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Abstract - The use of smartphones has significantly increased in our day to day lives not only for personal use but also 

for office work. It has not only find its place is human communication segment but also grabbing space in industrial 

automation. The automation devices, machines and drones are now being controlled with the help of mobile phone. The 

performance of mobile operator has raised a great concern to observe the effect of human laterality, size of touch 

screen and noise at workspace. The significance and interaction effects of these factors are studied in this work by 

conducting the experimental work under controlled parameters. The analysis consisted of 14 male participants of 

different dexterity who were divided into two equal groups to perform data entry task on mobile of size 5.8 inches and 

6.2 inches in the environment of varying noise levels. Further the total number of words entered in ten minutes was 

statistically analysed. The right-motorsided subjects performed better than left-motorsided ones at each noise level. It is 

concluded that operators performed comparatively better on smaller mobile phones. The performance of the users 

decreased from 68 dBA to 82 dBA and then increased at 94 dBA. Effects of laterality, size of mobile phones, noise as 

well as the interaction between laterality and noise were found to be statistically significant. The interactions between 

laterality and type of computer and size of mobile phones and noise were statistically insignificant. Laterality was 

statistically significant at all noise levels and noise was statistically significant for right motor-sided operators only.  

Key words: Equivalent noise level, motor-sidedness, data entry task performance, Human computer interaction, 

ANOVA  

I. INTRODUCTION 

The smartphones are gaining popularity due to their user-

friendly features and consistently increasing utilization for 

various tasks in the business world [1]. They are handy to 

be carried easily and users keep them to perform many of 

their tasks as per urgent requirement. It is anticipated that 

by the year 2021 the smart-phone users will raise by more 

than 6.3 billion [2]. Currently, Android (Google) and 

iPhone (Apple) are the most promising operating systems 

(OS) which provide substantial number of applications 

which further consists of various beneficial features to the 

user [3]. Human computer interaction (HCI) focuses on 

interaction between humans and technology comprising of 

computers and smart-phone technologies where the user 

reaction time play major role while evaluating user 

performance. Many users were subjected to usability 

concerns of the interface screen which primarily involved 

complexity and flexibility in operation. The problems 

which may arise due to the physical based limitations not 

only restrict the interaction mechanisms but also hinders 

proper usage of mobile based applications [4]. Usability 

and comfort ability are found to be quite necessary while 

designing and evaluating an interface where the focus is the 

end-user. It is critical to understand the dynamics of a user 

interface while implementing new designs. New technology 

users encounter various forms of distraction in their daily 

lives. These prevent them from using the technology 

properly. The aim of usability is to set the design directions 

for the users in overcoming their frailty [5]. Various issues 

related to usability are (1) technical issues that are related 

with the network connectivity, size of the screen or life of 

battery (2) environmental usability deals with mental 

abilities, psychological factors, mobility, noise, temperature 



International Journal for Research in Engineering Application & Management (IJREAM) 

ISSN : 2454-9150    Vol-06,  Issue-05, Aug 2020 

229 | IJREAMV06I0565066                          DOI : 10.35291/2454-9150.2020.0578                    © 2020, IJREAM All Rights Reserved. 

 

and light conditions for users and (3) social usability 

defines the issues of personalization, privacy, acceptance, 

comfort and adoption [6]. To accomplish various tasks in 

our daily life human hand preference is classified as left or 

right based on various preferences [7-8].Various researches 

on the abilities and constraints of human accomplishment 

through split brain analysis showed that the symmetrical 

behaviors in human lead to effective utilization of either the 

right or left parts of the body. This attribute is referred to 

human laterality. Laterality is one of the important factors 

for case control studies exploring risk from mobile phones 

[9]. Very few researches discussed on laterality under the 

influence of noise-induced stress in the field of HCI [8]. 

