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Abstract

:

To develop a flexible display, smartphones with edge screens with curved displays on both sides of the main screen have been used widely. Considering that small differences in the form of smartphones, such as length, width, and thickness, could affect user experience, the effects of the curvature of the edge screen should be identified. This study aimed to investigate the effects of the curvature of edge screens on subjective feelings of smartphone users and to find out the optimal curvature. In the experiment, four nonfunctional samples with different radii of curvature (4R/6R/8R/10R) were used as samples, and participants evaluated the five subjective feelings: grip/control comfort, front/side visibility, and stability of the samples with four usage patterns. Our results revealed that 8R is the optimal curvature for the edge screen based on subjective feelings in smartphone usage. Moreover, the effect of the curvature of the edge screen on grip comfort and control comfort varied according to the usage patterns. The results of this study can be applied to design of the curvature of edge screens in smartphones and it is expected that it will contribute to improvement of users’ satisfaction.
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1. Introduction


Smartphones have played an essential role as communication devices [1]. People perceive a smartphone as a necessity in everyday life and for work because of its various functionalities, including Internet service [2]. The penetration rate of smartphones has exceeded 50% in many western countries, and more than 80% of mobile phone users use smartphones in South Korea [3]. Because smartphone penetration is increasing and the market is becoming saturated, companies are making great efforts to satisfy not only technological progress but also user’s perceived emotion [4].



In order to gain a competitive edge over competitors in a highly competitive market, research has been actively undertaken to determine the relationship between various dimensions related to the design of smartphones, such as length, width, thickness, and weight, and the user’s subjective feelings. Pereira et al. [5] studied the relationships between subjective fatigue ratings and the physical features of smartphones, including size, weight, shape, and material. Lee et al. [6] identified optimal reach zones for the back-side interaction on smartphones with different widths and lengths based on subjective discomfort and muscle activation data when various tasks were given. Sung et al. [7] investigated the touch performance of one-handed thumb interactions with iPhone 5S, 6, and 6 Plus by measuring the tapping time, hit count, and thumb-tip and determined reachability issues for large smartphones. In addition, Chowdhury and Kanetkar [8] determined the preferred size of smartphones with hand anthropometry data and in terms of smartphone handiness.



With the increase of information provided by smartphones and the development of technologies related to flexible displays, smartphones including curved displays are being launched. This type of display is called “edge”, which means a curved display implemented on one or both sides [9]. In fact, the Galaxy Note Edge was launched as the first smartphone with an edge screen in 2014. Since then, the Galaxy Edge series has steadily been released. Moreover, other major manufacturers also started to launch smartphones with edge screens, such as the Xiaomi Note 2 and Vivo Xplay 6.



From the viewpoint that design variables such as size, shape, etc. are important characteristics that affect subjective satisfaction for users, the curvature of the side display can give a different feeling to the user compared to the flat display [10]. However, this issue has not been dealt with in previous studies. A few studies investigated the various facets of smartphones with curved screens. Ahn et al. [11] investigated the effect of the curvature of the screen and hand size of the user on the physical comfort of using curved smartphones. Kwon et al. [12], however, endeavored to determine the optimal curvature of the screen and thickness of the smartphone in terms of physical comfort using the muscular activities of the hand. However, they only focused on the curvature of the main screen. Yi et al. [13] studied the effect of display curvature and hand length on the usability of smartphones. The results showed that the perceived grip comfort in two situations, calling and texting, was the highest when the hand length was medium. In addition, the value of the perceived grip comfort of the curved display was lower than that of the flat display for all hand lengths. However, this study did not compare perceived grip comfort between curvature displays. Therefore, it is necessary to study the grip comfort according to the specifications of the curvature display on the smartphone side.



Grip/usage pattern and personal information such as gender, age, and size of hand should be considered to determine the effect of the physical dimension of mobile phones on user satisfaction. Previous studies related to convenience for handheld devices were performed mainly on the assumption that only a single hand is used [14]. This is because the size of most smartphones was small, and the use of a single hand was the main usage pattern. However, recently, as the size of smartphones has increased, it has become more common to use a smartphone with both hands. In addition, as the functions of smartphones become more diverse and the user interface gradually changes, various types of usage pattern have appeared. Lee et al. [6] classified the type of the grip on the smartphone into three front touches and two rear touches. Le et al. [15] classified the posture of using smartphones with one hand into three types: four-finger posture, small-finger posture, and clutch posture. Therefore, various usage patterns should be considered in determining the physical dimensions of smartphones.



