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ABSTRACT 

 Virtual reality (VR) gaming is a rapidly-growing field in both technology and adoption 

(eMarketer, 2019). However, because the technology is relatively new, there is a lack of 

guidance on what constitutes good design and effective evaluations measures for VR games. 

Because the goals of VR gaming are immersion and presence, it’s important that effective 

evaluation tools are available that may catch usability problems that interfere with these goals. 

This study utilized an eight-step method developed by Quiñones et al. (2018) to develop and 

validate a heuristic checklist to evaluate VR games. The experimental VR games heuristic 

checklist was compared to a control checklist developed by Muñoz, Barcelos, & Chalegre (2011) 

for evaluating virtual worlds. Two VR games, Apex Construct and Art of Fight, were evaluated by 

six experts, three using the experimental checklist and three using the control checklist. Experts 

were also given a questionnaire used to evaluate the checklist itself, and user tests were 

conducted on both games to uncover usability problems that might have been missed by both 

lists. Expert heuristic evaluations resulted in 55 total revisions to the list, including 50 changes 

to existing questions and the addition of 5 new questions. The expert judgment questionnaire 

did not result in any adaptations to the questions but did result in the change of three heuristic 

category importance ratings. User tests uncovered many overlapping usability problems when 

compared with the heuristic evaluations, but also uncovered unique problems which resulted in 

the creation of 11 new checklist questions. The final heuristic checklist consists of 145 questions 

and 15 heuristic categories. 
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CHAPTER 1 

INTRODUCTION 

 Virtual reality (VR) gaming is a rapidly advancing and growing technology that has nearly 

doubled in adoption from 2017 to 2019 (eMarketer, 2019). Although this is proportionally an 

impressive jump, VR still has a small user base as compared to traditional gaming (164 million in 

America alone; Entertainment Software Association, 2019). This means that VR has a long 

journey ahead to mass adoption. To achieve mass adoption, it’s important to understand 

principles of good design for VR games. A good starting point for this is previously developed 

good design principles for traditional games (Pinelle, Wong, & Stach, 2008; Desurvire & Wiberg, 

2009). Some research has begun to branch out from these principles to VR gaming worlds 

(Desurvire & Kreminski, 2018; Barcelos, Muñoz, & Chalegre, 2011; Sutcliffe & Gault, 2004), 

many of which emphasize the importance of immersion on user experience (UX) in VR gaming. 

Immersion has always been a factor in games UX, but because VR has introduced full-coverage 

visuals and a physical dimension to gaming, designers must take new approaches to achieving 

immersion. Although research in the games UX field focuses on achieving immersion (Brown & 

Cairns, 2004; Bystrom, Barfield, & Hendrix, 1999; Cowley, Charles, Black, & Hickey, 2009), this 

research does not target VR gaming, which introduces new factors such as interactivity 

(Sánchez, Vela, Simarro, & Padilla-Zea, 2012) and fun (Barr, Noble, & Biddle, 2007). Research 

that does target VR gaming has little validation and thus shows some inconsistencies, features 

scattered design principles, and leaves out some design principles that could be applied to VR 

gaming (Barcelos, Muñoz, & Chalegre, 2011; Desurvire & Kreminski, 2018;  Murtza, Monroe, & 
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Youmans, 2017; Sutcliffe & Gault, 2004).  In order to align the previous research and create a 

comprehensive list of design principles for VR gaming, one should start by understanding 

traditional games UX research for any concepts that may carry over.  

 Traditional video games pose many unique challenges in the realm of UX. Some of these 

challenges include the recreational nature of games (Sánchez, J. L. G., Vela, F. L. G., Simarro, F. 

M., & Padilla-Zea, N., 2012), the importance of fun in games (Barr, Noble, & Biddle, 2007), and 

the many sub-genres the term “video games” can be broken into, such as role-playing games, 

first-person shooter, real-time strategy, and many others. Because video games are so unique 

in their UX, games UX has become its own field (Drachen, A., Mirza-Babaei, P, & Nacke, L., 

2018).  

Good design principles specific to video games have been developed since the 

conception of the field of games user research (Pinelle, Wong, & Stach, 2008; Desurvire & 

Wiberg, 2009), but these guidelines may not universally apply to VR games. To this point, it’s 

important that research validates applicable guidelines in the domain of VR games. In addition 

to the challenge brought on by games in general, VR games introduce unique factors, such as 

physical movement, new human-computer interaction styles, and game difficulty concerns 

(e.g., how skilled should we assume players are when creating enemies?). Information on 

overcoming these challenges with good design must be available to game designers and 

developers in an accessible and feasibly usable way. One option that meets all of these criteria 

is a heuristic evaluation.  
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 Heuristic evaluation (referred to as HE) is a cost-effective and easy way to test the 

usability of a product. It is usually performed by usability experts and can be done at any point 

throughout the development process (Nielsen, 1992). Although Nielsen’s 10 is often the 

standard for HE, there is evidence that domain-specific heuristic lists are more effective at 

unveiling usability problems than are general lists (Hermawati & Lawson, 2016). Domain-

specific heuristic lists are often mapped back to the original 10, but with more detailed 

descriptions and yes/no questions to reduce ambiguity.  

HE has already been used in games UX with relatively consistent principles appearing 

across different lists (Desurvire & Wiberg, 2009; Pinelle, Wong, & Stach, 2008). HE has also 

extended to VR worlds (Barcelos, Muñoz, & Chalegre, 2011; Murtza, Monroe, & Youmans, 

2017; Sutcliffe & Gault, 2004) and VR games (Desurvire & Kreminski, 2018), but the available 

lists in these fields are often targeted toward pieces of the experience (e.g., notifications, 

information display, etc.) and thus not suitable for a comprehensive evaluation. A recent study 

highlighted problems with The Elder Scrolls V: Skyrim VR that were not covered by current VR 

games heuristic lists, providing evidence that current lists are not comprehensive (Smith & 

Granados, 2019). However, different virtual world/reality lists feature unique guidelines that 

could be combined into a more comprehensive list. These lists can be consolidated and 

validated to provide a list of guidelines for comprehensive HE for VR games.  

 Heuristic lists in domains such as VR worlds (Muñoz, Barcelos, & Chalegre, 2011), user 

interfaces with the Kinect (Maike, Neto, Baranauskas, & Goldenstein, 2014), VR systems 

(Murtza, Monroe, & Youmans, 2017), VR games (Desurvire & Kreminski, 2018), and more can 

potentially contribute guidelines to a VR games heuristics list. Some guidelines should be 
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adapted to VR games, but valuable information in non-games VR heuristics lists can be 

extracted to support VR game design. For example, VR PLAY (Desurvire & Kreminski, 2018) has 

a heuristic encouraging designers to keep the player comfortable, but that heuristic refers to 

how the game is designed. The list created by Murtza and colleagues (2017) goes into more 

depth with recommendations on cord design, headset comfort, and mental comfort. Although 

Murtza and colleagues’ (2017) list is not specific to games, some of their guidelines can support 

good game design in a more detailed manner, such as examples of games that make the player 

turn around a lot, leading to problems with the cord. This and many other potential problems, 

such as the ones previously mentioned, could have powerful effects on VR players’ experiences 

– now that gaming is not only mentally fatiguing but also physically fatiguing – so it’s even more 

important that VR games are designed for the optimal user experience.  

 The purpose of this dissertation is to develop and validate a heuristic checklist specific 

to VR games that will promote immersive and intuitive design.  The remainder of this document 

will provide an in-depth review of current literature on immersive design in virtual reality, 

modern virtual reality technology, theories of immersion, presence, flow in games, and 

developed sets of heuristics and HE checklists. Then, this proposal will detail the proposed 

method for the development and validation of a heuristic checklist, which is based on an 8-step 

development and validation process (Quiñones, Rusu, & Rusu, 2018). Finally, the proposal will 

describe the planned analyses of the development and validation procedure. 
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CHAPTER 2 

LITERATURE REVIEW 

Immersive Design in Virtual Reality 

 For over 30 years, the primary goal of traditional video game design has been to 

entertain and engage the player, which can be achieved through many channels such as story, 

pacing, challenge, mechanics (Desurvire, Caplan, & Toth, 2004). However, VR gaming presents 

many possibilities (and subsequently questions and possible problems) in other factors, 

including immersion and interaction styles.  VR gaming allows the player to physically interact 

with the virtual world, which is not possible with most other gaming mediums (except partial 

physical interaction such as the Wii and Kinect). The display method used in VR games also 

allows for higher levels of immersion by completely enclosing the player in the headset, rather 

than using a screen which allows the player to still perceive things in the physical world. 

Because these concepts are unique to VR gaming, traditional game design guidelines are no 

longer comprehensive when evaluating VR games. It’s important that research is conducted in 

order to establish design guidelines supporting immersion and interaction in VR. These 

guidelines will work in tandem with traditional game design guidelines in order to support a 

fully immersive and engaging experience. In order to develop these guidelines, we must first 

understand what immersion, presence, and flow are and how we can design VR games to 

support them in games. 
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Immersion, Presence, and Flow  

These three terms are often used together in the literature. Although each are 

important to good design in VR, they also represent unique elements of the gaming experience 

for players. Thus, it is important that we differentiate between the 3 concepts and understand 

if and how good design concepts contribute to each.  

 Immersion. Although many researchers use immersion and presence interchangeably, 

Slater and Wilbur (1995) distinguish between the two. Slater and Wilbur describe immersion as 

a quantifiable aspect of display technology. They posit that immersive capability is determined 

by the extent to which displays are: 

● Inclusive: the degree to which stimuli from the real world are excluded by the user; 

● Extensive: the number of sensory modalities occupied by the hardware; 

● Surrounding: how panoramic the displays are; and 

● Vivid: how high the display resolution is. 

They also posit that an egocentric self-representation centered around an avatar is necessary 

for proper embodiment of the character, which is important for immersion. This description 

separates immersion from presence by referring to hardware functionality as immersion and a 

cognitive experience as presence. 

 Presence. Steuer (1992) defines presence as the experience of presence in an 

environment by means of a communication medium. In VR, this can be described as a user 

feeling as though they are present in the immediate virtual world and not the immediate 

physical world. Immersion is often used as a term referring to the same concept, but for the 
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sake of consistency with the literature, will be its own concept separate from presence. Slater 

and Wilbur (1995) define presenceas “a state of consciousness, the sense of being in the virtual 

environment.” One model of presence put forth by Barfield and colleagues (Barfield & Hendrix, 

1995; Barfield, Hendrix, & Bystrom, 1997) posits that presence is a result of high-fidelity spatial, 

auditory, and haptic transformations of virtual objects being similar to objects in the real world. 

Another model, Gameflow (Cowley, Charles, Black, & Hickey, 2008), posits that attention plays 

a strong role in presence, which is a requirement for players to experience flow. When high 

fidelity sensory stimuli are paired with tasks that require the player’s full attention, there are no 

mediums left to connect the player to the physical world. This connection to the virtual world 

and disconnection from the physical world is presence. 

 Flow. Originally proposed through research on everyday tasks, not games, the theory of 

flow suggests that people can enter a state called “flow,” in which they are completely 

absorbed in an activity and have an “optimal experience” where they feel “strong, alert, in 

effortless control, unselfconscious, and at the peak of their abilities” (Csikszentmihalyi, 

Abuhamdeh, & Nakamura, 2014). However, this theory was later applied to video games by 

Sweetser and Wyeth (2005) and termed “Gameflow”. Gameflow serves as a model for 

evaluating player enjoyment in games and can be closely related to immersion and presence, 

which are requirements for a player to experience flow. This theory on flow will be covered in 

more depth later, but it’s important that the above definition is understood to be a related but 

unique concept in gaming, separate from immersion and presence.  

 Immersion, presence, and flow are all goals of VR games. At the core of gaming is 

enjoyment, which plays a role in each of these concepts and, at the same time, can strengthen 
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them (i.e., if you enjoy a game, you’re more likely to experience presence, which can make the 

game more enjoyable; Bystrom, Barfield, & Hendrix, 1999). Good foundations of VR game 

design can help us develop VR games that support these concepts, but first we must 

theoretically understand how immersion, presence, and flow are achieved individually. 

Grounded Theory in Immersion  

Several researchers have attempted to model the most effective way to approach 

immersion. Brown & Cairns (2004) performed a grounded theory study on immersion and posit 

3 stages of immersion: engagement, engrossment, and total immersion. Each of these stages 

contain barriers that may prevent the player from reaching that stage. In order to reach total 

immersion, these barriers must be overcome by the game developer.  

Engagement refers to the lowest level of involvement and occurs first. The barriers for 

this stage include: 1. access, which is the player’s ability to use the appropriate controller, and 

2. the player’s game preference. If a player cannot use the controller or does not like the type 

of the game the developer has created, they will not engage with it. The goal of this stage is to 

convince the player to invest time, effort, and attention to the game. If the player does that, 

they are engaged.  

The next stage is engrossment. The barriers for this stage are centered around game 

construction. Game construction includes good visuals, interesting tasks, and a good plot. Once 

a player has reached the engagement stage, surface-level functions and game mechanics are no 

longer enough to keep player attention as they do not excite the player emotionally. The game 

should be constructed in a way that the player begins to become emotionally invested, which 
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keeps the player’s attention once major functions of the game that excited the player during 

early play are no longer fresh. 

The final stage in this theory is total immersion. This stage is synonymous with 

telepresence, which refers to the player feeling as though he were present in the immediate 

virtual world and not the immediate physical world. This stage can be seen as an extension of 

the engrossment stage, as emotional connections and embodiment of the character are 

important. This is especially true in VR games, as previous literature has shown that players 

tend to embody their character more strongly in VR when compared to traditional games 

(Desurvire & Kreminski, 2018). This means allowing for ethical decisions so that the player may 

control their avatar to behave in a way that the player might actually behave. Strong emotional 

connections to other characters or parts of the game also lead to empathy (Brown & Cairns, 

2004), which can contribute to reaching this stage.  

Immersion, Presence, and Performance Model [IPP] 

The IPP model attempts to model a path to the third stage of the previously discussed 

theory, total immersion (Bystrom, Barfield, & Hendrix, 1999). Although it does not use that 

term, the ultimate goal of this model is presence, which is the primary requirement for the total 

immersion stage. Bystrom and colleagues (1999) posit that there are 6 phases to reaching 

presence, then a repeating set of 4 of those stages that will further enhance presence. This 

model is built upon previous research which developed the “spatial fidelity” model of presence. 

The spatial fidelity model of presence posits that the sense of presence is dependent upon the 

degree to which spatial, auditory, and haptic transformations of objects are related to similar 
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transformations of those objects in the real world (Barfield & Hendrix, 1995; Barfield, Hendrix, 

& Bystrom, 1997). 

Phase 1 of the IPP model is display technology. To achieve immersion, VR technology 

must first surround the user. This means the entirety of the user’s visual perception, all audio 

stimuli, haptic feedback, and potentially olfactory sensations are provided by the display 

technology. This prevents external stimuli from reaching the user, which could potentially break 

Figure 1. Diagram of Immersion, Presence, and Performance Model 
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his/her immersion. Although these constraints do not necessarily achieve immersion alone, 

they enable the user to experience immersion.  

Phase 2 of this model is immersion. This phase requires display technology that meet 

the 4 requirements of immersion as defined by Slater and Wilbur (1995). Stimuli must also 

revolve around an egocentric self-representation that is centered around a virtual body that 

maintains a close match between sensory information and proprioception. Once the 

requirements for both phases 1 and 2 are met, the user experiences immersion, a state in 

which all the necessary senses are occupied by the display technology and prevent outside 

stimuli from reaching the user.  

 Phase 3 of this model is sensory fidelity. In this phase, both display technology and 

software must maintain a high degree of similarity between the transformation of spatial, 

auditory, and haptic information in the virtual environment and the real world. For example, a 

VR headset without head-tracking has a poor transformation of spatial information in the 

virtual world because the user’s head is moving in the real world and not in the virtual world. 

 Phase 4 of this model is attentional resource allocation. This phase requires that the 

virtual world attracts the attention of the user. This can be done through challenging tasks and 

interesting objects in the virtual world. In terms of games, this can be done with captivating 

characters, emotional connections to people/objects in the world, interesting storylines, 

challenging and/or interesting game mechanics, etc.  If the user allocates enough attention to 

the virtual world, the user may “suspend disbelief,” which leads to the next phase. 
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 Phase 5 of this model is suspended disbelief, a psychological state similar to presence in 

which the user views the virtual world as a real place. Although this experience is slightly 

different from presence, it serves as a direct path to presence, which is the next phase of this 

model. 

 Phase 6 of this model is presence. As mentioned before, presence is when a user feels 

present in the immediate virtual world and not the immediate physical world. At this point in 

the model, the user feels like he/she is actually in the virtual world physically and is completely 

unaware of the immediate physical world. This model posits that experiencing a sense of 

presence will then lead to performance in the virtual environment. 

 Phase 7, the final phase, of this model is performance. The user is now allocating a large 

amount of his/her attention to the virtual world and the task within the virtual world and has 

become unaware of the world outside of the virtual one. This allows the user to be completely 

focused, which leads to better performance, which leads the user to allocate more attention to 

the task, which leads to a deeper feeling of presence and begins a loop of the final 4 phases of 

this model. This loop is reminiscent of the interaction between task, user ability, and actions 

mentioned in the theory of flow (Csikszentmihalyi, Abuhamdeh, & Nakamura, 2014), which will 

be discussed in the next section. 

Flow & Gameflow 

Flow is a subjective state in which people report being completely involved in something 

to the point of experiencing forgetting time passage, fatigue, and anything unrelated to the 

activity (Csikszentmihalyi, Abuhamdeh, & Nakamura, 2014). Flow has been studied using 
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autotelic activities, or things that people do for the activity’s own sake, not just games. In order 

to achieve flow, a user must enjoy the task, which means the task must: 

● Be challenging, but completable; have a balance between perceived skill and 

perceived challenge; 

● Be immersive; not intruded upon by other concerns; 

● Have clear goals that add direction and purpose to behavior; 

● Provide immediate feedback that allows the user to negotiate the continually 

changing environment involved in the task; 

● Involve great, effortless involvement; not frustrating; 

● Allow the user to be in control; 

● Allow the user to lose concern for self, but strengthen the sense of self once the 

task is complete; and 

● Distort the user’s perception of time. 

Flow is also closely tied to motivation and can be used as a motivational tool. If a person is 

going to complete a task, they must be motivated in some way, either intrinsically or 

extrinsically. Experiencing flow may serve as an intrinsic motivator for some tasks by connecting 

to competence motivation and emergent motivation.  This also ties back to the grounded 

theory on immersion, as powerful motivators could potentially help players overcome some 

barriers within the 3 phases. For example, if a game has poor controls but the player greatly 

enjoyed playing the first 2 games in the trilogy, he/she might continue playing (investing time 

and effort) despite those poor controls. 
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 Competence Motivation. Perceived competence is often closely tied to theories of 

motivation (Bandura, 1982; Deci, 1975; Harter 1978). These theories posit that motivation is 

tied to feelings of competence in performing a task. Positive competence feedback leads to 

intrinsic motivation to engage in a task (Deci, 1971). Negative competence feedback tends to 

lead to anxiety and boredom, which lowers a person’s motivation to continue engaging in that 

task. This can be tied to flow, at the center of which is enjoyment of a task, because the 

perception of low competence can lead to someone not enjoying a task, which can contribute 

to the loss of motivation (Deci, 1975). For example, a player starts playing a competitive 

multiplayer game and loses more games than he wins. The losses serve as negative competence 

feedback and cause low perceived competence.  

 Emergent Motivation. Emergent motivation refers to the phenomenon that someone 

can come to experience a new or previously unengaging activity as intrinsically rewarding if it 

allows us to engage in flow. Experiencing flow can help expand a person’s goals or interest 

structure, as well as allow them to grow skills in relation to an existing interest 

(Csikszentmihalyi & Nakamura, 1999). Once again, this is important when connecting the 

theories of flow and immersion, as engaging in flow could motivate the player to invest more 

time and effort into the game, which could lead him/her to move into deeper stages of 

immersion. 

 As discussed before, the original theory of flow was not developed using games. 

However, flow has been effectively applied to video games by researchers following in 

Csikszentmihalyi’s research (Cowley, Black, & Hickey, 2008), some of which have suggested a 

model for applying flow to games called Gameflow (Sweetser & Wyeth, 2005). 
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 Gameflow. Gameflow is the concept of flow as applied to gameplay. This theory adapts 

the USE (user-system-experience) model, which segments user experience into 3 parts: user 

segment, system segment, and experience segment. The system segment involves hardware 

and software aspects of the experience. The user segment involves player preferences and 

knowledge that is commonly mapped using profiles or personas. The experience segment is the 

interaction between the user and system segments and can cover a range of feelings while 

interacting with a game. Essentially, the user interacts with the system, which creates an 

experience. When this experience includes novelty from the system and engagement from the 

user, the user can experience telepresence, continue engagement, or possibly disengage from 

the system. Gameflow applies flow to this model by positing that if the person experiences 

flow, the experience segment will continue in a positive fashion (i.e., continued engagement, 

telepresence, etc.) Examples can be drawn to show the relationship between games and flow, 

which can be seen in Table 1 as written by Cowley and colleagues (2008), as well as gameplay 

elements representing the 8 elements of flow in Table 2. 
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Table 1  

Examples of the Relationship Between Flow and Gameplay 

Element of Flow Manifestation in a game 

Task that can be completed The use of levels in games provides small 

sections that lead to the completion of the 

task 

Ability to concentrate on the task Creation of convincing worlds that draw 

users in. 

Task has clear goals Survival, collection of points, gathering of 

objects and artifacts, solving the puzzle. 

Task provides immediate feedback Shoot people and they die. Find a clue and 

you can put it in your bag. 

Deep but effortless involvement (losing 

awareness of worry and frustration of 

everyday) 

The creation of environments far removed 

from what we know to be real helps suspend 

belief systems and takes us away from the 

ordinary. 

Exercising a sense of control over their 

actions 

Mastering controls of the game, such as 

mouse movement or keyboard combinations 

Concern for self disappears during flow, but 

sense of self is stronger after flow activity 

One can face death in a video game and not 

really die. 

Sense of time is altered Years can be played out in hours; battles can 

be conducted in minutes. People can stay up 

all night playing games. 
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Table 2  

Gameplay Concepts Meeting the Requirements for Flow 

Element of Flow Gameplay Element 

Task is challenging, but completable The complete gaming experience. 

Full immersion in the task, no other concerns 
intrude 

High motivation to play, no imperative to do 
otherwise; empathetic to content. 

Feeling of control Familiarity/skill with controller, genre 
conventions, gameplay mechanics 

Complete freedom to concentrate on the 
task 

Telepresence and an environment dedicated 
to gaming. 

Clear and unambiguous goals Missions, plots, levels; any explicit outcome 
of a successful play session. 

Immediate feedback on actions Well-timed, suitable rewards and penalties 
Being less conscious of the passage of time Focusing on a separate, temporally 

independent environment 
Sense of identity lessens, but is reinforced 
afterward 

Embodiment of game avatar; sense of 
achievement after play. 

 

 The three models/theories discussed here give us a deeper understanding of how to 

achieve immersion, presence, and flow. Using this information, we can effectively develop 

design concepts that help VR games achieve each of these states both individually and 

simultaneously. The next step is to understand virtual reality technology and its capabilities and 

limitations. 

Virtual Reality Technology 

 VR Head-Mounted Displays. Virtual reality comes in several forms, the most relevant of 

which for this dissertation is the VR head-mounted display (HMD). The first example of a VR 

HMD was the Sword of Damocles (Sutherland, 1968), which presented little outside of 

wireframe rooms and low-resolution images. It provided a stereoscopic display that was 
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dependent upon the user’s gaze, which is still representative of modern VR HMD technology. 

Since then, many VR HMDs have been produced, leading up to the most modern headsets such 

as the HTC Vive and Vive Pro (VIVE, 2020), Oculus Rift and Oculus Quest (Oculus, 2020), 

PlayStation VR (PlayStation, 2020), Pimax 8k (Pimax Innovation, 2020), and more. These 

headsets feature resolutions up to 4k (Pimax 8k) with most consumer-level headsets using 

1440x1600 (Oculus Quest & Vive Pro) or 1280x1440 (Oculus Rift & Vive) resolution per-eye. The 

defining features of these headsets that make them VR HMDs are that they completely enclose 

the user’s vision and track movement of the user’s head. Most of these headsets also include 

attached audio, which provides 360° spatial sound. It is also worth mentioning the completely 

enclosing the user’s vision (and preventing him/her from seeing anything in the real world) 

separates VR HMDs from augmented reality (AR) HMDs or mixed reality (MR) HMDs. In AR or 

MR, the user can still see the outside world and the headset will add digital elements to the 

world. AR and MR software also often relies on gestures by the user for interaction, but VR 

HMDs commonly rely on motion-tracked (also called room-scale) controllers. These controllers 

come in several forms, but all maintain an accurately represented spatial position within the 

virtual world transformed from the real world. These controllers are used to interact with 

certain objects and perform necessary actions within the virtual world.  

 Modern VR technology has many applications, such as surgical training (Kühnapfel, 

Çakmak, & Maaß, 2000), PTSD treatment (Rothbaum, Hodges, Alarcon, Ready, & Shahar, 1999), 

education (Psotka, 1995), and gaming (Liszio et al, 2016). As VR technology advances and 

becomes more available to the public based on flexibility of use and price, the number of VR 

users has and will increase (eMarketer, 2020). As is with any new technology, there is a need 
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for usability testing to ensure an enjoyable interaction between system and user, especially for 

new technology used for games due to enjoyment being the center of games UX. 

Need for Usability Testing. VR gaming has introduced numerous new features to the 

gaming experience, including unique interactions, head tracking, full-body physical 

involvement, playing space concerns, VR sickness, and more. As is true with any new user 

experience, this comes with a myriad of potential usability/UX problems. Although no usability 

testing is required for VR games (or games in general), research has shown that games can 

benefit from systematic usability testing and evaluation (Laitinen, 2010). Usability testing can 

detect problems in VR gaming that could prevent player enjoyment, break immersion, lead to 

VR sickness, and other potential problems. Some research on usability testing in games has 

already been conducted (Pinelle, Wong, & Stach, 2008; Desurvire & Wiberg, 2009), as well as 

VR games specifically (Desurvire & Kreminski, 2018). However, the research on VR games is 

limited and often shallow in depth, causing usability evaluations to be less than comprehensive 

and often too general. These evaluations also lack thorough validation. 

Heuristic Evaluation (HE) 

A quick and cost-effective approach to evaluating software (and thus virtual worlds) is 

heuristic evaluation (HE), originally developed by Nielsen and Molich (Nielsen & Molich, 1990). 

This informal method tests user interface usability by having usability experts evaluate a system 

using a set of rules based on usability principles. However, traditional usability testing is more 

representative of end users and asks users to complete tasks using the user interface being 

evaluated. Data is gathered based on the users’ interactions with the system and rated for 
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performance and asked questions about their experience with the system. Nielsen and Molich’s 

original heuristics consisted of nine principles but were later revised into 10 that are commonly 

used in heuristic evaluations today (see Table 3).   

Table 3  

Nielsen's 10 Heuristics (Nielsen, 1995) 

Heuristic Description 

Visibility of system status The system should always keep users informed about what is 
going on, through appropriate feedback within reasonable time. 

Match between system and the real 
world 

The system should speak the users' language, with words, phrases 
and concepts familiar to the user, rather than system-oriented 
terms. Follow real-world conventions, making information appear 
in a natural and logical order. 

User control and freedom Users often choose system functions by mistake and will need a 
clearly marked "emergency exit" to leave the unwanted state 
without having to go through an extended dialogue. Support undo 
and redo. 

Consistency and standards Users should not have to wonder whether different words, 
situations, or actions mean the same thing. Follow platform 
conventions. 

Error prevention Even better than good error messages is a careful design which 
prevents a problem from occurring in the first place. Either 
eliminate error-prone conditions or check for them and present 
users with a confirmation option before they commit to the action. 

Recognition rather than recall Minimize the user's memory load by making objects, actions, and 
options visible. The user should not have to remember 
information from one part of the dialogue to another. Instructions 
for use of the system should be visible or easily retrievable 
whenever appropriate. 

Flexibility and efficiency of use Accelerators -- unseen by the novice user -- may often speed up 
the interaction for the expert user such that the system can cater 
to both inexperienced and experienced users. Allow users to tailor 
frequent actions. 

Aesthetic and minimalist design Dialogues should not contain information which is irrelevant or 
rarely needed. Every extra unit of information in a dialogue 
competes with the relevant units of information and diminishes 
their relative visibility. 

Help users recognize, diagnose, and 
recover from errors 

Error messages should be expressed in plain language (no codes), 
precisely indicate the problem, and constructively suggest a 
solution. 

Help and documentation Even though it is better if the system can be used without 
documentation, it may be necessary to provide help and 
documentation. Any such information should be easy to search, 
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focused on the user's task, list concrete steps to be carried out, 
and not be too large. 

 

During research on heuristics/heuristic checklists, a small set of evaluators are trained 

on HE using Nielsen’s 10 and have been shown to detect around 75% of usability problems 

(Nielsen, 1992). Nielsen (1994) proposed a 5-point scale for evaluating usability problems found 

using HE. This scale ranged from 0 (not a usability problem at all) to 4 (usability catastrophe – 

imperative to fix). This method for evaluating systems was developed using computer software, 

but does not always translate properly to other devices, such as VR HMDs. Because the 

interaction style is different from traditional computer software (i.e. mouse and keyboard), this 

method may not apply properly. Additionally, the goal of the software used to develop this 

method was performance, not enjoyment. In games, the user should have fun and be 

challenged while still being able to progress through the game. 

 Although Nielsen’s 10 is the most commonly used set of heuristics used for HEs, 

domain-specific heuristic sets have been developed and are shown to be more effective at 

evaluating systems (Hermawati & Lawson, 2016). Heuristic sets have been developed for 

traditional video games (Pinelle, Wong, & Stach, 2008; Desurvire & Wiberg, 2009), VR systems 

(Barcelos, Muñoz, & Chalegre, 2011; Murtza, Monroe, & Youmans, 2017; Sutcliffe & Gault, 

2004), and VR games (Desurvire & Kreminski, 2018). Appendix A lists heuristic examples from 

the literature and unique heuristic categories they created in addition to Nielsen’s 10. 