Most of the researches revealed health related problems in 

using keyboard menus to the operators [10-12]. Noise had 

adverse affect on the performance in the accomplishment of 

tasks which need attention [13]. The noise pollution creates 

problems at any workplace [14]. It is also revealed that 

unwanted sound has significantly negative effect on 

readability task while moving in a car [15]. Many other 

studies revealed that noise is of course a frazzling element 

that reduces the performance of human beings to work in 

office works or even in physical as well as simple activities 

[16]. Furthermore studies have to be carried to know the 

significance about the ill effect of sound in the usability of 

mobile phone. The above parameters explained in this 

analysis are designed to examine the effect of laterality, 

size of mobile phone and noise on the usability of 

operators. The data entry tasks by the different operators 

are carried under the varying noise levels. The hypotheses 

that are structured are: 

1. Human laterality (left or right motor-sidedness) has 

significant influence on the overall performance of the 

test subject while entering data.  

2. Mobile screen dimensions play a vital role on the test 

subjects’ performance of the while entering data.  

3. While entering values any simultaneous noise variation 

within the environment will have drastic effects on the 

overall efficiency of the test subject.  

4. Any subsequent interaction between human laterality 

and noise considerably affects the test subject’s 

performance while entering data.  

5. Interaction of human laterality and size of display 

together for smart technology affects overall 

performance in data entry operation. 

6. Interaction between screen dimensions of smart 

technology and variation in noise has a considerable 

effect on overall performance while following the 

above task. 

7. Interaction of three parameters namely human 

laterality, size of display of smart technology and noise 

has a significant effect on performance of subjects 

while entering data. 

 

II. METHODOLOGY 

2.1. Subjects 

To carry out the experimental task seven left handed and 

seven right handed subjects are taken. The subjects 

participating in the task are male and their ages vary from 18 

to 25 years. The Annet’s inventory was used to know whether 

the subject is left handed or right handed based on preference 

index (PI) scores [7]. If the PI is more than 0.90, the subjects 

are considered as right-motorsided while subjects with 

negative PI scores are said to be left-motorsided. All the 

subjects have the same experience of using smart technology 

and familiar with both the tablet and mobile key menus. None 

have any work-related musko-skeletal disorder. 

2.2 Experimental Setup 

In order to conduct the experimental task a chamber of size 

6.3    4.4    3.1 m
3 

was simulated in which the subject 

performed the data entry task. The temperature of the 

chamber was maintained at 27 2 c and acoustically sealed 

such that no sound can be heard of the outer environment. 

The light intensity was kept at 340 lx as per the 

recommendation of International Labour Organization [16-

17].The intensity of the light was regularly monitored by 

LX-101A light meter (Lutron electronic, Taiwan). The pre-

recorded noises was played through the desktop and 

amplified at the required level of intensities. The sound 

level was maintained and over seen by sound level meter. A 

bell was used to trigger at the starting of the session as well 

as at the end of the session.  An experimental session run 

for 10 minutes and the length of session was observed 

through stop watch on mobile phone. The mobile phones 

used in this study are iPhone X and Samsung Galaxy S9+. 

Both the devices feature different screen sizes to observe 

the effect of screen size on the performance. The iPhone X 

has a 5.8-inch capacitive touch screen display, whereas the 

Samsung Galaxy S9+ has a 6.2-inchcapacitive touch screen 

display The German text was given to the subjects which 

was in 11-pt regular Times New Roman with double-

spaced. The German script was selected such that the 

subjects could not understand easily and thus the 

differences between all the subjects could minimize, if their 

level of expertise in English bothered them to control. 

