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ABSTRACT 
 
The expression of art is incredibly important for young students. Equally important is 

allowing these students to showcase what they’ve done to peers and others. It helps them 

gain confidence in their own abilities and gives them motivation to practice their skills. The 

best way to do this is typically an in-person art gallery, but this is not always convenient. 

Those who wish to view the art may not always have the opportunity to travel to a physical 

location, and there are numerous costs associated with setup and cleanup. To address this 

issue, we propose ArtHub, a hybrid desktop and virtual reality application that allows 

anyone to upload their artwork to a virtual gallery that may then be explored by others. It 

makes use of the Unity game engine and is compatible with the Meta Quest 2 headset. In 
order to allow different people to view each other’s work, it features a remote database that 

users may save their artwork to. Galleries are associated with a passcode to prevent 

different galleries from interfering. Unlike physical galleries ArtHub may be accessed from 

anywhere, requires little logistical setup, and is infinitely expandable. Our application will 

help support young artists in schools who otherwise may not have had the chance to show 

their work to a wider audience. 
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1. INTRODUCTION 
 

Art can capture human emotions and expressions that words are simply unable to. It is an 

incredibly important part of our society, and many experts argue that it is a defining factor of 
what makes humanity so unique from other species on this planet [3]. As such, we should put 

considerable amounts of effort into fostering the next generation of artists. After all, every great 

artist was young at some point. One of the best ways to support young students is to simply allow 
them to showcase their work. According to a study by researchers at Marmara University, 

students allowed to participate in art studies had significantly higher levels of self-confidence [1]. 

 
Oftentimes, the best way to experience a piece of art is by viewing it in person. However, there 

are some major problems that exist when it comes to conventional physical galleries. One issue is 

that it might not be convenient for people living far away to visit either an open house or an art 

gallery [6]. If a student’s artwork is being presented in an open house, nearby friends and 
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relatives must come in person to see their art. However, this is time-consuming and difficult, as 
there is a lot of preparation and cleanup that comes with creating an in-person art gallery 

experience; something many students and teachers do not have the time to do. And what if people 

still want to experience the art in an immersive manner, but are prohibited from traveling from 

place to place, as was the case in the 2020 Coronavirus pandemic [14]? 
 

The Virtual Art Gallery allows users to upload custom artwork to a virtual 3D space, but unlike 

ArtSteps it does not support virtual reality headsets. This means that the level of immersion is 
greatly decreased and is not nearly as effective for fostering art appreciation as a VR environment. 

The Meta VR Gallery does support headsets and is quite immersive, but unlike our app it does 

not allow the user to change the content of the gallery. Images are fixed and thus the gallery 
serves only as a way to appreciate historical works of art but not the works of young students. 

Artsteps offers more features than the previous two, providing both headset support and allowing 

the upload of custom artwork, but custom uploads must be done by sending plans to the company 

and waiting for a response, which is time consuming and adds extra expenses. Our app, ArtHub, 
bypasses this middleman and allows direct uploads with no fuss or extra cost. 

 

Our solution: ArtHub 
 

To resolve the issues of logistics and physical distance presented above, we propose the ArtHub 

app. This application is a virtual 3d art gallery which aims to simulate the experience of an in-
person museum. Users take on a first-person perspective, with freedom to move around the 

gallery as they please. The main advantage of the virtual gallery is that there is no need to travel a 

large distance to reach an on-site location, which is an issue for students without reliable access 

to transportation [15]. Instead it can be accessed from anywhere as long as an internet connection 
is available. For those wishing for a more immersive experience, a VR headset may be used to 

make it seem like the user is really there. This is better than a simple 2d interface, as studies have 

shown that art appreciation in students is greatly increased when viewed in a simulated 3d 
environment [5] and that it has a large impact on emotional perception of the objects in question 

being viewed [13]. However, for those who are unable to use a VR headset, either due to health 

or financial constraints, a conventional computer interface is also available. This can not only 

help those who cannot make it in person, but also those who have trouble appreciating physical 
art due to visual impairments [10]. Another draw of this virtual gallery is that it is much easier to 

set up than a real in-person gallery. There is no need to rent out a physical building, no need to 

clean up after untidy guests, and no need to protect the art pieces from potentially reckless 
viewers. A logistical nightmare suddenly becomes much more manageable for already busy 

students and teachers. Furthermore, its ease of access means that those setting up the gallery do 

not need to be nearly as selective with what art they choose to display. If setting up more pictures 
takes exponentially more effort, you must pick and choose what deserves the spotlight. The 

virtual world does not come with the same restrictions of space, structural stability, and need for 

human accommodation like the real world does, and as such it may focus entirely on the art itself. 

Our gallery is mainly targeted at students and teachers, giving schools the means to support their 
young aspiring artists. 