Checklists. Traditional heuristics have been criticized for being too vague for evaluators 

to rate a system with consensus, meaning that there is potential of false alarms, missed 
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usability issues, and unreliable results due to lack of evaluator agreement (Chattratichart & 

Lindgaard, 2008). Heuristic descriptions in Nielsen’s original 10 are broad and although Nielsen 

offers additional descriptions for guidance on interpretations of his list, raters must often meet 

to come to a consensus on the usability problems they found, which heuristics were violated, 

and the severity of the problems. A more well-defined and systematic approach to HEs are 

heuristic checklists, which can be more easily tailored to a specific domain or device. The 

difference between a heuristic set and heuristic checklist lies in the questions provided by the 

checklist. Table 4 depicts an example heuristic checklist questions adapted from developed 

heuristics for VR applications and games that is based on Nielsen’s 10 (Barcelos, Muñoz, & 

Chalegre, 2011; Desurvire & Kreminski, 2018; Murtza, Monroe, & Youmans, 2017; Sutcliffe & 

Gault, 2004).  

Table 4  

Examples of Traditional Heuristics (Nielsen, 1995) and Potential VR Heuristic Checklist Questions 

Nielsen’s 10 VR Heuristic 

Category Description Category Subcategory Checklist Question 
Visibility of 
system status 

The system should 
always keep users 
informed about what 
is going on, through 
appropriate feedback 
within reasonable 
time. 

Visibility of 
system 
status 

Realistic Feedback 
 

Are the effects of 
the player’s actions 
immediately shown 
to the player? 

Consistent Notification 
Display 

Are notifications of 
the same type 
shown in the same 
manner every 
time? 
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Nielsen’s 10 VR Heuristic 
Allow Shortcuts to 
More Information 

Is the player able to 
access more 
detailed 
information when 
given a 
notification? 

Match 
between 
system and the 
real world 

The system should 
speak the users' 
language, with words, 
phrases and concepts 
familiar to the user, 
rather than system-
oriented terms. 
Follow real-world 
conventions, making 
information appear in 
a natural and logical 
order. 

Match 
between 
system and 
the real 
world 
(Mental 
model 
accuracy) 

Clarity Is the player able to 
understand the 
language used in 
the control panel? 

Build on real-world 
knowledge 

Do virtual objects 
behave in a manner 
consistent with 
similar objects in 
the real world? 

  Build on real-world 
knowledge 

Is the player 
notified prior to 
interaction with a 
virtual object if it 
will behave 
differently than in 
the real world? 

Consistency 
and Standards 

Users should not have 
to wonder whether 
different words, 
situations, or actions 
mean the same thing. 
Follow platform 
conventions 

Consistency 
and 
Standards 

Consistency Is the player able to 
predict 
consequences of 
their actions in the 
game? 
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Nielsen’s 10 VR Heuristic 

Knowledge transfer Does the game 
follow an industry 
standard control 
scheme for its 
genre and 
hardware? 

Compatibility with 
user task and domain 

Are tasks in the 
game appropriate 
and consistent with 
the hardware and 
genre of the game? 
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CHAPTER 3 

THE CURRENT STUDY 

 The purpose of this research is to develop and validate a heuristic checklist specific to 

the evaluation of virtual reality games. Desurvire and Kreminski (2018) highlighted the need for 

VR-specific games heuristics by finding multiple unique characteristics in VR games that must 

be considered when performing HEs. There are also other virtual world/system/game heuristics 

that provide unique and useful information for HEs in VR games. Although traditional HE is a 

cheap, easy, and quick way to evaluate user interfaces (Bertini et al, 2009) and has been shown 

to be effective in detecting usability problems (Nielsen, 1994), these lists are often broad and 

non-specific. The broadness exists to be applied to a multitude of user interfaces (Hermawati & 

Lawson, 2016) but can potentially miss domain specific usability issues (Rusu, Roncagliolo, 

Rusu, & Collazos, 2011). Creating an effective and comprehensive HE checklist for VR games is 

important due to the steady increase in adoption of VR technology and the popularity of games 

using that technology. A heuristic checklist specific to VR games will help game developers and 

labs reduce immersion/presence/flow-breaking usability problems that would reduce 

enjoyment of the game being played while maintaining the benefits of HE. 

Research Questions 

● Will a virtual reality games specific heuristic checklist identify more usability/UX issues 

than the control heuristic list for virtual reality games? 

● Will a virtual-reality-games-specific heuristic checklist identify more issues that qualify 

as severe/critical than the control checklist for virtual reality worlds? 
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● Will a virtual-reality-games-specific heuristic checklist identify more domain specific 

issues than the control heuristic checklist for virtual reality worlds? 

● Will a virtual-reality-games-specific heuristic checklist identify similar usability/UX 

issues as a usability study of the same application? 

Heuristic Checklist Generation and Validation Methodology 

 The creation of a heuristic checklist is an 8-stage iterative process based on a heuristic 

development method developed by Quiñones et al. (2018), a method which is adapted from 

the original 6-stage heuristic creation method produced by Rusu et al. (2011). Any adaptations 

to this method will be based on suggestions from domain-specific literature and will be noted 

throughout. The steps that will be taken using this method are listed in Table 5 with full 

descriptions. 

Table 5  

Eight Step Method for Developing and Validating Heuristics (Quiñones et al., 2018) 

Step Description 

Step 1: Exploratory stage Gather information through literature review 
Step 2: Experimental stage Analyze data obtained in experiments that may provide 

additional information 
Step 3: Descriptive stage Highlight important characteristics of previously collected data, 

formalize those characteristics, and group the formalizations 
Step 4: Correlation stage Match characteristics of domain-specific heuristics to existing 

heuristics to ensure new heuristics cover traditional usability 
concepts 

Step 5: Selection stage Identify existing heuristics than can be used and/or adapted for 
the new set 

Step 6: Specification stage Formally specify the new set of heuristics using a standard 
template 

Step 7: Validation stage Validate the new set of heuristics through experiments and other 
validation methods 

Step 8: Refinement stage Refine the set of proposed heuristics based on data gathered in 
step 7 
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 Step 1: Exploratory stage.  

Method. 

This stage involves performing a literature review on heuristic (both general and 

domain-specific) literature as well as usability/UX attributes that will be evaluated with the new 

set of heuristics. For this application, this involves heuristics and UX research on virtual worlds, 

games, software, VR hardware, and, of course, VR games. Any attributes discovered during this 

literature review that apply to VR games will be compiled into a master heuristic checklist to be 

evaluated. The result of this step is a full list of relevant heuristic checklists and usability/UX 

principles uniquely contributed by those lists related to the domain in question. Appendices A 

and B show the heuristic lists used from previous literature and the current working heuristic 

checklist, respectively. 

Results. 

 Heuristics literature review. The literature review yielded 14 sets of heuristics deemed 

relevant to the domain of VR games, one of which was a checklist. These heuristics were 

compiled into a table and categorized according to Nielsen’s 10. Table 6 is a sample from this 

compilation. The full table can be seen in Appendix A. 

Table 6  

Sample of List of Heuristics Identified in the Literature 

Author(s) Domain Unique Heuristic Categories 

Muñoz, Barcelos, & 
Chalegre, 2011 

Virtual Worlds Design and Aesthetic 
Control and Navigation 
Errors and Help 
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Author(s) Domain Unique Heuristic Categories 
Sutcliffe & Gault, 2004 Virtual Reality Worlds Natural Engagement 

Natural Expression of Action 
Faithful viewpoints 
Consistent departures 
Sense of presence 

Zuk, Schleiser, 
Neumann, Hancock, & 
Carpendale, 2006 

Information visualization Color blindness accessibility 
Consider Gestalt Laws 
Provide multiple levels of detail 

Berry, 2003 Notifications Notifications should be reliable 
Notifications should be timely 
Notification displays should be consistent 
Allow adjustments of notifications 

Maike, Neto, 
Baranauskas, & 
Goldenstein, 2014 

Building a Natural User 
Interface using the Kinect 

Interaction 
Operation modes 
Interactability 
Accuracy 
Responsiveness 
Metaphor coherence 
Distinction 
Comfort 
Device-Task Compatibility 
 
User Adoption 
Competition 
Familiarity 
Social acceptance 

 

Discussion. 

 The goal of this stage was to compile all relevant previous heuristic literature that may 

be added to the experimental list. All of the data shown in this section was used to influence 

the heuristics categories, subcategories, descriptions, and questions in the experimental 

checklist.  
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 Step 2: Experimental stage. 

Method. 

 This stage involved analyzing data from previous experiments on VR games to further 

understand the domain. Although authors posit that this step is optional, it can provide insight 

to domain-specific usability/UX problems that should be covered by the heuristic checklist. The 

output of this stage are additional sections/heuristics in the master list related to the results of 

analyzed experiments. All studies evaluated for this stage reported qualitative data about the 

evaluated game or design recommendations on software used in a virtual reality headset. 

Results. 

 The literature review on usability studies on VR games yielded few studies that reported 

individual UX/usability issues. Only three of the 26 studies found reported results or 

recommendations in a detailed enough fashion to influence the list. A summary of these studies 

and the encountered usability/UX issues can be seen in Table 7. 

Table 7  

Summary of UX/Usability Studies on VR Games 

Author(s) Topic Problems discovered 

Houzange, 
Christmann, 
Gorisse, & Richir, 
2019 

Fear as a VR Game 
Mechanic 

Users were confused when not given constraints nor directives 
regarding model size 
 
Users could not move the model without manipulating it and 
thus had to physically move around it 
  

Fussell et al., 
2019 

VR Tutotrial Participants pushed wrong buttons/had trouble finding the 
right buttons on the controllers 
 
Participants had problems snapping teleport arc to correct 
space 
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Author(s) Topic Problems discovered 
 Participants would not move toward things, only reach for 
them, in several instances 

Frahm, 2018 VR systems When the controller models are not controllers, buttons can be 
hard to remember 
 
Tutorials trying to convey 3D movement via 2D illustrations led 
to confusion 
 
Errors do not always show error codes, they sometimes show 
on the desktop and lead to VR blindness 
 
Participants felt they did not have enough guidance on how to 
navigate the new environment, said it was easy to use "once 
you figure it out" 
 
Participants did not notice the "how to play" section provided in 
the opening menu 
 
Those who did notice the "how to play" section still sometimes 
had problems interpreting the 2D illustrations 
 
Participants had issues adjusting the volume of the game due to 
not being able to locate the button/setting for it 
 
Participants saw multiple menus at a time and had a hard time 
understanding which menu to use to complete the given task 
 
Jargon like "anti-aliasing" confused participants, they wanted 
layman's descriptions for settings 
 
Participants did not understand dodging since you do not 
normally dodge in shooters on traditional platforms 
 
Participants' faces got hot and felt uncomfortable during play 
 
Cords got tangled during play 
 
Confusion when leaving the headset as they have not seen the 
outside world in a while and have moved around a lot 
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Discussion. 

The results of this section provided insight to commonly found usability/UX issues in VR 

games through user tests. Ideally, heuristic checklist evaluations and user tests will have 

overlap in discovered usability/UX issues, so the data found through this literature review will 

be used to help develop the experimental checklist. 

 Step 3: Descriptive stage.  

Method. 

This stage involved selecting and prioritizing the most important topics of all 

information that was collected from the previous stages and during the literature review. This 

stage combines information on heuristics related to the current domain with results from 

previous studies providing any additional information. Information is grouped based on the 

following criteria: 

1. Information about VR games as a domain: definitions, classifications, context, areas of 

use, and research justification 

2. Features of VR games: elements that define this type of application (i.e., what VR games 

do and how they do it) 

3. Usability and UX attributes: attributes that will be evaluated with heuristics 

4. Existing sets of heuristics and/or other relevant elements: traditional or specific sets of 

heuristics that were developed for similar applications and/or other elements that are 

relevant to the application (i.e. guidelines, patterns, and so on) 

5. Usability problems detected in step 2 
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If the list generated by this stage properly evaluates VR games, the heuristic set will be 

used. If not, additional heuristics will be created based on relevance and need and added to the 

list. Because no VR games heuristic checklists currently exist, questions will be developed based 

on previously developed heuristics. The output of this step is a table listing all relevant features, 

usability/UX attributes, heuristic sets, and other attributes (i.e., usability problems found in the 

literature) with an additional column for ranking their importance for VR games design based 

on the scale above. 

Results. 

 The results of this step showed that it would be necessary to create new questions in 

addition to previously developed heuristics and checklist questions. Table 8 provides the 

information found for each of the 5 criteria listed above. Due to scarce literature on a new 

technology, much of the information in Table 8 uses traditional gaming and usability research 

to build upon rather than domain-specific research. 
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Table 8  

Information on VR Games and Related Heuristic Literature 

Topic Collected Information Selected Information 

Information about 
VR Games 

Yoh (2001) defines virtual reality as “a 
new way of gaining experience in 
cyberspace”. Zhou & Deng (2009) define 
virtual reality as a means of interaction 
by which people can see, operate, and 
interact with extra complex data 
through computers. However, these 
definitions do not fit with the domain 
for this study. Because there is no 
formal definition for this domain, one 
was created to incorporate the concepts 
of immersion and presence as cited by 
the literature. Virtual reality (VR) games 
are video games played on a head-
mounted display (HMD) that meets all 4 
requirements of immersion: inclusive, 
extensive, surrounding, and vivid (Slater 
& Wilbur, 1995). 
Esposito (2005) defines a video game as 
“a game which we play thanks to an 
audiovisual apparatus and which can be 
based on a story”. 

In order to be considered a 
VR game, software must be 
played thanks to an 
audiovisual apparatus and 
can be based on a story, and 
the audiovisual apparatus 
must be an HMD that is 
inclusive, extensive, 
surrounding, and vivid. 

Features specific 
to VR Games 
(general and 
specific) 

General game features: game 
mechanics, game play, storyline 
(Federoff, 2002).  
No VR games-specific features were 
available in the literature. 

All game-specific features will 
be kept for the checklist to 
ensure that the experimental 
checklist evaluates VR games 
both as VR software and also 
a video game. 

Usability and UX 
attributes 

ISO standard: effectiveness, efficiency, and 
satisfaction Usability attributes (Nielsen): 
learnability, efficiency, memorability, 
errors, satisfaction UX (Morville): useful, 
usable, desirable, findable, credible, 
accessible, valuable Usable design (Usability 
BOK): Usefulness, consistency, simplicity, 
communication, error prevention and 
handling, efficiency, workload reduction, 
usability judgment 

Nielsen’s, Morville, and the 
Usability BOK will be combined 
and used for Usability and UX 
attributes. Each are more 
comprehensive than the ISO 
standard for usability and while 
they have some overlap, each 
have unique components. 
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Topic Collected Information Selected Information 
Existing sets of 
heuristics 
(including 
checklists) 

Muñoz, Barcelos, & Chalegre, 2011; 
Sutcliffe & Gault, 2004; Zuk, Schleiser, 
Neumann, Hancock, & Carpendale, 
2006; Berry, 2003; Maike, Neto, 
Baranauskas, & Goldenstein, 2014; 
Desurvire & Kreminski, 2018; Murtza, 
Monroe, & Youmans, 2017; Sweetser & 
Wyeth, 2005; Solano et al., 2011; 
Pinelle, Wong, Stach, & Gutwin, 2009; 
Pinelle, Wong, & Stach, 2008; Desurvire, 
Caplan, & Toth, 2004; Federoff, 2002 

The checklist created by 
Muñoz, Barcelos, & Chalegre 
(2011) is the only checklist 
available for this domain and 
thus will be used as the 
control checklist. 

Known usability 
problems (from 
step 2) 

Understanding of avatar, interaction 
awareness, inability to see controller 
buttons, misunderstanding of 
locomotion, confusing tutorials, vague 
error codes, difficult wayfinding, lack of 
salience for important objects, menu 
understanding, and confusing jargon 
were all found to be issues with VR 
games and software. 

Each of these problems will 
be taken under consideration 
when developing new 
questions for the 
experimental checklist. 

 

Discussion. 

 This step helped identify potential VR-specific heuristics and checklist questions that 

should be developed in order to effectively evaluate unique features of VR games. Relevant 

information from previous steps was compiled and included in the output for this step to 

provide a helpful reference for the development of the checklist. An in-depth evaluation of this 

checklist for appropriateness in evaluating VR games occurred in step 4. 

 Step 4: Correlational stage.  

Method. 
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This stage involved matching the features of VR games collected in step 3 with the 

usability/UX attributes and existing heuristics. This will help reduce the complexity of the 

information and maintain an organization used by previous heuristics literature. For example, 

VR games-specific heuristics will be mapped back to the original 10 usability concepts published 

by Nielsen (1995). Heuristics will be primarily organized by feature (i.e., user interface, 

navigation, etc.) which will be followed by attributes (i.e., user interface – quit game, navigation 

– teleportation, etc.). At least 1 checklist question will be provided for each included attribute.  

Results. 

Due to a lack of heuristic research on VR games, no VR game-specific features were 

found. As a result, the 3 game-specific features were used instead. Table 9 shows these game 

features mapped to usability features and heuristics from the control checklist created by 

Muñoz, Barcelos, and Chalegre (2011).  

Table 9  

VR Games Features Mapped to Usability and UX Attributes and Heuristics from Muñoz, 
Barcelos, and Chalegre (2011) 

Game Feature Usability/UX Attribute Heuristic Category (Muñoz, 
Barcelos, & Chalegre, 2011) 

Game mechanics Satisfaction, Learnability, 
Memorability, Useful, Usable 

Design and Aesthetics 
(partially covered) 
Control and Navigation 
(partially covered) 
 

Game play Satisfaction, Desirable, Credible, 
Consistency, Error Prevention 

Design and Aesthetics 
(partially covered) 
Control and Navigation 
(partially covered) 
Error and Help (partially 
covered) 
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Game Feature Usability/UX Attribute Heuristic Category (Muñoz, 
Barcelos, & Chalegre, 2011) 

Storyline Satisfaction, Desirable, Consistency None 

 

Discussion. 

 This step called for an evaluation of the control checklist (Muñoz, Barcelos, & Chalegre, 

2011) and a determination made about whether the video game-specific features were covered 

by the list. The control checklist includes questions about some of these features but lacks 

comprehensiveness in most if not all. This means new questions are required to address the 

missing parts. As a result, new checklist questions are proposed in step 5.  

 Step 5: Selection stage.  

Method. 

This stage involves keeping, adapting, and/or discarding the existing sets of usability/UX 

heuristics that were selected in step 3. For each heuristic, one of the following options will be 

selected: 

1. Keep the existing heuristic without any change: the heuristic is clear and correctly 

evaluates an aspect of VR games and a usability UX/attribute. 

2. Eliminate the existing heuristic: the heuristic evaluates aspects that are unrelated to VR 

games. 

3. Adapt the existing heuristic: the heuristic evaluates an aspect of the specific application 

and a usability/UX attribute, but changes are needed. It is also possible to combine two 

or more heuristics from different sets into a single heuristic. 
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4. Create a new heuristic: a new heuristic is required for evaluating a specific feature of the 

application (here, the heuristic is not created, it is only necessary to define the aspect 

for evaluation). Other relevant elements that were collected in step 3 may be used to 

create a heuristic. 

Results. 

Due to the scarce heuristic checklist research in the VR games domain, the vast majority 

of heuristic literature used to create the experimental list were traditional heuristics instead of 

heuristic checklists. As a result, each heuristic description was converted into one or more 

checklist questions. A sample of these conversions can be seen in Table 10, the full list can be 

seen in Appendix C. 

Table 10 

Sample of Heuristic Subcategories Converted into Heuristic Checklist Questions 

Subcategory Original heuristic Developed question(s) Author(s) 

Feedback Keep the user informed 
about the condition of its 
avatar, related events, or 
relevant facts within the 
world. 

Does the UI provide all 
necessary information about 
the condition of the avatar? 
(e.g. health, stamina, 
ammunition, etc.) 
 
Is the player notified of 
relevant changes to the 
world during gameplay? 

Sweetser & 
Wyeth, 2005 

Realistic 
feedback 

The effects of the player's 
actions should be 
immediately and clearly 
visible. These effects should 
also conform to the laws of 
physics and the user's 
expectations. 

Are the effects of a player's 
actions immediately and 
clearly visible? 
 
Do the effects of player 
actions conform to the laws 
of physics and user 
expectations? 

Sutcliffe & 
Gault, 2004 
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Subcategory Original heuristic Developed question(s) Author(s) 

Timely 
Notifications 

A notification must arrive in 
time to be useful. 
Notifications should report 
the most current data as 
soon as the user desires it. 

Do notifications arrive in 
time to be useful to the 
player? 
 
Do notifications report the 
most current data as soon as 
the player needs it? 

Berry, 2003 

Consistent 
Displays 

The method of displaying a 
notification should be 
consistent for a level of 
notification. All high priority 
notifications should be 
consistent so the user knows 
the priority when the 
notification appears. 

Do notifications of the same 
level (i.e. importance) appear 
in a consistent manner? 
 
Are notifications salient? 

Berry, 2003 

 

 After converting all traditional heuristics into checklist questions, all potential questions 

were compiled into heuristic categories and the list was used to evaluate each question for an 

action to be taken: keep, adapt, or eliminate. A total of 127 questions were grouped into 14 

categories. A sample of the results of this analysis can be seen in Table 11and the full analysis 

can be seen in Appendix D. 

Table 11  

Sample of Keeping, Adapting, or Eliminating Each Question 

Heuristic Subcategory Description Action Question(s) 

Visibility of 
System 
Status 

Feedback Keep the user 
informed about the 
condition of its avatar, 
related events, or 
relevant facts within 
the world. 

Keep Does the UI provide all 
necessary information 
about the condition of 
the avatar? (e.g., health, 
stamina, ammunition, 
etc.) 
 
Is the player notified of 
relevant changes to the 
world during gameplay? 
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Heuristic Subcategory Description Action Question(s) 

 Feedback The system informs 
the user when it has 
any object of the 
virtual world sunder 
his possession (like 
money, elements, 
etc.) 

Keep Does the system inform 
the user when it has any 
object of the VW under 
his possession (like 
money, elements, etc.)? 

 Realistic 
feedback 

The effects of the 
player's actions should 
be immediately and 
clearly visible. These 
effects should also 
conform to the laws of 
physics and the user's 
expectations. 

Keep Are the effects of a 
player's actions 
immediately and clearly 
visible? 
 
Do the effects of player 
actions conform to the 
laws of physics and user 
expectations? 

 Provide 
feedback 

When the player 
interacts with the 
environment, there  
should be immediate 
feedback that helps 
them understand  
how they affect the 
game world. 

Eliminate 
(redundant) 

  

 Timely 
Notifications 

A notification must 
arrive in time to be 
useful. Notifications 
should report the 
most current data as 
soon as the user 
desires it. 

Keep Do notifications arrive in 
time to be useful to the 
player? 
 
Do notifications report 
the most current data as 
soon as the player needs 
it? 

 

Discussion. 

In this step, traditional heuristics relevant to the domain of VR games found in previous 

steps were converted to checklist questions. After conversion, all checklist questions were 

organized into heuristic categories and compiled into a full list. Each of these questions 

were then evaluated and were either kept, adapted, or eliminated based on factors such as 



40 
 

40 
 

redundancy, confusing language, and others. The resulting list included all checklist 

questions to be used to create the experimental checklist.  

Step 6. Specification stage.  

Method. 

This stage involves formally specifying the new set of usability/UX heuristics. Once stage 

5 is complete, we are left with the final set of heuristics to be tested. Quiñones et al. (2018) 

suggests the following template for specifying each heuristic: 

● Id: Heuristic’s identifier. 

● Priority: Value that identifies how important the heuristic is in the evaluation of a 

specific aspect or feature. The value can be (3) Critical: Heuristic evaluates a crucial 

aspect; (2) Important: Heuristic evaluates a relevant aspect; or (1) Useful: Heuristic 

further improves the usability/UX. 

● Name: Heuristic’s name. 

● Definition: A brief but concise definition of the heuristic. 

● Explanation: Detailed explanation of the heuristic. 

● Application feature: Feature or aspect of the specific application domain that is 

evaluated with the heuristic. 

● Examples: Examples of violation of and compliance with the heuristic. Include an image 

that graphically explains the problem. 

● Benefits: Expected usability/UX benefits when the heuristic is satisfied. 

● Problems: Anticipated problems of heuristic misunderstanding. 



41 
 

41 
 

● Checklist: Items or criteria that are associated with the heuristic. 

● Usability/UX attribute: Usability/UX attribute that is evaluated with the heuristic. 

● Heuristics related: Set (or sets) of heuristics on which the heuristic is based, along with 

the authors and the references. 

Results. 

 The output of this stage was a formal checklist that includes all identifiers above, which 

will be used for the validation stage. An example of a specific heuristic can be seen in Table 12. 

The full list of specific heuristics can be seen in Appendix E. 

Table 12  

Sample Heuristic Identification Information 

ID VRG1 

Priority (3) Critical 

Name Visibility of System Status 

Definition The system should always keep users informed about what is going on, through 
appropriate feedback within reasonable time. 

Explanation This heuristic seeks to evaluate feedback given by the game and the game’s 
ability to notify the user of various state changes. If anything changes within the 
game, such as status changes for the main character, world changes, etc., or 
anything happens to the game, such as game crashes or data corruptions, the 
game should provide immediate feedback notifying the user of these changes. 
The game should also provide feedback on user actions to indicate whether or 
not those actions were successful. This can help users trust the game and feel 
confident in their knowledge of the status of the game and its contents. 

Application Feature Game mechanics, Game play 
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ID VRG1 

Examples Violation example: A player is afflicted with a poison effect but receives no 
indication that his/her character is inflicted and taking damage and dies as a 
result. 
 
Compliance example: When a character increases in level, the system provides a 
notification telling the player the level has increased. 

Benefits Users will stay informed about various states of the game, which will help them 
navigate the game. Providing feedback will also prevent players from getting 
confused and lost when parts of the game change. 

Problems A lack of feedback and information about the system could cause confusion and 
frustration for users. 

Checklist   

Usability/UX 
Factors 

Effectiveness, Efficiency, Satisfaction, Learnability, Memorability, Findable 

Set of heuristics 
related 

Flow in Games (Sweetser & Wyeth, 2005); Virtual Worlds (Muñoz, Barcelos, & 
Chalegre, 2011); VR Games (Desurvire & Kreminski, 2018); Notifications (Berry, 
2003); Video Games (Federoff, 2002) 

 

Discussion. 

 This step formalized the heuristic categories to be used for the experimental checklist. 

Priority values are stated at the top of each definition table. These values will be reassessed 

using data gathered during the validation stage. The definitions, explanations, and examples are 

provided to help evaluators understand what to look for and possible violations. These 

specifications can help evaluators understand the list more effectively which could aid in 

evaluations. 



43 
 

43 
 

Step 7: Validation stage.  

This stage involves validating the set of heuristics through several experiments in terms 

of their effectiveness and efficiency in evaluating VR games. This validation will take place in 

three separate phases. 

Heuristic Evaluation.  

Method. 

The proposed checklist was evaluated against a control heuristic checklist created for 

the evaluation of virtual worlds (Muñoz, Barcelos, & Chalegre, 2011). Two VR games were 

evaluated by experts and used for user tests: Apex Construct (role-playing game) and Art of 

Fight (first-person shooter). These games were chosen to ensure that the checklist spans across 

game genres to avoid any bias if the list fits unusually well with a specific type of game. Six 

human factors experts, previously trained to complete heuristic evaluations, independently 

evaluated the applications based on the following structure:  

Table 13  

Heuristic Evaluation Groups and Checklists 

 VR Game 1 VR Game 2 

Evaluator 1 New Checklist New Checklist 
Evaluator 2 New Checklist New Checklist 
Evaluator 3 New Checklist New Checklist 
Evaluator 4 VW Checklist VW Checklist 
Evaluator 5 VW Checklist VW Checklist 
Evaluator 6 VW Checklist VW Checklist 
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Prior to evaluating the game, experts were required to play the game to be evaluated 

for a minimum of 40 minutes and complete a list of tasks. The full list of tasks can be seen in 

Appendix G. 

Materials. 

 Evaluators were instructed to use their own VR headsets for evaluations. Headsets were 

not counterbalanced or controlled for due to the extreme limited availability of both experts 

and VR HMDs. The two games evaluated were Art of Fight and Apex Construct. These 

applications were chosen based on Steam reviews, both of which received “mixed” reviews, 

which is a balance between positive and negative reviews. These games were also chosen to 

represent two different game types: role-playing games and first-person shooters. These are 

the most popular game types in VR and are different enough to utilize the majority of the 

checklist questions.  

Procedure. 

 Each evaluator was assigned either the new checklist or the control checklist to avoid 

any bias that may have resulted from using both checklists (i.e., experts could be cued to 

important information by one list while using the second list). Each evaluator was instructed to 

play a specific game first for a minimum of 40 minutes as well as complete a provided task list 

before performing the evaluation (see Appendix G for a full list). Evaluators were encouraged to 

play each game as long as needed to ensure that they were familiar with it prior to evaluation. 

Each question in the checklist was worded to ensure that “yes” reflected a positive evaluation 

and “no” reflected a negative evaluation. After completing the evaluation for the first game, 
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experts were instructed to complete the same process for the second game. Game order was 

counterbalanced as best as possible to avoid order effects, but due to there being three 

evaluators and two games, two evaluators were forced to play the same order for each list. This 

was kept consistent for both lists. 

 Analysis. 

 Evaluators provided both evaluations of the game (i.e., answers to each question and 

clarifying information for that answer) and general feedback on each checklist question. This 

feedback was used to make changes to the final version of the checklist.  

 After all 6 experts finished evaluating both games, the completed materials were 

returned to the researcher. The completed evaluations were then evaluated to determine the 

number of usability/UX issues, domain-specific issues, and critical issues discovered during the 

evaluation. These numbers were determined by the values assigned in Step 6 and compared to 

the results of the control checklist. Any “no” responses to checklist questions were considered 

violations. 

 Inter-rater reliability was tested using Krippendorff’s alpha, where alpha > 0.8 is 

considered strong, 0.67 to 0.8 is considered low, and < 0.67 is considered really low (Hayes & 

Krippendorff, 2007). 

 Results.  

 Feedback from this stage of validation resulted in 55 changes to the final heuristic 

checklist. These changes consisted of 50 adaptations (change of wording, move to another 
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section, etc.), three eliminations, and two new questions. All of the eliminations were to 

remove unhelpful or redundant questions. The two new questions were added to evaluate their 

respective sections more thoroughly for potential problems not covered by the original 

subcategory or heuristic. The adaptations were largely wording changes for clarification and the 

movement of various questions to more appropriate categories, as well as the creation of more 

detailed categories in order to separate questions that did not fit together (i.e., changing the 

Comfort heuristic to Mental Comfort and Physical Comfort). Samples of adapted and eliminated 

questions can be found in Table 14 and a full list can be found in Appendix H.  

