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Abstract 

Virtual reality has shown promise as a tool for organizational training.  Implementing 

gamification, the use of game elements, has been shown to further improve learning outcomes.  

However, gamification has shown inconsistent results when applied to VR. To investigate this, 

we used motivational theory as a framework to select, justify, and implement game elements 

based on each theory to create different versions of a virtual grocery store training. Our results 

did not indicate any differences on performance, persistence, or error rate between each 

training condition, and exploratory analyses investigated the link between perceived 

competence and VR program quality. We discuss potential explanations for gamification’s 

inconsistency and the effects of presence. 
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Using Modern Motivational Theories as a Design Framework for VR Gamification 

Abstract 

Virtual reality has shown promise as a tool for organizational training.  Implementing 

gamification, the use of game elements, has been shown to further improve learning outcomes.  

However, gamification has shown inconsistent results when applied to VR. To investigate this, 

we used motivational theory as a framework to select, justify, and implement game elements 

based on each theory to create different versions of a virtual grocery store training. Our results 

did not indicate any differences on performance, persistence, or error rate between each 

training condition, and exploratory analyses investigated the link between perceived 

competence and VR program quality. We discuss potential explanations for gamification’s 

inconsistency and the effects of presence. 

Introduction 

Virtual reality (VR) is a type of immersive technology that recreates vivid and immersive 

environments through the use of visual displays and other hardware. Users of VR may interact 

within this environment to varying degrees dependent on the specific type of VR implementation 

and do things such as moving around or interacting with objects. Software development 

programs allow for environments to be created for desired experiences, allowing VR developers 

great flexibility. While VR was originally created for entertainment purposes, it has been shown 

to have practical value in the fields of medicine (Li et al., 2017), education (Kavanagh et al, 

2017), and military applications (Lele, 2013). Recently, VR has seen increased use for non-

military, non-medical occupational trainings. (Cheng, 2010).  Virtual reality is continuing to grow 

in size, and it is predicted that over 23 million jobs will be using VR by 2030 (PvC, 2019). 

As virtual reality becomes more commercially available, many researchers have been 

examining the advantages of using the medium. VR has been associated with increases to 



VR GAMIFICATION USING MOTIVATIONAL THEORY                                                            8 
 

learning motivation when compared to traditional instruction (Sattar et al., 2019) and has been 

used as an affordable alternative to more costly simulator training (Bhagat et al., 2016). An 

additional advantage is that the environments created by VR are immersive, providing a high 

degree of fidelity to the user (Berkman, 2020). Immersiveness has been associated with 

increases in learning outcomes (Baldwin & Ford, 1988), such as retention of declarative 

knowledge and job skill acquisition (Cheng, 2010; Lee, 2017), and could explain why a recent 

meta-analysis found that VR trainings are more effective than their traditional counterparts 

(Howard et al., 2020). 

While VR training has been shown to be generally effective, the modern form of the 

technology is still relatively new, and more research is needed to determine best practices and 

how to make VR most effective for occupational training. One promising way to increase the 

effectiveness of VR training even further is by implementing gamification - the intentional use of 

typical elements from video games into another area of activity (Deterding et al., 2011). The use 

of gamification in non-VR contexts has been associated with increases in task performance, 

quality of work, and user engagement when compared to non-gamified approaches (Hosseini et 

al., 2022; Prasad & Mangipudi, 2021). Proponents of gamification believe this may be because 

gamified training is more engaging and therefore requires users to expend less cognitive effort 

to learn. Researchers have started to examine the effects of gamification in a virtual reality 

context, but the findings have been inconclusive so far.  While some studies that add 

gamification to VR trainings find non-significant effects on learning (e.g., Palmas et al., 2019), 

other studies have found that adding gamification to VR trainings can increase learning (e.g., 

Chittaro & Buttussi, 2015; Lu & Davis, 2016).  For this reason, Howard et al. (2020) called for 

more research into exploring the addition of gamification to VR trainings. 