 

Experiment A focused on testing network speed's impact on viewing and uploading artwork 
within the virtual art gallery app. By simulating different network conditions and measuring 

upload and download times for varying artwork file sizes, it revealed a relatively linear 

relationship between file size and latency, with inconsistencies increasing for larger files. This 
suggests that while network performance generally decreases with larger payloads, factors like 

network stability and data handling efficiency become more critical with increasing file sizes. 

 



Computer Science & Information Technology (CS & IT)                                    215 

Experiment B aimed to assess the user interface's (UI) effectiveness in fostering user engagement 
and satisfaction. Through task-based user testing with 10 participants and analysis of engagement 

metrics, the experiment uncovered significant variability in task completion times and overall 

satisfaction ratings. The wide range in upload times and the high variability in user interactions 

indicated that the uploading process's efficiency and the intuitive design of the UI are crucial for 
enhancing user experience. 

 

Both experiments highlighted the importance of optimizing backend processes and front-end 
designs to improve user satisfaction and engagement within the app, suggesting areas for targeted 

improvements. 

 

2. CHALLENGES 
 
In order to build the project, a few challenges have been identified as follows. 

 

2.1. How to Store the Art 
 

One problem that would be faced in the development of this application would be how to store 

the art and make sure other people can see it. In order to solve this problem, we could use 
traditional multiplayer game methods and have one device act as a “server” while other devices 

connect to it. The data could then be streamed to the client devices [11]. Alternatively, we could 

use a remote web database. This means that we would not be able to implement live interaction 
between players, but it would be more stable and less prone to data loss [12].  

 

2.2. How to Avoid Conflicts between Different Galleries 
 

Another problem that might arise is how to maintain order and avoid conflict when there are 

many concurrent users and galleries, each with different purposes. To solve this issue, we could 
allow users to decide how they would like to save their gallery, either storing it as a local file on 

their own device if they simply want to create a gallery for personal uses, or a cloud upload 

should they decide to share it with others. We could create a password system to allow users to 
save different galleries without worrying about interference from other users.  

 

2.3. How to Visually Display the Art 
 

Finally, there is the issue of actually displaying the art to the player in an interesting and 

immersive way. One way to solve this problem is to use a game engine to simulate a 3D 
environment and build a visual gallery which can display artwork. This gallery could be made 

accessible through the use of a virtual reality headset in order to further improve immersion. 

Additionally, to improve interactivity, we could add features such as zooming into the picture, 

viewing description of the art pieces, etc.   

 

3. SOLUTION 
 

My gallery is built using the Unity 3D game engine and is programmed in C#. When the user 
opens the Art Gallery, they are presented with a menu that contains several options. From there, 

they may choose to enter a password to define which gallery they want to access. When they 

press the “load” button, a request is sent to a Firebase database, and it fetches the data associated 

with the corresponding password. Once the user can see pictures placed in the frames around the 
gallery, they may walk around and view them, clicking on them to zoom in and get a better look. 

If they wish to add pictures, they may select the option from the menu, then upload from either 
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their own computer or by using an internet URL. Next, they can define a title, artist name, and 
description for the picture. After all of this information is filled out, they can walk around the 

gallery and click on a picture frame to place it in. Additionally, users may delete pictures if they 

wish. From there, they may save the gallery, either to their local device, or to the remote database 

as they please. If saving locally, the system will compress the data into a readable format and 
save it as a single file in a directory located on the user’s device. If saving to the cloud, the 

system instead passes this save package to a Firebase communicator script, which sends requests 

one by one to the database containing the picture information. 
 

 
 

Figure 1. Overview of the solution 

 

Picture Frame 
 

The picture frames are the most important part of the gallery, as their purpose is to act as a 

modular component which holds the artwork itself. We designed four different variations of 
picture frames to accommodate different picture sizes including large, small, horizontal and 

vertical. They contain interactive elements in the form of buttons to allow the user to perform 

various actions on them, such as zooming in, placing pictures inside, etc. 
 

 

 
 

Figure 2.  Place picture 
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Figure 3. Screenshot of code 1 

 

This code is part of the PictureController script, which is placed on every picture frame. The 

methods seen above manipulate the data shown in the picture frame and may be accessed 
externally from a different script. The PlacePicture() method reads in the picture that the player 

selected earlier through the Image Manager, then renders it in the frame. It also reads the name, 

description, and title set by the player and puts them in as well. The RemovePicture() method, as 

the name suggests, clears out all data from the picture frame. The GetData() and SetData() 
methods are used by the Image Manager to both collect data from the frames in order to save 

them, or to give each frame a data package to tell it what to render in the frame. In the GetData() 

method, a PictureInformation class is created and all of its fields are filled with the relevant data. 
The image is encoded into a JPG file to save on space. The SetData() method will load the default 

texture if no texture is provided. 