Table 14  

Changes to the Heuristic Checklist Based on Feedback from Evaluators 

Heuristic 
category 

Heuristic 
subcategory 

Original checklist 
question 

Change(s) 
made 

Updated 
question/category, 

action 

Visibility of 
System Status 

Feedback Is the player 
notified of 
relevant changes 
to the world 
during gameplay? 

Adapted: 
updated 
wording 

Is the player 
notified of changes 
to virtual world that 
could affect 
gameplay? 

Visibility of 
System Status 

Timely 
Notifications 

Are notifications 
of the same level 
(i.e., importance) 
appear in a 
consistent 
manner? 

Adapted: 
updated 
wording 

Do notifications of 
the same level (i.e., 
importance) appear 
in a consistent 
manner? 
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Heuristic 
category 

Heuristic 
subcategory 

Original checklist 
question 

Change(s) 
made 

Updated 
question/category, 

action 
User Control 
and Freedom 

Game 
Mechanics 

Is feedback about 
the effects of user 
actions given 
immediately? 

Adapted: 
updated 
wording 

Is feedback on how 
user action affects 
the world given 
immediately? (e.g., 
when the player 
attacks an enemy, a 
number depicts how 
much damage is 
dealt or a health bar 
decreases for the 
enemy) 

Consistency and 
Standards 

Consistency Are world 
reactions to 
player action 
consistent 
throughout the 
game? 

Adapted: 
updated 
wording 

Does the world 
react to player 
actions consistently 
throughout the 
game? 

Consistency and 
Standards 

Sense of 
ownership 

Do virtual objects 
follow real world 
laws of physics? If 
not, is the player 
notified prior to 
interaction with 
those objects? 

Eliminated - 

 

 Evaluators in the control group collectively reported 14 violations (i.e., ‘No’ answer for a 

checklist question) (70% of the total questions) for Apex Construct and 15 (75% of the total 

questions) violations for Art of Fight. Evaluators in the experimental group collectively reported 

38 (30% of total questions) violations for Apex Construct and 79 (60% of total questions) 

violations for Art of Fight. Of the 131 question in the experimental checklist, 111 were unique. 

Evaluators reported 33 (30%) of these as violations for Apex Construct and 73 (66%) for Art of 
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Fight. Table 15 provides a breakdown of the violations identified for both checklists and 

applications by violation type (i.e., usability/UX, domain specific, critical). N/A refers to the 

number of N/A responses per game per list. 

Table 15 

Number (Percentage) of Heuristic Violations for Each Checklist and Application by Type 

  Checklist  

 Control  Experimental  

Application Usability/
UX 

Domain 
Specific 

Critical N/A Usability/
UX 

Domain 
Specific 

Critical N/A 

Apex 
Construct 

14 (70%) 14 (70%) 3 (75%) 4 (20%) 38 (30%) 24 (29%) 20 (29%) 37 (28%) 

Art of Fight 15 (75%) 15 (75%) 4 (100%) 3 (15%) 79 (66%) 48 (59%) 42 (61%) 38 (29%) 

 

 Inter-rater reliability was calculated using Krippendorff’s alpha and was determined to 

be very low for both checklists. Because the checklist included options Yes, No, and Somewhat 

for each question, Krippendorff’s alpha was calculated twice per condition, once only counting 

“No” answers as violations and once including “Somewhat” as violations. Table 16 summarizes 

the results of this analysis. 

Table 16  

Krippendorff's Alpha for inter-rater Reliability of Heuristic Evaluations 

 Checklist 

 Control Experimental 

 SW NI SW I SW NI SW I 

Game     
Apex Construct -.05 .20 .04 .07 

Art of Fight .14 .24 .12 .15 

Table 15. Krippendorff’s alpha calculated for each game evaluated, including conditions for Somewhat 
Not Included (SW NI), where only “No” responses are counted as violations, and Somewhat Included 
(SW I), where “No” and “Somewhat” responses are calculated as violations. 

 Discussion. 



49 
 

49 
 

 This phase of the validation process yielded informative feedback on revisions to the list 

to help improve clarity and comprehensiveness through wording changes and added questions. 

Evaluators expressed that the list was long and full of jargon, which lead to several changes 

resulting in smaller heuristic sections as well as clarifying examples and/or wording changes for 

many questions with technical jargon.  

 More usability/UX, domain specific, and critical category violations were found using the 

experimental checklist. The experimental checklist included the categories of Interaction, 

Learning, and Comfort, all of which were rated Critical by the author and subsequently by all 

three experts. Without these categories, many critical violations would not be found.  

 The inter-rater reliability was extremely low for all conditions, including one (control list, 

“Somewhat” not included, Apex Construct) that showed a negative correlation between 

experts. Very low inter-rater reliability is consistent with previous research, such as one 

extensive study on clinical decision support mobile applications (Leverenz, 2019) and video 

games (White et al., 2011). Due to the subjective nature of how games are played (i.e., a linear 

progression vs an app, where the user can go anywhere at any time), this could be a result of 

different styles of play or different levels of progression (i.e., one expert may have completed 

more of the game and thus evaluated more/different pieces of it; games are too long to 

complete entirely before completing this evaluation without a case study). This subjective 

nature is also the reason why the expert tasks were limited, as video games naturally give users 

tasks to complete in order to progress. A more rigorous task list might level out the inter-rater 

reliability, but will also require users to have another person in the room reading tasks or take 

their headsets off consistently to read the next task. Finally, levels of expertise could be at play. 
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Higher levels of expertise might change what an expert considers a violation of a checklist 

question, which could affect the results.  

Expert Judgment.  

Method. 

This stage involves VR games experts evaluating the heuristic checklist. Experts gave 

feedback on the usefulness, efficiency, and effectiveness of each heuristic in its ability to 

evaluate the usability of a VR game.  Experts used in this stage have experience in human-

computer interaction (HCI), usability, and/or UX.  

 Experts provided feedback on the proposed heuristic checklist using a questionnaire 

developed by Quiñones et al. (2018) which is designed to assess the perceptions of the new set 

of usability/UX heuristics concerning 4 dimensions and 3 questions. The questions can be seen 

below, each of which use a 5-point Likert scale: 

● D1 – Utility: How useful the usability/UX heuristic is 

o 1 – not useful at all, 5 – extremely useful 

● D2 – Clarity: How clear the usability/UX heuristic is 

o 1 – not clear at all, 5 – extremely clear 

● D3 – Ease of use: How easy it was to associate identified problems with the usability/UX 

heuristic 

o 1 – very easy to use, 5 – not easy to use at all 

● D4 – Necessity of an additional checklist: How necessary is it to complement the 

usability/UX heuristic with a checklist 
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o 1 – not necessary at all, 5 – extremely necessary 

● Q1 – Easiness – How easy it was to perform the heuristic evaluation, based on this set of 

usability/UX heuristics?  

o 1 – not easy at all, 5 – extremely easy) 

● Q2 – Intention: Would you use the same set of usability/UX heuristics when evaluating 

similar software products in the future? 

o 1 – I am not at all likely to use this set, 5 – I am extremely likely to use this set 

● Q3 – Completeness: Do you think the set of usability/UX heuristics covers all usability 

aspects for this type of software product? 

o 1 – does not cover these aspects at all, 5 – covers these aspects extremely well 

The survey also included a rating of the importance level of each heuristic based on the 

three levels defined under ‘Priority’ in step 6 of the methods section [(3) Critical: Heuristic 

evaluates a crucial aspect; (2) Important: Heuristic evaluates a relevant aspect; or (1) Useful: 

Heuristic further improves the usability/UX], as well as a comment area for any additional 

comments or potential solutions. Results of this questionnaire are used in step 8 (refinement 

stage) to determine any changes to or removal of heuristics for the finalized checklist. The 

output of this stage is a table of the heuristic checklist with columns for each of the experts’ 

ratings, the decision to keep, change, or remove any heuristic checklist questions, and 

feedback. 

Results. 
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Results from the expert judgment survey are displayed in Table 17. Category importance 

was assigned using the same scale as used in Step 6. Category importance differed across three 

categories from what was assigned to the checklist at development, as seen in the table. 

Table 17  

Usability Expert Judgment Survey Results 

 Dimension  
Utility Clarity Ease of 

Use 
Necessity of a 

checklist 
Category 

importance 
Originally 
assigned 
category 

importance 

Visibility of 
System Status 

5 5 2 4 3 – Critical 3 – Critical 

Match 
Between 
System and the 
Real World 

5 4 2 3 2 – Important 2 – Important 

User Control 
and Freedom 

4 3 3 4 2 – Important 2 – Important 

Consistency 
and Standards 

5 4 1 4 2 – Important 2 – Important 

Error 
Prevention 

4 5 2 3 2 – Important 2 – Important 

Recognition 
Rather than 
Recall 

4 4 2 4 3 – Critical 3 – Critical 

Flexibility and 
Efficiency of 
Use 

4 3 2 4 2 – Important 3 – Critical 

Aesthetic and 
Minimalist 
Design 

4 4 2 4 2 – Important 2 – Important 

Help Users 
Recognize, 
Diagnose, and 
Recover from 
Errors 

4 4 2 4 2 – Important 2 – Important 
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 Dimension  
Utility Clarity Ease of 

Use 
Necessity of a 

checklist 
Category 

importance 
Originally 
assigned 
category 

importance 

Help and 
Documentation 

3 4 2 3 1 – Useful 2 – Important 

Interaction 5 4 2 4 3 – Critical 3 - Critical 

Comfort 4 3 2 4 3 - Critical 3 - Critical 

Learning 5 4 2 4 3 - Critical 3 - Critical 

Playability 4 3 3 4 2 - Important 3 - Critical 

Note: Items rated on a Likert scale for Utility, Clarity, and Necessity for a Checklist (1 = Not at all 
[useful, clear, necessary] – 5 = Extremely [useful, clear, necessary]). Likert scale for Ease of use 
(1 = Very Easy – 5 = Very Difficult). Importance scale was 3 (Critical), 2 (Important), and 1 
(Useful). 

 The differences in category importance selections provided by the experts have been 

deemed reasonable and the ratings for Flexibility and Efficiency of Use, Help and 

Documentation, and Playability will be adjusted according to the results of the survey. 

 Discussion. 

 The results of this stage of validation did not lead to any changes in the list. Any 

feedback that may have led to additional revisions of the checklist resulted in changes that had 

already been made during the previous stage. 

 The feedback for category importance was reasonable. This feedback was used to adjust 

the ratings for categories of Help and Documentation, Playability, and Flexibility and Efficiency 

of Use.  
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User Test.  

Method. 

User tests (or playtests) were performed on each VR game to detect usability/UX 

problems to be checked against the new heuristic checklist. Data gathered through these user 

tests also provided additional information on elements of VR games that was not classified 

during previous steps. This step uncovered additional problems that only reveal themselves 

during user testing and any necessary additional questions were added to account for 

appropriate discovered problems.  

 Participants. 

 Eight users with were recruited per game (a total of 16 participants) to participate in 

the user testing. Each participant played one VR game to avoid any learning or order effects. 

The order in which the games are played were counterbalanced. 

 Materials.  

Participants were chosen based on a background screener ensuring that each 

participant was a representative user of VR games (see Appendix I for full screener). A flaw was 

discovered in the screener after responses were given, so additional questions regarding which 

headsets users had experience with were emailed to them. All users were naive to the game 

being tested and had a variety of levels of VR experience in order to uncover usability/UX issues 

related to both novice and experienced users. Participants played their respective VR games on 

either an Oculus Rift or HTC Vive (users were randomly and evenly divided between the two) 
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and were appropriately trained in use of relevant VR hardware if necessary. Because first time 

use is an important aspect of VR games, no training on the specific game was given outside of 

any included tutorials or instructions and participants did not have prior experience with the 

game. Participants only played one game to avoid any training effects (e.g., more thorough 

exploration in the second game after being asked why they thought they missed something in 

the first game) or fatigue. Participants played their respective game for 40 minutes with a 5-

minute break after 20 minutes to avoid fatigue. While playing the game, participants were 

instructed to engage in think-aloud protocol. The observing researcher recorded all problems 

encountered by the user. After completing play, participants provided subjective feedback 

about their perceptions of the game and any issues encountered while playing it. 

 Procedure. Participants were recruited based on their responses to the background 

screener. Upon arriving at the user test, participants were briefed on the game they would be 

playing, how long they would play, and that the facilitator would prompt them to perform tasks 

periodically throughout play. Upon signing an informed consent, users were then given the 

proper training (if necessary) on the VR hardware they would be using. Once users felt 

comfortable using the hardware, they began to play while thinking aloud. Play time for each 

game lasted approximately 40 minutes and users were offered a 5-minute break after 20 

minutes of play. Users were also allowed to take breaks during play if necessary, although no 

participants chose to do so. After completing play, users were asked to provide subjective 

feedback on the game they played and debriefed. 
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Results. 

 Sixteen participants (9 males) voluntarily participated in the study. Participants’ mean 

age was 24 (SD = 3.07). No participants reported having ever played either of the games being 

evaluated. 

 The majority of usability issues identified through user testing were issues also 

identified by experts in the expert heuristic evaluation stage of this step. This included, but was 

not limited to, issues with locomotion types, a lack of ‘quit game’ options in both games, and 

jarring transitions between spaces. The usability issues identified by this stage that were not 

identified in previous stages are listed in Table 18. 

Table 18  

Usability Issues Identified During User Tests 

Game Usability issue Description 

Art of Fight Missing tutorial All weapons have different reload/cocking processes, 
which is not taught to the player. 

Art of Fight Inaccurate button 
representation 

The weapon tutorial only highlights the grip button to 
pick up weapons, but the trigger can also be used for a 
permanent hold. 

   

Art of Fight Missing tutorial Players are not taught how to refund accidental 
purchases using the refund bucket. 

Art of Fight Missing tutorial Players are not given a match demonstration and are 
confused when starting the first game. 
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Game Usability issue Description 

Art of Fight Unreadable 
notifications 

Kill feed notifications are shown to the side and lock to 
the headset so players are unable to look at the 
notification to read it. 

Art of Fight No prompt to 
bring virus 

Attackers must bring the virus to win, but players 
often forget to grab it on the way out of spawn. There 
was no warning that all players have left without the 
virus, which causes players to have to come back to 
spawn. 

Art of Fight Locomotion 
interfering with 
gameplay 

Because pro locomotion requires players to swing 
their arms, it is very difficult to move and also aim a 
weapon, causing it to interfere with gameplay. 

Art of Fight Unreadable 
notifications 

When planting the virus, a "virus propagating" 
notification pops up, but it stretches off the screen and 
is locked to the headset, making it difficult to read. It 
also disappears quickly. 

Art of Fight Interfering UI There is a small menu attached to the player's hands 
that occludes vision when looking down a sniper rifle 
scope. 

 Art of Fight Inaccurate button 
representation 

Most of the locomotion tutorial refers to the "Y/B" 
buttons on the Oculus controller but shows an image 
and schematic of a Vive controller. 

Art of Fight Exhausting 
repetitive motions 

Pro locomotion requires users to swing their arms 
which can be tiring very quickly. 

Art of Fight Unwanted players 
joining 

By default, other players are able to join the game 
freely, leading to people joining when the host player 
does not want them to. 
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Game Usability issue Description 

Apex Construct Missing tutorial Players are given grenades and told they are "very 
useful", but not taught how to use them. The player is 
then put in a stressful situation in order to "practice" 
using them. 

Apex Construct Missing tutorial Players encounter a vending machine immediately 
after leaving the first room but have not been taught 
about vending machines, items, or currency. 

Apex Construct Unbalanced 
locomotion 

Teleportation must be used to climb to higher places, 
natural locomotion can only be used to move on flat 
surfaces. This is not mentioned at any point. 

Apex Construct Unbalanced 
locomotion 

Teleportation is faster than natural locomotion. 

Apex Construct Poor contrast In the home base, notification popups are shown in 
white letters with no background and most of the 
environment is brightly lit, making the text difficult to 
read. 

 

 The usability issues identified in this stage were used to create 11 new checklist 

questions, which are displayed in Table 19. 

Table 19  

Questions Added Using Feedback from Usability Study 

Heuristic 
category 

Heuristic 
subcategory 

Change(s) 
made 

Updated question 

Learning Thorough 
tutorial 

Adapted: 
added new 
subcategory 
and question 

Does the tutorial thoroughly teach the 
player all relevant mechanics to begin 
play? 
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Heuristic 
category 

Heuristic 
subcategory 

Change(s) 
made 

Updated question 

Learning Thorough 
tutorial 

Adapted: 
added new 
question 

Are any mechanics not covered by the 
tutorial introduced in a tutorial-like 
fashion during play? 

Consistency 
and Standards 

Compatibility 
with the user's 
task and 
domain 

Adapted: 
added new 
question 

When teaching the player about a 
button press, does the game display the 
tracked controllers or show a controller 
schematic showing the player where 
that button is located? 

Feedback Clear 
notifications 

Adapted: 
added new 
question 

Are notifications detached from the 
headset so that the player may look at 
them without moving the notifications? 

Error 
Prevention & 
Recovery 

Error 
prevention 

Adapted: 
added new 
question 

Does the game warn the player when 
they are about to make/actively making 
a fatal error? 

Playability Orientation and 
navigation 

Adapted: 
added new 
question 

Does the game's locomotion style avoid 
interfering with the player's ability to 
engage in other activities (i.e., combat)? 

Feedback Game interface Adapted: 
added new 
question 

Do mobile menus/interfaces (i.e., health 
attached to the controller) avoid 
obscuring other important parts of the 
game? 

Physical 
comfort 

Minimize 
physical side 
effects 

Adapted: 
added new 
question 

Does the game avoid repetitive high-
effort movement? 

Multiplayer Disabling 
multiplayer 

Adapted: 
added new 
subcategory 
and question 

If the game allows other players to join 
freely, is an option provided to disable 
this function? 
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Heuristic 
category 

Heuristic 
subcategory 

Change(s) 
made 

Updated question 

Playability Orientation and 
navigation 

Adapted: 
added new 
question 

Are all types of locomotion equal (i.e., 
speed, places they can reach, etc.) unless 
explicitly mentioned otherwise? 

Aesthetic and 
Minimalist 
Design 

Game interface Adapted: 
added new 
question 

Is the UI easy to see/read (i.e., good 
contrast, readable font, etc.)? 

 

 Discussion. 

 User tests with representative users yielded 118 UX violations across both games. Many 

of these violations were game-specific (i.e., not fit for a universal evaluation). An example of 

comparisons between violations discovered by the experimental checklist vs problems 

discovered during user tests can be seen in Table 20. Because some of the user test violations 

are so specific to the game in which they are found, they were not used as feedback to revise 

the checklist.  

Table 20  

Examples of Similarities and Differences in Heuristic Evaluation and User Test Results 

Heuristic Evaluation Both User Tests 

No ‘quit game’ option Poor weapon/controller 
interaction 

Untaught novel concepts 

No way to save progress Lack of guidance Unbalanced locomotion 
types 

Poor contrast Untimely notifications Mobile menus occluding 
important objects 

 Unclear feedback  
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 This is consistent with the expert evaluation results, as Apex Construct had significantly 

fewer reported violations overall (33 compared to 79 for Art of Fight).  

Step 8: Refinement stage.  

The final stage involved refining and improving the new set of heuristics based on the 

feedback obtained in step 7.  

Method. 

 Feedback received throughout each phase of the validation steps was used to 

determine changes made to the heuristic categories, subcategories, and checklist questions. 

This process was iterative and repeated as each validation stage was completed. 

Results. 

 The final checklist resulted in 145 questions grouped into 15 categories. The final 

checklist can be found in Appendix J. 
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CHAPTER 4 

GENERAL DISCUSSION 

 The purpose of this study was to develop and validate a heuristic checklist for virtual 

reality (VR) games and to determine if it would help identify more usability/UX issues, more 

domain-specific issues, and more issues considered critical to virtual reality games than a 

control checklist. It also sought to uncover usability issues also found during user testing using 

the experimental checklist. The new VR games checklist resulted in more issues identified than 

the control checklist for the first three research questions: 

1. Will a virtual reality games specific heuristic checklist identify more usability/UX issues 

than the control heuristic list for virtual reality games? 

2. Will a virtual reality games-specific heuristic checklist identify more issues that qualify 

as severe/critical than the control checklist for virtual reality worlds? 

3. Will a virtual-reality-games-specific heuristic checklist identify more domain specific 

issues than the control heuristic checklist for virtual reality worlds? 

The experimental checklist also identified issues identified through user testing, which supports 

the fourth hypothesis: 

4. Will a virtual-reality-games-specific heuristic checklist identify similar usability/UX 

issues as a usability study of the same application? 

All four of these results support the claim that domain-specific heuristic checklists identify UX 

issues, critical UX issues, and domain-specific issues more effectively than non-domain-specific 

heuristics (Rusu et al., 2011). Prior to this study, there were no complete heuristic checklists for 
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VR games. Due to rapidly evolving technology, VR software and games are becoming more 

commonplace and significantly more useful, so tools for evaluating this type of software is 

necessary. 

Steps 1-6 

 The first six of the eight steps in the heuristic checklist creation and validation method 

put forth by Quiñones et al. (2018) involved a thorough literature review seeking all relevant 

information on usability and heuristic evaluations for fields related to VR games. Though 100s 

of lists were found, only 14 were considered related to VR games and utilized in the proposed 

list. The proposed list included heuristics from all 14 relevant lists and several usability studies 

done in the VR games domain. These heuristics were then converted into checklist questions 

and augmented to eliminate any redundancies.  

The control checklist, proposed by Muñoz, Barcelos, & Chalegre, (2011), is one created 

to evaluate virtual worlds. Although this list is relatively short (20 questions), it is the most 

relevant evaluative tool to VR games. Because this list was developed for virtual worlds already, 

the list was not augmented from its published state.  

Step 7 

Heuristic evaluation. 

 The validation step was completed in three parts: heuristic evaluation, expert judgment, 

and user testing. The experts chosen for the heuristic evaluation step were all UX/usability 

experts with training in completing heuristic evaluations. Ideally, all 6 experts in this stage 
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would be double experts (i.e., experts in UX and VR), but this was not feasible for the current 

study. Each expert spent 40-60 minutes familiarizing themselves with each game they were 

tasked with evaluating, which resulted in approximately 3 hours total evaluation. This is a large 

undertaking for each expert, as it resulted in a total of approximately 6 hours of evaluation for 

this study.  

 The experimental checklist resulted in experts discovering more UX/usability issues, 

more domain-specific issues, and more critical UX issues in both games. However, inter-rater 

reliability was found to be extremely low for both lists on both games. This is consistent with 

previous studies on heuristic evaluations using checklists for mCDSapps (Leverenz, 2019) and 

video games (White et al., 2011). Another potential reason for this low reliability is the limited 

amount of playtime required for the experts. In order to explore the entirety of a VR game, 

experts may need to play for upwards of 5-10 hours, but that amount of play was deemed 

excessive when including 1.5-2 hours of evaluation post-play and considering each expert was 

to evaluate two games. Future research is necessary to further validate this list using a single 

game with more extensive playtime and a more exhaustive task list. Further, the control list 

also showed very low inter-rater reliability. The measured checklist was also not the final 

version of the checklist, so further validation should be performed on the finalized checklist to 

evaluate the changes made as they potentially remove some level of interpretation of many 

questions (i.e., examples and clarifying wording have been added). 

 It’s worth noting that inter-rater reliability should not be weighted heavily when 

evaluating the effectiveness of a heuristic checklist. All 4 hypotheses proposed for this study 

were supported and typically experts will meet post-evaluation to settle any disputes found 
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during the evaluations, which alleviate problems with inter-rater reliability. Variables, such as 

levels of expertise and style of play, can affect the way experts perceive and experience the 

game, so gathering a consensus with all of the experts post-evaluation is important. However, 

this is important for the evaluation of the game, not the validation of the checklist, so this step 

was not performed for this study. Additionally, heuristic checklists should be used early in the 

development process prior to any user tests or alpha/beta releases of the game where 

feedback may be given. This study was performed using fully complete and publicly available 

versions of both games, which can cause the checklist to be less effective.  

Expert judgment. 

 This stage was completed using 3 UX/usability experts. Ideally, this stage would have 

included experts in the VR game development field, but the researchers involved were unable 

to connect with anyone with both the necessary experience and the time/ability to participate. 

As a result, this stage resulted in few suggestions that were not included in the heuristic 

evaluation stage. This stage yielded no revisions to the list but could be valuable if performed at 

a later time by VR development experts. 

User testing. 

 The usability testing stage of validation provided some of the most valuable information 

used to revise the list. A major difference between research collected in stage 1 and this study 

is the hardware that was tested. The form of VR used in this study was not available in the 

majority of previous heuristic studies in this field. Because of this, there turned out to be many 

issues not predicted by previous heuristics and thus these issues were not included in the 
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original experimental list. This stage also uncovered many problems that are not suitable for a 

heuristic checklist (e.g., a gun in Art of Fight did not behave in the same manner as the same 

gun from Counter Strike: Global Offensive, which confused two users), which highlights the fact 

that user testing is still an important tool to be used in tandem with the heuristic checklist. The 

overlap between the heuristic checklist (both the originally proposed checklist and the revised 

checklist) and this stage of validation shows that when used together, heuristic evaluation and 

user testing can complement each other. If used early in the design process, heuristic 

evaluation can uncover major usability issues that can be resolved prior to user testing, which 

will uncover more intimate and game-specific usability issues that could be overshadowed by 

the issues discovered through heuristic evaluation.  

Limitations. 

 Play time. 

 Experts and users were required to play their respective games for a minimum of 40 

minutes and also complete a short list of tasks to encourage them to explore similar parts of 

the game. Two problems arose during this study related to these requirements: first, users and 

experts still had widely varying experiences with the games due to differences in play style, 

previous knowledge of games, and ability to perform well at the game; second, for Apex 

Construct, 40 minutes was not always enough time to encounter and/or extensively use all 

mechanics of the game. The playtime minimum of 40 minutes was chosen to avoid fatigue due 

to the physical nature of VR and the discomfort that can come from wearing an HMD for an 

extended period, but observations during this study suggest that users can play VR comfortably 
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for longer than 40 minutes, as many users did not want to take any breaks and sometimes 

wanted to continue playing as they were having fun. Although experts were encouraged to play 

as long as necessary to familiarize themselves with the game, it’s still important for the primary 

researcher to give a guideline on how long that may take. Any further research on this topic 

should extend play to a minimum of one hour with a preferred play time of two hours. 

 No headset counterbalancing. 

 One of the heuristic categories involves evaluating the headset for comfort, cord length, 

and other factors. Counterbalancing headset use for experts was originally attempted, but the 

limited pool of UX/usability experts with access to VR HMDs became so scarce that it was 

impossible to properly counterbalance, as each expert only had access to one HMD on average. 

This confounds that heuristic category and should be addressed in future research, if possible. 
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CHAPTER 5 

CONCLUSIONS 

 VR gaming has been rising in popularity since the release of the HTC Vive and Oculus Rift 

in 2015. Research on this new technology is scarce and our understanding of proper design for 

VR games is still in very early stages. This study highlighted the importance of useful and 

effective evaluation techniques for VR games to help support good design and encourage mass 

adoption by the general population once barriers such as cost and accessibility are overcome. 

Heuristic evaluation is a quick, cheap, easy, and effective method of evaluation suitable for VR 

games due to VR development companies and labs often lacking immense resources for their 

projects. The checklist developed during this study can be used to evaluate completed games, 

but it is recommended to be used in early stages of development. Late use of the heuristic 

checklist is recommended to be done to supplement user testing. 

 The validation process for the proposed checklist took place across three stages: 

heuristic evaluation, expert judgment, and user testing. Results from these stages showed that 

the proposed checklist found more UX/usability issues, domain-specific issues, and critical 

UX/usability issues than a control list developed to evaluate virtual worlds. There were also 

issues found in both heuristic evaluation and user testing stages, suggesting that the heuristic 

checklist is an effective method for evaluating VR games. However, unique issues were still 

uncovered during user tests, so it’s not recommended that the heuristic checklist be used to 

replace user tests but that it supplement them instead. 
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  Based on results from the validation stages, the proposed checklist was revised in 

various ways to improve clarity, reduce redundancy, and increase comprehensiveness. The 

finalized list contains 145 questions and 15 categories. The revisions included wording changes, 

newly added questions and subcategories, and category changes (e.g., “Comfort” category was 

split into “Mental Comfort” and “Physical Comfort”). 

