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Abstract 

With the advent of the low-cost headsets, Virtual 

Reality (VR) applications have gained enormous 

attention and popularity. Object selection is the primary 

task in VR interfaces. Although numerous studies have 

been done for the selection of objects, there is limited 

understanding of how the input methods affect the 

object selection in sparse, dense and occluded dense 

Virtual Environment (VE). In this paper, we investigate 

the commonly used input methods (capacitive touch 

and dwell gaze) for a smartphone-based VR head-

mounted device. We evaluate the task completion time, 

error rates, ease of use, comfort and user preference 

correlated to the proposed VEs. The results indicated 

that capacitive touch was a preferred method of 

selection in dense and occluded dense VEs. The users 

preferred dwell gaze in the sparsely populated VE. 
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Introduction 

Smartphone-based Virtual Reality (VR) experience is 

gaining popularity due to the release of low-cost Head 

Mounted Devices (HMDs), such as google cardboard. 

The advantages of these HMDs are that they are 

inexpensive, require no cables and are compatible with 

most smartphones. This has led to rapid development 

of smartphone based VR applications [14]. These 

applications demand constant user input and user 

interaction in VEs that range from a simple to highly 

dense setup.  

The primary task for any VR application is object 

selection. Most of the complex tasks, such as object 

manipulation in any Virtual Environment (VE) depends 

on the object selection. Research in VEs has introduced 

numerous techniques for object selection [13] [7]. The 

two most common methods are the virtual hand [7] 

and the ray casting technique. Majority of smartphone-

based VR applications uses the ray casting technique 

for object selection [10]. The most commonly used 

input methods that deploy ray casting technique are a) 

capacitive touch input [5] and b) dwell gaze-based 

selection [9]. 

The objective of this study is to compare dwell gaze 

and the capacitive touch input methods in a 

smartphone-based VR HMD for object selection. We 

compare them for 3 object density (a) sparsely 

populated, (b) densely populated and (c) occluded 

dense populated VE. We studied the task completion 

time, error rates, user preference, comfort and ease of 

use of chosen input methods. 

The main motivation for this study is to identify a 

suitable input technique for object selection due to its 

extensive usage in smartphone-based VR applications. 

The choice of appropriate input method is of utmost 

importance as poorly designed selection techniques 

have significant impact on the overall performance and 

user experience [1]. Moreover, to best of our 

knowledge, no studies have compared these commonly 

used input techniques including the impact of object 

density and occlusion on selection time, error rate, 

ease of use, user comfort and preference for a 

smartphone-based VR HMD.  

Related Work 

Tanriverdi and Jacob [12] compared gaze for selecting 

objects in virtual environments with arm extension 

grasping technique and found that performance of gaze 

based selection was faster. Cournia et al., [3] 

compared the gaze and hand-based pointing in virtual 

environments and found contrary results to [12] where 

gaze based pointing was found slower than the hand 

based pointing for the distant objects. Steed and Parker 

[11] introduced the shadow cone selection technique 

and compared them with the cone selection technique 

and the ray casting technique for head tracked and 

non-head tracked displays. They found that ray 

selection and shadow cone selection were more suitable 

than the cone selection for occluded targets. The 

bubble cursor method designed by Grossman and 

Balakrishnan [4] was found to perform significantly 

better than point cursor and the object pointing 

technique for 1D and 2D target acquisition tasks. Rosa 

and Nagel [8] compared the Double Bubble Cursor, 

Bound Bubble Cursor and Depth Bubble Cursor 

technique for object selection in the 3D VE. They found 

that Depth Bubble Cursor technique performed best in 

selecting 3D objects hidden in the densely populated 

environment. Kopper et al., [6] designed and evaluated 

SQUAD technique with the standard ray casting 

 

 
 
Figure 1(a): Side 1 View of the 
Supermarket Environment 
 
 
 
 

 
 
Figure 1(b): Side 2 View of the 
Supermarket Environment 
 
 
 
 

 
 