 
The Image Manager is the central script of the Art Gallery. It manages all of the picture frames 

and acts as an interface between the frames and the Firebase Manager. When a user wishes to 

place an image in the gallery, the Image Manager will handle loading the texture or downloading 

from the web if the user puts a link. It also houses the controls for inputting the name, title, and 
description of the picture to be placed. 

 

 

 
 

Figure 4. Screenshot of main pages 
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Figure 5. Screenshot of code 2 

 
The SubmitInfo() method is called whenever the user finishes entering all their data (name, title, 

description) for a certain picture. The method records all the data, then sends out an event 

notifying all of the picture controllers that they should get ready to receive a picture. The 
GenerateSavePackage() method is used when the user wishes to save their gallery. It takes all of 

the pictures and text in each picture frame, assigns them IDs based on their position in the world, 

and compresses it into a serializable format that can then be saved either locally as a file or in our 
remote Firebase database. The LoadDataLocal() method is what is used when the SavePackage is 

to be retrieved from a place on the user’s physical drive. It first searches for the save package, 

and if it exists, it clears out the gallery, reads the package into a SavePackage class, then assigns 

each of the picture frames’ data by matching up their ID’s.  
 

The Firebase communicator handles all interactions over the web with our Firebase Database. It 

manages both uploading data to the database and downloading from it. The communicator 
interfaces with the Image Manager to perform its functions by sending the manager 

SavePackages which the communicator receives, and by receiving SavePackages from the 

manager to send to the database. 
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Figure 6. Screenshot of save page 

 

 
Figure 7. Screenshot of code 3 

 
These two-methods control loading and downloading data from/to the database. The UploadData() 

method receives a SavePackage from the ImageManager, and first begins by deconstructing the 

package into its individual PictureInformation classes. Then, it locates the directory in which the 

data should be saved in the database. Next, for each PictureInformation class, it asynchronously 
sets the corresponding field in the database with the appropriate data. The DownloadData() 
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method does the same thing, but in reverse. It first checks to see if the save data directory in the 
database is valid, then creates an empty SavePackage. It then asynchronously reads from the 

database, filling out the SavePackage with the appropriate data. Since the operation is 

asynchronous, it must call a method once it finishes to indicate that it is done. It does this by 

calling the FirebaseReceiver() method in the ImageManager, which will take things from there. 
 

4. EXPERIMENT 
 

4.1. Experiment 1 
 

Experiment A is designed to evaluate the impact of network speed on user experience in the 
virtual art gallery, specifically focusing on the latency involved in viewing and uploading artwork. 

The experiment A aims to assess network performance impact on the virtual art gallery's user 

experience, focusing on latency during artwork viewing and uploading. We'll use a diverse set of 

digital artworks with varying file sizes to simulate real-world usage. An automated script will 
upload and download these artworks under different network conditions (high-speed, 4G, slow 

Wi-Fi) to Firebase, logging response times. The analysis will compare these times against a 

control dataset obtained under optimal conditions to identify performance bottlenecks. This 
approach will inform necessary optimizations for improving user engagement and satisfaction 

across various network speeds. 

 

 
 

Figure 8. Figure of experiment 1 

 
Statistics for each trial: 
 

0MB: 0.069 

0.53MB: 0.196 

7.21MB: 1.530 
14.24MB: 3.927 

20.62MB: 6.741 

 
In analyzing the network performance data for the virtual art gallery, we observed that as the file 

size of uploaded artwork increases, so does the latency in upload times, demonstrating a 

relatively linear relationship between payload size and response time. Here's a breakdown of the 
key findings: 

Mean and Median Upload Times: The data indicates increasing upload times with larger file sizes, 

suggesting a direct correlation between file size and network latency. The mean and median 

values progressively rise, reflecting this trend. 
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Range of Values: The quickest upload time was recorded at 0.069 seconds for a 0MB file 
(essentially an empty file), indicating minimal processing time. The longest upload time was 

6.741 seconds for a 20.62MB file, showcasing the impact of file size on upload duration. 

 

Observations on Consistency: Initial tests with smaller files (up to 0.53MB) showed consistent 
upload times. However, as file sizes increased beyond 7.21MB, the variability in upload times 

also increased, suggesting that larger files introduce more unpredictability in network 

performance. 
 

Surprising Data: The relationship between file size and upload time was expectedly linear for 

smaller files but showed signs of increasing inconsistency with larger sizes. This variance was 
unexpected and points to potential inefficiencies in how large data payloads are managed. 

Influence on Results: The most significant factor affecting upload times was the file size of the 

artwork. However, the increasing inconsistency with larger files suggests other influencing 

factors at play, possibly including network stability and the efficiency of data handling 
mechanisms within the gallery app and Firebase. 