 To conclude, the VR games checklist is validated and shown to be effective in evaluating 

VR games. It is recommended to be used by a usability/UX expert and domain-specific experts 

trained in heuristic evaluation. 
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APPENDICES 

APPENDIX A 

HEURISTIC SET AND CHECKLIST EXAMPLES 

Author Domain Unique Heuristic Categories 

Muñoz, Barcelos, & 
Chalegre, 2011 

Virtual Worlds Design and Aesthetic 
Control and Navigation 
Errors and Help 

Sutcliffe & Gault, 2004 Virtual Reality Worlds Natural Engagement 
Natural Expression of Action 
Faithful viewpoints 
Consistent departures 
Sense of presence 

Zuk, Schleiser, 
Neumann, Hancock, & 
Carpendale, 2006 

Information visualization Color blindness accessibility 
Consider Gestalt Laws 
Provide multiple levels of detail 

Berry, 2003 Notifications Notifications should be reliable 
Notifications should be timely 
Notification displays should be 
consistent 
Allow adjustments of notifications 
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Maike, Neto, 
Baranauskas, & 
Goldenstein, 2014 

Building a Natural User 
Interface using the Kinect 

Interaction 
Operation modes 
Interactabiliity 
Accuracy 
Responsiveness 
Metaphor coherence 
Distinction 
Comfort 
Device-Task Compatibility 
 
User Adoption 
Competition 
Familiarity 
Social acceptance 
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Desurvire & Kreminski, 
2018 

VR Games Usability 
Prevent player error 
Avoid burden on memory 
Build on real-world knowledge 
Keep navigation simple 
 
Playability 
Make the player feel in control 
Ramp challenge gradually 
Provide clear goals 
Support a variety of players 
Facilitate social connection 
 
VR Immersion 
Facilitate embodiment of character 
 
Minimize Barriers Unique to VR 
Minimize physical side effects 
Keep the player comfortable 
Design for physical activity and inclusion 
Provide a safe space 
 
Advisory guidelines 
Design ethically 
 
Creative VR 
Balance creative comfort & empowerment 
Facilitate performance 
Minimize friction on phase shift 
Provide creative inspiration 
 
New Player Experience 
Provide a safe space to learn 
Provide scaffolding 
Build self-efficacy through demonstration 
and practice 
Teach one thing at a time 

Murtza, Monroe, & 
Youmans, 2017 

VR Systems Synchronous body movements 
Physical space constraints 
Glitchiness 
Switch between real and virtual worlds 
Cord design 
Headset comfort 
Mental comfort 
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Rusu et al., 2011 Virtual Worlds Usability Control and Navigation 
Camera control and visualization 
Avatar customization 
Flexibility and Usability 
Communication between avatars 
Sense of ownership 

Sweetser & Wyeth, 2005 Flow in Games Concentration 
Challenge 
Player skills 
Control 
Clear goals 
Feedback 
Immersion 
Social interaction 

Solano et al., 2011 Interactive Digital Television Simplicity 
Physical constraints 
Extraordinary users 

Pinelle, Wong, Stach, & 
Gutwin, 2009 

Networked Multiplayer 
Games 

Simple session management 
Flexible matchmaking 
Appropriate communication 
Support coordination 
Meaningful awareness information 
Identifiable avatars 
Training for beginners 
Support social interaction 
Reduce game-based delays 
Manage bad behavior 

Pinelle, Wong, & Stach, 
2008 

Video Game Design Customizability 
Skip non-playable content 
Input mappings 
Controls 
Visual representations 

Desurvire, Caplan, & 
Toth, 2004 

Playability of games Gameplay 
Game story 
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Federoff, 2002 Video games Game interface 
Game interface and play 
Game mechanics 
Game mechanics and play 
Game play 

 

APPENDIX B 

VIRTUAL REALITY APPLICATION USABILITY STUDIES 

Author Topic Usability problems identified Heuristic mapping 

Houzange, 
Christmann, 
Gorisse, & 
Richir, 2019 

Fear as a VR 
Game 
Mechanic 

∙ Users were confused when not given 
constraints nor directive regarding model 
size 
 
∙ Users could not move the model without 
manipulating it and thus had to physically 
move around it 

User control and freedom 

Fussell et al., 
2019 

VR Tutorial ∙ Participants pushed wrong buttons/had 
trouble finding the right buttons on the 
controllers 
 
∙ Participants had problems snapping 
teleport arc to correct space 
 
∙ Participants would not move toward 
things, only reach for them, in several 
instances 

Flexibility and efficiency of use 
Visibility of system status 
Recognition rather than recall 
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Frahm, 2018 VR systems ∙ When the controller models are not 
controllers, buttons can be hard to 
remember 
 
∙ Tutorials trying to convey 3D movement 
via 2D illustrations led to confusion 
 
∙ Errors don’t always show error codes, 
they sometimes show on the desktop and 
lead to VR blindness 
 
∙ Participants felt they didn’t have enough 
guidance on how to navigate the new 
environment, said it was easy to use “once 
you figure it out” 
 
∙ Participants didn’t notice the “how to 
play” section provided in the opening 
menu 
 
∙ Those who did notice the “how to play” 
section still sometimes had problems 
interpreting the 2D illustrations 
 
∙ Participants had issues adjusting the 
volume of the game due to not being able 
to locate the button/setting for it 
 
∙ Participants saw multiple menus at a time 
and had a hard time understanding which 
menu to use to complete the given task 
 
∙ Jargon like “anti-aliasing” confused 
participants, they wanted layman’s 
descriptions for settings 
 
∙ Participants didn’t understand dodging 
since you don’t normally dodge in shooters 
on traditional platforms 
 
∙ Participants’ faces got hot and felt 
uncomfortable during play 
 
∙ Cords got tangled during play 
 
∙ Confusion when leaving the headset as 
they haven’t seen the outside world in a 
while and have moved around a lot 

Recognition rather than recall 
Consistency and standards 
Visibility of system status 
Flexibility and efficiency of use 
Aesthetic and minimalist 
design 
Match between system and 
the real world 
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Cao, Peng, & 
Hansberger, 
2019 

Usability and 
Engagement in 
Serious VR 
Games 

∙ Users needed extra time to learn VR 
controls vs keyboard and mouse, just a few 
minutes 

Consistency and standards 

Ni, Fehlings, 
& Biddiss, 
2014 

VR Therapy 
Games 

∙ Users mistook therapy avatar for child 
avatar during gameplay 
 
∙ Users wanted more variety in movements 
(i.e., fine motor as well as more lower limb 
movements, such as squats). 
 
∙ Users wanted more control over how 
long they played (i.e., wanted to save 
anywhere). 
 
∙ Users found it difficult to switch between 
profiles 
 
∙ Users wanted more variety in the walls 
and background scene, as well as more 
obstacles. 
 
∙ Needed more feedback (timer counting 
down for how long you have to hole the 
pose, quick messages that tell you if you’re 
doing well and how close you are to 
getting something right). 
 
∙ Users wanted breaks between timed sets. 

Aesthetic and minimalist 
design 
User control and freedom 
Flexibility and efficiency of use 
Visibility of system status 
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Lewis & 
Rosie, 2012 

VR 
Rehabilitation 
for Neuro 
Conditions 

∙ Hardware capabilities did not match 
software expectations 
 
∙ Some hardware was difficult for children 
with cerebral palsy to operate without the 
help of someone outside the headset. 
 
∙ Participants who were new to the 
technology (and sometimes new to their 
disability as well) found the challenge to 
be too great while learning how to operate 
the technology 
 
∙ Users wanted to see their scores 
immediately after completing rounds of 
the game, especially big score. 
 
∙ Users also wanted feedback on how the 
game was supposed to help improve their 
disabilities. 
 
∙ Participants did not want to play the 
game just to play, they wanted some form 
of physical benefit for their disabilities. 
 
∙ Users wanted to see a wide variety of 
games to choose from 

Flexibility and efficiency of use 
Match between system and 
the real world 
Visibility of system status 
User control and freedom 

Norman, 
2018 

VR Sickness and 
Human Factors 

∙ Users had difficulty looking behind them, 
whether it be turning the head or 
swiveling in the chair. 
 
∙ Perspiration fogged up the headsets 
 
∙ Participants were not familiar with how 
to make adjustments for maximum 
comfort. 
 
∙ Participants had problems with images 
being blurred 

User control and freedom 
Aesthetic and minimalist 
design 
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Richards-
Rissetto, 
Robertsson, 
von Schwerin, 
Agugario, & 
Remondino, 
2013 

Gesture-Based 
3D GIS in 
Archaeology 

∙ The system (Kinect and FAAST) had 
trouble handling people of different 
heights in the first version, fixed by 
allowing height adjustment 
 
∙ System performance decreased if the 
user wasn’t standing in the proper position 
relative to the tracker camera 
 
∙ System had trouble reading gestures that 
were made quickly. Suggested to add 
instructions displaying gestures done 
properly. 
 
∙ Lighting affected calibration of the 
system. (Not really an issue in current VR) 

Flexibility and efficiency of use 
Visibility of system status 

Ramsier, 
2019 

Usability and 
UX of a VR 
Painting App 

∙ Users had difficulty finding the art tools 
they were looking for in Tilt Brush, the 
icons didn’t convey what the tool was used 
for. 
 
∙ Did not notice there was an undo button 
until after struggling to use the eraser. 
 
∙ Trouble using the color picker to get the 
exact color participants wanted 
 
∙ Users accidentally selected the 
straightedge option and did not realize it 
was selected. 
 
∙ Trouble figuring out how to change brush 
size. 
 
∙ Some users had difficulty adjusting to the 
3D virtual environment. 
 
∙ Users sometimes expected to be in a 3D 
world but creating in 2D. 
 
∙ Some users could not find a way to create 
3D shapes in Tilt Brush. 
 
∙ Users were anxious about exiting the play 
area in the physical world. 
 
∙ Users felt uncomfortable moving through 
the art although it has no effect. 

Consistency and standards 
Aesthetic and minimalist 
design 
User control and freedom 
Flexibility and efficiency of use 
Match between system and 
the real world 
Visibility of system status 
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∙ Users struggled to understand menu 
navigation using the controllers, some 
citing trackpad issues and others proactive 
interference from 2D art interfaces. 
 
∙ Some users misunderstood the teleport 
function, some citing they thought it 
would delete their art. 
 
∙ Some participants had trouble fitting the 
HMD over their hair. 
 
∙ Multiple participants were anxious about 
stepping on/tripping over the cord, which 
prevented the user from moving as much 
as they’d want to. 
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Granados & 
Smith, 2018 

Skyrim VR 
Usability 

∙ Player status UI did not appear in 
consistent locations. 
 
∙ Names of NPCs are not displayed in an 
intuitive manner. 
 
∙ Interactive menus, including inventory, 
system menu, and character creation 
menu spawned inside of objects within the 
virtual world. 
 
∙ Some functions were mapped to buttons 
that were better suited to physical 
interactions. 
 
∙ Menu navigation controls are not 
intuitive. 
 
∙ Menus could only be navigated with one 
controller. 
 
∙ Users can move significantly faster using 
teleportation compared to natural 
locomotion. 
 
∙ Skyrim VR opens with non-player-
controlled movement which leads to VR 
sickness. 
 
∙ Experts didn’t know which controller was 
left vs right since they appeared as 
controllers and not hands in the opening 
menu, but later changed to hands.  

Aesthetic and minimalist 
design 
Flexibility and efficiency of use 
Consistency and standards 
User control and freedom 
Recognition rather than recall 
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APPENDIX C 

HEURISTIC ITEMS CONVERTED INTO CHECKLIST QUESTIONS 

Subcategory Original heuristic Developed question(s) Author(s) 

Feedback Keep the user informed 
about the condition of its 
avatar, related events, or 
relevant facts within the 
world. 

Does the UI provide all 
necessary information 
about the condition of the 
avatar? (e.g., health, 
stamina, ammunition, etc.) 
 
Is the player notified of 
relevant changes to the 
world during gameplay? 

Sweetser & 
Wyeth, 2005 

Realistic 
feedback 

The effects of the player's 
actions should be 
immediately and clearly 
visible. These effects should 
also conform to the laws of 
physics and the user's 
expectations. 

Are the effects of a player's 
actions immediately and 
clearly visible? 
 
Do the effects of player 
actions conform to the laws 
of physics and user 
expectations? 

Sutcliffe & 
Gault, 2004 

Timely 
Notifications 

A notification must arrive in 
time to be useful. 
Notifications should report 
the most current data as 
soon as the user desires it. 

Do notifications arrive in 
time to be useful to the 
player? 
 
Do notifications report the 
most current data as soon 
as the player needs it? 

Berry, 2003 

Consistent 
Displays 

The method of displaying a 
notification should be 
consistent for a level of 
notification. All high priority 
notifications should be 
consistent so the user 
knows the priority when the 
notification appears. 

Are notifications of the 
same level (i.e., importance) 
appear in a consistent 
manner? 
 
Are notifications salient? 

Berry, 2003 
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Clear 
Notifications 

Language and display 
method should target the 
users. Users should be able 
to understand at least the 
basic information the 
notification is trying to 
convey. 

Is the language used in 
notifications appropriate for 
the target audience? 
 
Are notifications displayed 
in a recognizable manner 
for the target audience? 

Berry, 2003 

Allow shortcuts 
to more 
information 

Allow users to select the 
notification in the 
appropriate way in order to 
learn more about it. 

Are players able to select 
the notification to view 
more information about it? 

Berry, 2003 

Game interface A player should always be 
able to identify their 
score/status in the game 

Is the player's score readily 
visible during play? 

Federoff, 2002 

Game interface Use sound to provide 
meaningful feedback 

Does the game provide 
meaningful audio cues? 

Federoff, 2002 

Clarity Provide the player a control 
panel that is easy to 
understand, well-organized, 
simple, and uses a clear 
language. 

Is the language used in the 
menus clear? 
 
Are menus organized in a 
simple, easy-to-understand 
fashion? 

Rusu et al., 
2011 

Build on real-
world 
knowledge 

Virtual objects (VOs) should 
behave in an expected 
manner.  
If VOs look like real-world 
objects, they should behave 
as  
real-world objects would. 

Do objects in the virtual 
world behave similarly to 
the same objects in the real 
world? If not, is the player 
notified prior to interacting 
with those objects how they 
will behave? 

Desurvire & 
Kreminski, 
2018 

Quit game Players should always have 
easy access to an "exit 
game" function. 

Does the start menu offer a 
"quit game" option? 
 
Does the "quit game" 
option include a second 
confirmation popup? 

  

Skip non-
playable 
content 

Many games include 
lengthy audio and video 
sequences, or other types 
of non-interactive content. 
Games should allow users 
to skip non-playable 

Does the game allow 
players to skip non-playable 
content? (i.e., cutscenes) 

Pinelle, Wong, 
& Stach, 2008 
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content so that it does not 
interfere with gameplay. 

Consistency A VW should be consistent 
in using language and 
concepts. Avatar’s actions 
and their effects on the 
VW’s environment should 
be coherent and consistent. 
User – avatar, as well as 
avatar – VW’s objects, 
should be consistent 

Are world reactions to 
player action consistent 
throughout the game? 

Rusu et al., 
2011 

Compatibility 
with the user's 
task and 
domain 

The virtual environment 
and behavior of objects 
should correspond as 
closely as possible to the 
player's expectation of real-
world objects, their 
behavior, and affordances 
for task action. 

Do virtual objects interact 
with each other in a manner 
consistent with the real 
world? If not, is the player 
notified of how they will 
interact? 

Sutcliffe & 
Gault, 2004 

Faithful 
viewpoints 

The visual representation of 
the virtual world should 
map to the player's normal 
perception and the 
viewpoint change should be 
rendered without delay. 

Does the map/mini-map 
reflect the player's 
perspective? 
 
Does the mini-map reorient 
with the player without 
delay? 

Sutcliffe & 
Gault, 2004 

Consistent 
departures 

When design compromises 
are used, they should be 
consistent and clearly 
marked (e.g., cross-model 
substitution and power 
actions for navigation). 

Are any deviations from 
industry standard controls 
clearly marked? 

Sutcliffe & 
Gault, 2004 

Familiarity The interface should 
provide a sense of 
familiarity, including 
between the task and 
device, and the interaction 
metaphor and functionality 

Do interfaces in the game 
follow industry standards 
for its genre and hardware? 

Maike, Neto, 
Baranauskas, 
& Goldenstein, 
2014 
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Design for 
knowledge 
transfer 

Controls and terminology 
should fit with the industry 
standard  
so that their knowledge of 
other games helps them 
learn basic  
controls faster and they can 
focus on learning unique 
features. 

Does the control scheme 
follow industry standards? 

Desurvire & 
Kreminski, 
2018 

Game interface Interfaces should be 
consistent in control, color, 
typography, and dialog 
design 

Are interfaces consistent in 
control, color, typography, 
and dialog design? 

Federoff, 2002 

Recovering 
from errors 

A VW should provide user 
appropriate mechanisms to 
recover from errors, and 
exit ways from unwanted 
situations. It should include 
clear messages, hopefully 
indicating causes and 
solutions for errors. 

Are users provided with 
appropriate mechanisms to 
recover from errors and exit 
from unwanted situations? 

Rusu et al., 
2011 

Low memory 
load 

Minimize demands on 
player memory by making 
objects, options, and 
actions visible and easily 
accessible. Also provide 
visualization that 
remembers where the 
player has visited. 

Does the map fill out as the 
player explores the virtual 
world? 
 
Are tooltips provided 
signifying how the player 
can interact with an object 
(i.e., press x to open)? 

Rusu et al., 
2011 

Avoid burden 
on memory 

Cue players to important 
information when 
necessary  
instead of making them 
recall everything on their 
own. 

Are reminders of important 
information given when that 
information becomes 
relevant? 

Desurvire & 
Kreminski, 
2018 
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Support a 
variety of 
players 

Users should enjoy the 
game regardless of their 
playstyle or  
skill level. 

Does the game support 
multiple playstyles? 
 
Is the game able to 
challenge novice and 
advanced users? 

Desurvire & 
Kreminski, 
2018 

Balance 
creative 
comfort & 
empowerment 

Give players tools to 
express themselves how 
they want. Make  
creative aspects very simple 
at the ground level so that 
novice  
players can jump right in, 
but allow for flexibility at 
higher  
levels. 

Are creative concepts 
taught using clear and 
simple language? 
 
Are creative concepts 
simple enough to be used 
by novice users? 
 
Are creative concepts 
flexible enough to be used 
in complex ways by 
advanced users? 

Desurvire & 
Kreminski, 
2018 

Switch 
between real 
and virtual 
world 

The system should be able 
to rely on itself for all 
usage; that is, keep all 
necessary user tasks and 
information within VR 
instead of creating tasks 
that the user may only be 
able to execute when the 
VR headset is taken off or 
information that can only 
be accessed by taking the 
headset off. 

Can the user perform all 
tasks required by the game 
without removing their 
HMD? 

Murtza, 
Monroe, & 
Youmans, 
2017 

Guidance There should be a balance 
between exploration and 
guidance. This maintains a 
flow for both novice and 
expert users. Shortcuts 
should also be provided for 
expert players 

Does the game offer enough 
guidance for new users to 
find their way while also 
limiting guidance so that 
users can explore the virtual 
world? 

Maike, Neto, 
Baranauskas, 
& Goldenstein, 
2014 
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Game interface Controls should be 
customizable and default to 
industry standard settings 

Can controls be remapped 
according to the user's 
preference? 

Federoff, 2002 

Streamline the 
UI 

Information on screen 
should be minimalistic and 
provide  
necessary information in a 
timely manner that allows 
the  
player to progress in the 
game. 

Does the user interface 
provide only and all 
necessary information to 
the user? 

Desurvire & 
Kreminski, 
2018 

User Interface 
Design 

The system's interface and 
hardware controls should 
have an intuitive design and 
navigation, adhering to 
usability conventions. 

Do menu and interface 
categories follow industry 
standards? 
 
Do menu and interface 
categories use clear 
language understood by the 
user? 
 
Do controls for navigating 
menus follow industry 
standards? 

Murtza, 
Monroe, & 
Youmans, 
2017 

Game interface The interface should be as 
non-intrusive as possible 

Is the user interface 
designed in a way that it 
does not interfere with 
users' view of the virtual 
world? 

Federoff, 2002 
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Game interface Minimize the menu layers 
of an interface 

Does the menu only contain 
the minimum number of 
layers? 

Federoff, 2002 

Interactability Interactable objects should 
be explicit and allow both 
temporary and permanent 
selection 

Are players able to interact 
with virtual objects using 
their choice of toggle and 
push/hold buttons? 

Maike, Neto, 
Baranauskas, 
& Goldenstein, 
2014 

Encourage 
player 
engagement 

Objects that can be 
interacted with should be 
highlighted in  
some way. Audio and visual 
cues should give a better  
understanding of where the 
player is (e.g., water sounds 
at a  
beach, rustling leaves in a 
forest). 

Are visual and audio cues 
during engagement 
consistent with comparable 
cues in the real world? 

Desurvire & 
Kreminski, 
2018 

Close 
coordination of 
action and 
representation 

The representation of the 
player in the game should 
be faithful to the player's 
actions. Response time 
between the user and 
avatar should be less than 
200 ms to avoid motion 
sickness. 

Is latency between player 
movement/action and 
virtual world 
movement/action less than 
200 ms? 
 
Is tracked movement 
accurate and precise? 

Sutcliffe & 
Gault, 2004 
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Device-Task 
compatibility 

Tasks for which the user 
interface device is going to 
be used have to be 
compatible with the 
interaction style the device 
is capable of. 

Is the hardware on which 
the game is available 
capable of completing tasks 
required by the game? 

Maike, Neto, 
Baranauskas, 
& Goldenstein, 
2014 

Physical Space 
Constraints 

The system should account 
for the real-world physical 
space users occupy when 
interacting with the system. 

Does the game notify the 
player of approaching edges 
of his/her physical play 
space? 
 
Is the game playable within 
the minimum required play 
space for the HMDs on 
which the game is available? 

Murtza, 
Monroe, & 
Youmans, 
2017 

  The representation of the 
user in the game should 
allow the user to explore 
and act in a natural manner 
and not restrict normal 
physical actions. May be 
limited by hardware. Haptic 
feedback should be 
available. 

Does the game offer haptic 
feedback to the user? 
 
Is the user's avatar able to 
move freely and naturally, 
unconstrained by the game? 

Sutcliffe & 
Gault, 2004 

Sense of 
presence 

The player's perception of 
engagement and being in a 
'real' world should be as 
natural as possible. 

Are sensory stimuli in the 
virtual world consistent with 
similar environments in the 
real world? 

Sutcliffe & 
Gault, 2004 
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Identity interaction metaphors 
should make sense 
together. The player should 
understand what the 
system can and cannot 
interpret. 

Does the user understand 
what actions the system can 
and cannot interpret? 

Maike, Neto, 
Baranauskas, 
& Goldenstein, 
2014 

Metaphor 
coherence 

Interaction metaphors 
should have a clear 
relationship with the 
functionalities they execute. 

Do interaction metaphors 
have a clear relationship 
with the functionalities they 
execute? 

Maike, Neto, 
Baranauskas, 
& Goldenstein, 
2014 

Comfort Interactions should not 
require much effort and 
should not fatigue the user 

Are repetitive actions 
avoided and, when they are 
completely necessary, not 
physically demanding? 

Maike, Neto, 
Baranauskas, 
& Goldenstein, 
2014 

Minimize 
physical side 
effects 

Players do not experience 
nausea or fatigue while 
playing a  
VR game. This can include 
nausea, eye strain, 
dizziness, and  
other negative physical 
effects. This can involve 
anything that  
forces the player to take a 
break. 

Is teleportation-style 
locomotion offered for 
those who experience VR 
sickness? 

Desurvire & 
Kreminski, 
2018 

Distinction Interaction metaphors 
should not be too similar 
and avoid confusion. 

Is it clear how the player 
can interact with the world? 
 
Are interactions with 
objects in the world similar 
to interaction with objects 
in the real world? 

Maike, Neto, 
Baranauskas, 
& Goldenstein, 
2014 
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Keep the 
player 
comfortable 

Prevent users from feeling 
uncomfortable during 
gameplay.  
Things that can jar a user 
during VR play could be 
passing  
through objects, an NPC 
walking through the player, 
or  
overwhelming moments 
when enemies jump out of 
nowhere. 

Does the game avoid jarring 
experiences (i.e. passing 
through walls, NPCs walking 
through the player, jump 
scares, etc.)? 

Desurvire & 
Kreminski, 
2018 

Provide a safe 
space 

Give the user a place to go 
that's safe, like a home 
base. This  
could be a house or spawn 
area where there are no 
enemies and  
the user can take a physical 
break from the game. 

Is there a place within the 
virtual world where the 
player is safe and can take a 
physical break from the 
game? 

Desurvire & 
Kreminski, 
2018 

Design for 
physical 
activity & 
inclusion 

Provide alternatives for 
physical mechanics of the 
games for  
those who aren't as 
physically active. 

Does the game offer 
alternatives for physical 
mechanics for those who 
aren't physically active? 

Desurvire & 
Kreminski, 
2018 

Design 
ethically 

Referring to [facilitate 
embodiment of character], 
players tend to see the 
avatars as themselves  
and they are not 
comfortable making 
unethical decisions.  
Provide ethical options for 
decisions in game. 

Does the game offer ethical, 
if any, decision options for 
the player's character? 

Desurvire & 
Kreminski, 
2018 



98 
 

98 
 

Minimize 
friction on 
phase shift 

Make transitions between 
states or modes seamless, 
not jarring. 
Make shifts obvious with 
feedback. Make sure 
players know what  
state they are in and don’t 
force them to immediately 
make  
changes to it. 

Are transitions between 
states (e.g. main menu -> 
loading screen -> game; 
town exit -> new area, etc.) 
seamless and obvious? 
 
Are players aware of what 
state they are in at any 
given time? 

Desurvire & 
Kreminski, 
2018 

Glitchiness The system should promote 
a streamlined experience by 
keeping systematic glitches 
low. 

Has the game been 
thoroughly tested for 
glitches? 
 
Have all found glitches been 
fixed? 

Murtza, 
Monroe, & 
Youmans, 
2017 

Headset 
Comfort 

The headset of the system 
should be designed to be 
comfortable for prolonged 
wear. 

Is the headset comfortable 
during prolonged use? 

Murtza, 
Monroe, & 
Youmans, 
2017 

Cord Design The cord of the system 
should be designed such 
that VR usage requires 
minimal maintenance, e.g. 
providing adequate length 
and mobility  to keep 
entanglement to a 
minimum. 

Is the headset cord long 
enough for the player to 
utilize the largest possible 
play space? 
 
Is the headset cord 
designed to avoid 
entanglement? 

Murtza, 
Monroe, & 
Youmans, 
2017 

Orientation 
and navigation 

A VW should provide full 
(customizable) information 
on avatar’s position, paths 
to a desired destination, 
and passage ways from one 
position to another 
(according to VW’s rules). 

Does the game provide 
guidance to the player's 
next goal so that he/she is 
aware of where he/she 
must go? 

Rusu et al., 
2011 
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Navigation and 
orientation 
support 

Players should always be 
able to find where they are 
in the game and return to 
known, preset positions. 
Unnatural movements such 
as passing through walls 
may help, but these actions 
have been judged to reduce 
naturalness (immersion). 

Is the player able to easily 
figure out where he/she is 
in the game in reference to 
the entire world? 
 
Is the player able to easily 
return to know, preset 
positions? 
 
Do methods for returning to 
known, preset positions 
avoid unnatural movement? 

Sutcliffe & 
Gault, 2004 

Wayfinding Users should be able to 
know where they are from 
both a big picture 
perspective and a 
microscopic perception. 

Is the player able to figure 
out where he/she is in 
reference to the immediate 
area? 

Maike, Neto, 
Baranauskas, 
& Goldenstein, 
2014 

Keep 
navigation 
simple 

Game's movement 
mechanic should be 
intuitive and  
simple. Players should 
always know how and 
where to go. 

Are navigation controls 
simple and memorable? 

Desurvire & 
Kreminski, 
2018 

Navigation 
options 

Provide options for 
navigation types including 
natural locomotion and 
teleportation, along with 
any other appropriate 
navigation options for your 
game. 

Are natural locomotion and 
teleportation offered as 
navigation options in 
addition to any game-
specific navigation options? 

  

Support for 
learning 

Active objects should be 
cued and, if necessary, 
explain themselves to 
promote learning of the 
game 

Are active objects cued to 
the player? 

Sutcliffe & 
Gault, 2004 
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Active 
exploration 

Active exploration should 
be encouraged to help the 
user learn interaction 
metaphors. 

Does the game allow 
players to use basic 
controls/mechanics that 
have not been taught yet? 

Maike, Neto, 
Baranauskas, 
& Goldenstein, 
2014 

Learnability The learning curve of the UI 
should be proportionate to 
play time. If it is meant to 
be played a lot, learning can 
take time. If not, learning 
should be almost necessary. 

Is the learning curve of the 
user interface proportionate 
to play time? 

Maike, Neto, 
Baranauskas, 
& Goldenstein, 
2014 

Game play A good game should be 
easy to learn and hard to 
master 

Is a player able to quickly 
learn the basic mechanics of 
the game? 
 
Does the game require 
progressively more 
advanced applications of 
basic mechanics? 

Desurvire & 
Wiberg, 2009 

Provide a safe 
space to learn 
(sandbox) 

Give players a sandbox area 
where they can practice 
skills  
without facing 
consequences and increase 
their confidence. 

Is there a sandbox area 
where players can practice 
skills without consequence? 

Desurvire & 
Kreminski, 
2018 

Provide 
scaffolding 

Give adequate guidance 
after the tutorial. Novice 
players may  
need tips to help them fully 
learn the mechanics. This 
also  
includes game progression 
tips. 

Does the game offer tips 
after the tutorial and 
throughout play? (e.g., 
during loading screens) 

Desurvire & 
Kreminski, 
2018 

Build self-
efficacy 
through 
demonstration 
and practice 

When introducing a 
mechanic, demonstrate it to 
the player and  
then allow them to practice 
it without consequence. 

Are mechanics introduced in 
a tutorial followed by an 
area where the player can 
practice the mechanic 
without consequence or 
with minor consequence? 

Desurvire & 
Kreminski, 
2018 
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Integrate 
learning with 
gameplay 

Include a tutorial. 
Implement teaching using 
gameplay instead  
of just text instructions on 
how to do things. Have the 
player  
use the mechanics to help 
learning. 

Does the game include an 
interactive tutorial instead 
of just text instructions? 

Desurvire & 
Kreminski, 
2018 

Teach one 
thing at a time 
(stepwise 
learning) 

Give players a learning 
experience that allows 
them to master  
a skill before moving on to a 
new one. 

Does the game allow the 
player to practice a 
mechanic before teaching a 
new one? 

Desurvire & 
Kreminski, 
2018 

Game interface Follow the trends set by the 
gaming community to 
shorten the learning curve 

Does the tutorial follow 
industry standards when 
possible? 

Federoff, 2002 

Game interface Do not expect players to 
read a manual 

Are players able to learn 
how to play the game 
without reading the 
manual? 

Federoff, 2002 

Game play Provide an interesting and 
absorbing tutorial 

Does the tutorial require 
the player to engage the 
virtual world using game 
mechanics being taught? 
(e.g., jump over this pit 
instead of jumping in place) 
 
Does the tutorial allow the 
player to practice 
mechanics in a meaningful 
environment? (e.g., 
teaching combat mechanics 
against actual enemies) 

Desurvire, 
Caplan, & 
Toth, 2004 

Provide clear 
goals 

Game should provide 
overarching goals along 
with sub-goals  
at varying levels (e.g., big 

Does the game provide a 
goal hierarchy, clearly 
marking overarching goals 
(e.g., defeat the final boss) 

Desurvire & 
Kreminski, 
2018 
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goal = beat the game, 
intermediate  
goal = save this NPC, minor 
goal = get a better sword). 

and sub-goals at varying 
levels (e.g., intermediate: 
deliver this letter, minor: 
get a better sword)? 

Make the 
player feel in 
control 

Players feel that the choices 
they make cause direct  
consequences in the game. 

Do player actions have 
direct consequences in the 
game? 

Desurvire & 
Kreminski, 
2018 

Provide 
creative 
inspiration 

Inspire users by allowing 
the them to modify and 
react to things  
that already exist in the 
virtual world. 

Is the player able to modify 
things in the virtual world? 

Desurvire & 
Kreminski, 
2018 

Two-way 
communication 

Allow players to 
communicate even if they 
are in separate rooms and 
on separate tasks 

Are players able to 
communicate with each 
other in-game? 

Maike, Neto, 
Baranauskas, 
& Goldenstein, 
2014 

Learning Let users be aware of each 
other's actions so they can 
learn from each other 

Can players see other 
players' actions in order to 
learn from them? 

Maike, Neto, 
Baranauskas, 
& Goldenstein, 
2014 

Facilitate social 
connection 

Utilize social interaction in 
the game. In multiplayer, 
allow  
players to share things (e.g., 
parties, trading, etc.). In 
single- 
player, allow the user to 
interact with NPCs in a way 
that builds  
social connections. 