Figure 1(c): Front View of the 
Supermarket with Sparsely 
Populated VE 
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technique and found that when the visual size of 

objects is too small and the density of the environment 

is not too high, selection can be achieved more 

efficiently and accurately by progressive refinement. To 

best of our knowledge, there is very limited literature 

comparing the commonly used input methods in 

smartphone-based HMD VR interfaces. Yoo and Parker 

[14] studied 32 cardboard-based applications to 

categorize 5 commonly used input interactions - (1) 

Magnetic sliding switch (2) Instant Gaze (3) Dwell Gaze 

(4) Tilt (5) External controller. The study found that the 

controller-less interaction methods were more popular 

than external controllers. 

Design of the Virtual Environments (VEs) 

We designed a virtual supermarket for this study. In 

the first scene, the user is shown the front view of the 

supermarket. The user is taken inside the supermarket 

after 2 seconds which consists of the shelves on either 

side having a number of items such as wafers, chips, 

bottled juices, chocolates and a freezer that consists of 

frozen corns and ice creams. Figure 1 (a & b) 

showcases the side views of the VE. The products 

presented in the side views are disabled and used only 

to provide an immersive view of the virtual 

supermarket. The products placed on the shelves in the 

front view can be selected. Figure 1 (c) shows the front 

view of the supermarket. The upper left corner shelf, 

upper right corner shelf, and bottom shelf consist of 

washing powder products, energy drink products and 

pasteurized milk packets respectively. The products in 

the upper two shelves and bottom shelf are placed at 

62 units and 47 units above the ground respectively. 

The units are equivalent to meters in unity. The camera 

is placed at a distance of 47 units from the shelves. 

Locomotion was disabled in the VE. 

Sparsely Populated VE  

Each shelf in a sparsely populated VE consists of 5 

virtual products, e.g. 5 washing powders, 5 energy 

drinks and 5 pasteurized milks (fig 1c). The products in 

the upper and lower shelves appear in a volume of ratio 

5:6:1 (width, height and depth) and 3.5:6:2 (width, 

height and depth) respectively. The distance between 

the products is at a virtual distance of 0.5 units from 

each other. 

Densely Populated VE 

Each shelf in the densely populated VE consists of 20 

virtual products (fig 2a). The objects in the upper and 

lower shelves appear in a volume of ratio 1.8:6:5 

(width, height and depth) and 2.4:6:3.5 (width, height 

and depth) respectively. The distance between the 

products is at a virtual distance of 0.1 units from each 

other. The number of virtual objects in the densely 

populated environment is increased by four times in 

each shelf and the distance between each product is 

reduced by 5 times in comparison to the sparse 

environment, i.e. 20 products as compared to 5 

products and 0.1unit distance as compared to 0.5 units’ 

distance. 

Occluded Dense Populated VE 

Each shelf in the densely populated VE consists of 20 

virtual products (fig 2b). The products in the upper and 

lower shelves appear in a volume of ratio 1.8:6:5 

(width, height, and depth) and 2.4:6:3.5 (width, height 

and depth) respectively. The products are placed close 

to each other at a virtual distance of 0.1 units and in 

the presence of the occluded objects, e.g. virtual coffee 
mugs. There are 15 coffee mugs placed on the shelf in 

front of the products. The arrangement is made such 

 

 
 
Figure 2(a): Densely Populated 
VE 
 
 
 
 

 
 
Figure 2(b): Occluded Dense 
Populated VE 
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that 1 mug is placed between two virtual objects in 

front of them as shown in Fig 2(b). 

Input methods  

The two input methods used for the study are (a) dwell 

gaze and (b) capacitive touch based selection method. 

In both the methods, the pointer is placed floating in 

the middle of the user’s field-of-view. The pointer is 

centered in the direction of the users, thereby giving 

the experience of controlling the system with their head 

movement. When the gaze pointer moves over any 

product, the diameter of gaze pointer increases, and 

the name of the product is displayed over them. Two 

different audio feedbacks (i) clapping sound and (b) 

buzzer sound is played on the successful and 

unsuccessful product selection respectively. The virtual 

product disappears when a correct selection is made 

whereas it remains in the shelf in case of a wrong 

product selection. 

