


Minecraft. These new research requirements were met by the 

Roblox platform and confirmed the decision to create a new 

USAR STE.  

VIRTUAL TESTBED LANDSCAPE 

This paper considered approximately four viable 

platforms that inexperienced developers could use to create 

similar STEs: Roblox, Minecraft, Core, and Fortnite Creative 

(Core, 2022; Fortnite, n.d.; Mojang Studios, 2022; Roblox, 

2022). Table 1 highlights critical features of each platform to 

develop an effective USAR-STE. These features are based on 

the experiences of past studies (Chiou et al., 2021; Demir et al., 

2020; Ezenyilimba et al., nd) and the requirements of the 

proposed study (Peel et al., 2021). Publicly available 

documentation from the platforms and notable developers was 

used to determine the degree of capabilities of each feature 

across the platforms. As seen in Table 1, Roblox is the overall 

best platform among these features, and Roblox offers the 

greatest performance across the listed features. The study team 

has previously used Minecraft as an STE platform for HRT 

studies; however, it requires third-party solutions to create the 

desired features and visual fidelity that is native to Roblox.  

Table 1. Platform assessment 

 Roblox Core 
Fortnite 

Creative 
Minecraft 

Fidelity of 

Environment 
Photorealism 

High 
Fidelity 

Cartoonish 

Block-

Based 

Design 

3D Modeling One Viewport Available  
No Viewport Available 

(In-game modeling only) 

Developer 

Resources 
Extensive Limited Minimal Extensive 

Programming 

Language 
Lua  

In-Game 

Features 

In-Game 

Binary 

Content 

Moderation 
Strict 

User-generated content 

limited 

Collaborative 

Editing 

Yes, Server 
Logged 

Changes 

Yes, 

Server 
Logged 

Changes 

& 
GitHub 

Integrati

on 

Partially, Limited 

Functionality 

Server 

Distribution 
Self-Hosting Not Allowed 

Self-Hosting 

Recommended 

Exporting 

Data 

User-defined 
export 

connections 

No 
Game 

Generated 

Log Files 

Future 

Platform 

Updates 

All versions 

supported 
Not Disclosed 

Updates 

not 
supported 

DESIGN PROCESS 

The design process of the testbed can be summarized as 

three phases: (1) requirements, (2) construction, and (3) final 

development (Haik et al., 2017). The product concept, solution 

concept, and embodiment design parts of the design process 

were condensed into the "construction" phase due to our 

development time constraints.   

The first phase, the requirements of a testbed, involves 

documenting the necessary components and creating a 

development plan; a development plan allows for greater 

coordination among the research team. The second phase, the 

construction of the testbed, implemented an outcome-oriented 

construction. The third phase, final development, reflects and 

validates the completed design process.  

Requirements 

Before starting the testbed design, we described the 

desired components of the testbed identified by the research 

team using the following dimensions: necessary (N), 

advantageous (A), and extraordinary (E). The testbed design 

was grounded in the discussion of the "necessary" components, 

which became the design requirements. In total, there were nine 

requirements which are summarized in Table 2. Table 2 

highlights the necessary design requirements and explains the 

considerations for each factor. 
 

Table 2. Design requirements 

Requirement 

(Type) 
Description 

USAR 

Environment 

(N) 

Increasing perceived engagement by participants in the USAR 

virtual task environment. Akin to flight and driving 
simulators, a more realistic STE improves its external validity 

(Mulder et al., 2013; Philips & Morton, 2015). 

Two Mission 

Design (N) 

Incorporating a two-mission design. The flexibility of 
incorporating two independent missions in sequence was 

essential for testing interactions over time, as well as allowing 

the team to test for different communication modalities within 
subjects.  

Remote 

Collection 

(N) 

Ability to collect all data remotely. Due to the uncertainty of 

COVID-19, it was necessary to build the STE with virtual 
capabilities. 

WoZ 

Paradigm 

(N) 

WoZ functionality that allows experimenters to control the 

robot and the environment. HRTs are still in their infancy and 
require that experimenters "play" the role of an intelligent 

agent. WoZ functionality has been standard in all the previous 

STEs developed. 

Victim 

Development 

(N) 

Ability to build human "victims" in the STE Finding victims 

is central to the USAR task, and it was a priority to be able to 

create more physically representative figures in the STE. 

Unexpected 

Events (N) 

Ability to introduce unexpected events. Unexpected events in 

the STE were needed to better represent real-world task 

environments as well as to stimulate more dynamic team 
interactions.  

Live Run 

Study (A) 

Ability to share virtual screen within STE without limiting 

capabilities. Participants experience the environment 
firsthand, interacting with it live. 

GUI. 

Functionality 

(A) 

Ability to incorporate a Graphic User Interface (GUI) and 

display it in real time. The STE needed to have a certain level 
of flexibility and fidelity for displaying graphical information 

(i.e., data visualizations) to address the research objective.  

User-Defined 

Data 

Collection 

(E) 

Ability to set parameters and automate the data collection 

from the testbed. 
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roles, and table 4 maps these visual elements to the roles that 

used them. 