If your game has 
multiplayer, are players able 
to join the same party? 
 
If your game has 
multiplayer, are players able 
to trade? 

Desurvire & 
Kreminski, 
2018 
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Facilitate 
performance & 
social creativity 

Allow users to create 
collaboratively. Make sure 
they are  
comfortable creating in 
front of other players. 

If your game has 
multiplayer, are players able 
to collaboratively create 
things? 

Desurvire & 
Kreminski, 
2018 

Be aware of 
the first-time 
halo effect 

Players may be caught in 
awe of a game and not 
notice any  
flaws in the early stages of 
gameplay. Allow the player 
to play  
for a while before 
performing evaluations. 

Are any evaluations 
gathered by the game given 
after at least 2 hours of 
gameplay to avoid the first-
time halo effect? 

Desurvire & 
Kreminski, 
2018 

Game 
mechanics and 
play 

Get the player involved 
quickly and easily 

Is the time between starting 
the game and the player 
taking control kept to a 
minimum? 

Federoff, 2002 

Game play There should be variable 
difficulty level 

Are multiple difficulty levels 
available? 

Federoff, 2002 

Game play The game should be 
balanced so that there is no 
definite way to win 

Does the game support 
multiple approaches to 
winning? 

Federoff, 2002 

Game play the game should give 
rewards 

Does the game reward the 
player? 

Federoff, 2002 
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CHECKLIST QUESTION DETERMINATIONS (KEEP, ADAPT, OR ELIMINATE) 

VRG1 Visibility of System Status 
(3) Critical 

  Aspect of 
Feature 
covered 

 Subcategory Description Action Question(s) Heuristic 
Set 

Memorability
, Usable, 
Simplicity, 
Communicati
on 

 Feedback Keep the user 
informed about 
the condition of 
its avatar, 
related events, 
or relevant facts 
within the 
world. 

Keep Does the UI provide 
all necessary 
information about 
the condition of the 
avatar? (e.g. health, 
stamina, 
ammunition, etc.) 
 
Is the player notified 
of relevant changes 
to the world during 
gameplay? 

Sweetser 
& Wyeth, 
2005 

  

 Feedback The system 
informs the 
user when it 
has any object 
of the VW 
under his 
possession (like 
money, 
elements, etc.) 

Keep Does the system 
informs the user 
when it has any 
object of the VW 
under his possession 
(like money, 
elements, etc.)? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

 Realistic 
feedback 

The effects of 
the player’s 
actions should 
be immediately 
and clearly 
visible. These 
effects should 
also conform to 
the laws of 
physics and the 
user’s 
expectations. 

Keep Are the effects of a 
player’s actions 
immediately and 
clearly visible? 
 
Do the effects of 
player actions 
conform to the laws 
of physics and user 
expectations? 

Sutcliffe & 
Gault, 
2004 
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 Provide 
feedback 

When the 
player interacts 
with the 
environment, 
there  
should be 
immediate 
feedback that 
helps them 
understand  
how they affect 
the game 
world. 

Eliminate 
(redundan
t) 

  Desurvire 
& 
Kreminski, 
2018 

  

 Timely 
Notifications 

A notification 
must arrive in 
time to be 
useful. 
105intermediat
e105 should 
report the most 
current data as 
soon as the 
user desires it. 

Keep Do notifications 
arrive in time to be 
useful to the player? 
 
Do notifications 
report the most 
current data as soon 
as the player needs 
it? 

Berry, 
2003 

  

 Consistent 
Displays 

The method of 
displaying a 
notification 
should be 
consistent for a 
level of 
notification. All 
high 105level 
notifications 
should be 
consistent so 
the user knows 
the priority 
when the 
notification 
appears. 

Keep Are notifications of 
the same level (i.e., 
importance) appear 
in a consistent 
manner? 
 
Are notifications 
salient? 

Berry, 
2003 

  

 Clear 
Notifications 

Language and 
display method 
should target 
the users. Users 
should be able 
to understand 
at least the 
basic 
information the 

Keep Is the language used 
in notifications 
appropriate for the 
target audience? 
 
Are notifications 
displayed in a 
recognizable manner 

Berry, 
2003 
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notification is 
trying to 
convey. 

for the target 
audience? 

   The VW informs 
when a 
message from 
another user is 
received. 

Adapt 
(combine 
with 
above 
heuristic) 

  Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

 Allow shortcuts 
to more 
information 

Allow users to 
select the 
notification in 
the appropriate 
way in order to 
learn more 
about it. 

Keep Are players able to 
select the 
notification to view 
more information 
about it? 

Berry, 
2003 

  

 Show player 
status & world 
state 

Players should 
be able to see 
their current 
state (health,  
mana, etc.). 
They should 
easily be able to 
tell the aspects  
of the world 
they are in (e.g. 
weather, 
safe/dangerous, 
etc.) 

Adapt 
(turn into 
question) 

  Desurvire 
& 
Kreminski, 
2018 

  

 Game interface A player should 
always be able 
to identify their 
score/status in 
the game 

Keep Is the player’s score 
readily visible during 
play? 

Federoff, 
2002 

  

 Game interface Use sound to 
provide 
meaningful 
feedback 

Keep Does the game 
provide meaningful 
audio cues? 

Federoff, 
2002 

  

VRG2 Match Between System and the Real World 
(2) Important 

   Aspect of 
Feature 
Covered 

 Heuristic Description   Question(s)   Learnability, 
Immersion 
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 Clarity Provide the 
player a control 
panel that is 
easy to 
understand, 
well-organized, 
simple, and 
uses a clear 
language. 

Adapt 
(heuristic, 
turn into 
question) 

Is the language used 
in the menus clear? 
 
Are menus organized 
in a simple, easy-to-
understand fashion? 

Rusu et al., 
2011 

  

 When the user 
needs to 
choose among 
different 
options, the 
alternatives are 
not ambiguous. 

Keep When multiple 
options are 
presented to the 
user, are the 
alternatives clear 
and not ambiguous? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

 Build on real-
world 
knowledge 

Virtual objects 
(Vos) should 
behave in an 
expected 
manner.  
If Vos look like 
real-world 
objects, they 
should behave 
as  
real-world 
objects would. 

Adapt 
(heuristic, 
turn into 
question) 

Do objects in the 
virtual world behave 
similarly to the same 
objects in the real 
world? If not, is the 
player notified prior 
to interacting with 
those objects how 
they will behave? 

Desurvire 
& 
Kreminski, 
2018 

  

VRG3 User Control and Freedom 
(2) Important 

   Aspect of 
Feature 
Covered 

 Heuristic Description   Question(s)   User Control 
and Freedom 

 Quit game Players should 
always have 
easy access to 
an “exit game” 
function. 

Keep Does the start menu 
offer a “quit game” 
option? 
 
Does the “quit 
game” option 
include a second 
confirmation popup? 

    

 Game 
mechanics 

Feedback 
should be given 
immediately to 
display user 
control 

Eliminate 
(redundan
t) 

  Federoff, 
2002 
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 Skip non-
playable 
content 

Many games 
include lengthy 
audio and video 
sequences, or 
other types of 
non-interactive 
content. Games 
should allow 
users to skip 
non-playable 
content so that 
it does not 
interfere with 
gameplay. 

Keep Does the game allow 
players to skip non-
playable content? 
(i.e. cutscenes) 

Pinelle, 
Wong, & 
Stach, 
2008 

  

VRG4 Consistency and Standards 
(2) Important 

   Aspect of 
Feature 
Covered 

 Heuristic Description   Question(s)   Learnability, 
Effectiveness
, Immersion
  

 Consistency A VW should be 
consistent in 
using language 
and concepts. 
Avatar’s actions 
and their 
effects on the 
VW’s 
environment 
should be 
coherent and 
consistent. User 
– avatar, as well 
as avatar – 
VW’s objects, 
should be 
consistent 

Adapt 
(adjust to 
avoid 
redundanc
y) 

Are world reactions 
to player action 
consistent 
throughout the 
game? 

Rusu et al., 
2011 

  

 All the elements 
of the interface, 
besides the 
dialogues of the 
NPCs (Non-
Player 
Characters) can 
be found in the 
same language. 

Keep Are all elements of 
the interface (except 
NPC dialogues) 
shown in the same 
language? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 
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 Communication 
between 
avatars 

Interaction in 
the game 
should be 
analogous to 
the real world. 
Interaction 
should be easy, 
intuitive, and 
clear to the 
emitter and 
receptor. 

Keep Is communication 
between the player 
avatar and other 
avatars clear and 
intuitive? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

 Sense of 
ownership 

Physical rules of 
the real world 
should be 
maintained 
unless 
otherwise 
clearly and 
immediately 
specified to the 
player. 

Keep Do virtual objects 
follow real world 
laws of physics? If 
not, is the player 
notified prior to 
interacting with 
those objects? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

 Compatibility 
with the user’s 
task and 
domain 

The virtual 
environment 
and behavior of 
objects should 
correspond as 
closely as 
possible to the 
player’s 
expectation of 
real-world 
objects, their 
behavior, and 
affordances for 
task action. 

Keep Do virtual objects 
interact with each 
other in a manner 
consistent with the 
real world? If not, is 
the player notified of 
how they will 
interact? 

Sutcliffe & 
Gault, 
2004 

  

 Faithful 
viewpoints 

The visual 
representation 
of the virtual 
world should 
map to the 
player’s normal 
perception and 
the viewpoint 
change should 
be rendered 
without delay. 

Keep Does the map/mini-
map reflect the 
player’s perspective? 
 
Does the mini-map 
reorient with the 
player without 
delay? 

Sutcliffe & 
Gault, 
2004 
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 Consistent 
departures 

When design 
compromises 
are used, they 
should be 
consistent and 
clearly marked 
(e.g. cross-
model 
substitution and 
power actions 
for navigation). 

Keep Are any deviations 
from industry 
standard controls 
clearly marked? 

Sutcliffe & 
Gault, 
2004 

  

 Familiarity The interface 
should provide 
a sense of 
familiarity, 
including 
between the 
task and device, 
and the 
interaction 
metaphor and 
functionality 

Keep Do interfaces in the 
game follow industry 
standards for its 
genre and 
hardware? 

Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 

  

 Design for 
knowledge 
transfer 

Controls and 
terminology 
should fit with 
the industry 
standard  
so that their 
knowledge of 
other games 
help them learn 
basic  
controls faster 
and they can 
focus on 
learning unique 
features. 

Keep Does the control 
scheme follow 
industry standards? 

Desurvire 
& 
Kreminski, 
2018 

  

 Game interface Interfaces 
should be 
consistent in 
control, color, 
typography, 
and dialog 
design 

Keep Are interfaces 
consistent in control, 
color, typography, 
and dialog design? 

Federoff, 
2002 

  

VRG5 Error Prevention 
(2) Important 

   Aspect of 
Feature 
Covered 
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 Heuristic Description   Question(s)   Emotion 

 Error 
prevention 

Prevent users 
from making 
unnecessary 
mistakes or 
creating 
undesired 
situations 
related to the 
interface or 
game. 

Keep Does the game 
provide information 
signaling the 
possibility of a 
serious error? 
 
Is progress protected 
through autosaves or 
warnings when 
leaving the game? 
 
Are secondary 
confirmations 
required for 
important actions 
(i.e. save, quit, 
actions drastically 
affecting 
story/gameplay, 
etc.)? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

 Prevent player 
error 

When players 
must complete 
an action in a 
menu or  
other UI, use 
constraints, 
suggestions, 
confirmation  
messages, and 
other helpful 
mechanics to 
prevent the  
user from 
making 
mistakes. 

Eliminate 
(redundan
t) 

  Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

 Recovering fom 
errors 

A VW should 
provide user 
appropriate 
mechanisms to 
recover from 
errors, and exit 
ways from 
unwanted 
situations. It 
should include 
clear messages, 

Keep Are users provided 
with appropriate 
mechanisms to 
recover from errors 
and exit from 
unwanted 
situations? 

Rusu et al., 
2011 
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hopefully 
indicating 
causes and 
solutions for 
errors. 

 Help users 
recover from 
errors 

Provide the 
player with 
tools to recover 
from system 
errors or 
undesired 
situations 
created within 
the game. 

Keep Does the system 
provide a second 
confirmation before 
performing major 
actions (i.e. quitting 
game, overwriting 
save file, etc.)? 
 
Does the system 
allow the player to 
load a previous save 
file at any time? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

VRG6 Recognition Rather than Recall  
(3) Critical 

   Aspect of 
Feature 
Covered 

 Heuristic Description   Question(s)   Learnability, 
Effectiveness 

 Low memory 
load 

Minimize 
demands on 
player memory 
by making 
objects, 
options, and 
actions visible 
and easily 
accessible. Also 
provide 
visualization 
that remembers 
where the 
player has 
visited. 

Keep Does the map fill out 
as the player 
explores the virtual 
world? 
 
Are tooltips provided 
signifying how the 
player can interact 
with an object (i.e. 
press x to open)? 

Rusu et al., 
2011 

  

 Avoid burden 
on memory 

Cue players to 
important 
information 
when necessary  
instead of 
making them 
recall 

Keep Are reminders of 
important 
information given 
when that 
information 
becomes relevant? 

Desurvire 
& 
Kreminski, 
2018 
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everything on 
their own. 

VRG7 Flexibility and Efficiency of Use 
(3) Critical 

   Aspect of 
Feature 
Covered 

 Heuristic Description   Question(s)   Satisfaction, 
Effectiveness
, Motivation 

 Flexibility and 
efficiency of 
use 

Provide 
accelerators for 
common 
actions and 
allow the player 
to define his 
own 
accelerators. 
Also allow 
players to 
change 
interface 
options, 
allowing 
advanced users 
to make 
interaction 
more efficient. 

Keep Are accelerators 
provided for 
common actions? 
 
Can the player 
define his/her own 
accelerators? 
 
Is the player able to 
modify the user 
interface to fit 
his/her needs? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

 Support a 
variety of 
players 

Users should 
enjoy the game 
regardless of 
their playstyle 
or  
skill level. 

Keep Does the game 
support multiple 
playstyles? 
 
Is the game able to 
challenge novice and 
advanced users? 

Desurvire 
& 
Kreminski, 
2018 

  

 Balance 
creative 
comfort & 
empowerment 

Give players 
tools to express 
themselves how 
they want. 
Make  
creative aspects 
very simple at 
the ground 
level so that 
novice  
players can 
jump right in, 

Keep Are creative 
concepts taught 
using clear and 
simple language? 
 
Are creative 
concepts simple 
enough to be used 
by novice users? 
 
Are creative 
concepts flexible 

Desurvire 
& 
Kreminski, 
2018 

  



114 
 

114 
 

but allow for 
flexibility at 
higher  
levels. 

enough to be used in 
complex ways by 
advanced users? 

 Switch 
between real 
and virtual 
world 

The system 
should be able 
to rely on itself 
for all usage; 
that is, keep all 
necessary user 
tasks and 
information 
within VR 
instead of 
creating tasks 
that the user 
may only be 
able to execute 
when the VR 
headset is taken 
off or 
information 
that can only be 
accessed by 
taking the 
headset off. 

Keep Can the user 
perform all tasks 
required by the 
game without 
removing their 
HMD? 

Murtza, 
Monroe, & 
Youmans, 
2017 

  

 Guidance There should be 
a balance 
between 
exploration and 
guidance. This 
maintains a 
flow for both 
novice and 
expert users. 
Shortcuts 
should also be 
provided for 
expert players 

Keep Does the game offer 
enough guidance for 
new users to find 
their way while also 
limiting guidance so 
that users can 
explore the virtual 
world? 

Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 
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 Game interface Controls should 
be customizable 
and default to 
industry 
standard 
settings 

Keep Can controls be 
remapped according 
to the user’s 
preference? 

Federoff, 
2002 

  

 Game play Allow players to 
build content 

Eliminate 
(too 
game-type 
specific) 

  Federoff, 
2002 

  

VRG8 Aesthetic and Minimalist Design 
(2) Important 

   Aspect of 
Feature 
Covered 

 Heuristic Description   Question(s)   Satisfaction, 
Immersion, 
Emotion 

 Streamline the 
UI 

Information on 
screen should 
be minimalistic 
and provide  
necessary 
information in a 
timely manner 
that allows the  
player to 
progress in the 
game. 

Keep Does the user 
interface provide 
only and all 
necessary 
information to the 
user? 

Desurvire 
& 
Kreminski, 
2018 

  

 User Interface 
Design 

The system’s 
interface and 
hardware 
controls should 
have an 
intuitive design 
and navigation, 
adhering to 
usability 
conventions. 

Keep Do menu and 
interface categories 
follow industry 
standards? 
 
Do menu and 
interface categories 
use clear language 
understood by the 
user? 
 
Do controls for 
navigating menus 
follow industry 
standards? 

Murtza, 
Monroe, & 
Youmans, 
2017 

  

 Game interface The interface 
should be as 
non-intrusive as 
possible 

Keep Is the user interface 
designed in a way 
that it does not 
interfere with users’ 

Federoff, 
2002 
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view of the virtual 
world? 

 Game interface For PC games, 
consider hiding 
the main 
computer 
interface during 
gameplay 

Eliminate 
(refers to 
obsolete 
tech) 

  Federoff, 
2002 

  

 Game interface Minimize the 
menu layers of 
an interface 

Keep Does the menu only 
contain the 
minimum number of 
layers? 

Federoff, 
2002 

  

 Game interface Minimize 
control options 

Eliminate 
(redundan
t) 

  Federoff, 
2002 

  

             

VRG9 Help and Documentation 
(2) Important 

   Aspect of 
Feature 
Covered 

 Heuristic Description   Question(s)   Learnability, 
Effectiveness 

 Help and 
documentation 

Give the player 
relevant 
information not 
only online but 
within the 
virtual world. 
This 
information 
should be easily 
accessible in 
the player’s 
language. 

Adapt 
(split into 
2 
questions) 

Is the player able to 
access and review 
tutorials and 
documentation from 
the menu at any 
time? 
 
Is documentation 
accessible in the 
user’s language? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

 Let players 
review what 
they’ve learned 

Give players 
easy access to 
prior taught 
concepts (e.g.  
access to 
tutorials, 
mechanics 
manual, etc.) 

Keep   Desurvire 
& 
Kreminski, 
2018 

  

VRG10 Interaction 
(3) Critical 

   Aspect of 
Feature 
Covered 
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 Heuristic Description   Question(s)   Satisfaction, 
Effectiveness
, immersion 

 Interaction 
within the 
world 

Clearly indicate 
to the player 
which objects 
can be 
interacted with 
and which 
cannot. Also 
indicate what 
actions can be 
carried out with 
interactable 
objects. 

Keep Does the system 
notify the user when 
he/she is able to 
interact with an 
object? 
 
Does the system 
notify the user of 
how he/she may 
interact with an 
interactable object? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

 Interactability Interactable 
objects should 
be explicit and 
allow both 
temporary and 
permanent 
selection 

Keep Are players able to 
interact with virtual 
objects using their 
choice of toggle and 
push/hold buttons? 

Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 

  

 Engagement Provide 
immersion 
during the 
interaction, at 
the same time 
allowing for 
easy 
information 
acquiring and 
integration. 

Eliminate 
(redundan
t) 

  Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 

  

 Encourage 
player 
engagement 

Objects that can 
be interacted 
with should be 
highlighted in  
some way. 
Audio and 
visual cues 
should give a 
better  
understanding 
of where the 
player is (e.g. 
water sounds at 
a  
beach, rustling 

Keep Are visual and audio 
cues during 
engagement 
consistent with 
comparable cues in 
the real world? 

Desurvire 
& 
Kreminski, 
2018 
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leaves in a 
forest). 

 Close 
coordination of 
action and 
representation 

The 
representation 
of the player in 
the game 
should be 
faithful to the 
player’s actions. 
Reaction118 
time 
118118betwee
n user and 
avatar should 
be less than 200 
ms to avoid 
motion 
sickness. 

Keep Is latency between 
player 
movement/action 
and virtual world 
movement/action 
less than 200 ms? 
 
Is tracked movement 
accurate and 
precise? 

Sutcliffe & 
Gault, 
2004 

  

 Accuracy Input by the 
player should 
be accurately 
detected and 
tracked 

Eliminate 
(obsolete) 

  Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 

  

 Responsiveness Execution of 
player input 
should be in 
real time 

Eliminate 
(obsolete) 

  Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 

  

 Device-Task 
compatibility 

Tasks for which 
the user 
interface device 
is going to be 
used have to be 
compatible with 
the interaction 
style the device 
is capable of. 

Keep Is the hardware on 
which the game is 
available capable of 
completing tasks 
required by the 
game? 

Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 
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 Physical Space 
Constraints 

The system 
should account 
for the real-
world physical 
space users’ 
occupy when 
interacting with 
the system. 

Keep Does the game 
notify the player of 
approaching edges 
of his/her physical 
play space? 
 
Is the game playable 
within the minimum 
required play space 
for the HMDs on 
which the game is 
available? 

Murtza, 
Monroe, & 
Youmans, 
2017 

  

   The 
representation 
of the user in 
the game 
should allow 
the user to 
explore and act 
in a natural 
manner and not 
restrict normal 
physical 
actions. May be 
limited by 
hardware. 
Haptic feedback 
should be 
available. 

Keep Does the game offer 
haptic feedback to 
the user? 
 
Is the user’s avatar 
able to move freely 
and naturally, 
unconstrained by the 
game? 

Sutcliffe & 
Gault, 
2004 

  

 Sense of 
presence 

The player’s 
perception of 
engagement 
and being in a 
‘real’ world 
should be as 
natural as 
possible. 

Keep Are sensory stimuli 
in the virtual world 
consistent with 
similar environments 
in the real world? 

Sutcliffe & 
Gault, 
2004 

  

 Identity interaction 
metaphors 
should make 
sense together. 
The player 
should 
understand 
what the 
system can and 
cannot 
interpret. 

Keep Does the user 
understand what 
actions the system 
can and cannot 
interpret? 

Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 
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 Metaphor 
coherence 

Interaction 
metaphors 
should have a 
clear 
relationship 
with the 
functionalities 
they execute. 

Keep Do interaction 
metaphors have a 
clear relationship 
with the 
functionalities they 
execute? 

Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 

  

VRG11 Comfort 
(3) Critical 

  Aspect of 
Feature 
Covered 

 Heuristic Description   Question(s)   Satisfaction, 
Immersion, 
Motivation 

 Comfort Interactions 
should not 
require much 
effort and 
should not 
fatigue the user 

Keep Are repetitive 
actions avoided and, 
when they are 
completely 
necessary, not 
physically 
demanding? 

Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 

  

 Minimize 
physical side 
effects 

Players do not 
experience 
nausea or 
fatigue while 
playing a  
VR game. This 
can include 
nausea, eye 
strain, dizziness, 
and  
other negative 
physical effects. 
This can involve 
anything that  
forces the 
player to take a 
break. 

Keep Is teleportation-style 
locomotion offered 
for those who 
experience VR 
sickness?  

Desurvire 
& 
Kreminski, 
2018 

  

 Distinction Interaction 
metaphors 
should not be 
too similar and 
avoid 
confusion. 

Keep Is it clear how the 
player can interact 
with the world? 
 
Are interactions with 
objects in the world 
similar to interaction 
with objects in the 
real world? 

Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 
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 Keep the player 
comfortable 

Prevent users 
from feeling 
uncomfortable 
during 
gameplay.  
Things that can 
jar a user during 
VR play could 
be passing  
through 
objects, an NPC 
walking through 
the player, or  
overwhelming 
moments when 
enemies jump 
out of nowhere. 

Keep Does the game avoid 
jarring experiences 
(i.e., passing through 
walls, NPCs walking 
through the player, 
jump scares, etc.)? 

Desurvire 
& 
Kreminski, 
2018 

  

 Provide a safe 
space 

Give the user a 
place to go 
that’s safe, like 
a home base. 
This  
could be a 
house or spawn 
area where 
there are no 
enemies and  
the user can 
take a physical 
break from the 
game. 

Keep Is there a place 
within the virtual 
world where the 
player is safe and 
can take a physical 
break from the 
game? 

Desurvire 
& 
Kreminski, 
2018 

  

 Design for 
physical activity 
& inclusion 

Provide 
alternatives for 
physical 
mechanics of 
the games for  
those who 
aren’t as 
physically 
active. 

Keep Does the game offer 
alternatives for 
physical mechanics 
for those who aren’t 
physically121active? 

Desurvire 
& 
Kreminski, 
2018 
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 Design ethically Referring to 
[facilitate 
embodiment of 
character], 
players tend to 
see the avatars 
as themselves  
and they are 
not comfortable 
making 
unethical 
decisions.  
Provide ethical 
options for 
decisions in 
game. 

Keep Does the game offer 
ethical, if any, 
decision options for 
the player’s 
character? 

Desurvire 
& 
Kreminski, 
2018 

  

 Minimize 
friction on 
phase shift 

Make 
transitions 
between states 
or modes 
seamless, not 
jarring. 
Make shifts 
obvious with 
feedback. Make 
sure players 
know what  
state they are in 
and I’ force 
them to 
immediately 
make  
changes to it. 

Keep Are transitions 
between states (e.g., 
main menu -> 
loading screen -> 
game; town exit -> 
new area, etc.) 
seamless and 
obvious? 
 
Are players aware of 
what state they are 
in at any given time? 

Desurvire 
& 
Kreminski, 
2018 

  

 Glitchiness The system 
should promote 
a streamlined 
experience by 
keeping 
systematic 
glitches low. 

Keep Has the game been 
thoroughly tested 
for glitches? 
 
Have all found 
glitches been fixed? 

Murtza, 
Monroe, & 
Youmans, 
2017 

  

 Mental 
Comfort 

The system 
should be 
designed to 
prevent 
sensations of 
physical illness 
during use, by 
preventing 

Eliminate 
(redundan
t) 

  Murtza, 
Monroe, & 
Youmans, 
2017 
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jarring 
movement lag, 
increasing 
realism of 
visuals, and so 
on. 

 Headset 
Comfort 

The headset of 
the system 
should be 
designed to be 
comfortable for 
prolonged 
wear. 

Keep Is the headset 
comfortable during 
prolonged use? 

Murtza, 
Monroe, & 
Youmans, 
2017 

  

 Cord Design The cord of the 
system should 
be designed 
such that VR 
usage requires 
minimal 
maintenance, 
e.g., providing 
adequate 
length and 
mobility to keep 
entanglement 
to a minimum. 

Keep Is the headset cord 
long enough for the 
player to utilize the 
largest possible play 
space? 
 
Is the headset cord 
designed to avoid 
entanglement? 

Murtza, 
Monroe, & 
Youmans, 
2017 

  

 Synchronous 
Body 
Movements 

The system and 
interface should 
stay in 
synchrony with 
human head 
and body 
movement in 
real time to 
prevent lag. 

Eliminate 
(obsolete) 

  Murtza, 
Monroe, & 
Youmans, 
2017 

  

 Orientation and 
navigation 

A VW should 
provide full 
(customizable) 
information on 
avatar’s 
position, paths 
to a desired 
destination, and 
passage ways 
from one 
position to 
another 

Adapt 
(avoid 
redundanc
y) 

Does the game 
provide guidance to 
the player’s next 
goal so that he/she is 
aware of where 
he/she must go? 

Rusu et al., 
2011 
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(according to 
VW’s rules). 

 Orientation and 
navigation 

Make 
navigation 
simple (i.e., a 
single button). 

Keep       

 Navigation and 
orientation 
support 

Players should 
always be able 
to find where 
they are in the 
game and 
return to 
known, preset 
positions. 
Unnatural 
movements 
such as passing 
through walls 
may help, but 
these actions 
have been 
judged to 
reduce 
naturalness 
(immersion). 

Keep Is the player able to 
easily figure out 
where he/she is in 
the game in 
reference to the 
entire world? 
 
Is the player able to 
easily return to 
know, preset 
124locations? 
 
Do methods for 
returning to known, 
preset positions 
avoid unnatural 
movement? 

Sutcliffe & 
Gault, 
2004 

  

 Wayfinding Users should be 
able to know 
where they are 
from both a big 
picture124 and 
a microscopic 
perception. 

Keep Is the player able to 
figure out where 
he/she is in 
reference to the 
immediate area? 

Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 

  

 Keep 
navigation 
simple 

Game’s 
movement 
mechanic 
should be 
intuitive and  
simple. Players 
should always 
know how and 
where to go. 

Adapt 
(avoid 
redundanc
y) 

Are navigation 
controls simple and 
memorable? 

Desurvire 
& 
Kreminski, 
2018 
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 Navigation 
options 

Provide options 
for navigation 
types including 
natural 
locomotion and 
teleportation, 
along with any 
other 
appropriate 
navigation 
options for your 
game. 

Keep Are natural 
locomotion and 
teleportation offered 
as navigation options 
in addition to any 
game-specific 
navigation options? 

    

VRG12 Learning 
(3) Critical 

  Aspect of 
Feature 
Covered 

 Heuristic Description   Question(s)   Learnability, 
Motivation 

 Support 
learning 

Complex 
objects should 
be 
complemented 
with definitions 
and indications 
for its use 

Keep Are complex objects 
complemented by 
definitions and 
indications of its 
use? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

 Support for 
learning 

Active objects 
should be cued 
and, if 
necessary, 
explain 
themselves to 
promote 
learning of the 
game 

Adapt 
(add to 
Support 
Learning) 

Are active objects 
cued to the player? 

Sutcliffe & 
Gault, 
2004 

  

 Active 
exploration 

Active 
exploration 
should be 
encouraged to 
help the user 
learn 
interaction 
metaphors. 

Keep  
Does the game allow 
players to use basic 
controls/mechanics 
that have not been 
taught yet? 

Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 

  

 Learnability The learning 
curve of the UI 
should be 
proportionate 
to play time. If 
it is meant to be 

Keep Is the learning curve 
of the user interface 
proportionate to 
play time? 

Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 
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played a lot, 
learning can 
take time. If 
not, learning 
should be 
almost 
necessary. 

 Game play A good game 
should be easy 
to learn and 
hard to master 

Keep Is a player able to 
quickly learn the 
basic mechanics of 
the game? 
 
Does the game 
require progressively 
more advanced 
applications of basic 
mechanics? 

Desurvire 
& Wiberg, 
2009 

  

 Provide a safe 
space to learn 
(sandbox) 

Give players a 
sandbox area 
where they can 
practice skills  
without facing 
consequences 
and increase 
their 
confidence. 

Keep Is there a sandbox 
area where players 
can practice skills 
without 
consequence? 

Desurvire 
& 
Kreminski, 
2018 

  

 Provide 
scaffolding 

Give adequate 
guidance after 
the tutorial. 
Novice players 
may  
need tips to 
help them fully 
learn the 
mechanics. This 
also  
includes game 
progression 
tips. 

