to them on a laptop screen as 

per the instructions imparted to them. The mean searching 

time of characters in seconds (MTRCS) by the operator was 

taken as a measure of task performance. It was ensured that 

the subject did not commit mistakes of any kind. 

When setup of experiment ready, Vehicle starts moving; 

firstly we were selecting the best background color by 

keeping sound level, illumination level constant. There was 

only one subject at a time in the vehicle, and other are the 

observers. Subject starts searching of the given paragraph of 

different Text/background color combination, font size 12, 

font type time‘s new roman & page size is 100% in pdf file. 

Observer note down the time taken by the subject to finish the 

searching of given paragraph. Now the time was noted for all 

other text paragraph of different Text/ back ground color 

combination. 

This process was repeated with all the six subjects. Later we 

calculated the mean time taken for each text paragraph with 

different back ground color by different subjects. We have 

seen from the readings that yellow back ground color text 

paragraph takes minimum time to read. Now we are checking 

the effect of illumination level of screen on the searching task 

by keeping background color & noise level constant. Again 

the same process was repeat with different subjects with 

different illumination level. After that we calculate the mean 

time taken by the subjects with different illumination level. 

We found 2900 lux is the best illumination level for searching 

task.  

Now the last variable is noise level. For seeing the effect of 

noise on searching task we kept best background color 

(yellow) & best illumination level (2900 lux) constant & 

repeat the above process with different subjects with different 

noise level. We have noted all the readings and found that, 

this is not dependent on the human behaviour/performance 

with respect to noise, illuminations levels and text 

background. 

 

Apparatus Used 

Sound Level Meter: Model- TES 1350A 

Light Meter: Model- LX 107HA 

 

Experiment Setup 

Setup Drawing: 

 Dimensional Plan and elevation of setup 

 An audio player setup 

 Subject on rear sheet with laptop 

 Light meter and sound meter 

 

Figure 7: Setup Drawing 

 

One of the important requirements for performing the 

experiment was the selection of an appropriate type of 

subjects. Ten subjects (6 males) participated in this study .The 

spread of the subjects was not arbitrary and aimed at 

providing the greatest scope for drawing conclusions and 

making findings. All the subjects had normal vision without 

glasses. None of them had any previous history of 

neuromuscular disorders. The subjects had almost the same 

educational qualification. They were divided into two groups, 

namely males and female. Each group comprised 5 subjects. 

The groupings were based on the experience of working on 

laptops in a mobile environment. 

It was clear in the conceptual stage of the experiment that 

finding subjects willing to do the experiment who had very 

rarely used a laptop in a mobile setting would be extremely 

difficult. At The start of the testing session, each participant 

was given standard information about the experiment. 
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Results 

This study investigated the combined effect of illumination 

level, noise and text/background color combinations on the 

visual performance of male operators of different ages of a 

readability task on a laptop screen in a mobile driving 

environment. 

First observations were collected on the minimum noise level 

75 dB(A) and illumination level (1110 Lux) with variable 

background color combinations. These observation shows in 

table. The times taken for searching task with ten different 

male subjects on yellow background with black font are 

minimum. 

 

Table 1: Performance of different subjects during Visual Search task keeping sound level (75db) and illumination level (1110 lux) 

constant with different colors combination Searching Time in seconds Different Background/Text Color Combinations 

Subjects Grey- 

Black 

Grey- 

Red 

Grey- 

Yellow 

Blue- 

White 

Blue- 

Black 

Blue- 

Red 

Red- 

Black 

Red-Yellow Red-White 

1 56 61 56 57 62 62 54 54 55 

2 49 58 48 48 52 53 48 46 47 

3 58 67 59 56 60 59 61 57 55 

4 56 62 58 56 64 64 60 54 57 

5 52 60 51 54 53 52 50 51 49 

6 62 69 64 68 62 61 60 59 61 

7 59 70 60 59 58 60 68 58 55 

8 55 68 57 54 59 57 59 54 56 

9 69 78 71 69 73 67 70 69 68 

10 50 63 52 49 49 46 46 48 47 

Mean 56.6 65.6 57.6 57 59.2 58.1 57.6 55 55 

 