A challenge in applying gamification to a training context, and potentially a reason for the 

conflicting results in the literature, is that gamification is not a single technique but a collection of 
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techniques. The exact number of techniques varies depending on the taxonomy being used, but 

a recently developed taxonomy identified 21 different game elements -- e.g., points for different 

in-training action, leaderboards to promote competition, adding a narrative to the experience to 

increase motivation -- which means there are 21 different ways to gamify a training program if 

one is only using a single gamification technique.  In practice, gamification is usually done using 

multiple game elements, and as one might expect, the number of ways to implement 

gamification grows exponentially as the number of elements to be added increases.  There are 

210 different ways to gamify a training program if two gamification elements are to be used, and 

an astounding 1,330 different ways to gamify a training program if only three elements are to be 

implemented. The multiplicity of strategies to implement gamification is a problem because we 

do not know what gamification elements work ‘best’ in isolation or in combination with other 

game elements.    

One way to address the “numbers problem” of what elements work best in gamification 

is by using well-established psychological motivational theories as a framework. Theories such 

as goal-setting theory, self-determination theory, and expectancy theory may provide guidance 

on what gamification elements work best during design implementation. Comparing different 

perspectives against each other could also reveal differences in what theory is the most 

appropriate when designing gamification for a VR training environment. 

Accordingly, the purpose of this study is twofold. First, we seek to determine if 

gamification principles can be effective when applied to a VR training program.  The findings 

from our study could help contribute to understanding some of the inconsistent findings in the 

literature and address the question about whether gamification is generally helpful in a VR 

training context. Second, we are interested in determining if motivational theories may be 

applicable to designing VR training environments and if so, what theory is most applicable. 

Implementation of game elements based on the tenets of each psychological theory may 
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provide guidance on which elements work best and help researchers and practitioners address 

the challenges of implementing gamification in VR training. 

Literature Review 

Virtual Reality 

 In 1991, Coates defined virtual reality as “electronic simulations of environments 

experienced via head mounted eye goggles and wired clothing enabling the end user to interact 

in realistic three-dimensional situations” (Coates,1992). While other definitions expand on this to 

include non-head mounted display systems (HMDs) most researchers agree that virtual reality 

references the use of technological hardware to immerse the user in a simulated environment. 

Additionally, virtual reality may allow for multiple individuals to interact within this simulated 

environment, allowing for each user to represent themselves as avatars and shape their 

individual, or shared, spaces (Girvan, 2018). To create a more modern technology-centric 

definition, this research will use Jerald’s “computer-generated digital environments that can be 

experienced and interacted with as if that environment was real.” (Jerald, 2015) 

A combination of different technologies allow users to see themselves in virtual 

environments through the use of VR. The most common virtual environment is displayed 

through the use of a standard computer monitor alongside a mouse and keyboard. However, as 

consumer market availability has increased, HMDs and motion-sensor controllers are seeing 

increased usage. Other techniques that create virtual environments include surrounding the 

user with projections (CAVE systems) or by encapsulating them with multiple monitors. 

Regardless of the medium used to create a virtual environment, differences were not found in 

device effectiveness in Howard’s meta-analysis (Howard, 2021). Researchers suggest that the 

effectiveness of the medium used may be mediated by task technology fit, or “the degree to 

which technology assists an individual in performing their portfolio of tasks” (Goodhue & 
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Thompson 1995). This construct suggests that the interaction between task and technology 

characteristics create an effect that enhances performance outcomes. 

Different characteristics of virtual reality may also affect the degree to which users feel 

disconnected from the physical world. These feelings of disconnect may be explained by the 

concepts of presence and immersion. Immersion has been defined as the extent to which 

computer displays can deliver illusions of reality across four dimensions: the degree to which 

that they shut out physical reality, provide a range of sensory processes, surround the user with 

visual stimuli, and are vivid in resolution and richness (Slater & Wilbur, 1997). Immersion has 

been found to have positive effects on spatial understanding, may reduce information clutter, 

and can lead to higher levels of task performance, particularly with stereoscopic HMDs 

(Bowman & McMahan, 2007).  Presence is defined as the psychological sense of being in a 

virtual environment (Slater & Wilbur, 1997). Multiple studies have been performed on the effects 

of presence on task performance (Slater et al., 1996, Witmer & Singer, 1998) but researchers 

have been unable to find a conclusive link between the two (van Baren & IJsselsteihn, 2004). 