 

These findings highlight the importance of optimizing data transfer protocols for large files and 
investigating further into the backend processes to ensure consistent performance across all user 

interactions within the virtual art gallery. 

 

4.2. Experiment 2 
 

Experiment B is designed to evaluate the effectiveness of the user interface (UI) design in 
promoting user engagement and interaction within the virtual art gallery app. 

 

Experiment B aims to assess the virtual art gallery app's user interface (UI) design and its impact 
on user engagement. We will recruit 10 participants with varying art gallery experiences to 

perform specific tasks within the app, such as finding and uploading artwork. Engagement will be 

measured using analytics for task completion time and interaction frequency, supplemented by 

participant feedback on usability and design appeal. The goal is to identify UI elements that 
enhance or hinder user experience, providing insights for targeted improvements. This approach 

will highlight the UI's role in promoting user interaction and satisfaction within the virtual gallery 

environment. 
 

 
 

Figure 9. Figure of experiment 2 

 
The analysis reveals mean times of 47.5 seconds to find artwork and 99.5 seconds for artwork 

upload, with median values closely mirroring these at 47.5 and 97.5 seconds, respectively. The 

lowest recorded times were 25 seconds to find and 75 seconds to upload artwork, with the highest 

at 70 and 130 seconds, respectively. Interaction rates varied from 8 to 25 per visit, with overall 
satisfaction ranging from 2 to 5. 
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Surprisingly, the broad range in upload times and the high variability in user interactions suggest 

significant differences in user experiences, possibly due to varying network conditions or 

differing levels of familiarity with the app. The most significant impact on the results appears to 

be the efficiency of the uploading process, as indicated by the wide range of upload times. 
Optimizing this aspect could significantly enhance user satisfaction and engagement, suggesting 

a need for further investigation into optimizing file handling and network efficiency.  
 

5. RELATED WORK 

 

The Virtual Art Gallery takes a similar approach to our app, allowing users to view artwork in a 

simulated space. Artists may upload their own custom work through an online portal, after which 
it is displayed on a website that other people may view [7]. One large drawback of this virtual art 

gallery is that it lacks compatibility with a VR headset. Users must view the gallery on a 

conventional flat-screened device, which is better than a 2d website, but cannot afford nearly the 
same level of immersion as being there in person and thus leads to decreased appreciation [4]. In 

comparison, not only does our art gallery run on a standard computing device, it can also run 

through the Meta Quest headset, allowing for a much more realistic and convincing virtual reality 

experience. 
 

The Meta VR Art Gallery is on the Meta store, and as such can only be viewed through a Meta 

Quest headset. It is graphically realistic and allows the user to view a variety of paintings from 
famous historical artists such as Pierre-Auguste Renoir, Claude Monet and Rembrandt [8]. While 

it is well built with a considerable amount of care put into the layout, it is completely static and 

uncustomizable. All the galleries featured in this app cannot be changed or rearranged, and users 
may not upload their own custom art. In comparison, our application allows the user to upload 

any art they wish, and even allows them to save them online for others to view and also make 

their own contributions to. 

 
Similar in concept to ArtHub, the Artsteps gallery allows users to walk around a 3d art gallery 

either in a headset or using a traditional computer interface. In order to get a gallery in Artsteps, a 

client must pick a room template, then send a floor plan and pictures to the company, after which 
they will design the gallery for the client [9]. Not only is this slow, since the client needs to wait 

for a response after sending their plan, but it is also expensive as each virtual gallery is hand-

made by designers at the company. Some templates on their site were listed at over $200, way out 

of budget for most teachers. In comparison, our gallery allows the end-user to add/remove 
pictures themselves, with no need to wait or pay for a middleman. 

 

6. CONCLUSIONS 
 
Despite the positives, there are still some limitations in ArtHub. One of the major problems is 

that when uploading artwork, users must choose a specific frame size that matches their art’s 

dimensions. Although we include frames for pictures in different sizes, the size might still not be 

completely accurate. Some artworks may be stretched to fill the picture frame. In order to fix this, 
we can either create a picture frame that automatically resizes itself to fit the content, or use a UI 

canvas to represent the picture to allow for automatic resizing. Another limitation is there is 

currently only one scene in ArtHub. If we want to promote our project to all kinds of users, we 
should establish various scenes for different topics. We may also need to rework our picture 

saving format to this, as right now the picture IDs are based on position so they would not be 

compatible between separate styles. Finally, the app’s framerate may stutter from time to time, so 
there are definitely rendering optimizations that could be done. 
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Despite its limitations, this app offers a promising augmentation to physical art galleries. It solves 

numerous problems involving accessibility, price, and ease of setup. Overall, ArtHub can help 

give more students a voice and the confidence they need in this increasingly competitive world of 

art, fostering the next generation of great artists. 
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