Yellow-

Black 

Yellow-

Red 

Yellow-

Blue 

Green-

Black 

Green-

White 

Green-

Yellow 

Black-

White 

Black-

Yellow 

Black-

Red 

Black-

Green 

54 55 54 56 60 55 58 59 55 55 

46 47 48 49 57 50 50 49 51 48 

57 55 55 58 68 56 60 62 59 59 

53 56 53 56 63 56 57 58 60 58 

51 51 54 51 60 55 53 51 53 51 

62 59 60 60 69 67 60 60 61 59 

59 58 56 60 70 59 58 59 58 61 

52 53 52 57 67 54 59 58 55 59 

67 70 71 69 78 69 65 68 65 64 

48 48 50 50 64 49 47 48 49 50 

55.2 55.2 55.3 56.6 65.6 57 56.7 57.2 56.6 56.4 

 

The Second observations were collected on the minimum 

noise level (75 db) and keeping yellow background color 

constant, with different illumination levels. The time taken 

for searching task with ten different male subjects on 2900 

Lux illumination level are minimum. 
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Table 2: Visual searching time in seconds Illumination level in lux 

Subject 650 1110 1430 2150 2900 

1 56 54 54 53 52 

2 49 46 45 46 44 

3 60 57 56 56 54 

4 55 53 54 53 52 

5 53 51 51 52 50 

6 65 62 61 62 60 

7 60 59 57 56 58 

8 59 52 52 51 50 

9 71 67 65 64 61 

10 52 48 46 46 46 

Mean 58 54.9 54.1 53.9 52.7 

Now seen from first observation that the best background 

color for best performance in visual task (searching) is 

yellow. Mostly all the subjects performing well with yellow 

back ground color. During first observation we have taken 

sound level constant that is 75 db, Now in second observation 

taking background color (yellow) & noise level constant (75 

db) with different illumination level. We observed that at 

2900 lux performance of searching task is best. Now for the 

final observation we have taken illumination level (2900 lux) 

& back ground color (yellow) constant for finding the effect 

of different noise level on the subject‘s performance, while 

performing searching task on laptop in mobile environment. 

Final observations were collected on the illumination levels 

(2900 Lux) and keeping yellow background color constant, 

with different noise levels. The time taken for searching task 

with ten different male subjects on noise level (75db) is 

minimum. 

 

Table 3: Visual Searching in seconds Sound Level in db. 

Subject 75 85 100 110 120 

1 52 52 54 54 59 

2 44 45 47 48 47 

3 54 54 55 54 57 

4 52 51 52 55 58 

5 50 51 52 54 54 

6 60 62 64 64 72 

7 58 61 61 64 61 

8 50 50 52 54 52 

9 61 63 65 65 69 

10 46 46 48 47 49 

Mean 52.7 53.5 55 55.9 57.8 

Conclusion 

Now a day‘s people have to do their work in mobile 

environment, they may use different language & different 

background color for search anything or simply searching 

task. In our experiment we tried to find effect of background 

color on performance. We took 19 Text/background color 

combination. In this experiment we found that average time 

taken by subjects was less for yellow background color with 

black font when other parameters were kept same for all 

subjects. So we conclude that, yellow background with black 

font is most appropriate for searching task during mobile 

computing. 

 To find effect of illumination level, we took different 

intensity of laptop screen. We took 5 levels of intensity 

(650lux, 1110lux, 1430lux, 2150lux, & 2900lux) for all 

subjects. And found that higher illumination level 

(2900lux) provides good result. So we conclude that 

illumination level 2900lux is best for searching task. 

 We also investigate the effect of noise on searching task 

performance on laptop. we took different sound levels 

& found that as noise level increase performance 

become unpredictable for some individuals and when 

further increasing the noise, human working efficiency 

decreases when others parameters kept constant. 

 The main thrust of this study is that: 

 For a searching task yellow background is most 

appropriate for mobile computing. 

 Higher illumination level provides good result. 

 This is not dependent on the human 

behaviour/performance with respect to noise, 

illuminations levels and text background. 
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