Keep Does the game offer 
tips after the tutorial 
and throughout 
play? (e.g., during 
loading screens) 

Desurvire 
& 
Kreminski, 
2018 

  

 Build self-
efficacy 
through 
demonstration 
and practice 

When 
introducing a 
mechanic, 
demonstrate it 
to the player 
and  
then allow 
them to 
practice it 

Keep Are mechanics 
introduced in a 
tutorial followed by 
an area where the 
player can practice 
the mechanic 
without 
consequence or with 
minor consequence? 

Desurvire 
& 
Kreminski, 
2018 

  



127 
 

127 
 

without 
consequence. 

 Integrate 
learning with 
gameplay 

Include a 
tutorial. 
Implement 
teaching using 
gameplay 
instead  
of just text 
instructions on 
how to do 
things. Have the 
player  
actually use the 
mechanics to 
help learning. 

Keep Does the game 
include an 
interactive tutorial 
instead of just text 
instructions? 

Desurvire 
& 
Kreminski, 
2018 

  

 Teach one 
thing at a time 
(stepwise 
learning) 

Give players a 
learning 
experience that 
allows them to 
master  
a skill before 
moving on to a 
new one. 

Keep Does the game allow 
the player to 
practice a mechanic 
before teaching a 
new one? 

Desurvire 
& 
Kreminski, 
2018 

  

 Game interface Follow the 
trends set by 
the gaming 
community to 
shorten the 
learning curve 

Keep Does the tutorial 
follow industry 
standards when 
possible? 

Federoff, 
2002 

  

 Game interface Do not expect 
players to read 
a manual 

Keep Are players able to 
learn how to play the 
game without 
reading the manual? 

Federoff, 
2002 

  

 Game play The game 
should give 
hints, but not 
too many 

Keep   Desurvire, 
Caplan, & 
Toth, 2004 
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 Game play Provide an 
interesting and 
absorbing 
tutorial 

Keep Does the tutorial 
require the player to 
engage the virtual 
world using game 
mechanis being 
taught? (e.g. jump 
over this pit instead 
of jumping in place) 
 
Does the tutorial 
allow the player to 
practice mechanics 
in a meaningful 
environment? (e.g. 
teaching combat 
mechanics against 
actual enemies) 

Desurvire, 
Caplan, & 
Toth, 2004 

  

VRG13 Playability 
(3) Critical 

   Aspect of 
Feature 
Covered 

 Heuristic Description   Question(s)   Satisfaction, 
Immersion, 
Motivation, 
Socialization 

 Provide clear 
goals 

Game should 
provide 
overarching 
goals along with 
sub-goals  
at varying levels 
(e.g. big goal = 
beat the game, 
I128ntermediat
e  
goal = save this 
NPC, minor goal 
= get a better 
sword). 

Keep Does the game 
provide a goal 
hierarchy, clearly 
marking overarching 
goals (e.g. defeat the 
final boss) and sub-
goals at varying 
levels (e.g. 
intermediate: deliver 
this letter, minor: get 
a better sword)? 

Desurvire 
& 
Kreminski, 
2018 

  

 Camera control 
and 
visualization 

Allow the player 
to determine 
level and 
quality of 
texture, visual 
effects, or 
objects with a 
pure aesthetic 
purpose. Also 
allow the player 

Keep Are there options to 
adjust resolution, 
texture quality, and 
other visual 
components? 
 
Is the player able to 
control the camera? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 
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to control the 
camera. 

 Avatar 
customization 

The system 
allows the user 
to change the 
aspect of his 
avatar without 
using external 
elements as 
ornaments, 
clothes, and 
others. 

Adapt 
(include 
predefine
d avatars) 

Is the player able to 
customize his/her 
own avatar? If not, is 
the player given a 
group of different 
avatars to choose 
from? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

   The system 
allows the user 
to change the 
aspect of his 
avatar at any 
time. 

Keep Does the system 
allow the user to 
change the aspect of 
his avatar at any 
time? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

   The system also 
allows the user 
to change the 
aspect of his 
avatar using 
external 
elements as 
ornaments, 
clothes, and 
others 

Keep Does the system 
allow the user to 
change the aspect of 
his avatar using 
external elements as 
ornaments, clothes, 
and others? 

Muñoz, 
Barcelos, 
& 
Chalegre, 
2011 

  

 Make the 
player feel in 
control 

Players feel that 
the choices 
they make 
cause direct  
consequences 
in the game. 

Keep Do player actions 
have direct 
consequences in the 
game? 

Desurvire 
& 
Kreminski, 
2018 

  

 Provide 
creative 
inspiration 

Inspire users by 
allowing the 
them to modify 
and react to 
things  
that already 
exist in the 
virtual world. 

Keep Is the player able to 
modify things in the 
virtual world? 

Desurvire 
& 
Kreminski, 
2018 
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 Two-way 
communication 

Allow players to 
communicate 
even if they are 
in separate 
rooms and on 
separate tasks 

Keep Are players able to 
communicate with 
each other in-game? 

Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 

  

 Learning Let users be 
aware of each 
other’s actions 
so they can 
learn from each 
other 

Keep Can players see 
other players’ 
actions in order to 
learn from them? 

Maike, 
Neto, 
Baranausk
as, & 
Goldenstei
n, 2014 

  

 Facilitate social 
connection 

Utilize social 
interaction in 
the game. In 
multiplayer, 
allow  
players to share 
things (e.g., 
parties, trading, 
etc.). In single- 
player, allow 
the user to 
interact with 
NPCs in a way 
that builds  
social 
connections. 

Keep  
If your game has 
multiplayer, are 
players able to join 
the same party? 
 
If your game has 
multiplayer, are 
players able to 
trade? 

Desurvire 
& 
Kreminski, 
2018 

  

 Facilitate 
performance & 
social creativity 

Allow users to 
create 
collaboratively. 
Make sure they 
are  
comfortable 
creating in front 
of other 
players. 

Keep If your game has 
multiplayer, are 
players able to 
collaboratively 
create things? 

Desurvire 
& 
Kreminski, 
2018 

  

 Be aware of the 
first-time halo 
effect 

Players may be 
caught in awe 
of a game and 
not notice any  
flaws in the 
early stages of 
gameplay. 
Allow the player 
to play  
for a while 
before 

Keep Are any evaluations 
gathered by the 
game given after at 
least 2 hours of 
gameplay to avoid 
the first-time halo 
effect? 

Desurvire 
& 
Kreminski, 
2018 
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performing 
evaluations. 

 Game 
mechanics and 
play 

Get the player 
involved quickly 
and easily 

Keep Is the time between 
starting the game 
and the player taking 
control kept to a 
minimum? 

Federoff, 
2002 

  

 Game play There should be 
variable 
difficulty level 

Keep Are multiple 
difficulty levels 
available? 

Federoff, 
2002 

  

 Game play The game 
should be 
balanced so 
that there is no 
definite way to 
win 

Keep Does the game 
support multiple 
approaches to 
winning? 

Federoff, 
2002 

  

 Game play Play should be 
fair 

Eliminate 
(subjective
) 

  Federoff, 
2002 

  

 Game play the game 
should give 
rewards 

Keep Does the game 
reward the player? 

Federoff, 
2002 

  

 

APPENDIX E 

FORMAL SPECIFICATION OF NEW HEURISTICS 

ID VRG1 

Priority (3) Critical 

Name Visibility of System Status 

Definition The system should always keep users informed about what is going on, through 
appropriate feedback within reasonable time. 
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Explanation This heuristic seeks to evaluate feedback given by the game and the game’s 
ability to notify the user of various state changes. If anything changes within the 
game, such as status changes for the main character, world changes, etc., or 
anything happens to the game, such as game crashes or data corruptions, the 
game should provide immediate feedback notifying the user of these changes. 
The game should also provide feedback on user actions to indicate whether or 
not those actions were successful. This can help users trust the game nd feel 
confident in their knowledge of the status of the game and its contents. 

Application Feature Game mechanics, game play 

Examples Violation example: A player is afflicted with a poison effect but receives no 
indication that his/her character is inflicted and taking damage and dies as a 
result. 
 
Compliance example: When a character increases in level, the system provides a 
notification telling the player the level has increased. 

Benefits Users will stay informed about various states of the game, which will help them 
navigate the game. Providing feedback will also prevent players from getting 
confused and lost when parts of the game change. 

Problems A lack of feedback and information about the system could cause confusion and 
frustration for users. 

Checklist   

Usability/UX 
Factors 

Effectiveness, Efficiency, Satisfaction, Learnability, Memorability, Findable 

Set of heuristics 
related 

Flow in Games (Sweetser & Wyeth, 2005); Virtual Worlds (Muñoz, Barcelos, & 
Chalegre, 2011); VR Games (Desurvire & Kreminski, 2018); Notifications (Berry, 
2003); Video Games (Federoff, 2002) 

 

ID VRG2 

Priority (2) Important 

Name Match Between System and the Real World 

Definition The system should speak the users’ language, with words, phrases and concepts 
familiar to the user, rather than system-oriented terms. Follow real-world 
conventions, making information appear in a natural and logical order. 
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Explanation This heuristic seeks to evaluate the ability of the system to meet user 
expectations. If a user feels he/she understands the system, but the system acts 
in an unexpected way, it could be jarring. 

Application Feature Learnability, Immersion 

Examples Violation example: If a player sees a red barrel with a fire symbol on it and that 
barrel spills out water when destroyed, the user could be confused, as that 
object typically will explode when destroyed. 
 
Compliance example: A door has a knob on it and opens if you grab the knob and 
pull. 

Benefits Users will be able to comfortably navigate the world as they would the real 
world. Because interactions in VR are more closely tied to the real-world as a 
result of physical interaction, users will naturally understand how to interact with 
things in the virtual worlds more easily. 

Problems If users have the ability to physically interact with virtual objects but those 
objects don’t behave the same way as they would in the real-world, the user will 
have to relearn how to interact with that object, which can be frustrating. 

Checklist   

Usability/UX 
Factors 

Context of Use, Learnability 

Set of heuristics 
related 

Virtual Worlds (Muñoz, Barcelos, & Chalegre, 2011); Virtual Worlds Usability 
(Rusu et al, 2011); VR Games (Desurvire * Kreminski, 2018) 

 

ID VRG3 

Priority (2) Important 

Name User Control and Freedom 

Definition Users often choose system functions by mistake and will need a clearly marked 
“emergency exit” to leave the unwanted state without having to go through an 
extended dialogue. Support undo and redo. 

Explanation This heuristic seeks to evaluate how the system allows the user to control when 
play begins and ends, as well as how the user can play. The system should allow 
users to quit the game whenever they choose. The virtual world should also be 
affected by the user’s actions and the user should be aware of those effects. 
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Application Feature Satisfaction, Immersion, Motivation 

Examples Violation example: A player kills an NPC guiding him/her on a quest, but the 
quest still gives guidance on how to complete it. 
 
Compliance example: The menu offers a “quit game” option that can be accessed 
by the player at any time. 

Benefits Users will feel they may exert any amount of effort in order to play the game. 
Even if they want to play for a short period, they feel they may play as long as 
they want and they can play however they choose. 

Problems If users feel they must put in a “minimum” effort (i.e. play for a certain amount 
of time before they can quit), they may elect to not play at all. Further, if users 
feel they are being forced into a specific playstyle, it can reduce their motivation 
to play. 

Checklist   

Usability/UX 
Factors 

Effectiveness, Satisfaction, Useful, Desirable 

Set of heuristics 
related 

Video Game Design (Pinelle, Wong, & Stach, 2008); Video Games (Federoff, 
2002) 

 

ID VRG4 

Priority (2) Important 

Name Consistency and Standards 

Definition Users should not have to wonder whether different words, situations, or actions 
mean the same thing. Follow platform conventions 

Explanation This heuristic seeks to evaluate the game’s consistency within itself and its 
domain. In order to support learning, games should maintain consistent controls, 
language, etc. This includes throughout the entire game and across the game’s 
genre/domain. For example, if every other shooter uses the left mouse button to 
shoot, then the current game should also use the left mouse button to shoot. 

Application Feature Learnability, Effectiveness, Immersion 

Examples Violation example: A VR first-person shooter game using the grip buttons to fire a 
gun although the industry standard is to use the controller trigger. 
 
Compliance example: The minimap and the perspective of the user are facing the 
same direction. 
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Benefits Users will more easily learn and master the game if it is consistent with other 
games of similar genres. Maintaining consistency throughout the game will allow 
players to master that particular game as well, which can improve the likelihood 
of users experiencing immersion. 
 
 
 
 
 
 
 
 
 
  

Problems If users are forced to relearn previously understood basic concepts (i.e. the 
controller trigger fires the weapon), it can be difficult to master controls and will 
affect play in other games as well, which can be frustrating. Users are already 
required to learn mechanics unique to the current game and should not have to 
learn mechanics that are available in every game of that genre. 

Checklist   

Usability/UX 
Factors 

Efficiency, Context of Use, Learnability, Memorability, Usable 

Set of heuristics 
related 

Virtual Worlds (Muñoz, Barcelos, & Chalegre, 2011); Virtual Reality Worlds 
(Sutcliffe & Gault, 2004); Natural User Interfaces on the Kinect (Maike, Neto, 
Baranauskas, & Goldenstein, 2014); VR Games (Desurvire & Kreminski, 2018); 
Video Games (Federoff, 2002); Virtual Worlds Usability (Rusu et al, 2011) 

 

ID VRG5 

Priority (2) Important 

Name Error Prevention and Recovery 

Definition Even better than good error messages is a careful design which prevents a 
problem from occurring in the first place. However, when errors do occur, the 
system should help the user recover from those errors. 

Explanation Fatal errors can lead to a lot of user frustration, so the system should be 
designed to prevent users from making these errors. 

Application Feature Emotion 
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Examples Violation example: Users are able to quit the game without saving with no 
secondary warning, so a user loses  all of his/her progress from a play session by 
accidentally quitting. 
 
Compliance example: Users are prompted with an “Are you sure?” confirmation 
box when quitting the game so they may prevent themselves from accidentally 
quitting and losing progress. 

Benefits Preventing fatal errors can save time, effort, and frustration for the user. This can 
also lead the user to trust the system further. 

Problems Users could get frustrated if easily avoidable fatal errors affect their play. Users 
could potentially abandon the game altogether if an error is problematic enough. 

Checklist   

Usability/UX 
Factors 

Efficiency, Errors 

Set of heuristics 
related 

Virtual Worlds (Muñoz, Barcelos, & Chalegre, 2011); Virtual Worlds Usability 
(Rusu et al., 2011) 

 

ID VRG6 

Priority (3) Critical 

Name Recognition Rather than Recall 

Definition Make objects, actions, and options visible. The user should not have to 
remember information from one part of the dialogue to another. Instructions for 
use of the system should be visible or easily retrievable whenever appropriate 

Explanation Requiring the user to memorize and recall too much information can be 
cognitively exhausting. Providing cues and signals of user options can reduce the 
burden on a user’s cognition and make the user more comfortable as well as help 
them learn over time. 

Application Feature Learnability, Effectiveness 

Examples Violation example: Black Desert has over 100+ attack combos per class (appr. 10 
different classes) and users are not prompted on how to complete the combos, 
but have to memorize them from a list. 
 
Compliance example: A game prompts the user on what combos are possible 
based on what buttons have been pressed (e.g., if B is pressed next, X combo will 
be carried out, but if left trigger is pressed, Y combo will be carried out). 
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Benefits Reducing the cognitive load for users can help them apply more attention to the 
task rather than the controls or other things they might have learned in order to 
complete the task. This will also spread out learning over time and help the user 
learn more effectively. 

Problems Violation of this heuristic could lead to increased cognitive load, which could 
retract cognitive resources for the primary task and lead to more mistakes. 

Checklist   

Usability/UX 
Factors 

Efficiency, Effectiveness, Learnability, Memorability, Errors, Usable 

Set of heuristics 
related 

Virtual Reality Usability (Rusu et al., 2011); VR Games (Desurvire & Kreminski, 
2018) 

 

ID VRG7 

Priority (3) Critical 

Name Flexibility and Efficiency of Use 

Definition Accelerators – unseen by the novice user – may often speed up the interaction 
for the expert user such that the system can cater to both inexperienced and 
experienced users. Allow users to tailor frequent actions. 

Explanation There are many types of video game players with many different styles of play. 
VR games should support most, if not all, of these playstyles by making the game 
flexible in how tasks can be completed. At the same time, the game must be 
efficient by offering accelerators that help the player progress through the game 
at a reasonable pace. Another part of efficiency is providing anything necessary 
to progress in the game without the help of outside sources (i.e., outside of the 
headset). 

Application Feature Satisfaction, Effectiveness, Motivation 

Examples Violation example: The user is confused on where to go next and the game does 
not offer guidance, so he/she must refer to an online walkthrough in order to 
progress. 
 
Compliance example: The game offers difficult-to-reach areas that require 
complex applications of basic mechanics but are not required to progress in the 
game. This allows advanced users to creatively apply these mechanics without 
requiring novices to do the same. 
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Benefits A flexible and efficient game allows players to adapt the game mechanics to their 
own preferential playstyle, which can improve satisfaction garnered from the 
game. This heuristic also makes the game “replayable”, in that novices who 
complete the game without utilizing advanced applications of basic mechanics 
can play the game again and creatively complete tasks in ways they couldn’t 
before.  

Problems One of the barriers to immersion is interest and if a player cannot play a game in 
a way he/she wants to, interest may be reduced. Also, if the game is not flexible 
in how mechanics can be used, users could no longer be interested in the tasks 
and thus move further away from the state of flow. 

Checklist   

Usability/UX 
Factors 

Efficiency, Satisfaction, Desirable 

Set of heuristics 
related 

Virtual Worlds (Muñoz, Barcelos, & Chalegre, 2011); VR Games (Desurvire & 
Kreminski, 2018); Natural User Interfaces using the Kinect (Maike, Neto, 
Baranauskas, & Goldenstein, 2014); Video Games (Federoff, 2002); VR Systems 
(Murtza, Monroe, & Youmans, 2017) 

 

ID VRG8 

Priority (2) Important 

Name Aesthetic and Minimalist Design 

Definition Dialogues should not contain information which is irrelevant or rarely needed. 
Every extra unit of information in a dialogue competes with the relevant units of 
information and diminishes their relative visibility. 

Explanation The 3D space in which the VR game is designed should not be cluttered or 
cramped. Unnecessary content and highly detailed explanations should be 
contained so that the player may access them but it does not cloud the visible 
space and cause distractions. 

Application Feature Satisfaction, Immersion, Emotion 

Examples Violation example: The status bars for the player character is placed in the center 
of the screen, blocking what the player is looking at. 
 
Compliance example: The health bar is designed as a gem on the player’s hand 
that changes color as his/her health decreases, allowing the player to move it out 
of the way when necessary. 
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Benefits Clearing out the player’s vision allows him/her to see the world similarly to the 
real-world: naturally. This also allows players to easily locate things they are 
looking for without sifting through distracting UI elements. 

Problems If this heuristic is violated, the user may not be able to find important things due 
to clutter and distractions, which would lead to frustration and confusion. 

Checklist   

Usability/UX 
Factors 

Efficiency, Satisfaction, Learnability, Memorability, Errors, Usable, Findable 

Set of heuristics 
related 

VR Games (Desurvire & Kreminski, 2018); VR Systems (Murtza, Monroe, & 
Youmans, 2017); Video Games (Federoff, 2002) 

 

ID VRG9 

Priority (2) Important 

Name Help and Documentation 

Definition Error messages should be expressed in plain language (no codes), precisely 
indicate the problem, and constructively suggest a solution. 

Explanation Ideally, the system should be able to be operated without documentation. 
However, it’s important that help and documentation are easily accessible by the 
user, both in- and out-of-game. 

Application Feature Learnability, Effectiveness 

Examples Violation example: A player forgets the “attack” button control but the game 
offers no graphic highlighting the controls. 
 
Compliance example: The game offers a tutorial in the menu that can be 
accessed at any time to learn the basic mechanics. 

Benefits Users learn at different paces and in different ways, so complying with this 
heuristic139 allows users who might need something explained multiple times to 
go back through and relearn mechanics. This heuristic also supports players who 
stop playing the game for a period of time and return later, possibly having 
forgotten the basics. 

Problems Violating this heuristic could lead to players getting frustrated over 139complex 
or misunderstood controls and mechanics. This could lead to players guessing 
how to use certain mechanics and stopping play when the guesses aren’t 
successful. 

Checklist   



140 
 

140 
 

Usability/UX 
Factors 

Effectiveness, Efficiency, Satisfaction, Context of Use, Errors, Usable, Findable 

Set of heuristics 
related 

VR Worlds (Muñoz, Barcelos, & Chalegre, 2011); VR Games (Desurvire & 
Kreminski, 2018) 

 

ID VRG10 

Priority (3) Critical 

Name Interaction 

Definition Players should be able to interact with the system in appropriate was 
contextually, physically (or not), spatially, etc. The way a player interacts with a 
VR world needs to feel natural and appropriate. 

Explanation VR games introduce new possibilities for how players can interact with the virtual 
world. Developers are now faced with options such as “should players interact 
with this object physically or using a button?” and other similar questions. These 
interactions should feel natural, be appropriate for the VR device, encourage 
presence, and consider the interaction between the VR world and the physical 
world. 

Application Feature Satisfaction, Effectiveness, immersion 

Examples Violation example: In a game with room-scale capabilities, all interactions with 
objects are simple button presses and not 140physical interactions. 
 
Compliance example: Objects the player is able to interact with clearly indicate 
how the player is able to use/interact with those objects. 

Benefits This heuristic supports a “natural” experience in VR, which helps users feel 
present. Ensuring the hardware and physical space components are appropriate 
for the game, as well as allowing the user to behave naturally in the VR world 
and having his/her expectations met can help immerse the user. 

Problems Violation of this heuristic could lead to failed attempts at interacting with the VR 
world and objects within it. Violations could also lead to unreachable parts of the 
world due to physical space constraints. Both of these could lead to frustration 
and the stopping of play. 

Checklist   

Usability/UX 
Factors 

Satisfaction, Context of Use, Errors, Desirable, Usable, Credible 
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Set of heuristics 
related 

Virtual Worlds (Muñoz, Barcelos, & Chalegre, 2011); VR Games (Desurvire & 
Kreminski, 2018); Natural User Interfaces using the Kinect (Maike, Neto, 
Baranauskas, & Goldenstein, 2014); VR Systems (Murtza, Monroe, & Youmans, 
2017); Virtual Reality Worlds (Sutcliffe & Gault, 2004) 

 

ID VRG11 

Priority (3) Critical 

Name Comfort 

Definition Players should feel comfortable physically, cognitively, and emotionally while 
playing the game. 

Explanation VR gaming introduces physical considerations into gaming. Games should avoid 
strenuous activities, repetitive physical motions, and other physical requirements 
that could make players uncomfortable. Game should also do their best to 
prevent VR sickness. HMDs should be designed in order to avoid cord tangling, 
facial irritation, excessive heat, etc.  

Application Feature Satisfaction, Immersion, Motivation 

Examples Violation example: A game requires players to use natural 141locomotion (i.e. 
press a button and walk forward), which is a common cause of VR sickness. 
 
Compliance example: Movements between the physical controller and the in-
game hand or controller are synchronous in order to avoid conflicting sensory 
signals. 

Benefits Complying with this heuristic allows players to play the game without 
experiencing VR sickness. This heuristic also allows games to be played for an 
extended period of time by avoiding discomfort and exhaustion.  

Problems Violating this heuristic could lead to users feeling uncomfortable physically, 
either tired or nauseous (or both), leading to stopping play and likely 
abandonment of the game. 

Checklist   

Usability/UX 
Factors 

Satisfaction, Usable, Desirable, Accessible 

Set of heuristics 
related 

VR Games (Desurvire & Kreminski, 2018); Natural User Interfaces using the 
Kinect (Maike, Neto, Baranauskas, & Goldenstein, 2014); VR Systems (Murtza, 
Monroe, & Youmans, 2017); Virtual Reality Worlds (Sutcliffe & Gault, 2004); 
Virtual Reality Usability (Rusu et al. 2011) 
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ID VRG12 

Priority (3) Critical 

Name Learning 

Definition Players should be able to quickly learn how to play the game and eventually 
master the controls and mechanics. This means the game should support 
effective and efficient learning. 

Explanation The first thing players must do when engaging with a game is learn how to play 
it. If players aren’t able to properly learn the game, they will get frustrated due 
to constant failures and disengage. To avoid this, the game should describe and 
explain essential parts of the game, spread out learning over time, and allow the 
user to practice newly taught mechanics in a meaningful way. 

Application Feature Learnability, Motivation 

Examples Violation example: A game that offers a manual at the start which uses text to 
explain all mechanics and controls and assumes the player will read and 
remember all of them, offering no reminders throughout play. 
 
Compliance example: A game introduces one mechanic at a time as a player 
advances through the beginning of the game, explaining the mechanic and 
requiring the player to use that mechanic in order to progress. 

Benefits If players are supported in learning, they will understand the game mechanics 
more quickly and feel more competent, which leads to higher satisfaction. 
Proper learning also allows the player to focus more on aspects of the game, 
such as the story, which can help immerse them. Finally, complying with this 
heuristic can help players avoid referencing help and documentation, which 
saves time and frustration, as well as disengagement from in-game tasks. 

Problems Feelings of competence are important for players to experience flow and if 
players are not able to learn and master basic mechanics, they will not feel 
competent, which can lead to disengagement from the game. Not understanding 
game mechanics can cause players to stop progressing in the game, which leads 
to frustration. 

Checklist   

Usability/UX 
Factors 

Satisfaction, Efficiency, Learnability 
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Set of heuristics 
related 

VR Games (Desurvire & Kreminski, 2018); Natural User Interfaces using the 
Kinect (Maike, Neto, Baranauskas, & Goldenstein, 2014); Virtual Reality Worlds 
(Sutcliffe & Gault, 2004); Virtual Worlds (Muñoz, Barcelos, & Chalegre, 2011); 
Video Games (Federoff, 2002); Playability of Games (Desurvire, Caplan, & Toth, 
2004) 

 

ID VRG13 

Priority (3) Critical 

Name Playability 

Definition VR games should playable, in that the player should be able to do everything 
necessary in order to progress in the game in their own way. The player should 
feel in control, be able to communicate with other players, and be given enough 
guidance to know where to go next. 

Explanation This heuristic seeks to evaluate how supportive the game is of player control and 
social interactions in-game. VR games should offer enough guidance (.e.g., a 
minimap with a quest marker) so that players know where to go next, but offer 
flexibility in that players can go somewhere other than where the marker is if 
they choose. VR games should also support social connections between players 
in multiplayer games and with NPCs in single-player games. 

Application Feature Satisfaction, Immersion, Motivation, Socialization 

Examples Violation example: A game includes a linear story in which you must do quests in 
a certain order in order to progress, but does not mark the quest locations for 
the player. 
 
Compliance example: A game allows players to reach the same goal in multiple 
different ways. 

Benefits This heuristic seeks to support all 3 intrinsic motivations: relatedness, autonomy, 
and competence. If players are able to communicate with other players and 
NPCs, relatedness is supported. If players are able to progress in the game, 
competence is supported. If players feel in control of the game and their 
playstyle, autonomy is supported. 

Problems If this heuristic is violated, players might not progress in the game, which can 
lead to frustration and disengagement from the game. They also might not 
experience any number of the 3 basic 143intrinsic motivation, which could lead 
to abandonment of the game. 
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Checklist   

Usability/UX 
Factors 

Effectiveness, Satisfaction, Desirable, Credible 

Set of heuristics 
related 

Virtual Worlds (Muñoz, Barcelos, & Chalegre, 2011); VR Games (Desurvire & 
Kreminski, 2018); Natural User Interfaces using the Kinect (Maike, Neto, 
Baranauskas, & Goldenstein, 2014); Video games (Federoff, 2002) 

 

APPENDIX F 

WORKING VIRTUAL REALITY GAMES HEURISTIC CHECKLIST 

Visibility of System Status 

   

Heuristic Description Question(s) Yes No N/A 

Feedback Keep the user informed 
about the condition of its 
avatar, related events, or 
relevant facts within the 
world. 

Does the UI provide all 
necessary information 
about the player’s 
character? 

❏  ❏  ❏  

Is the player notified of 
relevant changes to the 
world during gameplay? 

❏  ❏  ❏  

Realistic feedback The effects of the player’s 
actions should be immediately 
and clearly visible. These 
effects should also conform to 
the laws of physics and the 
user’s expectations. 

Are the effects of a player’s 
actions immediately and 
clearly visible? 

❏  ❏  ❏  

Do the effects of player 
actions conform to the laws 
of physics and user 
expectations? 

❏  ❏  ❏  
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Timely 
Notifications 

A notification must arrive in 
time to be useful. Notifications 
should report the most current 
data as soon as the user desires 
it. 

Do notifications arrive in 
time to be useful to the 
player? 

❏  ❏  ❏  

Do notifications report the 
most current data as soon as 
the player needs it? 

❏  ❏  ❏  

Consistent 
Displays 

The method of displaying a 
notification should be 
consistent for a level of 
notification. All high priority 
notifications should be 
consistent so the user knows 
the priority when the 
notification appears. 

Are notifications of the same 
level (i.e., importance) 
appear in a consistent 
manner? 

❏  ❏  ❏  

Clear Notifications Language and display method 
should target the users. Users 
should be able to understand at 
least the basic information the 
notification is trying to convey. 

Is the language used in 
notifications appropriate for 
the target audience? 

❏  ❏  ❏  

Are notifications displayed in 
a recognizable manner for 
the target audience? 

❏  ❏  ❏  

Allow shortcuts to 
more information 

Allow users to select the 
notification in the appropriate 
way in order to learn more 
about it. 

Are players able to select the 
notification to view more 
information about it? 

❏  ❏  ❏  

Game interface A player should always be able 
to identify their score/status in 
the game 

Is the player’s score readily 
visible during play? ❏  ❏  ❏  

Game interface Use sound to provide 
meaningful feedback 

Does the game provide 
meaningful audio cues? ❏  ❏  ❏  

Match Between System and the Real World 
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Heuristic Description Question(s) Yes No N/A 

Clarity Provide the player a control 
panel that is easy to 
understand, well-organized, 
simple, and uses a clear 
language. 

Is the language used in the 
menus clear? ❏  ❏  ❏  

Are menus organized in a 
simple, easy-to-understand 
fashion? 

❏  ❏  ❏  

Build on real-
world knowledge 

Virtual objects (Vos) should 
behave in an expected manner. 
If Vos look like real-world 
objects, they should behave as 
real-world objects would. 

Do objects in the virtual 
world behave similarly to the 
same objects in the real 
world? If not, is the player 
notified prior to interacting 
with those objects how they 
will behave? 