Research has indicated that cybersickness - symptoms of discomfort or malaise in virtual reality 

- is negatively associated with presence (Weech et al, 2009). Higher ratings of cybersickness in 

turn have been associated with lower ratings on task performance, most likely due to discomfort 

and symptoms of motion sickness. 

Due to the immersive nature of the medium, virtual reality has been utilized for a variety 

of different purposes. Creators of virtual reality software are able to design and cater virtual 

environments for unique and individual purposes. For example, in the medical field, virtual 

reality has been used to train junior surgeons on minimally invasive surgeries using an 

immersive training device. This allows junior surgeons to learn the same skills they would in a 

quicker time instead of over an 80-hour work week (Alaker et al., 2016). Research has also 

indicated that virtual reality may be used as an alternative analgesic for patients in pain as they 
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allocate attention to the simulation and away from a painful procedure, e.g., chemotherapy 

(Wismeijer & Vingerhoets, 2005). Virtual reality has also been used for a variety of military 

training purposes. Modern flight simulators have been created to address the growing need of 

highly realistic air warfare simulations to train U.S. Air Force pilots (Huang, 2004). These 

simulators have also extended to maritime use for diving operations, military engineering for 

battlefield visualization (Strickland 2010), and may even evolve current ground operations using 

real-time goggle displays for soldiers (Cameron, 2010). Virtual reality has also seen increased 

use in job training and professional development fields as the technology becomes increasingly 

available. VR has been used in safety training for construction work for identifying risk 

assessment (Sacks et al., 2013), manufacturing training using gamified assessment (Ulmer et 

al., 2020), and research has found that it may be an effective tool for teaching interpersonal 

skills alongside real life trainers (Mast et al., 2018). 

Virtual reality has been examined as a tool to teach both declarative and factual 

knowledge. Research has indicated that the use of a virtual environment may lead to higher 

declarative knowledge retention when compared to traditional instruction (Webster, 2015). 

Research has also demonstrated that when users were able to directly manipulate elements of 

the VR training, they would be more likely to perform better on knowledge-based assessment 

(Jang et al., 2017) In addition to knowledge retention, a literature review has also shown virtual 

reality training to have increased task performance on psychomotor activities, such as 

manufacturing assembly, when compared to traditional training methods (Albich, 2021). It is 

emphasized that to make these comparisons, researchers should use error tracking when 

measuring procedural, or skill-based, knowledge instead of using time. Because virtual reality 

training takes longer to complete, error tracking may provide better clarity on whether 

procedural knowledge was retained (Patel et al., 2017). Ultimately, the effectiveness of virtual 
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reality training has been shown to be more effective when compared to traditional methods, 

yielding outcomes that were half a standard deviation higher (Howard, 2021). 

Gamification 

 The process of defining gamification has been difficult as there has been disagreement 

between researchers in creating a more operational definition. Using the early work from games 

philosopher Johan Huizinga, the most commonly cited definition of gamification suggests that 

gamification is not just a game, but instead the “use of game design elements in non-game 

contexts” (Deterding et al., 2014). They emphasize that gamification involves a sense of rules or 

boundaries, that “gameful interactions” are the artifacts that determine the quality of the game 

experience, and that ‘gameful designs’ are those that design in mind with game elements. 

Huotari and Hamari also suggest that gamification is “the process of enhancing experiences 

with affordances for gameful experiences to support the user’s overall value creation.” This 

definition emphasizes that individual user differences matter, and that gamification is layered 

over a system designed with gamification in mind. For the purposes of this paper, we will be 

using a definition coined by Seaborn and Fels (2015), who synthesized these and other existing 

theories that define gamification as “the intentional use of game elements for a gameful 

experience of non-game tasks and contexts.” This definition emphasizes the careful intention of 

implementing game elements like Huotari and Hamari while expanding the definition to include 

non-game contexts like Deterding. 