Table 4. Visual Elements for Specific Roles 

Visual Elements Participant 
Incident 

Commander 
BRAVE 

Chat Window ✓ ✓ ✓ 

Time Remaining ✓ ✓  

Medical Resources ✓ ✓ ✓ 

BRAVE's Medical Scan ✓ ✓ ✓ 

Map ✓   

Map of Victims  ✓ ✓ 

Timer Control  ✓  

Camera Feed Control  ✓  

Condition Control  ✓  

Resource Control   ✓ 

Position Control   ✓ 

The participant works with BRAVE to save victims by 

properly allocating medical resources. The participant view can 

be seen in Figure 2, which shows; that the participant's view is 

mainly the camera feed of BRAVE. The top left of the screen is 

the chat window, allowing for live-run communication with 

BRAVE. The top-right is the status of available medical 

resources. The medical resources display shows three types of 

medical services – first aid kit, Emergency Medical Technician 

(EMT), and medical evacuation – and how many remain for 

each. In the center of the screen, the victim image appears when 

BRAVE approaches a victim and completes a scan—specific 

information in the image changes depending on the study 

condition. The bottom right is the dynamic map, where 

BRAVE's position is continuously updated. The Incident 

Commander is a fundamental teammate with external and 

internal experimental tasks.  

 
Figure 2. Screenshot of Participant View Example of Victim 

The Incident Commander is a remote team member whose 

role is entirely stationary. The Incident Commander coordinates 

medical resources from the participant's recommendation. 

BRAVE, or more precisely, the experimenter filling in the 

role of BRAVE, is responsible for the direct movement in the 

environment and scanning for victims. However, 

Participants/Navigators direct BRAVE's search path by asking 

for specific zones. The final testbed will continue to be 

implemented and adapted in future study designs.  

DISCUSSION AND CONCLUSION 

As this study and the final STE were an extension of 

previous research on HRTs in an USAR task environment, the 

research team successfully developed a new STE. Roblox was 

found to be the most viable option to achieve the research 

objectives within a limited timeframe, despite having to 

recreate a virtual environment from scratch. 

The initial problem we faced was the lack of experience 

using Lua, the programming language used in game 

development within Roblox. The outcome-oriented 

development process resulted in the completed construction of 

a map layout, a 2-floor hotel building that experienced a natural 

disaster, and a research-ready testbed.  

With Roblox's functionality and relative programming 

simplicity, this testbed will be of great use to future projects, 

particularly for teams without substantial coding background or 

experience. Coding functions are separated from visual 

representations, allowing ease of change in coding or 

environment design. This ability was a driving force behind the 

switch from Minecraft to Roblox. We hope that the 

functionality and fidelity that Roblox provided our team can 

also serve other HRT researchers and future USAR studies that 

need to select a platform to develop their testbeds.  

Future Directions 

The experience of this new STE was transformative in 

validating a new technology and trailblazing a path for future 

research. Roblox and its developer community appear to be an 

impactful tool and resource for research and HRT data 

collection. Through the development of this testbed, we noted 

features to consider in future studies. Roblox has the potential 

to run multiple experiments simultaneously; multiple 

independent (or interdependent) servers can effectively allow 

for hyper-data collection sessions.  

There is also a potential for survey data collection through 

Roblox, affording participants not to leave the window and 

reducing the risk of incorrect study procedure sequences. One 

of the most remarkable features is the connection to external 

processes; similar to Roblox pushing information to Google 

Sheets; it can also pull information. Roblox can push 

information to Google Sheets, allow for the manipulation or 

calculation of information and pull real-time factors into the 

system's mechanics, resulting in a hyper-data collection system. 

An example of this could be observing a pattern of high-risk 

behaviors and creating an environment adaptation where the 

risk generated is proportional to the risk behavior detected.  

Roblox is also trailblazing the development of virtual 

reality; it currently supports Oculus Rift, H.T.C. Vive, and 

Xbox control input for VR manipulation. Roblox's framework 

for VR is native, meaning even the current testbed supports VR; 

however, the design was not created for a VR scenario but 

easily could have been if decided earlier. The trajectory of 

Roblox's development is promising and should engage all 

researchers using Synthetic Task Environments.  
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Limitations 

Roblox is strict on moderation; the platform is geared 

toward young children, so the tolerances are narrow. Any 

language, phrases, letters, or acronyms that can be considered 

inappropriate are censored in the chat. Additionally, the 

moderation levels confound with the lack of external servers. 

Roblox operates all of its servers and does not allow for the 

purchasing of private servers and deploying Roblox 

environments. This may raise concerns about potential 

participant data privacy or data ownership. This also creates a 

new reliance for the study team on external operations; Roblox 

can have a system issue and interfere with research. During 

development, Roblox experienced server crashes where our 

developers could not access the platform for several hours. 

These concerns are relatively unique to research applications 

leveraging Roblox software and collaborating more closely 

with Roblox Inc. could address these issues. 
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