Dwell gaze based selection  

In a dwell gaze method, the pointer is kept over a 

product for 3 seconds to select the desired product. We 

have increased the dwell time to 1 second over 

traditional 2 seconds to reduce Midas Touch effect. 

Capacitive touch input selection 

In the capacitive touch-based input method, the gaze 

pointer is kept over a product and the name of the 

object is displayed as a hover text. The product is 

selected when the fuse button is pressed. 

User Study 

Study Variables  

The study consists of two independent variables: input 

method in the cardboard (capacitive touch, dwell gaze), 

VE of varied density (sparse, dense, occluded dense). 

The dependent variables are the task completion time, 

error rate, ease of use, comfort and user preference. 

User comfort and user preference specify the comfort 

and the preference of the input methods in the 3 

different VEs. Ease of use specifies the extent to which 

the user finds using an input method free of effort for a 

VE. We used a factorial within subject design with 

repeated measures for our study. 

Participants  

26 university students (8 females and 18 male) 

participated in the study. The age range was 19-27 

years with a mean age of 22.4 years. All participants 

were right-handed and they used their right hand to 

control the fuse button. Participants had no prior 

experience with a smartphone-based VR interface. 

None of the participants were monetarily remunerated 

for this study. 

Apparatus  

A locally made low-cost head mounted cardboard was 

used as a headset to perform the experiments. The 

cardboard was purchased from Amazon (India) for the 

US $3. We used a Xiaomi Redmi Note 4 with a 5.5" 

screen size to display the virtual supermarket. 

Procedure 
We conducted the study in the university lab. The study 

setup is shown in Fig 3. We used a random sampling 

method to assign input methods to the participants. 

Training sessions were provided to the participants 

before the start of the experiment. Each training 

session lasted around 10 minutes. The training scene 

had a number of colored balls. The user was asked to 

select a specific colored ball using a particular input 

 

 
 
Figure 3: Participant performing the 

experiment in the lab 
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method. The task was repeated until the user felt that 

he is familiarized with the two input methods. The 

participants sat on the swivel chair during the training 

and experiment. We first presented sparsely populated 

VE followed by dense and occluded dense VE. We gave 

3 tasks to the participants to select the virtual products 

for each VE. The tasks were presented on the wall 

inside the VE, e.g. “Please select the Complan packet “. 
Participants chose the product through the given input 

method. A tooltip displayed the name of the product 

when the gaze pointer moved over it. This process was 

followed for remaining two VEs. The task completion 

time and error rates were measured by the system 

during the experiment whereas ease of use, comfort 

and user preference data were collected after the 

experiment. Post experiment, we briefly interviewed 

participants to learn about their experiences and likes 

and dislikes for both input methods. 

Data Collection Method  

The experiment consists 2 input methods (dwell gaze 

and capacitive touch), 3 VEs (sparse, dense and 

occlude dense) and 26 participants resulting to 156 

trials (2x3x26). The completion time and error rate 

were calculated by the application. The task completion 

time was calculated from the time the first target 

product was selected till the third successful product 

was selected. This was done to eliminate the time taken 

to wear the cardboard and in experiencing the VE. An 

error was counted when the product selected by the 

user does not match with the targeted product specified 

during the tasks. We provided a 5-point semantic 

differential scale to gather feedback for ease of use and 

comfort. The participants were asked to select one 

input method as their preference for each VE. The post-

experiment interviews were video recorded for further 

analysis. Prior consent was taken from each participant. 