         There are a variety of approaches in taxonomizing game elements due to their 

subjective nature. To address this, Toda et al. (2019) developed a taxonomy of game elements 

for instructional environments. This taxonomy places game elements across five dimensions to 

appropriately categorize them. The performance dimension consists of elements that provide 

direct feedback based on user action such as points or progression. The ecological dimension 
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affects the gamified environment’s interaction with the user, using elements such as chance or 

implementing a user economy. Elements within the social dimension encourage user 

interactions within the virtual environment, such as cooperation or competition. The personal 

dimension provides direct meaning to the user by keeping users engaged with puzzles or item 

rarity. Finally, the fictional dimension overlays the system to create context or immerse the 

player further with a narrative or storytelling device. Ultimately, Toda et al. suggest that using a 

combination of these elements across dimensions will result in more motivated users by means 

of player engagement and motivation. 

         Unfortunately, there is no predetermined combination of these elements that have been 

found to be the most effective when applied. With 21 separate elements there are an 

overwhelming number of combinations. For example, trying to select 3 elements to implement 

means trying to select out of 1,330 possible combinations, 5,985 for 4 elements, and so on. 

While a taxonomy provides a means to clarify the subjective criteria of defining game elements, 

it does not provide guidance on which elements to select. To improve gamification 

effectiveness, a method that narrows down game elements to an effective few is needed. Usage 

of psychological motivational theories may aid in this ‘numbers problem’ by providing 

meaningful context for these elements. 

Motivational Theories 

In order to make better predictions about which theories could best inform gamification 

design, we conducted a literature review of relevant motivational theories. First, we determined 

whether each theory could predict motivation during the training process. For example, the 

theory of planned behavior explains intention to use training, rather than motivation during the 

training, so it was not used. Next, we selected from the remaining theories whether they could 

be used to narrow down potential game elements. For example, according to reinforcement 

theory, all game elements could be either punishers or reinforcers and therefore could not help 
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to deliberate which elements would be best. After consideration, we arrived at three theories: 

self-determination theory, goal-setting theory, and expectancy theory. A list of theories that were 

considered for use is available in Table A. 

To test these theories, we decided to apply them to a training program created for 

grocery store cashiers. Cashiers are responsible for receiving and disbursing money by using 

electronic scanners or cash registers. (O*NET) While the grocery cashier job is moving away 

from operating single-user registers to maintaining multiple self-checkout kiosks, cashiers are 

still responsible for the knowledge of operating these kiosks. The job essential tasks required of 

a grocery cashier are relatively simple: scanning and manually entering items, removing items if 

needed, and accepting payment from the customer. We believe that this job is simple enough 

that all three theories can be applied to this position in a purposeful way. Additionally, elements 

of the cashier role can be easily manipulated for an experimental setting. For example, buttons 

or icons on the cashier screen can be changed as desired, and the number of grocery items can 

remain the same between orders. Although we were able to fit these theories to this particular 

job, other job training programs may be applicable to these theories as well.  

Self Determination Theory 

 Developed in 2000, self-determination theory (SDT) postulates that human motivation is 

based around self-regulation and human needs for development. Using an inductive approach, 

Deci & Ryan identified three primary needs: competence (feelings of mastery and 

effectiveness), relatedness (having a sense of belonging and connection with others), and 

autonomy (feeling in control of their life) that must be met for optimal social development and 

well-being (Deci & Ryan, 2000). SDT suggests a continuum of motivation ranging from 

behaviors that feel extrinsically motivated to those that are intrinsically motivated. Extrinsic 

motivation is driven from external sources such as promises of reward or compliance. Intrinsic 

motivation is driven from self-control and personal desire, whether it be from enjoyment or 
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personal satisfaction of completion. Deci & Ryan suggest that intrinsically driven behaviors lead 

to better outcomes for personal and social growth so long as the theory’s mediators are met. 