In addition, as the screen size of smartphones is diverse, the demographic factors such as gender, age, and size of a user’s hand becomes one of the most important factors affecting the convenience of using a smartphone. Zhang and his colleagues [16] confirmed that there are gender differences in metrics such as response time and hit rate for target selection on a smartphone with a large screen. Balakrishnan and Yeow [17] figured out the influence of hand breadth, thumb length, and thumb circumference when typing characters on mobile phones. Lin [18] analyzed the subjective fatigue according to the size of the smartphone by dividing the size of the human hand into three levels based on the hand length. Experimental results show that the small hand and medium hand have higher subjective fatigue as the size of the smartphone increases, and the opposite result is obtained in the case of large hands. These findings suggest that it is important to understand the relationship between demographic characteristics and the specifications of the smartphone when examining the subjective feel of smartphones.



Therefore, the purpose of this study is to understand the relationship between the curvature of the side display and the subjective feeling according to various usage patterns occurring in the smartphone and to compare the differences of subjective feeling. In addition, this study examines whether demographic variables such as gender and size of hand affect the usage patterns and design variables of smartphones. The remainder of this article is organized as follows. Section 2 describes information about subjects and samples and the research methods. Section 3 shows the results of the experiment. Finally, the discussions and conclusion of this study are given in Section 4 and Section 5, respectively.




2. Methods


2.1. Participants and Samples


Only right-handed adults who owned smartphones were recruited. A total of 20 males and 20 females participated in the experiment, and their average age and period of smartphone usage were 34.15 years and 28.79 months, respectively. Demographic information for the participants is summarized in Table 1.



Four nonfunctional mockups were created using 3-D printer as samples. The detailed description of the mockups is given in Figure 1. A total of four samples were composed of two parts: main display and curvature display on the side. First, the main display of all samples was a 5.5-inch flat display with a 16:9 aspect ratio. The curvature display on the right side had four different radii of curvatures (R, mm): 4R, 6R, 8R, and 10R, and the weight of the sample was 115 g for 4R and 6R, and 120 g for 8R and 10R, respectively. The sample lengths weights were slightly different from each other due to the curvature rate of the edge display.




2.2. Usage Patterns and Tasks


The selected usage patterns in this study are illustrated in Figure 2. First, three usage patterns were defined according to which hands were used for grip and control: grip with right hand and control with right thumb (Figure 2a), grip with left hand and control with right index finger (Figure 2b), and grip with both hands and control with both thumbs (Figure 2c). Considering one hand usage pattern varies from person to person, one more usage pattern was defined—a power grip with right hand and control with right thumb (Figure 2d). For these usage patterns, the subjects performed five control simulation tasks. The tasks were (a) touching on the main screen, (b) dragging on the main screen, (c) touching on the edge screen, (d) dragging vertically on the edge screen, and (e) laterally dragging between the main screen and edge screen. To be immersed in the experiment, a printed image of the main page of a Korean portal site attached to each sample with a web-surfing scenario was given for the subjects to perform all tasks naturally.




2.3. Subjective Evaluation


To investigate the subjective feeling according to the side curvature and usage pattern in a smartphone, five questionnaire items were selected as shown in Table 2 based on interviews with experts in related fields.



In the experiment, they assessed their subjective feelings toward the samples in terms of which edge screen curvatures were different after performing given control simulation tasks with four different types of usage pattern. Front and side visibility were evaluated only with usage patten (d).



In summary, two mixed factorial designs were used (Figure 3). First, a four way (between subjects: 2 [Hand length] × 2 [Gender], within subjects: 4 [Curvature rate of edge screen] × 4 [Usage pattern]) mixed factorial design was applied to identify the effects of four factors on grip/control comfort and stability. Second, a three way (between subjects: 2 [Hand length] × 2 [Gender], within subjects: 4 [Curvature rate of edge screen]) mixed factorial design was conducted to capture the effects of three factors on front and side visibility.



With reference to previous studies that measured the subjective feeling of users through a questionnaire [19,20,21,22], all subjective ratings in this study were evaluated using a 7-point Likert scale. To neglect the order effect, the samples were given in a randomized order. It took approximately 2 h per subject, including break time. Every subject was given written consent and agreed to participate in the experiment and receive financial compensation for the participation. This study was approved by the research ethics committee of Seoul National University (SNUIRB NO. 1412/001-017) and was conducted according to the guidelines laid down in the Declaration of Helsinki.




2.4. Statistical Analysis


Two mixed factorial analyses of variance (ANOVA) were conducted because the study design was different according to the evaluated subjective feelings. Four-way (two between subjects factors and two within subjects factors) ANOVA was performed for the analysis of grip/control comfort and stability. In the case of front and side visibility, three-way (two between subjects factor and one within subjects factor) ANOVA was conducted.