❏  ❏  ❏  

User Control and Freedom 

   

Heuristic Description Question(s) Yes No N/A 

Quit game Players should always have 
easy access to an “exit game” 
function. 

Does the start menu offer a 
“quit game” option? ❏  ❏  ❏  

Does the “quit game” option 
include a second 
confirmation popup? 

❏  ❏  ❏  

Consistency and Standards 

   

Heuristic Description Question(s) Yes No N/A 
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Consistency Keep the world consistent so 
that consequences of actions 
can be predicted. 

Are world reactions to player 
action consistent throughout 
the game? 

❏  ❏  ❏  

Communication 
between avatars 

Interaction in the game should 
be analogous to the real world. 
Interaction should be easy, 
intuitive, and clear to the 
emitter and receptor. 

Is communication between 
the player avatar and other 
avatars clear and intuitive? 

❏  ❏  ❏  

Sense of 
ownership 

Physical rules of the real world 
should be maintained unless 
otherwise clearly and 
immediately specified to the 
player. 

Do virtual objects follow real 
world laws of physics? If not, 
is the player notified prior to 
interacting with those 
objects? 

❏  ❏  ❏  

Compatibility with 
the user’s task 
and domain 

The virtual environment and 
behavior of objects should 
correspond as closely as 
possible to the player’s 
expectation of real-world 
objects, their behavior, and 
affordances for task action. 

Do virtual objects interact 
with each other in a manner 
consistent with the real 
world? If not, is the player 
notified of how they will 
interact? 

❏  ❏  ❏  

Faithful 
viewpoints 

The visual representation of the 
virtual world should map to the 
player’s normal perception and 
the viewpoint change should be 
rendered without delay. 

Does the map/mini-map 
reflect the player’s 
perspective? 

❏  ❏  ❏  

Does the mini-map reorient 
with the player without 
delay? 

❏  ❏  ❏  

Consistent 
departures 

When design compromises are 
used, they should be consistent 
and clearly marked (e.g., cross-
model substitution and power 
actions for navigation). 

Are any deviations from 
industry standard controls 
clearly marked? 

❏  ❏  ❏  

Familiarity The interface should provide a 
sense of familiarity, including 
between the task and device, 
and the interaction metaphor 
and functionality 

Do interfaces in the game 
follow industry standards for 
its genre and hardware? 

❏  ❏  ❏  
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Design for 
knowledge 
transfer 

Controls and terminology 
should fit with the industry 
standard 
so that their knowledge of 
other games help them learn 
basic 
controls faster and they can 
focus on learning unique 
features. 

Does the control scheme 
follow industry standards? ❏  ❏  ❏  

Game interface Interfaces should be consistent 
in control, color, typography, 
and dialog design 

Are interfaces consistent in 
control, color, typography, 
and dialog design? 

❏  ❏  ❏  

Error Prevention 

   

Heuristic Description Question(s) Yes No N/A 

Error prevention Prevent users from making 
unnecessary mistakes or 
creating undesired situations 
related to the interface or 
game. 

Does the game provide 
information signaling the 
possibility of a serious error? 

❏  ❏  ❏  

Is progress protected 
through autosaves or 
warnings when leaving the 
game? 

❏  ❏  ❏  

Are secondary confirmations 
required for important 
actions (i.e. save, quit, 
actions drastically affecting 
story/gameplay, etc.)? 

❏  ❏  ❏  

Recognition Rather than Recall 

   

Heuristic Description Question(s) Yes No N/A 
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Low memory load Minimize demands on player 
memory by making objects, 
options, and actions visible and 
easily accessible. Also provide 
visualization that remembers 
where the player has visited. 

Does the map fill out as the 
player explores the virtual 
world? 

❏  ❏  ❏  

Are tooltips provided 
signifying how the player can 
interact with an object (i.e. 
press x to open)? 

❏  ❏  ❏  

Avoid burden on 
memory 

Cue players to important 
information when necessary 
instead of making them recall 
everything on their own. 

Are reminders of important 
information given when that 
information becomes 
relevant? 

❏  ❏  ❏  

Flexibility and Efficiency of Use 

   

Heuristic Description Question(s) Yes No N/A 

Flexibility and 
efficiency of use 

Provide accelerators for 
common actions and allow the 
player to define his own 
accelerators. Also allow players 
to change interface options, 
allowing advanced users to 
make interaction more 
efficient. 

Are accelerators provided 
for common actions? ❏  ❏  ❏  

Can the player define his/her 
own accelerators? ❏  ❏  ❏  

Is the player able to modify 
the user interface to fit 
his/her needs? 

❏  ❏  ❏  

Support a variety 
of players 

Users should enjoy the game 
regardless of their playstyle or 
skill level. 

Does the game support 
multiple playstyles? ❏  ❏  ❏  

Is the game able to 
challenge novice and 
advanced users? 

❏  ❏  ❏  

Balance creative 
comfort & 
empowerment 

Give players tools to express 
themselves how they want. 
Make 

Are creative concepts taught 
using clear and simple 
language? 

❏  ❏  ❏  
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creative aspects very simple at 
the ground level so that novice 
players can jump right in, but 
allow for flexibility at higher 
levels. 

Are creative concepts simple 
enough to be used by novice 
users? 

❏  ❏  ❏  

Are creative concepts 
flexible enough to be used in 
complex ways by advanced 
users? 

❏  ❏  ❏  

Switch between 
real and virtual 
world 

The system should be able to 
rely on itself for all usage; that 
is, keep all necessary user tasks 
and information within VR 
instead of creating tasks that 
the user may only be able to 
execute when the VR headset is 
taken off or information that 
can only be accessed by taking 
the headset off. 

Can the user perform all 
tasks required by the game 
without removing their 
HMD? 

❏  ❏  ❏  

Guidance There should be a balance 
between exploration and 
guidance. This maintains a flow 
for both novice and expert 
users. Shortcuts should also be 
provided for expert players 

Does the game offer 
guidance for new users? ❏  ❏  ❏  

Does the game allow players 
to explore outside of the 
destination they are guided 
to? 

❏  ❏  ❏  

Game interface Controls should be 
customizable and default to 
industry standard settings 

Can controls be remapped 
according to the user’s 
preference? 

❏  ❏  ❏  

Aesthetic and Minimalist Design 

   

Heuristic Description Question(s) Yes No N/A 

Streamline the UI Information on screen should 
be minimalistic and provide 
necessary information in a 
timely manner that allows the 
player to progress in the game. 

Does the user interface 
provide only and all 
necessary information to the 
user? 

❏  ❏  ❏  
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User Interface 
Design 

The system’s interface and 
hardware controls should have 
an intuitive design and 
navigation, adhering to 
usability conventions. 

Do menu and interface 
categories follow industry 
standards? 

❏  ❏  ❏  

Do menu and interface 
categories use clear 
language understood by the 
user? 

❏  ❏  ❏  

Do controls for navigating 
menus follow industry 
standards? 

❏  ❏  ❏  

Game interface The interface should be as non-
intrusive as possible 

Is the user interface 
designed in a way that it 
does not interfere with 
users’ view of the virtual 
world? 

❏  ❏  ❏  

Game interface Minimize the menu layers of an 
interface 

Does the menu only contain 
the minimum number of 
layers? 

❏  ❏  ❏  

Help Users Recognize, Diagnose, and Recover from Errors 

   

Heuristic Description Question(s) Yes No N/A 

Help users recover 
from errors 

Provide the player with tools to 
recover from system errors or 
undesired situations created 
within the game. 

Does the system provide a 
second confirmation before 
performing major actions 
(i.e. quitting game, 
overwriting save file, etc.)? 

❏  ❏  ❏  

Does the system allow the 
player to load a previous 
save file at any time? 

❏  ❏  ❏  

Help and Documentation 
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Heuristic Description Question(s) Yes No N/A 

Help and 
documentation 

Give the player relevant 
information not only online but 
within the game. This 
information should be easily 
accessible in the player’s 
language. 

Is the player able to access 
and review tutorials and 
documentation from the 
menu at any time? 

❏  ❏  ❏  

Is documentation accessible 
in the user’s language? ❏  ❏  ❏  

Let players review 
what they’ve 
learned 

Give players easy access to 
prior taught concepts (e.g. 
access to tutorials, mechanics 
manual, etc.) 

 
❏  ❏  ❏  

Interaction 

   

Heuristic Description Question(s) Yes No N/A 

Interaction within 
the world 

Clearly indicate to the player 
which objects can be interacted 
with and which cannot. Also 
indicate what actions can be 
carried out with interactable 
objects. 

Does the system notify the 
user when he/she is able to 
interact with an object? 

❏  ❏  ❏  

Does the system notify the 
user of how he/she may 
interact with an interactable 
object? 

❏  ❏  ❏  

Encourage player 
engagement 

Objects that can be interacted 
with should be highlighted in 
some way. Audio and visual 
cues should give a better 
understanding of where the 
player is (e.g. water sounds at a 
beach, rustling leaves in a 
forest). 

Are visual and audio cues 
during engagement 
consistent with comparable 
cues in the real world? 

❏  ❏  ❏  
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Close coordination 
of action and 
representation 

The representation of the 
player in the game should be 
faithful to the player’s actions. 
Response time between the 
user and avatar should be less 
than 200 ms to avoid motion 
sickness. 

Is latency between player 
movement/action and 
virtual world 
movement/action less than 
200 ms? 

❏  ❏  ❏  

Is tracked movement precise 
(i.e. movement is tracked in 
a consistent manner)? 

❏  ❏  ❏  

Is tracked movement 
accurate (i.e. movement in 
VR is equal to movement in 
the physical world)? 

❏  ❏  ❏  

Device-Task 
compatibility 

Tasks for which the user 
interface device is going to be 
used have to be compatible 
with the interaction style the 
device is capable of. 

Is the hardware on which 
the game is available 
capable of completing tasks 
required by the game? 

❏  ❏  ❏  

Physical Space 
Constraints 

The system should account for 
the real-world physical space 
users’ occupy when interacting 
with the system. 

Does the game notify the 
player of approaching edges 
of his/her physical play 
space? 

❏  ❏  ❏  

Is the game playable within 
the minimum required play 
space for the HMDs on 
which the game is available? 

❏  ❏  ❏  

Natural 
Representation 

The representation of the user 
in the game should allow the 
user to explore and act in a 
natural manner and not restrict 
normal 153ntermed actions. 
May be limited by hardware. 
Haptic feedback should be 
available. 

Does the game offer haptic 
feedback to the user? ❏  ❏  ❏  

Is the user’s avatar able to 
move freely and naturally, 
unconstrained by the game? 

❏  ❏  ❏  
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Sense of presence The player’s perception of 
engagement and being in a 
‘real’ world should be as 
natural as possible. 

Are sensory stimuli in the 
virtual world consistent with 
similar environments in the 
real world? 

❏  ❏  ❏  

Identity interaction metaphors should 
make sense together. The 
player should understand what 
the system can and cannot 
interpret. 

Does the user understand 
what actions the system can 
and cannot interpret? 

❏  ❏  ❏  

Metaphor 
coherence 

Interaction metaphors should 
have a clear relationship with 
the functionalities they 
execute. 

Do interaction metaphors 
have a clear relationship 
with the functionalities they 
execute? 

❏  ❏  ❏  

Comfort 

   

Heuristic Description Question(s) Yes No N/A 

Comfort Interactions should not require 
much effort and should not 
fatigue the user 

Are repetitive actions 
avoided and, when they are 
completely necessary, not 
physically demanding? 

❏  ❏  ❏  

Minimize physical 
side effects 

Players do not experience 
nausea or fatigue while playing 
a 
VR game. This can include 
nausea, eye strain, dizziness, 
and 
other negative physical effects. 
This can involve anything that 
forces the player to take a 
break. 

Is teleportation-style 
locomotion offered for those 
who experience VR sickness? 

❏  ❏  ❏  

Distinction Interaction metaphors should 
not be too similar and avoid 
confusion. 

Is it clear how the player can 
interact with the world? ❏  ❏  ❏  
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Are interactions with objects 
in the world similar to 
interaction with objects in 
the real world? 

❏  ❏  ❏  

Keep the player 
comfortable 

Prevent users from feeling 
uncomfortable during 
gameplay. 
Things that can jar a user 
during VR play could be passing 
through objects, an NPC 
walking through the player, or 
overwhelming moments when 
enemies jump out of nowhere. 

Does the game avoid jarring 
experiences (i.e. passing 
through walls, NPCs walking 
through the player, jump 
scares, etc.)? 

❏  ❏  ❏  

Provide a safe 
space 

Give the user a place to go 
that’s safe, like a home base. 
This 
could be a house or spawn area 
where there are no enemies 
and 
the user can take a physical 
break from the game. 

Is there a place within the 
virtual world where the 
player is safe and can take a 
physical break from the 
game? 

❏  ❏  ❏  

Design for 
physical activity & 
inclusion 

Provide alternatives for 
physical mechanics of the 
games for 
those who aren’t as physically 
active. 

Does the game offer 
alternatives for physical 
mechanics for those who 
aren’t physically active? 

❏  ❏  ❏  

Design ethically Referring to [facilitate 
embodiment of character], 
players tend to see the avatars 
as themselves 
and they are not comfortable 
making unethical decisions. 
Provide ethical options for 
decisions in game. 

Does the game offer ethical, 
if any, decision options for 
the player’s character? 

❏  ❏  ❏  

Minimize friction 
on phase shift 

Make transitions between 
states or modes seamless, not 
jarring. 

Are transitions between 
states (i.e. main menu -> 
loading screen -> game; 
town exit -> new area, etc.) 
seamless? 

❏  ❏  ❏  
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Make shifts obvious with 
feedback. Make sure players 
know what 
state they are in and don’t 
force them to immediately 
make 
changes to it. 

Are transitions between 
states (i.e. main menu -> 
loading screen -> game; 
town exit -> new area, etc.) 
obvious? 

❏  ❏  ❏  

Does the game make the 
player aware of what state 
they are in at any given 
time? 

❏  ❏  ❏  

Glitchiness The system should promote a 
streamlined experience by 
keeping systematic glitches 
low. 

Has the game been 
thoroughly tested for 
glitches? 

❏  ❏  ❏  

Have all found glitches been 
fixed? ❏  ❏  ❏  

Headset Comfort The headset of the system 
should be designed to be 
comfortable for prolonged 
wear. 

Is the headset comfortable 
during prolonged use? ❏  ❏  ❏  

Cord Design The cord of the system should 
be designed such that VR usage 
requires minimal maintenance, 
e.g. providing adequate length 
and mobility  to keep 
entanglement to a minimum. 

Is the headset cord long 
enough for the player to 
utilize the largest possible 
play space? 

❏  ❏  ❏  

Is the headset cord designed 
to avoid entanglement? ❏  ❏  ❏  

Orientation and 
navigation 

Provide an intuitive and 
memorable navigation. 

Are navigation controls 
simple and memorable? ❏  ❏  ❏  

Orientation and 
navigation 

Provide the player with a clear 
sign of where he/she must go 
next to progress. 

Does the game provide 
guidance to the player’s next 
goal so that he/she is aware 
of where he/she must go? 

❏  ❏  ❏  

Orientation and 
navigation 

Make navigation simple (i.e. a 
single button). 

 
❏  ❏  ❏  
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Navigation and 
orientation 
support 

Players should always be able 
to find where they are in the 
game and return to known, 
preset positions. Unnatural 
movements such as passing 
through walls may help, but 
these actions have been judged 
to reduce naturalness 
(immersion). 

Is the player able to easily 
figure out where he/she is in 
the game in reference to the 
entire world? 

❏  ❏  ❏  

Do methods for returning to 
known, preset positions 
avoid unnatural movement? 

❏  ❏  ❏  

Is the player able to easily 
return to know, preset 
157ntermedi? 

❏  ❏  ❏  

Wayfinding Users should be able to know 
where they are from both a big 
picture 157ntermediat and a 
microscopic perception. 

Is the player able to figure 
out where he/she is in 
reference to the immediate 
area? 

❏  ❏  ❏  

Navigation 
options 

Provide options for navigation 
types including natural 
locomotion and teleportation, 
along with any other 
appropriate navigation options 
for your game. 

Are natural locomotion and 
teleportation offered as 
navigation options in 
addition to any game-
specific navigation options? 

❏  ❏  ❏  

Learning 

   

Heuristic Description Question(s) Yes No N/A 

Support learning Complex objects should be 
complemented with definitions 
and indications for its use 

Are complex objects 
complemented by 
definitions and indications of 
its use? 

❏  ❏  ❏  

Support for 
learning 

Active objects should be cued 
and, if necessary, explain 
themselves to promote 
learning of the game 

Are active objects cued to 
the player? ❏  ❏  ❏  
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Active exploration Active exploration should be 
encouraged to help the user 
learn interaction metaphors. 

Does the game encourage 
exploration to help users 
learn interaction 
metaphors? 

❏  ❏  ❏  

Learnability The learning curve of the UI 
should be proportionate to play 
time. If it is meant to be played 
a lot, learning can take time. If 
not, learning should be almost 
nnecessary. 

Is the learning curve of the 
user interface proportionate 
to play time? 

❏  ❏  ❏  

Game play A good game should be easy to 
learn and hard to master 

Is a player able to quickly 
learn the basic mechanics of 
the game? 

❏  ❏  ❏  

Can basic mechanics of the 
game be creatively utilized 
by advanced users so that 
the game is hard to master? 

❏  ❏  ❏  

Provide a safe 
space to learn 
(sandbox) 

Give players a sandbox area 
where they can practice skills 
without facing consequences 
and increase their confidence. 

Is there a sandbox area 
where players can practice 
skills without consequence? 

❏  ❏  ❏  

Provide 
scaffolding 

Give adequate guidance after 
the tutorial. Novice players may 
need tips to help them fully 
learn the mechanics. This also 
includes game progression tips. 

Does the game offer tips 
after the tutorial and 
throughout play? (e.g. 
during loading screens) 

❏  ❏  ❏  

Build self-efficacy 
through 
demonstration 
and practice 

When introducing a mechanic, 
demonstrate it to the player 
and 
then allow them to practice it 
without consequence. 

Are mechanics introduced in 
a tutorial followed by an 
area where the player can 
practice the mechanic 
without consequence or 
with minor consequence? 

❏  ❏  ❏  
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Integrate learning 
with gameplay 

Include a tutorial. Implement 
teaching using gameplay 
instead 
of just text instructions on how 
to do things. Have the player 
actually use the mechanics to 
help learning. 

Does the game include an 
interactive tutorial instead 
of just text instructions? 

❏  ❏  ❏  

Teach one thing at 
a time (stepwise 
learning) 

Give players a learning 
experience that allows them to 
master 
a skill before moving on to a 
new one. 

Does the game teach one 
thing at a time? ❏  ❏  ❏  

Does the game allow the 
player to master a mechanic 
before teaching a new one? 

❏  ❏  ❏  

Game interface Follow the trends set by the 
gaming community to shorten 
the learning curve 

Does the tutorial follow 
industry standards when 
possible? 

❏  ❏  ❏  

Game interface Do not expect players to read a 
manual 

Are players able to learn 
how to play the game 
without reading the manual? 

❏  ❏  ❏  

Game play Provide an interesting and 
absorbing tutorial 

Does the tutorial encourage 
player engagement? ❏  ❏  ❏  

Playability 

   

Heuristic Description Question(s) Yes No N/A 

Provide clear 
goals 

Game should provide 
overarching goals along with 
sub-goals 
at varying levels (e.g. big goal = 
beat the game, 159ntermediate 
goal = save this NPC, minor goal 
= get a better sword). 

Does the game provide a 
goal hierarchy, clearly 
marking overarching goals 
(e.g. defeat the final boss) 
and sub-goals at varying 
levels (e.g. intermediate: 
deliver this letter, minor: get 
a better sword)? 

❏  ❏  ❏  
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Camera control 
and visualization 

Allow the player to determine 
level and quality of texture, 
visual effects, or objects with a 
pure aesthetic purpose. Also 
allow the player to control the 
camera. 

Are there options to adjust 
resolution, texture quality, 
and other visual 
components? 

❏  ❏  ❏  

Is the player able to control 
the camera? ❏  ❏  ❏  

Avatar 
customization 

Offer a whole group of 
predefined avatars with specific 
genre, age, and appearance 
among other attributes. Also 
allow user to customize that 
avatar. 

Is the player able to 
customize his/her own 
avatar? If not, is the player 
given a group of different 
avatars to choose from? 

❏  ❏  ❏  

Make the player 
feel in control 

Players feel that the choices 
they make cause direct 
consequences in the game. 

Do player actions have direct 
consequences in the game? ❏  ❏  ❏  

Provide creative 
inspiration 

Inspire users by allowing the 
them to modify and react to 
things 
that already exist in the virtual 
world. 

Is the player able to modify 
things in the virtual world? ❏  ❏  ❏  

Two-way 
communicaion 

Allow players to communicate 
even if they are in separate 
rooms and on separate tasks 

Are players able to 
communicate with each 
other in-game? 

❏  ❏  ❏  

Learning Let users be aware of each 
other’s actions so they can 
learn from each other 

Can players see other 
players’ actions in order to 
learn from them? 

❏  ❏  ❏  

Facilitate social 
connection 

Utilize social interaction in the 
game. In multiplayer, allow 
players to share things (e.g. 
parties, trading, etc.). In single- 
player, allow the user to 
interact with NPCs in a way that 
builds 
social connections. 

Are players able to interact 
with NPCs in a way that 
builds social connections? 

❏  ❏  ❏  

If the game has multiplayer, 
are players able to share 
things (e.g. be in a party 
together, trade, etc.)? 

❏  ❏  ❏  
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Facilitate 
performance & 
social creativity 

Allow users to create 
collaboratively. Make sure they 
are 
comfortable creating in front of 
other players. 

If your game has 
multiplayer, are players able 
to collaboratively create 
things? 

❏  ❏  ❏  

Does the game create an 
environment in which 
players are comfortable 
creating in front of each 
other? 

❏  ❏  ❏  

Be aware of the 
first-time halo 
effect 

Players may be caught in awe 
of a game and not notice any 
flaws in the early stages of 
gameplay. Allow the player to 
play 
for a while before performing 
evaluations. 

Are any evaluations 
gathered by the game given 
after at least 2 hours of 
gameplay to avoid the first-
time halo effect? 

❏  ❏  ❏  

Game mechanics 
and play 

Get the player involved quickly 
and easily 

Is the time between starting 
the game and the player 
taking control kept to a 
minimum? 

❏  ❏  ❏  

Game play There should be variable 
difficulty level 

Are multiple difficulty levels 
available? ❏  ❏  ❏  

Game play The game should be balanced 
so that there is no definite way 
to win 

Does the game support 
multiple approaches to 
winning? 

❏  ❏  ❏  

Game play Play should be fair  
❏  ❏  ❏  

Game play the game should give rewards Does the game reward the 
player? ❏  ❏  ❏  
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APPENDIX G 

HEURISTIC EVALUATION TASKS 

Note: Tasks used for user tests are identical to heuristic evaluation tasks. 

1. For both games, play until both of these conditions are met 
a. Completed all tasks listed 
b. Played the current game for a least 40 minutes total 

Game 1: Apex Construct 

• You want to make sure you’re using your favorite movement style. Find the option to 
choose teleportation or natural locomotion and set it to your preference. 

• Find documentation on the game’s control scheme. 

• When you reach your “new home” (as told by the game), find at least 3 clipboards with 
notes on them and read the notes. 

• On one of the in-game computers, type “how does this feel”. 

Game 2: The Art of Fight 

Round 1 

• Complete the locomotion tutorial. 

• Switch to natural (referred to as “easy” in-game) locomotion and move around the 
room with it. You can choose to use either easy or pro locomotion after this task. 

• Create a room and add bots to the game. Set the bot difficulty to “bad”. 
o After the first game, adjust the difficulty as you see fit. 

• After 5 rounds, go back to the main menu. 

Round 2 

• You’re bored of the first map and team, create a room on a different map and play on 
the opposite team from last game. 

o For this game, don’t wait out the timer between rounds. Ready your team to 
start the rounds quickly. 
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APPENDIX H 

CHANGES TO CHECKLIST BASED ON HEURISTIC EVALUATION FEEDBACK 

Heuristic 
category 

Heuristic 
subcategory 

Original checklist 
question 

Change(s) 
made 

Updated 
question/category, 
action 

Visibility of 
System Status 

Feedback Is the player 
notified of 
relevant changes 
to the world 
during gameplay? 

Adapted: 
updated 
wording 

Is the player 
notified of changes 
to virtual world 
that could affect 
gameplay? 

Visibility of 
System Status 

Realistic 
Feedback 

Do the effects of 
player actions 
conform to the 
laws of phsyics 
and user 
expectations? 

Adapted: 
updated 
wording 

Do the effects of 
player actions 
conform to the 
laws of physics and 
user expectations? 
If not, is the player 
notified prior to 
interactions with 
objects that will 
not conform to 
these laws? 

Visibility of 
System Status 

Timely 
Notifications 

Are notifications 
of the same level 
(i.e., importance) 
appear in a 
consistent 
manner? 

Adapted: 
updated 
wording 

Do notifications of 
the same level (i.e., 
importance) appear 
in a consistent 
manner? 

User Control 
and Freedom 

Game 
Mechanics 

Is feedback about 
the effects of 
user actions given 
immediately? 

Adapted: 
updated 
wording 

Is feedback on how 
user action affects 
the world given 
immediately? (e.g., 
when the player 
attacks an enemy, a 
number depicts 
how much damage 
is dealt or a health 
bar decreases for 
the enemy) 

Consistency 
and Standards 

Consistency Are world 
reactions to 
player action 
consistent 

Adapted: 
updated 
wording 

Does the world 
react to player 
actions consistently 
throughout the 
game? 
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throughout the 
game? 

Consistency 
and Standards 

Sense of 
ownership 

Do virtual objects 
follow real world 
laws of physics? If 
not, is the player 
notified prior to 
to interacting 
with those 
objects? 

Eliminated - 

Recognition 
Rather than 
Recall 

Low memory 
load 

Does the map fill 
out as the player 
explores the 
virtual world? 

Adapted: 
updated 
wording 

If a map is 
provided, does it fill 
out as the player 
explores the virtual 
world? 

Recognition 
Rather than 
Recall 

Avoid burden 
on memory 

 
Added new 
question 

Are reminders of 
important 
information given 
in a clear, easy-to-
read/understand 
fashion? 

Flexibility and 
Efficiency of 
Use 

- (Description) 
Provide 
accelerators for 
common actions 
and allow the 
player to define 
his own 
accelerators. Also 
allow players to 
change interface 
options, allowing 
advanced users 
to make 
interaction more 
efficient. 

Adapted: 
updated 
wording 

Provide 
accelerators 
(functions that help 
users complete 
common tasks, e.g. 
a pop-up that 
compares newly 
found armor to 
currently worn 
armor) for common 
actions and allow 
the player to define 
his own 
accelerators. Also 
allow players to 
change interface 
options, allowing 
advanced users to 
make interaction 
more efficient.  
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Flexibility and 
Efficiency of 
Use 

Balance 
creative 
comfort & 
empowerment 

Are creative 
concepts taught 
using clear and 
simple language? 

Adapted: 
updated 
wording 

Are novel concepts 
taught using clear 
and simple 
language? 

Help Users 
Recognize, 
Diagnose, and 
Recover from 
Errors 

Help users 
recover from 
errors 

Does the system 
provide a second 
confirmation 
before 
performing major 
actions (i.e., 
quitting game, 
overwriting save 
file, etc.)? 

Adapted: 
moved to 
other 
section 

Moved to Error 
Prevention and 
Recovery 

Help Users 
Recognize, 
Diagnose, and 
Recover from 
Errors 

Help users 
recover from 
errors 

Does the system 
allow the player 
to load a previous 
save file at any 
time? 

Adapted: 
moved to 
other 
section 

Moved to Error 
Prevention and 
Recovery 

Help Users 
Recognize, 
Diagnose, and 
Recover from 
Errors 

Avoid fatal 
errors 

Does the game 
avoid allowing 
users to make 
fatal errors? 

Adapted: 
moved to 
other 
section 

Moved to Error 
Prevention and 
Recovery 

Help Users 
Recognize, 
Diagnose, and 
Recover from 
Errors 

- - Eliminated - 

Help and 
Documentation 

Let players 
review what 
they’ve learned 

- Added 
question 

Are players able to 
easily access 
previously 
completed tutorials 
and instructions? 

Interaction Interaction 
with the world 

Does the system 
notify the user 
when he/she is 
able to interact 
with an object? 

Adapted: 
added 
clarifying 
formatting 

Does the system 
notify the user 
when he/she is 
able to interact 
with an object? 

Interaction Interaction 
with the world 

Does the system 
notify the user of 
how he/she is 
able to interact 
with an object? 

Adapted: 
added 
clarifying 
formatting 

Does the system 
notify the user of 
how he/she is able 
to interact with the 
object? 
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Interaction Encourage 
player 
engagement 

Are visual and 
audio cues during 
engagement 
consistent with 
comparable cues 
in the real world? 

Adapted: 
change 
subcategory 
wording 

New subcategory: 
Use appropriate 
sensory cues 

Interaction Encourage 
player 
engagement 

Are visual and 
audio cues during 
engagement 
consistent with 
comparable cues 
in the real world? 

Adapted: 
Change 
description 
wording 

New description: 
Audio and visual 
cues should give a 
better 
understanding of 
where the player is 
(e.g., water sounds 
at a beach, rustling 
leaves in a forest). 

Interaction Close 
coordination of 
action and 
representation 

Is latency 
between player 
movement/action 
and virtual world 
movement/action 
less than 200 ms? 

Adapted: 
moved to 
other 
section 

Moved to Mental 
Comfort heuristic 

Interaction Close 
coordination of 
action and 
representation 

Is tracked 
movement 
precise (i.e., 
movement is 
tracked in a 
consistent 
manner)? 

Adapted: 
moved to 
other 
section 

Moved to Mental 
Comfort heuristic 

Interaction Close 
coordination of 
action and 
representation 

Is tracked 
movement 
accurate (i.e., 
movement in VR 
is equal to 
movement in the 
166virtual 
world)? 

Adapted: 
moved to 
other 
section 

Moved to Mental 
Comfort heuristic 

Comfort - - Adapted: 
split into 
two 
sections 

Created Mental 
Comfort and 
Physical Comfort 
heuristics 

Comfort Comfort Are repetitive 
actions avoided 
and, when they 
are completely 
necessary, not 
physically 
demanding? 

Adapted: 
moved to 
other 
section 

Moved to Physical 
Comfort heuristic 
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Comfort Minimize 
physical side 
effects 

Is teleportation-
style locomotion 
offered for those 
who experience 
VR sickness? 