We applied SDT to our cashier training program to determine what game elements the 

theory predicts are the most effective at increasing motivation and by extension learning. In 

order to reduce subjectivity, we took a three-step approach in applying the theory. First, we 

made judgments on each element about whether or not the theory predicts it would increase 

learning or motivation in general. We focused on the three primary needs of SDT: autonomy, 

competence, and relatedness, which SDT posits are necessary for increased intrinsic 

motivation. Next, we made judgments on whether or not these elements could be applied to a 

grocery training program. While some elements were predicted to increase motivation, they 

could not be applied in the grocery context such as puzzles or levels. Finally, once we 

established a list of elements that were predicted and applicable, we narrowed down the list to 

the three most strongly connected game elements. Three elements were selected for each 

theory to keep the number of elements per theory constant. These final three elements were 

then implemented into a gamified condition of the grocery store training to represent SDT. 

Elements that were considered but not selected for the SDT condition are listed in Table B. 

The first element that was predicted by SDT was renovation, defined as any game 

element that allows the trainee to repeat or restart an action (Tondello et al., 2019). Renovation 

elements give trainees the freedom to fail at a task without consequence, allowing them to 

repeat the task as often as they would like (Kam & Umar, 2018), thus increasing perceptions of 

autonomy. SDT predicts that as autonomy increases, so does intrinsic motivation. We have 

implemented renovation by giving trainees the option to repeat each block of training upon 

completion as often as they chose. The second element that was predicted by SDT were points, 

defined as units of measurement that represent trainee performance on a task. Points provide 

players with feedback which may increase perceptions of competency on a task. (Kam & Umar, 
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2018). SDT predicts that as these perceptions of competency increase, so does intrinsic 

motivation. We implemented points by providing trainees with a screen above the register on 

which they could view their points total at any time. The final element that was predicted by SDT 

was acknowledgement, or all kinds of feedback that praise the trainee’s specific actions. 

Acknowledgments may increase trainee competency as they receive them and increase intrinsic 

motivation according to SDT. We implemented acknowledgements by using trophies that 

appeared above the register as trainees completed orders. Trainees could view their progress 

towards earning trophies on the screen above the register next to their point total. 

Expectancy Theory 

Vroom’s expectancy theory (ET) postulates that the intensity of work effort depends on 

the perception that an individual’s effort will result in a desired outcome (Vroom, 1964). 

According to ET, individuals will choose to take an action that has the highest perceived 

motivational force. Vroom suggests that this motivational force is the product of three 

components: expectancy, instrumentality, and valence. Expectancy is the belief that an 

individual’s efforts will lead to a high level of performance. Instrumentality is the degree to which 

the individual perceives their efforts will result in a specific outcome. Valence refers to the 

degree to which the individual desires the rewards or outcomes from performing the task. ET 

suggests that motivation occurs when these three factors are present, but motivation will 

disappear when one factor is equal to zero (Vroom, 1964). 

We applied ET in a similar way to SDT to our cashier training program to determine 

which elements were the most effective at predicting motivation and, by extension, learning. We 

repeated the same three-step approach to reduce subjectivity. First, we made judgments on 

whether ET predicted each element and whether it would increase learning or motivation. We 

focused on the three main components of ET: instrumentality, valence, and expectancy, which 

ET posits are necessary for the highest motivational force. Next, we deliberated on whether 
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these elements could be applied to the grocery store task in a meaningful context. While ET 

predicted some elements could increase motivation or learning, they could not be applied to the 

grocery store task. Finally, we narrowed down the list to the three most strongly connected 

elements. These elements were then implemented into a gamified version of the grocery store 

training to represent ET. Elements that were considered but not selected for the ET condition 

are listed in Table B. 

The first element that was predicted by ET was social pressure, defined as any element 

that causes pressure from social interactions between other trainees. (Toda et al., 2019). One 

form of social pressure exists through gift-giving between trainees. Gift-giving may allow 

trainees to develop relationships with past and future trainees by receiving or giving a gift. After 

receiving a gift, trainees may greatly value the ability to reciprocate this gift to the next trainee. 