The subjective ratings for which interaction effects were statistically significant were analyzed using a one-way ANOVA for each usage pattern. Post hoc analyses were followed using Duncan’s test. All statistical analyses were conducted using IBM SPSS Statistics Version 24 (IBM Corp., Armonk, NY, United States).





3. Results


3.1. Overall Demographic Results


The results of descriptive statistics for the evaluation factor of each sample and usage pattern are shown in Table 3. The results of ANOVA showed that gender and hand size had no statistically significant effects on subjective feelings (Table 4).




3.2. Grip/Control Comfort


Regarding grip comfort, the effects of curvature and usage pattern were not significant (Table 5). Comparing them descriptively, the sample with a curvature of 8R scored the highest, followed by 6R, 4R, and 10R (Table 3). However, the interaction effect between curvature and usage pattern was significant: F(9, 360) = 2.324, p = 0.005.



Because the grip comfort has an interaction effect between curvature and usage pattern, it was analyzed separately according to the samples and usage patterns (Table 6). In the case of samples, 10R showed a significant difference in grip comfort between the usage patterns: F(3,159) = 4.269, p = 0.006. Post hoc analysis showed two homogeneous subsets. The first subset comprised usage patterns of (b), and (c) (Mb = 4.750, Mc = 5.200), and the second subset comprised usage patterns of (a), (b), and (d) (Ma = 4.450, Mb = 4.750, Md = 4.175). In the case of usage patterns, however, all patterns showed no significant differences in grip comfort between samples.



For the control comfort, the effect of curvature was significant: F(3, 120) = 7.590, p < 0.001 (Table 7). Post hoc analysis using Duncan’s test showed three homogeneous subsets. The first subset comprised the samples with curvatures of 8R and 10R. The second subset comprised the samples with curvatures of 6R and 8R, and the last subset comprised the samples with curvatures of 4R and 6R. Moreover, the interaction effect between curvature and usage pattern was significant: F(9, 360) = 4.526, p < 0.001.



Because the control comfort has an interaction effect between curvature and usage pattern, it was analyzed separately according to the samples and usage patterns (Table 8). In the samples, 10R showed a significant difference in grip comfort between the usage patterns: F(3,159) = 4.550, p = 0.004. Post hoc analysis showed two homogeneous subsets. The first subset comprised usage patterns of (a), (c), and (d), and the second subset comprised curvatures of (b), and (c).



In usage patterns, usage pattern (b) and (c) showed a significant difference in control comfort among the samples. Post hoc analysis showed two homogeneous subsets for each pattern. First, in pattern (b), the first subset was composed of the samples with a curvature of 6R, 8R and 10R, while the samples with a curvature of 4R and 6R constituted the second subset. Second, in pattern (c), the first subset was composed of the samples with a curvature of 8R and 10R, while the samples with a curvature of 4R and 6R constituted the second subset.




3.3. Stability


Regarding stability, the effects of curvature and usage pattern were not significant (Table 9). Comparing them descriptively, the sample with a curvature of 8R scored the highest, followed by 6R, 4R, and 10R (Table 3). However, the interaction effect between curvature and usage pattern was significant: F(9, 360) = 2.071, p = 0.031. Therefore, a simple effect analysis was conducted separately according to the samples and usage patterns (Table 10).



In the case of samples, 10R showed a significant difference in grip comfort between the usage patterns: F(3,159) = 5.034, p = 0.002. Post hoc analysis showed two homogeneous subsets. The first subset comprised usage patterns of (a), (b), and (d), and the second subset comprised curvatures of (c). In the case of usage patterns, however, all patterns showed no significant differences in grip comfort between samples.




3.4. Front/Side Visibility


Finally, for the visibility of the front and side, only the front visibility showed significant differences between the samples (Table 11). A post hoc analysis showed that there were three homogeneous subsets. The first subset comprised samples with curvatures of 8R and 10R, while the other two samples were separated into two individual subsets: the second subset with the 6R curvature sample, and the third subset with the 4R curvature sample.





4. Discussion


According to the ANOVA results, the samples with 4R and 6R were included in the third and second homogeneous subset for the front visibility, respectively. The control comfort for these two samples in use patterns (b) and (c) was included in the second homogeneous subset. In addition, the grip comfort for the sample with 10R in usage pattern (d) belonged to the second homogeneous subset. The sample with 8R was included in the first homogeneous subset for all analyses, while other samples were included in second or third homogeneous subset. There were some cases where other samples were evaluated better than the sample with 8R, however, there were no statistically significant differences in those cases. Thus, it could be concluded that 8R is the optimal radius for the curvature of the edge screen in a smartphone.