2.3. Experimental Procedure 

These steps were executed before the real experiments: (a) 

the objectives of the task given were illustrated for 

experiments, (b) the instructions were given to all about the 

task, (c) to familiarize the subjects with the task, and they 

got enough training. As the subjects sat in the simulated 

chamber, the training as well as experimental sessions both 

were run followed by these steps: (a) a sheet was presented 

each subject which was printed German text, (b) at the 

starting of each session the bell was ringed to give signal, 

(c) the data entry task was executed by each subject for ten 

minutes, (d) the number of words entered were taken as the 

performance measure, and (d) as time ended the bell rang to 
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stop the data entry task. The chamber was simulated with 

different noise levels randomly during data entry tasks. The 

chamber was simulated with three levels of noise, 

equivalent continuous sound levels (Leq) were 68, 82 and 

94 dBA. During the experimental sessions a specific level 

was maintained and monitored constantly. A gap of 15-

minutes was given between sessions to feel comfort level to 

the subject. 

2.4. Noise Levels 

In order to simulate the chamber for different working 

conditions, a pilot study was done to figure out the three 

levels of equivalent noise in which all the subjects were 

given the tasks on mobile phones. The noise intensity levels 

at The Great India palace Mall, Terminal 3 of the Indra 

Gandhi International Airport and the platform of New Delhi 

Railway station, were taped in the mobile for 15 minutes, 

representing different environments.  They represented 

noise levels in office, traffic and factory environments 

respectively. The three levels of noise measured by the 

sound level meter were 68, 82 and 94 dBA respectively. 

2.5. Statistical Analysis 

An experimental array 2x2x3 (human laterality × size of 

mobile phone x level of noise), was used to conduct the 

experimental for conducting analysis of variance (ANOVA) 

with repeated measures to examine and investigate the 

effects of the independent parameters. Human laterality- 

motor sightedness as well as sound intensity levels Leq of 

68, 82, and 94 dBA constituted the independent variables. 

The performance of the subject that is the number of words 

entered in 10 minutes was taken as dependent variables. 

3. Results: 

The performance of the subjects which was expressed as 

number of words entered in 10 minutes is presented in 

Table 1. It is evident that with an increase in sound 

intensity, both right and left motor-sided entered fewer 

words during the session. Though number of accurate 

words entered increase with increase in noise level as the 

concentration of the subject was more in higher noise level. 

Moreover, the number of words entered was more on 

mobile of small size than the larger mobile by both motor-

sided subjects at each level of sound intensity. The result 

revealed by ANOVA can be summarized that the effects of 

laterality, size of mobile, noise as well as were statistically 

significant as shown in Table 2. Simultaneously, the 

interaction of motor-sidedness with noise and motor-

sidedness with size of mobiles are found to be significant. 

While interaction of size of mobiles and noise level, as well 

as interaction amongst motor-sidedness, size of mobiles and 

noise level, were found to be statistically insignificant. 

Figure 1 represents the relationship between estimated 

means of the words entered during task and size of the 

mobile phones at 68 dBA sound intensity for different 

motor-sided subjects when right and left motor-sided 

operators entered data on mobiles. Similarly, Figure 2 and 

Figure 3 are expressing relationships at 82 dBA and 94 

dBA, respectively. All the three figures are depicting that at 

each level the performance is better for smaller mobile 

phone. The number of words decreases from 68 dBA to 82 

dBA and further increase at 94 dBA, as shown in figure 4. 

Table 1:- Number of words entered at constant light intensity by different gender. 

  Mobile of size 5.8" Mobile of size 6.2" 

R
ig

h
t 

H
an

d
ed

 

N1 N2 N3 N1 N2 N3 

96 87 93 94 86 87 

91 84 88 87 85 88 

92 78 83 92 77 86 

92 88 90 90 85 89 

93 85 88 90 82 88 

98 85 85 88 82 84 

96 88 94 93 90 88 

L
ef

t 
H

an
d

ed
 

76 72 75 64 65 62 

80 75 78 76 70 72 

82 76 80 85 73 80 

80 70 85 68 72 78 

85 75 80 82 62 82 
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72 76 76 62 62 61 

73 70 75 65 60 66 

 

Table 2. Analysis of Variance of the number of words entered on touch screen mobile of sizes 5.8 inches and 6.2 inches 

at varying noise levels 

Dependent Variable:   Performance   

Source  Sum of Squares df Mean Square F 

Correction Factor 547727.25 
  

  