Adapted: 
moved to 
other 
section 

Moved to Physical 
Comfort heuristic 

Comfort Keep the 
player 
comfortable 

Does the game 
avoid jarring 
experiences (i.e. 
passing through 
walls, NPCs 
walking through 
the player, jump 
scares, etc.)? 

Adapted: 
moved to 
other 
section 

Moved to Mental 
Comfort heuristic 

Comfort Provide a safe 
space 

Is there a place 
within the virtual 
world where the 
player is safe and 
can take a 
physical break 
from the game? 

Adapted: 
moved to 
other 
section 

Moved to Physical 
Comfort heuristic 

Comfort Design for 
physical 
activity & 
inclusion 

Does the game 
offer alternatives 
for physical 
mechanics for 
those who aren’t 
physically active? 

Adapted: 
moved to 
other 
section 

Moved to Physical 
Comfort heuristic 

Comfort Design 
ethically 

Does the game 
offer ethical, if 
any, decision 
options for the 
player’s 
character? 

Adapted: 
moved to 
other 
section 

Moved to Mental 
Comfort heuristic 

Comfort Minimize 
friction on 
phase shift 

Are transitions 
between states 
(i.e. main menu -
> loading screen -
> game; town exit 
-> new area, etc.) 
seamless? 

Adapted: 
moved to 
other 
section 

Moved to Mental 
Comfort heuristic 

Comfort Minimize 
friction on 
phase shift 

Are transitions 
between states 
(i.e. main menu -
> loading screen -
> game; town exit 
-> new area, etc.) 
obvious? 

Adapted: 
moved to 
other 
section 

Moved to Mental 
Comfort heuristic 



168 
 

168 
 

Comfort Minimize 
friction on 
phase shift 

Does the game 
make the player 
aware of what 
state they are in 
at any given 
time? 

Adapted: 
moved to 
other 
section 

Moved to Mental 
Comfort heuristic 

Comfort Glitchiness Has the game 
been thoroughly 
tested for 
glitches? 

Adapted: 
moved to 
other 
section 

Moved to Mental 
Comfort heuristic 

Comfort Glitchiness Have all found 
glitches been 
fixed? 

Adapted: 
moved to 
other 
section 

Moved to Mental 
Comfort heuristic 

Comfort Headset 
comfort 

Is the headset 
comfortable 
during prolonged 
use? 

Adapted: 
moved to 
other 
section 

Moved to Mental 
Comfort heuristic 

Comfort Cord design Is the headset 
cord long enough 
for the player to 
utilize the largest 
possible play 
space? 

Adapted: 
moved to 
other 
section 

Moved to Physical 
Comfort heuristic 

Comfort Cord design Is the headset 
cord designed to 
avoid 
entaglement? 

Adapted: 
moved to 
other 
section 

Moved to Physical 
Comfort heuristic 

Comfort Orientation 
and navigation 

Are navigation 
controls simple 
and memorable? 

Adapted: 
moved to 
other 
section 

Moved to 
Playability heuristic 

Comfort Orientation 
and navigation 

Does the game 
provide guidance 
to the player’s 
next goal so that 
he/she is aware 
of where he/she 
must go? 

Adapted: 
moved to 
other 
section 

Moved to 
Playability heuristic 

Comfort Orientation 
and navigation 

Is navigation 
possible with a 
single button? 

Adapted: 
moved to 
other 
section 

Moved to 
Playability heuristic 

Comfort Orientation 
and navigation 

Is the player able 
to easily figure 
out where he/she 
is in the game in 

Adapted: 
moved to 
other 
section 

Moved to 
Playability heuristic 
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reference to the 
entire world? 

Comfort Orientation 
and navigation 

Do methods for 
returning to 
known, preset 
positions avoid 
unnatural 
movement? 

Adapted: 
moved to 
other 
section 

Moved to Physical 
Comfort heuristic 

Comfort Orientation 
and navigation 

Is the player able 
to easily return to 
know, preset 
169ntermedi? 

Adapted: 
moved to 
other 
section, 
updated 
spelling 

Moved to 
Playability heuristic 
 
New question: Is 
the player able to 
easily return to 
known, preset 
positions? 

Comfort Wayfinding Is the player able 
to figure out 
where he/she is 
in reference to 
the immediate 
area? 

Adapted: 
moved to 
other 
section 

Moved to 
Recognition Rather 
than Recall 
heuristic 

Comfort Navigation 
options 

Are natural 
locomotion and 
teleportation 
offered as 
navigation 
options in 
addition to any 
game-specific 
navigation 
options? 

Adapted: 
moved to 
other 
section 

Moved to Physical 
Comfort heuristic 

Comfort Teleport 
location 

Is the teleport 
location for 
teleportation 
navigation clearly 
marked? 

Adapted: 
moved to 
other 
section 

Moved to Mental 
Comfort heuristic 

Comfort Calibration Are users able to 
manually 
calibrate 
height/floor 
location in-game 
or otherwise? 

Adapted: 
moved to 
other 
section 

Moved to Physical 
Comfort heuristic 
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Comfort Head comfort Does the HMD 
provide a space 
through which 
long hair can fit 
comfortably? 

Adapted: 
moved to 
other 
section 

Moved to Physical 
Comfort heuristic 

Learning Support 
learning 

Are complex 
objects 
complemented 
by definitions and 
indications of its 
use? 

Adapted: 
updated 
wording 

Does the game 
provide 
explanations for 
the functions and 
uses of complex 
objects within the 
game? 

Learning Support 
learning 

Are active objects 
cued to the 
player? 

Eliminated - 

Playability Two-way 
communication 

Are players able 
to communicate 
with each other 
in-game? 

Adapted: 
moved to 
other 
section 

Moved to 
Multiplayer 
heuristic 

Playability Learning Can players see 
other players’ 
actions in order 
to learn from 
them? 

Adapted: 
moved to 
other 
section 

Moved to 
Multiplayer 
heuristic 

Playability Facilitate social 
connection 

Are players able 
to share things 
(.e.g be in a party 
together, trade, 
etc.)? 

Adapted: 
moved to 
other 
section 

Moved to 
Multiplayer 
heuristic 
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APPENDIX I 

BACKGROUND SCREENER FOR USABILITY STUDY ELIGIBILITY 
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APPENDIX J 

Flow and User Experience (FLUX) VR: VR GAMES HEURISTIC CHECKLIST 

Heuristic Element Description Checklist Question 

1. Visibility of 
System Status 

      

  Feedback Keep the user informed about 
the condition of its avatar, 
related events, or relevant 
facts within the world. 

Does the UI provide all necessary 
information about the player's 
character? 

  Is the player notified of changes 
to virtual world that could affect 
gameplay? 

  Realistic feedback The effects of the player's 
actions should be immediately 
and clearly visible. These 
effects should also conform to 
the laws of physics and the 
user's expectations. 

Are the effects of a player's 
actions immediately and clearly 
visible? 

  Do the effects of player actions 
conform to the laws of physics 
and user expectations? If not, is 
the player notified prior to 
interactions with objects that 
will not conform to these laws? 

  Timely 
Notifications 

A notification must arrive in 
time to be useful. 
Notifications should report 
the most current data as soon 
as the user desires it. 

Do notifications arrive in time to 
be useful to the player? 

  Do notifications report the most 
current data as soon as the 
player needs it? 

  Consistent 
Displays 

The method of displaying a 
notification should be 
consistent for a level of 
notification. All high priority 
notifications should be 
consistent so the user knows 
the priority when the 
notification appears. 

Do notifications of the same 
level (i.e., importance) appear in 
a consistent manner? 

  Clear 
Notifications 

Language and display method 
should target the users. Users 
should be able to understand 
at least the basic information 
the notification is trying to 
convey. 

Is the language used in 
notifications appropriate for the 
target audience? 

  Are notifications displayed in a 
recognizable manner for the 
target audience? 
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  Are notifications detached from 
the headset so that the player 
may look at them without 
moving the notifications? 

  Allow shortcuts 
to more 
information 

Allow users to select the 
notification in the appropriate 
way in order to learn more 
about it. 

Are players able to select the 
notification to view more 
information about it? 

  Game interface A player should always be 
able to identify their 
score/status in the game 

Is the player's score readily 
visible during play? 

  Use sound to provide 
meaningful feedback 

Does the game provide 
meaningful audio cues? 

  Any UI elements or text that 
may be mobile (e.g., attached 
to the headset or controller) 
should not get in the way of 
the player looking at 
something else. 

Do mobile menus/interfaces 
(e.g., health attached to the 
controller) avoid obscuring other 
important parts of the game? 

2. Match 
Between System 
and the Real 
World 

      

  Clarity Provide the player a control 
panel that is easy to 
understand, well-organized, 
simple, and uses a clear 
language. 

Is the language used in the 
menus clear? 

  Are menus organized in a simple, 
easy-to-understand fashion? 

  Build on real-
world knowledge 

Virtual objects (VOs) should 
behave in an expected 
manner. If VOs look like real-
world objects, they should 
behave as real-world objects 
would. 

Do objects in the virtual world 
behave similarly to the same 
objects in the real world? If not, 
is the player notified prior to 
interacting with those objects 
how they will behave? 

3. User Control 
and Freedom 

      

  Quit game Players should always have 
easy access to an "exit game" 
function. 

Does the start menu offer a "quit 
game" option? 

  Does the "quit game" option 
include a second confirmation 
popup? 

  Game mechanics Feedback should be given 
immediately to display user 
control 

Is feedback on how user action 
affects the world given 
immediately? (e.g., when the 
player attacks an enemy, a 
number depicts how much 
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damage is dealt or a health bar 
decreases for the enemy) 

  Environment 
Control 

Users should be able to 
manipulate their environment 
so that they may navigate it in 
a comfortable way. 

Is the user able to manually set 
their default location within the 
VR environment (i.e., height and 
physical location of the center of 
the virtual environment)? 

4. Consistency 
and Standards 

      

  Consistency Keep the world consistent so 
that consequences of actions 
can be predicted. 

Does the world react to player 
actions consistently throughout 
the game? 

  Communication 
between avatars 

Interaction in the game 
should be analogous to the 
real world. Interaction should 
be easy, intuitive, and clear to 
the emitter and receptor. 

Is communication between the 
player avatar and other avatars 
clear and intuitive? 

  Compatibility 
with the user's 
task and domain 

The virtual environment and 
behavior of objects should 
correspond as closely as 
possible to the player's 
expectation of real-world 
objects, their behavior, and 
affordances for task action. 

Do virtual objects interact with 
each other in a manner 
consistent with the real world? If 
not, is the player notified of how 
they will interact? 

  When teaching the player about 
a button press, does the game 
display the tracked controllers or 
show a controller schematic 
showing the player where that 
button is located? 

  Faithful 
viewpoints 

The visual representation of 
the virtual world should map 
to the player's normal 
perception and the viewpoint 
change should be rendered 
without delay. 

Does the map/mini-map reflect 
the player's perspective? 

  Does the mini-map reorient with 
the player without delay? 

  Consistent 
departures 

When design compromises 
are used, they should be 
consistent and clearly marked 
(e.g., cross-model substitution 
and power actions for 
navigation). 

Are any deviations from industry 
standard controls clearly 
marked? 

  Familiarity The interface should provide a 
sense of familiarity, including 
between the task and device, 

Do interfaces in the game follow 
industry standards for its genre 
and hardware? 
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and the interaction metaphor 
and functionality 

  Design for 
knowledge 
transfer 

Controls and terminology 
should fit with the industry 
standard so that their 
knowledge of other games 
help them learn basic controls 
faster and they can focus on 
learning unique features. 

Does the control scheme follow 
industry standards? 

  Game interface Interfaces should be 
consistent in control, color, 
typography, and dialog design 

Are interfaces consistent in 
control, color, typography, and 
dialog design? 

5. Error 
Prevention & 
Recovery 

      

  Error prevention Prevent users from making 
unnecessary mistakes or 
creating undesired situations 
related to the interface or 
game. 

Does the game provide 
information signaling the 
possibility of a serious error? 

  Is progress protected through 
autosaves or warnings when 
leaving the game? 

  Are secondary confirmations 
required for important actions 
(i.e., save, quit, actions 
drastically affecting 
story/gameplay, etc.)? 

  Does the game warn the player 
when they are about to 
make/actively making a 
potentially fatal error? 

  Help users 
recover from 
errors 

Provide the player with tools 
to recover from system errors 
or undesired situations 
created within the game. 

Does the system provide a 
second confirmation before 
performing major actions (i.e., 
quitting game, overwriting save 
file, etc.)? 

  Does the system allow the player 
to load a previous save file at 
any time? 

  Avoid fatal errors Prevent users from making 
fatal errors (e.g., quitting the 
game without saving 
progress). 

Does the game avoid allowing 
users to make fatal errors? 
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6. Recognition 
Rather than 
Recall 

      

  Low memory load Minimize demands on player 
memory by making objects, 
options, and actions visible 
and easily accessible. Also 
provide visualization that 
remembers where the player 
has visited. 

If a map is provided, does it fill 
out as the player explores the 
virtual world? 

  Are tooltips provided signifying 
how the player can interact with 
an object (i.e., press x to open)? 

  Avoid burden on 
memory 

Cue players to important 
information when necessary, 
instead of making them recall 
everything on their own. 

Are reminders of important 
information given when that 
information becomes relevant? 

  Are reminders of important 
information given in a clear, 
easy-to-read/understand 
fashion? 

  Wayfinding Users should be able to know 
where they are from both a 
big picture perspective and a 
microscopic perception. 

Is the player able to figure out 
where he/she is in reference to 
the immediate area? 

7. Flexibility and 
Efficiency of Use 

      

  Flexibility and 
efficiency of use 

Provide accelerators 
(functions that help users 
complete common tasks, e.g., 
a pop-up that compares newly 
found armor to currently 
worn armor) for common 
actions and allow the player 
to define his own 
accelerators. Also allow 
players to change interface 
options, allowing advanced 
users to make interaction 
more efficient.  

Are accelerators provided for 
common actions? 

  Can the player define his/her 
own accelerators? 

  Is the player able to modify the 
user interface to fit his/her 
needs? 

  Support a variety 
of players 

Users should enjoy the game 
regardless of their playstyle or 
skill level. 

Does the game support multiple 
playstyles? 

  Is the game able to challenge 
novice and advanced users? 

  Balance creative 
comfort & 
empowerment 

Give players tools to express 
themselves how they want. 
Make creative aspects very 
simple at the ground level so 

Are novel concepts taught using 
clear and simple language? 
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  that novice players can jump 
right in, but allow for 
flexibility at higher levels. 

Are creative concepts simple 
enough to be used by novice 
users? 

  Are creative concepts flexible 
enough to be used in complex 
ways by advanced users? 

  Switch between 
real and virtual 
world 

The system should be able to 
rely on itself for all usage; that 
is, keep all necessary user 
tasks and information within 
VR instead of creating tasks 
that the user may only be able 
to execute when the VR 
headset is taken off or 
information that can only be 
accessed by taking the 
headset off. 

Can the user perform all tasks 
required by the game without 
removing their HMD? 

  Guidance There should be a balance 
between exploration and 
guidance. This maintains a 
flow for both novice and 
expert users. Shortcuts should 
also be provided for expert 
players 

Does the game offer guidance 
for new users? 

  Does the game allow players to 
explore outside of the 
destination they are guided to? 

  Game interface Controls should be 
customizable and default to 
industry standard settings 

Can controls be remapped 
according to the user's 
preference? 

8. Aesthetic and 
Minimalist 
Design 

      

  Streamline the UI Information on screen should 
be minimalistic and provide 
necessary information in a 
timely manner that allows the 
player to progress in the 
game. 

Does the user interface provide 
only and all necessary 
information to the user? 

  User Interface 
Design 

The system's interface and 
hardware controls should 
have an intuitive design and 
navigation, adhering to 
usability conventions. 

Do menu and interface 
categories follow industry 
standards? 

  Do menu and interface 
categories use clear language 
understood by the user? 

  Do controls for navigating menus 
follow industry standards? 
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  Game interface The interface should be as 
non-intrusive as possible 

Is the user interface designed in 
a way that it does not interfere 
with users' view of the virtual 
world? 

  Minimize the menu layers of 
an interface 

Does the menu only contain the 
minimum number of layers? 

    In-game UI should follow 
traditional readability 
standards. 

Is the UI easy to see/read (i.e., 
good contrast, readable font, 
etc.)? 

9. Help and 
Documentation 

      

  Help and 
documentation 

Give the player relevant 
information not only online 
but within the game. This 
information should be easily 
accessible in the player's 
language. 

Is the player able to access and 
review tutorials and 
documentation from the menu 
at any time? 

  Is documentation accessible in 
the user's language? 

  Let players review 
what they've 
learned 

Give players easy access to 
prior taught concepts (e.g., 
access to tutorials, mechanics 
manual, etc.) 

Are players able to easily access 
previously completed tutorials 
and instructions? 

10. Interaction       

  Interaction within 
the world 

Clearly indicate to the player 
which objects can be 
interacted with and which 
cannot. Also indicate what 
actions can be carried out 
with interactable objects. 

Does the system notify the user 
when he/she is able to interact 
with an object? 

  Does the system notify the user 
of how he/she may interact with 
an interactable object? 

  Use appropriate 
sensory cues 

Audio and visual cues should 
give a better understanding of 
where the player is (e.g., 
water sounds at a beach, 
rustling leaves in a forest). 

Are visual and audio cues during 
engagement consistent with 
comparable cues in the real 
world? 

  Interactability Interactable objects should be 
explicit and allow both 
temporary and permanent 
selection 

Are players able to interact with 
virtual objects using their choice 
of toggle and push/hold 
buttons? 

  Device-Task 
compatibility 

Tasks for which the user 
interface device is going to be 
used have to be compatible 
with the interaction style the 
device is capable of. 

Is the hardware on which the 
game is available capable of 
completing tasks required by the 
game? 

  Physical Space 
Constraints 

The system should account for 
the real-world physical space 

Does the game notify the player 
of approaching edges of his/her 
physical play space? 



181 
 

181 
 

  users occupy when interacting 
with the system. 

Is the game playable within the 
minimum required play space for 
the HMDs on which the game is 
available? 

  Natural 
Representation 

The representation of the user 
in the game should allow the 
user to explore and act in a 
natural manner and not 
restrict normal physical 
actions. May be limited by 
hardware. Haptic feedback 
should be available. 

Does the game offer haptic 
feedback to the user? 

  Is the user's avatar able to move 
freely and naturally, 
unconstrained by the game? 

  Sense of presence The player's perception of 
engagement and being in a 
'real' world should be as 
natural as possible. 

Are sensory stimuli in the virtual 
world consistent with similar 
environments in the real world? 

  Identity interaction metaphors should 
make sense together. The 
player should understand 
what the system can and 
cannot interpret. 

Does the user understand what 
actions the system can and 
cannot interpret? 

  Metaphor 
coherence 

Interaction metaphors should 
have a clear relationship with 
the functionalities they 
execute. 

Do interaction metaphors have a 
clear relationship with the 
functionalities they execute? 

11. Mental 
Comfort 

      

  Close 
coordination of 
action and 
representation 

The representation of the 
player in the game should be 
faithful to the player's actions. 
Response time between the 
user and avatar should be less 
than 200 ms to avoid motion 
sickness. 

Is latency between player 
movement/action and virtual 
world movement/action less 
than 200 ms? 

  Is tracked movement precise 
(i.e., movement is tracked in a 
consistent manner)? 

  Is tracked movement accurate 
(i.e., movement in VR is equal to 
movement in the physical 
world)? 

  Distinction Interaction metaphors should 
not be too similar and avoid 
confusion. 

Is it clear how the player can 
interact with the world? 

  Are interactions with objects in 
the world similar to interaction 
with objects in the real world? 
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  Keep the player 
comfortable 

Prevent users from feeling 
uncomfortable during 
gameplay. Things that can jar 
a user during VR play could be 
passing through objects, an 
NPC walking through the 
player, or overwhelming 
moments when enemies jump 
out of nowhere. 

Does the game avoid jarring 
experiences (i.e., passing 
through walls, NPCs walking 
through the player, jump scares, 
etc.)? 

  Design ethically Referring to [facilitate 
embodiment of character], 
players tend to see the 
avatars as themselves and 
they are not comfortable 
making unethical decisions. 
Provide ethical options for 
decisions in game. 

Does the game offer ethical, if 
any, decision options for the 
player's character? 

  Minimize friction 
on phase shift 

Make transitions between 
states or modes seamless, not 
jarring. Make shifts obvious 
with feedback. Make sure 
players know what state they 
are in and don’t force them to 
immediately make changes to 
it. 

Are transitions between states 
(i.e., main menu -> loading 
screen -> game; town exit -> new 
area, etc.) seamless? 

  Are transitions between states 
(i.e., main menu -> loading 
screen -> game; town exit -> new 
area, etc.) obvious? 

  Does the game make the player 
aware of what state they are in 
at any given time? 

  Glitchiness The system should promote a 
streamlined experience by 
keeping systematic glitches 
low. 

Has the game been thoroughly 
tested for glitches? 

  Have all found glitches been 
fixed? 

  Teleport location   Is the teleport location for 
teleportation navigation clearly 
marked? 

12. Physical 
Comfort 

   

  Headset Comfort The headset of the system 
should be designed to be 
comfortable for prolonged 
wear. 

Is the headset comfortable 
during prolonged use? 

  Comfort Interactions should not 
require much effort and 
should not fatigue the user 

Are repetitive actions avoided 
and, when they are completely 
necessary, not physically 
demanding? 
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  Minimize physical 
side effects 

Players should not experience 
nausea or avoidable fatigue 
while playing a VR game. This 
can include nausea, eye strain, 
dizziness, and other negative 
physical effects. This can 
involve anything that forces 
the player to take a break. 

Is teleportation-style locomotion 
offered for those who 
experience VR sickness? 

  Does the game avoid movement 
not controlled by the player (i.e., 
falling, riding in vehicles, etc.)? 

  Does the game avoid repetitive 
high-effort movement? 

  Provide a safe 
space 

Give the user a place to go 
that's safe, like a home base. 
This could be a house or 
spawn area where there are 
no enemies and the user can 
take a physical break from the 
game. 

Is there a place within the virtual 
world where the player is safe 
and can take a physical break 
from the game? 

  Design for 
physical activity & 
inclusion 

Provide alternatives for 
physical mechanics of the 
games for those who aren't as 
physically active. 

Does the game offer alternatives 
for physical mechanics for those 
who aren't physically active? 

  Cord Design The cord of the system should 
be designed such that VR 
usage requires minimal 
maintenance, e.g., providing 
adequate length and 
mobility to keep 
entanglement to a minimum. 

Is the headset cord long enough 
for the player to utilize the 
largest possible play space? 

  Is the headset cord designed to 
avoid entanglement? 

  Orientation and 
navigation 

Players should always be able 
to find where they are in the 
game and return to known, 
preset positions. Unnatural 
movements such as passing 
through walls may help, but 
these actions have been 
judged to reduce naturalness 
(immersion). 

Do methods for returning to 
known, preset positions avoid 
unnatural movement? 

  Navigation 
options 

Provide options for navigation 
types including natural 
locomotion and teleportation, 
along with any other 
appropriate navigation 
options for your game. 

Are natural locomotion and 
teleportation offered as 
navigation options in addition to 
any game-specific navigation 
options? 
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  Calibration Users should be able to 
manually calibrate their height 
in VR for optimal comfort. 

Are users able to manually 
calibrate height/floor location in-
game or otherwise? 

  Head Comfort The headset should provide 
an opening to comfortably fit 
long hair through. 

Does the HMD provide a space 
through which long hair can fit 
comfortably? 

  Support learning Complex objects should be 
complemented with 
definitions and indications for 
its use 

Does the game provide 
explanations for the functions 
and uses of complex objects 
within the game?   

  Active 
exploration 

Active exploration should be 
encouraged to help the user 
learn interaction metaphors. 

Does the game encourage 
exploration to help users learn 
interaction metaphors? 

  Learnability The learning curve of the UI 
should be proportionate to 
play time. If it is meant to be 
played a lot, learning can take 
time. If not, learning should 
be almost necessary. 

Is the learning curve of the user 
interface proportionate to play 
time? 

  Game play A good game should be easy 
to learn and hard to master 

Is a player able to quickly learn 
the basic mechanics of the 
game? 

  Can basic mechanics of the game 
be creatively utilized by 
advanced users so that the game 
is hard to master? 

  Provide a safe 
space to learn 
(sandbox) 

Give players a sandbox area 
where they can practice skills 
without facing consequences 
and increase their confidence. 

Is there a sandbox area where 
players can practice skills 
without consequence? 

  Provide 
scaffolding 

Give adequate guidance after 
the tutorial. Novice players 
may need tips to help them 
fully learn the mechanics. This 
also includes game 
progression tips. 

Does the game offer tips after 
the tutorial and throughout 
play? (e.g., during loading 
screens) 

  

  Build self-efficacy 
through 
demonstration 
and practice 

When introducing a mechanic, 
demonstrate it to the player 
and then allow them to 
practice it without 
consequence. 

Are mechanics introduced in a 
tutorial followed by an area 
where the player can practice 
the mechanic without 
consequence or with minor 
consequence? 

  Integrate learning 
with gameplay 

Include a tutorial. Implement 
teaching using gameplay 
instead of just text 
instructions on how to do 
things. Have the player 

Does the game include an 
interactive tutorial instead of 
just text instructions? 
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actually use the mechanics to 
help learning. 

  Teach one thing 
at a time 
(stepwise 
learning) 

Give players a learning 
experience that allows them 
to master a skill before 
moving on to a new one. 

Does the game teach one thing 
at a time? 

  Does the game allow the player 
to master a mechanic before 
teaching a new one? 

  Game interface Follow the trends set by the 
gaming community to shorten 
the learning curve. 

Does the tutorial follow industry 
standards when possible? 

  Do not expect players to read 
a manual. 

Are players able to learn how to 
play the game without reading 
the manual? 

  Game play Provide an interesting and 
absorbing tutorial. 

Does the tutorial encourage 
player engagement? 

  Thorough tutorial Any mechanics required for 
play should be taught prior to 
play. Any supplementary 
mechanics should be taught 
to the player when he/she 
encounters that mechanic for 
the first time. 

Does the tutorial thoroughly 
teach the player all relevant 
mechanics to begin play? 

  Are any mechanics not covered 
by the tutorial introduced in a 
tutorial-like fashion during play? 

14. Playability       

  Provide clear 
goals 

Game should provide 
overarching goals along with 
sub-goals at varying levels 
(e.g., big goal = beat the 
game, intermediate goal = 
save this NPC, minor goal = 
get a better sword). 

Does the game provide a goal 
hierarchy, clearly marking 
overarching goals (e.g., defeat 
the final boss) and sub-goals at 
varying levels (e.g., 
intermediate: deliver this letter, 
minor: get a better sword)? 

  Camera control 
and visualization 

Allow the player to determine 
level and quality of texture, 
visual effects, or objects with 
a pure aesthetic purpose. Also 
allow the player to control the 
camera. 

Are there options to adjust 
resolution, texture quality, and 
other visual components? 

  Is the player able to control the 
camera? 

  Avatar 
customization 

Offer a whole group of 
predefined avatars with 
specific genre, age, and 
appearance among other 
attributes. Also allow user to 
customize that avatar. 

Is the player able to customize 
his/her own avatar? If not, is the 
player given a group of different 
avatars to choose from? 
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  Make the player 
feel in control 

Players feel that the choices 
they make cause direct 
consequences in the game. 

Do player actions have direct 
consequences in the game? 

  Provide creative 
inspiration 

Inspire users by allowing the 
them to modify and react to 
things that already exist in the 
virtual world. 

Is the player able to modify 
things in the virtual world? 

  Be aware of the 
first-time halo 
effect 

Players may be caught in awe 
of a game and not notice any 
flaws in the early stages of 
gameplay. Allow the player to 
play for a while before 
performing evaluations. 

Are any evaluations gathered by 
the game given after at least 2 
hours of gameplay to avoid the 
first-time halo effect? 

  Game mechanics 
and play 

Get the player involved 
quickly and easily. 

Is the time between starting the 
game and the player taking 
control kept to a minimum? 

  Game play There should be variable 
difficulty level. 

Are multiple difficulty levels 
available? 

  The game should be balanced 
so that there is no definite 
way to win. 

Does the game support multiple 
approaches to winning? 

  The game should give 
rewards. 

Does the game reward the 
player? 

  Orientation and 
navigation 

Provide an intuitive and 
memorable navigation. 

Are navigation controls simple 
and memorable? 

  Provide the player with a clear 
sign of where he/she must go 
next to progress. 

Does the game provide guidance 
to the player's next goal so that 
he/she is aware of where he/she 
must go? 

  Make navigation simple (i.e., a 
single button). 

Is navigation possible with a 
single button? 

  Players should always be able 
to find where they are in the 
game and return to known, 
preset positions. Unnatural 
movements such as passing 
through walls may help, but 
these actions have been 
judged to reduce naturalness 
(immersion). 

Is the player able to easily figure 
out where he/she is in the game 
in reference to the entire world? 

  Is the player able to easily return 
to know, preset positions? 

  Provide options for navigation 
types including natural 
locomotion and teleportation, 
along with any other 
appropriate navigation 
options for your game. 

Are natural locomotion and 
teleportation offered as 
navigation options in addition to 
any game-specific navigation 
options? 
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      Does the game's locomotion 
style avoid interfering with the 
player's ability to engage in 
other activities (e.g., combat)? 

      Are all types of locomotion equal 
(i.e., same speed, can reach the 
same places, etc.) unless 
explicitly mentioned otherwise? 

15. Multiplayer 
   

  Two-way 
communication 

Allow players to communicate 
even if they are in separate 
rooms and on separate tasks. 

Are players able to communicate 
with each other in-game? 

  Learning Let users be aware of each 
other's actions so they can 
learn from each other. 

Can players see other players' 
actions in order to learn from 
them? 

  Facilitate social 
connection 

Utilize social interaction in the 
game. In multiplayer, allow 
players to share things (e.g., 
parties, trading, etc.). In 
single-player, allow the user 
to interact with NPCs in a way 
that builds social connections. 

Are players able to interact with 
NPCs in a way that builds social 
connections? 

  Are players able to share things 
(e.g., be in a party together, 
trade, etc.)? 

  Facilitate 
performance & 
social creativity 

Allow users to create 
collaboratively. Make sure 
they are comfortable creating 
in front of other players. 

If your game has multiplayer, are 
players able to collaboratively 
create things? 

  Does the game create an 
environment in which players 
are comfortable creating in front 
of each other? 

  Disabling 
multiplayer 

  If the game allows other players 
to join freely, is an option 
provided to disable this 
function? 

 