In the case of grip comfort, only a sample with 10R showed a statistically significant effect of the usage pattern on grip comfort. As a result of the post hoc analysis, it was confirmed that usage patterns (a), (d) and (c) had significant differences in 10R. In particular, the value of grip comfort in usage pattern (d) was found to be the lowest. Grip comfort is the one of the most common patterns for people using smartphones. Through this study, when the side curvature was 10R, it was confirmed that the value grip comfort for the usage pattern related to holding the smartphone was the lowest. Therefore, it can be seen that designing the side curvature as 10R should be avoided.



In the case of control comfort, it was confirmed that there was a statistically significant difference in samples and interaction effect between the sample and usage pattern. Through post hoc analysis, it was confirmed that there was a significant difference between samples in usage pattern (b) and (c). As a result, to maximize control comfort in these usage patterns, it is necessary to design a side curvature of 8R or more. In addition, a sample with 10R showed a statistically significant effect of the usage pattern on control comfort. At this time, it was found that statistical significance between the two groups of usage pattern ((a), (d) and (b), (c)) appeared. Therefore, since various types of usage patterns appear in smartphones, designing the side curvature with 10R seems to be a non-universal design.



In terms of stability, a repeated two-way ANOVA result showed no significant effect of curvature and usage pattern. According to Eardley et al. [23], as the size of the smartphone gets bigger, security becomes lower. The samples used in this study had the same sized smartphone body, and there was a slight difference in size due to curvature. Therefore, as the size of the entire smartphone is almost the same, the curvature does not affect stability. In addition, Lee et al. [24] found that there was no significant difference between the NASA-TLX metrics according to bezel size in the smartphone. According to Lee et al. [24], the bezel was located at the bottom of the smartphone, and the curvature display was located on the right side in this study. Therefore, there is no difference in the subjective feeling of the user due to the size change of the smartphone by the bezel or the curvature display. However, the stability seems to be under the influence of grip comfort rather than control comfort because both stability and grip comfort showed similar results in terms of the evaluation of the curvature of the edge screen by usage pattern (Table 12). The front visibility was significantly under the effect of the curvature of the edge screen; a larger curvature derived a higher front visibility. This seems reasonable for providing better visibility as the area of the edge screen increases. However, the difference in front visibility between 8R and 10R according to the post hoc results was insignificant; thus, 8R is adequate to provide good front visibility. In addition, as with front visibility, the value of side visibility was evaluated to be high as the curvature increased. However, the difference in the evaluation was not statistically significant. This seemed to be caused by the fixed thickness of the samples, which hindered the effect of the area increment in edge screens; when viewed edge-on, there were no differences in visible area by different curvatures.



Although in this study, there were no statistically significant differences identified in sample and usage patterns for demographic variables such as gender and hand size, it has been reported in previous studies that demographic variables have a significant effect on smartphone design [17,24,25]. Balakrishnan and Paul [25] showed that the subjective satisfaction increases as the hand size of male and female subjects decreases when people text on mobile phones. Lin [18] conducted research that small-handed people experience increased subjective fatigue as the size of their smartphones increases, while those with larger hands show the opposite result. However, there was no significant difference in the results of independent t-tests between the small-hand and large-hand groups in the study. According to the research of Lee et al. [6], there was no statistically significant difference between hand size and perceived discomfort.



Since most of the previous studies were conducted to understand the subjective feeling of the front display of the smartphone, it can be inferred from this study that there is a difference in the side display of the smartphone. Considering the reason for the research results, Lin [18] performed a study to determine the degree of subjective comfort caused by the size of the smartphone relative to the size of the hand, with a difference of 0.5 inches between samples. In addition, the difference in the samples used in Xiong and Muraki [26], who compared the area of thumb movement coverage in smartphones according to the size of the smartphone, was approximately 10 mm. From this point of view, the difference in sample width due to the curvature used in the study was less than 5 mm at maximum, because only the width of the bezel on the right side of the smartphone was the object of adjustment. Therefore, it is expected that the difference in width due to the curvature should be set to at least 10 mm in future studies.




5. Conclusions


Overall, this study investigated the effect of the curvature of the edge screen on users’ grip comfort, control comfort, stability, and visibility, based on subjective evaluation experiments. Especially, four representative usage patterns were defined and evaluated to investigate the interaction effect of curvature and usage patterns for grip comfort, control comfort, and stability. As a result, 8R was the most appropriate radius of curvature for edge screens when the overall results were considered. The results showed that the effect of curvature on grip and control comfort varies by usage pattern.