Results 

Task Completion Time  

The task completion time was analyzed with ANOVA 

with a significance level of 0.05 to compare the effect 

of input method in the three VEs. The data was found 

to be normally distributed with the overall mean and 

SD (M= 23.75, SD=12.78). The analysis revealed a 

statistically significant difference of task completion 

time (F (1,156) =34.57, p<0.05). The effective size R 

squared was found to be 0.535. The Tukey post hoc 

test revealed that the difference in the task completion 

time between the dwell gaze (M=42.3, SD=13.49) and 

the capacitive touch (M= 28.76, SD=11.21) in the 

occluded dense populated VE was statistically 

significant (p<0.05). The difference in the task 

completion time between dwell gaze (M= 18.9, 

SD=5.49) and capacitive touch button (M= 15.7, 

SD=4.88) in the sparsely populated VE as well as the 

difference in the task completion time between dwell 

gaze (M= 20.2, SD=8.71) and capacitive touch button 

(M=16.46, SD=5.76) in the densely populated VE did 

not reach significance. The details of task completion 

time are shown in figure 4. 

Error Rate  

The differences in the error rate between the two input 

methods in the three VEs (sparse, dense and occluded 

dense) were analyzed using ANOVA with a significance 

level of 0.05. The data was found to be normally 

distributed with the overall mean and SD (M= 1.17, 

SD=2.303). The analysis showed a statistically 

significant difference on the error rate (F (1,156) 

=27.8, p<0.05). The effective size R squared was 

 

 
 
 
Figure 4: Task Completion Time 
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found to be 0.5. The Tukey post hoc test revealed that 

the difference in error rate between the dwell gaze (M= 

4.65, SD=3.49) and the capacitive touch (M= 4.65, 

SD=3.49) in the occluded dense populated VE was 

statistically significant (p<0.05). The difference in error 

rate between dwell gaze (M= 0.42, SD=1.10) and 

capacitive touch button (M= 0.08, SD=0.272) in the 

sparsely populated VE as well as the difference in error 

rate between dwell gaze (M= 0.73, SD=1.11) and 

capacitive touch button (M= 0.12, SD=0.431) in the 

densely populated VE did not reach significance. The 

details of error rate are shown in figure 5. 

Ease of Use  

The ease of use between the two input methods in the 

three different VEs was analyzed using ANOVA with a 

significant level 0f 0.05. The data was found to be 

normally distributed with the overall mean and SD (M= 

3.65, SD=0.876). The analysis showed a statistically 

significant difference on the ease of use (F (1,156) 

=16.7, p<0.05). The effective size R squared was 

found to be 0.4. The Tukey post hoc test revealed that 

the difference in ease of use between the dwell gaze 

(M=3.38, SD=0.7) and the capacitive touch (M=4.07, 

SD=0.64) in the densely populated VE was statistically 

significant (p<0.05). The difference in ease of use 

between the dwell gaze (M=2.69, SD=0.96) and the 

capacitive touch (M=3.53, SD=0.85) in the occluded 

dense populated VE was statistically significant 

(p<0.05). The difference in ease of use between dwell 

time gaze (M=3.97, SD=0.51) and capacitive touch 

button (M=4.24, SD=0.47) in the sparsely populated 

VE did not reach significance. The details of ease of use 

are shown in figure 6. 

User Comfort  

The user comfort between the two input methods in the 

three different VEs was analyzed using ANOVA with a 

significant level 0f 0.05. The data was found to be 

normally distributed with the overall mean and SD (M= 

3.54, SD=1.09). The analysis showed a statistically 

significant difference on the user comfort (F (1,156) 

=22.09, p<0.05). The effective size R squared was 

found to be 0.42. The Tukey post hoc test revealed that 

the difference in the user comfort between the dwell 

gaze (M=3.19, SD=0.69) and the capacitive touch 

(M=3.85, SD=0.78) in the densely populated VE was 

statistically significant (p<0.05). The difference in the 

user comfort between the dwell gaze (M=2.19, 

SD=0.98) and the capacitive touch (M=3.58, SD=1.06) 

in the occluded dense populated VE was statistically 

significant (p<0.05). The difference in user comfort 

between dwell time gaze (M=4.35, SD=0.68) and 

capacitive touch button (M=4.12, SD=0.76) in the 

sparsely populated VE did not reach significance. The 

details of user comfort are shown in figure 7. 