Total  

 
7671.75 

  
  

Between Subjects 

 
5682.58 13 

 
  

Within Subjects 

 
1989.16 71 

 
  

Laterality 

 
4680.10 1 4680.10 56.02 

Subjects within Group (Error I) 

 
1002.47 12 83.53   

Size of Mobiles 

 
416.29761 1 416.29 25.64 

Laterality × Size of Mobiles 

 
121.44 1 121.44 7.48 

Size of Mobiles × Subject within groups (Error II) 

 
194.76 12 16.23   

Noise 

 
612.92 2 306.46 19.46 

Laterality × Noise 

 
67.78 2 33.89 2.15 

Noise× Subject within groups  

(Error III) 

 

377.95 24 15.74   

Size of Mobiles × Noise 

 
3.16 2 1.58 0.20 

Laterality ×Size of Mobiles × Noise 

 
7.73 2 3.86 0.49 

Size of Mobiles × Noise × Subjects within Group (Error IV) 

 
187.09 24 7.79   

F(1,12),0.5= 4.75 and F(2,24),0.5= 3.88 

 
Figure 1. Relationship between task performance of right and left motor-sided operators on different size screen mobile phones 

at 68 dBA 
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Figure 2. Relationship between task performance of right and left motor-sided operators on different size screen mobile phones 

at 82 dBA 

 
Figure 3. Relationship between task performance of right and left motor-sided operators on different size screen mobile phones 

at 94 dBA.  

 
Figure 4. Relationship between task performance of right and left motor-sided operators on varying noise levels 
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III. DISCUSSION  

The hypotheses indexed in section 1 were examined by 

using ANOVA approach. There are very few studies to 

support the effects of motor-sidedness under HCI to find 

their performances. Though there are few researches on 

laterality to support findings. Landaeur et.al.[18]  and 

Daniels’s [19] revealed in their findings that there is 

significant differences in left handed and right handed 

people on sensory motor co-ordination. Hobday [20] 

examined in his findings that right motor-sidedness people 

differed from left motor-sidedness ones in the performance 

of pressing keys. In his study, Badar [21] explored that 

human performances is affected due to motor-sidedness 

under varying light intensities in the environment of 

human-computer interaction. Deluca et.al. [22] gave an idea 

that differences in right-handed people from left-handed is 

a sign of alteration in the metabolic properties  that occurs 

in  muscle fibres as adopted functional use. Other 

researches also revealed the significance effect of human 

laterality while performing different tasks [23-24]. Hence 

the results of present study reflect that there is requirement 

of co-ordination of both the hands, hence laterality play a 

major part in completing the task.  

The major finding of this study revealed that the size of 

mobile phones has significant effect on the performance of 

the user. The number of words entered on different mobiles 

is different due to inherent design which defines the 

comfortable level. The environment of the surroundings 

affects the usability of hand-held devices. In present study 

the findings symbolizes that the different noise level has a 

significant effect on human performance. There is 

deterioration in the performance with increase in noise 

intensity. 

IV. CONCLUSIONS 

The following conclusions are drawn from the results we 

get from this study. 

i. Right-handed subjects achieved a higher rate of 

data entry as compared to left-handed subjects. 

ii. Size of the mobile has a significant effect on the 

performance. The present study shows that mobile 

phones of small size are more efficient for data 

entry task than the larger one. 

iii. Noise in the environment also has a significant 

effect on the performance. At the ranges 

considered in the study, the performance of the 

subjects degraded with the increase in the noise 

intensity. 

iv. The interaction of laterality and mobile size is 

insignificant. 

v. The interaction of laterality and noise level is 

significant in effecting the performance. 

vi. The interaction of mobile size and noise level also 

has a insignificant effect on the performance. 

vii. The interaction of all 3 factors is also insignificant. 
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