This study can be used as fundamental research to understand the subjective feeling in smartphones with a curvature display, which is being developed recently. However, this study has limitations based on surveys without using quantitative indices such as electromyography (EMG). In a future study, these quantitative indices to determine the relationship between subjective feelings and muscle fatigue due to changes in curvature of the screen can be conducted. In addition, it is expected that it will be possible to study the optimum curvature of display for various types of hands by considering not only the length of the hand but also the hand measurements such as the circumference and the finger.
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Figure 1. Dimension of samples: (a) Plan view. (b) Section view. 
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Figure 2. Illustration example of the four main usage patterns when using a smartphone. (a) Manipulate with the right thumb finger while gripping with the right hand. (b) Manipulate with the right index finger while gripping with the left hand. (c) Manipulate with both thumb while holding in both hands. (d) Manipulate with the right thumb finger while power grip. 
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Figure 3. Experiment design of the study. 
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Table 1. Participants characteristic for the experiment.
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Category

	
Male (n = 20)

	
Female (n = 20)




	
Mean

	
SD

	
Range

	
Mean

	
SD

	
Range






	
Age

	
36.50

	
12.65

	
19–59

	
31.80

	
12.42

	
21–56




	
PSU

	
31.15

	
14.78

	
6–60

	
26.32

	
10.62

	
3–48




	
HL

	
18.39

	
0.85

	
16.82–20.00

	
17.08

	
9.81

	
15.45–19.40








Note. SD = standard deviation, PSU = period of smartphone usage (month), HL = hand length (cm).
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Table 2. Evaluated subjective feelings and their description.
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	Evaluation Factor
	Question





	Grip comfort
	Did you feel comfortable to grip without physical fatigue?

(1: completely uncomfortable, 4: neither uncomfortable nor comfortable, 7: completely comfortable)



	Control comfort
	Did you feel comfortable to control without awkwardness?

(1: completely uncomfortable, 4: neither uncomfortable nor comfortable, 7: completely comfortable)



	Stability
	Did you feel a sense of stability without the worry of dropping?

(1: completely unstable, 4: neither unstable nor stable, 7: completely stable)



	Front visibility
	Was the icons and texts on the edge screen visible when you look at from the in front?

(1: completely invisible, 4: neither invisible nor visible, 7: completely visible)



	Side visibility
	Was the icons and texts on the edge screen visible when you look at from the side?

(1: completely invisible, 4: neither invisible nor visible, 7: completely visible)
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Table 3. Results of descriptive statistics for the experiment.
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Evaluation Factor

	
Samples & Using Pattern

	
N

	
min

	
Max

	
M

	
SD






	
Grip Comfort

	
Sample 4R

	
160

	
1

	
7

	
4.656

	
1.423




	
Sample 6R

	
160

	
2

	
7

	
4.800

	
1.248




	
Sample 8R

	
160

	
1

	
7

	
4.906

	
1.302




	
Sample 10R

	
160

	
1

	
7

	
4.644

	
1.384




	
Pattern (a)

	
160

	
1

	
7

	
4.662

	
1.391




	
Pattern (b)

	
160

	
2

	
7

	
4.844

	
1.168




	
Pattern (c)

	
160

	
1

	
7

	
4.869

	
1.328




	
Pattern (d)

	
160

	
1

	
7

	
4.631

	
1.461




	
Control Comfort

	
Sample 4R

	
160

	
1

	
7

	
4.031

	
1.627




	
Sample 6R

	
160

	
1

	
7

	
4.331

	
1.426




	
Sample 8R

	
160

	
1

	
7

	
4.725

	
1.436




	
Sample 10R

	
160

	
1

	
7

	
4.606

	
1.401




	
Pattern (a)

	
160

	
1

	
7

	
4.344

	
1.475




	
Pattern (b)

	
160

	
1

	
7

	
4.531

	
1.479




	
Pattern (c)

	
160

	
1

	
7

	
4.450

	
1.529




	
Pattern (d)

	
160

	
1

	
7

	
4.369

	
1.507




	
Stability

	
Sample 4R

	
160

	
1

	
7

	
4.906

	
1.354




	
Sample 6R

	
160

	
1

	
7

	
5.000

	
1.234




	
Sample 8R

	
160

	
1

	
7

	
5.038

	
1.213




	
Sample 10R

	
160

	
2

	
7

	
4.806

	
1.306




	
Pattern (a)

	
160

	
1

	
7

	
4.900

	
1.275




	
Pattern (b)

	
160

	
2

	
7

	
4.975

	
1.197




	
Pattern (c)

	
160

	
1

	
7

	
5.144

	
1.202




	
Pattern (d)