User Preference  

18 participants preferred dwell gaze for sparsely 

populated VE (which constitutes 70% of the users), 20 

participants preferred capacitive touch for dense VE 

(which constitutes 73%) and 22 participants preferred 

capacitive touch for occluded dense VE (which 

constitutes 83%). The results show that the participant 

preferred the dwell gaze method when the object 

density in the virtual environment was less. The details 

of user preference are shown in figure 8. 

 

 

 
 
Figure 6: Ease of Use 

 

 
 
Figure 7: User Comfort 
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Discussion and Implications 

Contrary to the results mentioned in [2], we did not 

find any significant decrease in task completion time 

and errors for capacitive touch input method for sparse 

and dense VE. Moreover, participants preferred dwell 

gaze for sparsely populated VE. Post-study interviews 

revealed the low visual complexity and less number of 

steps as main reasons for preference of dwell gaze. For 

instance, one user stated that “Sparse VE is less 

cluttered. Moreover, I have to perform only 1-step to 

select the product in dwell gaze, whereas capacitive 

button has two”. The results indicate that while dwell 

gaze may not be a suitable choice for occluded dense 

VEs, it can still prove effective for VR applications of 

sparse VEs as compared to capacitive touch due to 

non-significant task completion time, errors and higher 

user preferences. 

The capacitive touch input was significantly more 

comfortable and easy to use, although has a non-

significant decrease in task completion time and error 

rates for dense VE. The results indicate that both input 

methods are suitable for dense VEs prioritizing accuracy 

and speed, but favor capacitive touch input method 

when VR applications demand better user experience – 

especially increased comfort and ease.  

The capacitive touch input took significantly less time 

and had fewer errors as compared to dwell gaze for the 

occluded dense VE. Participants’ feedback was 

consistent with the results we found for ease of use, 

comfort and user preference. This is mainly due to the 

control over the input method while selecting the 

desired object. One participant compared it with a 

traditional desktop mouse. He stated “With capacitive 

touch, I have control like a mouse over the selection of 

a product. But in case of dwell time, I have a feeling of 

being under pressure and not able to think freely before 

the actual selection”. The results indicate that 

capacitive touch input method is suitable for VR 

applications of occluded dense VEs where speed on task 

completion and accuracy is of utmost importance (i.e. 

complex VR gaming applications). Despite higher speed 

and accuracy, participants mentioned issues related to 

searching of the button and the constant need to place 

the hand/finger over the button. This, combined with 

two-step selection process may add issues of fatigue. 

Studying the issues of fatigue in capacitive touch input 

method, especially for long-term use is a matter of 

further investigation and out of the scope of this 

experiment. 

Limitations 

We had few limitations in this study. First and 

foremost, our study was limited to ray-casting based 

input methods and did not examine the myriad 

selection techniques found in the literature. Moreover, 

our study was limited to the selection of cube-shaped 

objects and did not explore other shapes. 

Conclusion 

In this paper, we have investigated the two controller-

less input methods (a) dwell gaze and (b) capacitive 

touch of the smartphone-based VR HMD. We evaluated 

the two input methods for task completion time, error 

rate, ease of use, comfort and user preference for 3 

VEs (i) sparsely populated (ii) dense populated (iii) 

occluded densely populated. Our findings suggest that 

dwell gaze took significantly increased task completion 

time and errors for occluded dense VE, whereas it was 

non-significant for sparse and dense VEs. Dwell gaze 

was found preferred and significantly comfortable for 

 

 
 
Figure 8: User Preference 
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sparse VE. Capacitive touch input was significantly easy 

to use and comfortable for dense and occluded dense 

VEs. It was also highly preferred over dwell gaze for 

dense and occluded dense VE. Overall, the results 

suggested the use of dwell gaze for sparse VEs, 

capacitive touch for dense and occluded dense VEs for 

smartphone-based VR-HMD applications. 
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