	
160

	
1

	
7

	
4.731

	
1.404




	
Front Visibility

	
Sample 4R

	
40

	
1

	
7

	
3.600

	
1.446




	
Sample 6R

	
40

	
3

	
7

	
4.375

	
1.254




	
Sample 8R

	
40

	
4

	
7

	
5.800

	
1.091




	
Sample 10R

	
40

	
3

	
7

	
6.050

	
1.037




	
Side Visibility

	
Sample 4R

	
40

	
1

	
7

	
4.900

	
1.411




	
Sample 6R

	
40

	
1

	
7

	
5.125

	
1.381




	
Sample 8R

	
40

	
1

	
7

	
5.375

	
1.409




	
Sample 10R

	
40

	
1

	
7

	
5.400

	
1.446
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Table 4. Test result of between subject effects (based on the results of two mixed ANOVAs).






Table 4. Test result of between subject effects (based on the results of two mixed ANOVAs).





	
Evaluation Factor

	
Source

	
Sum of Squares Type III

	
df

	
Mean Square

	
F

	
p

	
     η p 2     






	
Grip Comfort

	
Gender

	
3.525

	
1

	
3.525

	
0.418

	
0.522

	
0.011




	
Hand Type

	
6.500

	
1

	
6.500

	
0.770

	
0.386

	
0.021




	
Gender × Hand Type

	
11.157

	
1

	
11.157

	
1.321

	
0.258

	
0.035




	
Control Comfort

	
Gender

	
0.000

	
1

	
0.000

	
0.000

	
0.995

	
0.000




	
Hand Type

	
12.238

	
1

	
12.238

	
1.101

	
0.301

	
0.030




	
Gender × Hand Type

	
2.438

	
1

	
2.438

	
0.219

	
0.642

	
0.006




	
Stability

	
Gender

	
0.156

	
1

	
0.156

	
0.019

	
0.892

	
0.001




	
Hand Type

	
0.306

	
1

	
0.306

	
0.036

	
0.850

	
0.001




	
Gender × Hand Type

	
6.602

	
1

	
6.602

	
0.785

	
0.382

	
0.021




	
Front Visibility

	
Gender

	
2.377

	
1

	
2.377

	
0.710

	
0.405

	
0.019




	
Hand Type

	
8.327

	
1

	
8.327

	
2.488

	
0.123

	
0.065




	
Gender × Hand Type

	
0.077

	
1

	
0.077

	
0.023

	
0.881

	
0.001




	
Side Visibility

	
Gender

	
0.127

	
1

	
0.127

	
0.029

	
0.867

	
0.001




	
Hand Type

	
3.452

	
1

	
3.452

	
0.779

	
0.383

	
0.021




	
Gender × Hand Type

	
0.827

	
1

	
0.827

	
0.187

	
0.668

	
0.005
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Table 5. Results of four-way mixed ANOVA for grip comfort (Test result of within subject effects).






Table 5. Results of four-way mixed ANOVA for grip comfort (Test result of within subject effects).














	Source
	Sum of Squares Type III
	df
	Mean Square
	F
	p
	     η p 2     





	Sample
	7.517
	3
	2.506
	1.552
	0.205
	0.038



	Error (Sample)
	188.920
	117
	1.615
	
	
	



	Pattern
	7.142
	3
	2.381
	0.931
	0.428
	0.023



	Error (Pattern)
	299.295
	117
	2.558
	
	
	



	Sample × Pattern
	20.914
	9
	2.324
	2.666
	0.005
	0.064



	Error (Sample × Pattern)
	305.898
	351
	0.872
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Table 6. Results of one-way ANOVA for grip comfort by each sample and usage pattern.






Table 6. Results of one-way ANOVA for grip comfort by each sample and usage pattern.





	
Source

	
Sum of Squares Type

	
df

	
Mean Square

	
F

	
p






	
Sample

	
4R

	
Between

	
0.319

	
3

	
0.106

	
0.052

	
0.985




	
Within

	
321.775

	
156

	
2.063

	

	




	
Total

	
322.094

	
159

	

	

	




	
6R

	
Between

	
2.150

	
3

	
0.717

	
0.455

	
0.714




	
Within

	
245.450

	
156

	
1.573

	

	




	
Total

	
247.600

	
159

	

	

	




	
8R

	
Between

	
2.469

	
3

	
0.823

	
0.481

	
0.696




	
Within

	
267.125

	
156

	
1.712

	

	




	
Total

	
269.594

	
159

	

	

	




	
10R

	
Between

	
23.119

	
3

	
7.706

	
4.269

	
0.006




	
Within

	
281.575

	
156

	
1.805

	

	




	
Total

	
304.694

	
159

	

	

	




	
Pattern

	
(a)

	
Between

	
2.675

	
3

	
0.892

	
0.456

	
0.713




	
Within

	
305.100

	
156

	
1.956

	

	




	
Total

	
307.775

	
159

	

	

	




	
(b)

	
Between

	
5.319

	
3

	
1.773

	
1.306

	
0.275




	
Within

	
211.775

	
156

	
1.358

	

	




	
Total

	
217.094

	
159

	

	

	




	
(c)

	
Between

	
8.719

	
3

	
2.906

	
1.670

	
0.176




	
Within

	
271.525

	
156

	
1.741

	

	




	
Total

	
280.244

	
159

	

	

	




	
(d)

	
Between

	
11.719

	
3

	
3.906

	
1.861

	
0.139




	
Within

	
327.525

	
156

	
2.100

	

	




	
Total

	
339.244

	
159
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Table 7. Results of four-way mixed ANOVA for grip comfort (Test result of within subject effects).






Table 7. Results of four-way mixed ANOVA for grip comfort (Test result of within subject effects).














	Source
	Sum of Squares Type III
	df
	Mean Square
	F
	p
	     η p 2     





	Sample
	45.867
	3
	15.289
	7.590
	0.000
	0.163



	Error (Sample)
	235.695
	117
	2.014
	
	
	



	Pattern
	3.467
	3
	1.156
	0.426
	0.734
	0.011



	Error (Pattern)
	317.095
	117
	2.710
	
	
	



	Sample × Pattern
	42.239
	9
	4.693
	4.526
	0.000
	0.104



	Error (Sample × Pattern)
	363.948
	351
	1.037
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Table 8. Results of one-way ANOVA for control comfort by each sample and usage pattern.






Table 8. Results of one-way ANOVA for control comfort by each sample and usage pattern.





	
Source

	
Sum of Squares Type

	
df

	
Mean Square

	
F

	
p






	
Sample

	
4R

	
Between

	
9.369

	
3

	
3.123

	
1.184

	
0.318




	
Within

	
411.475

	
156

	
2.638

	

	




	
Total

	
420.844

	
159

	

	

	




	
6R

	
Between

	
4.469

	
3

	
1.490

	
0.729

	
0.536




	
Within

	
318.975

	
156

	
2.045

	

	




	
Total

	
323.444

	
159

	

	

	




	
8R

	
Between

	
6.750

	
3

	
2.250

	
1.093

	
0.354




	
Within

	
321.150

	
156

	
2.059

	

	




	
Total

	
327.900

	
159

	

	

	




	
10R

	
Between

	
25.119

	
3

	
8.373

	
4.550

	
0.004




	
Within

	
287.075

	
156

	
1.840

	

	




	
Total

	
312.194

	
159

	

	

	




	
Pattern

	
(a)

	
Between

	
6.919

	
3

	
2.306

	
1.061

	
0.368




	
Within

	
339.175

	
156

	
2.174

	

	




	
Total

	
346.094

	
159

	

	

	




	
(b)

	
Between

	
31.969

	
3

	
10.656

	
5.263

	
0.002




	
Within

	
315.875

	
156

	
2.025

	

	




	
Total

	
347.844

	
159

	

	

	




	
(c)

	
Between

	
46.600

	
3

	
15.533

	
7.456

	
0.000




	
Within

	
325.000

	
156

	
2.083

	

	




	
Total

	
371.600

	
159

	

	

	




	
(d)

	
Between

	
2.619

	
3

	
0.873

	
0.380

	
0.768




	
Within

	
358.625

	
156

	
2.299

	

	




	
Total

	
361.244

	
159
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Table 9. Results of four-way mixed ANOVA for stability (Test result of within subject effects).






Table 9. Results of four-way mixed ANOVA for stability (Test result of within subject effects).














	Source
	Sum of Squares Type III
	df
	Mean Square
	F
	p
	     η p 2     





	Sample
	5.138
	3
	1.713
	1.296
	0.279
	0.032



	Error (Sample)
	154.613
	117
	1.321
	
	
	



	Pattern
	14.063
	3
	4.688
	2.307
	0.080
	0.056



	Error (Pattern)
	237.688
	117
	2.032
	
	
	



	Sample × Pattern
	16.250
	9
	1.806
	2.071
	0.031
	0.050



	Error (Sample × Pattern)
	306.000
	351
	0.872
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Table 10. Results of one-way ANOVA for stability by each sample and usage pattern.






Table 10. Results of one-way ANOVA for stability by each sample and usage pattern.





	
Source

	
Sum of Squares Type

	
df

	
Mean Square

	
F

	
p






	
Sample

	
4R

	
Between

	
1.119

	
3

	
0.373

	
0.200

	
0.896




	
Within

	
290.475

	
156

	
1.862

	

	




	
Total

	
291.594

	
159

	

	

	




	
6R

	
Between

	
1.250

	
3

	
0.417

	
0.270

	
0.847




	
Within

	
240.750

	
156

	
1.543

	

	




	
Total

	
242.000

	
159

	

	

	




	
8R

	
Between

	
4.025

	
3

	
1.342

	
0.911

	
0.437




	
Within

	
229.750

	
156

	
1.473

	

	




	
Total

	
233.775

	
159

	

	

	




	
10R

	
Between

	
23.919

	
3

	
7.973

	
5.034

	
0.002




	
Within

	
247.075

	
156

	
1.584

	

	




	
Total

	
270.994

	
159

	

	

	




	
Pattern

	
(a)

	
Between

	
5.950

	
3

	
1.983

	
1.226

	
0.302




	
Within

	
252.450

	
156

	
1.618

	

	




	
Total

	
258.400

	
159

	

	

	




	
(b)

	
Between

	
4.100

	
3

	
1.367

	
0.953

	
0.417




	
Within

	
223.800

	
156

	
1.435

	

	




	
Total

	
227.900

	
159

	

	

	




	
(c)

	
Between

	
6.519

	
3

	
2.173

	
1.519

	
0.212




	
Within

	
223.175

	
156

	
1.431

	

	




	
Total

	
229.694

	
159

	

	

	




	
(d)

	
Between

	
4.819

	
3

	
1.606

	
0.812

	
0.489




	
Within

	
308.625

	
156

	
1.978

	

	




	
Total

	
313.444

	
159
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Table 11. Results of three-way mixed ANOVA for front/side visibility (Test result of within subject effects).






Table 11. Results of three-way mixed ANOVA for front/side visibility (Test result of within subject effects).





	
Evaluation Factor

	
Source

	
Sum of Squares Type III

	
df

	
Mean Square

	
F

	
p

	
     η p 2     






	
Front Visibility

	
Sample

	
163.419

	
3

	
54.473

	
62.281

	
0.000

	
0.615




	
Error (Sample)

	
102.331

	
117

	
0.875

	

	

	




	
Side Visibility

	
Sample

	
6.650

	
3

	
2.217

	
1.772

	
0.156

	
0.043




	
Error (Sample)

	
146.350

	
117

	
1.251
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Table 12. Results of subjective evaluation for grip comfort, control comfort and stability.






Table 12. Results of subjective evaluation for grip comfort, control comfort and stability.





	
Evaluation

Factor

	
Pattern

	
4R

	
6R

	
8R

	
10R




	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD






	
Grip Comfort

	
Pattern (a)

	
4.700

	
1.572

	
4.700

	
1.265

	
4.800

	
1.305

	
4.450

	
1.431




	
Pattern (b)

	
4.600

	
1.297

	
4.950

	
0.932

	
5.075

	
1.095

	
4.750

	
1.296




	
Pattern (c)

	
4.625

	
1.531

	
4.675

	
1.269

	
4.975

	
1.230

	
5.200

	
1.224




	
Pattern (d)

	
4.700

	
1.324

	
4.875

	
1.488

	
4.775

	
1.561

	
4.175

	
1.412




	
Control Comfort

	
Pattern (a)

	
4.175

	
1.662

	
4.250

	
1.410

	
4.700

	
1.471

	
4.250

	
1.335




	
Pattern (b)

	
3.850

	
1.578

	
4.450

	
1.358

	
4.775

	
1.441

	
5.050

	
1.300




	
Pattern (c)

	
3.750

	
1.645

	
4.100

	
1.499

	
5.000

	
1.281

	
4.950

	
1.319




	
Pattern (d)

	
4.350

	
1.610

	
4.525

	
1.450

	
4.425

	
1.534

	
4.175

	
1.466




	
Stability

	
Pattern (a)

	
5.000

	
1.450

	
4.950

	
1.218

	
5.075

	
1.095

	
4.575

	
1.299




	
Pattern (b)

	
4.900

	
1.277

	
5.150

	
1.075

	
5.100

	
1.194

	
4.750

	
1.235




	
Pattern (c)

	
4.950

	
1.377

	
4.975

	
1.143

	
5.200

	
1.091

	
5.450

	
1.154




	
Pattern (d)

	
4.775

	
1.349

	
4.925

	
1.492

	
4.775

	
1.441

	
4.450

	
1.339
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