(Hamzah et al, 2014). ET predicts that as trainees place more value on the reward (or in this 

case, earning a reward for someone else), motivational force will increase, causing trainees to 

be more motivated to perform the task. We implemented social pressure via gift-giving in the 

form of a donut: trainees were informed at the start of the training that the previous trainee 

performed well enough to earn themselves a donut. They were also informed that if they 

perform well enough on the task that they will earn the next trainee a donut as well. 

The second element predicted by ET was acknowledgement. Acknowledgements may 

act as a form of feedback to trainees to enhance the perception that they are responsible for 

task success (expectancy). ET predicts that as these perceptions of expectancy increase, so 

does motivational force. We implemented acknowledgement in the same way as the SDT 

condition: using trophies above the register that appeared as trainees complete grocery orders 

and providing a screen on which trainees could track their progress towards earning them. The 

final element predicted by ET was competition, defined as when two or more players compete 

against each other towards a common goal (Toda et al., 2019). When trainees have the 
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opportunity to compete, they may feel more confident at a task if they outperform others, 

subsequently increasing expectancy perceptions. (Hamzeh et al., 2014). Just like the 

acknowledgement element, ET predicts that as expectancy perceptions increase, so does 

motivational force. We implemented competition by using a trainee leaderboard that appeared 

alongside the acknowledgement screen. Trainees could see their leaderboard position rise as 

they completed actions within the training, and the positions were easily attainable to prevent 

frustration (and to possibly prevent decreases in expectancy). 

Goal Setting Theory 

Goal-setting theory (GST) states that specific, challenging goals lead to higher levels of 

task performance than easy or vague goals (Locke & Latham, 1990). Goals affect performance 

through four mechanisms: direction, effort, persistence, and knowledge. Direction refers to the 

frequency at which an individual performs behaviors that align with the goal while stopping 

behaviors that are goal-irrelevant. Effort is the proportion of the goal’s difficulty compared to the 

effort that is committed to completing the goal. Persistence refers to the degree to which the 

individual continues to work towards the goal across an extended period. Knowledge (or task 

strategy) refers to the specific knowledge and abilities that are either used or self-taught to 

reach a goal’s completion. In addition to these mechanisms, the goal and performance 

relationship is moderated by ability (individual skill or talent), complexity (simplicity of the goal), 

goal commitment (determination to finish the goal) and feedback on goal progress. While goals 

can be set for others, Locke and Latham emphasize that trainees should participate in the goal-

setting process (2006). Ultimately, goals increase performance through the above mechanisms 

and moderators. 

We applied GST in the same manner as the other two theories to our cashier training 

program to determine which elements best predicted increases to motivation and learning 
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according to the theory. We used the same three-step process in narrowing down gamification 

elements. First, we made judgments on what game elements GST would predict to increase 

motivation and learning. We focused on what game elements would address the mediators or 

moderators of goal setting, such as goal clarity, or would allow for implicit goal setting. Next, we 

determined if these game elements were applicable to the grocery store training. Finally, we 

narrowed down the list of remaining elements to the three most strongly connected elements. 

These elements were then implemented into a gamified version of the grocery store training to 

represent GST. Elements that were considered but not selected for the GST condition are listed 

in Table B 

The first element that was predicted by GST was progression, defined as any element 

that provides the trainee with information on their progress and allows them to locate 

themselves within the training (Toda et al., 2019). Progression elements allow for specific goals 

to be set for trainees and provide feedback towards completing them (Tondello et al., 2018). 

GST posits that specific goals with accompanying feedback are effective at increasing 

motivation (Locke & Latham, 1990). We implemented progression using two progress bars; one 

indicated progress towards completing a full grocery order, while the other indicated progress 

towards completing the training program. The second element that was predicted by GST was 

objectives, or elements that guide the player’s actions through goals and subgoals (Toda et al., 

2019). Objectives may help to establish explicit goals for the trainee while also clarifying steps 

to accomplish them. GST predicts that simpler goals are more motivating to complete than 

complex goals. We implemented objectives using a screen that displayed the next steps for a 

trainee to complete a full grocery order. As trainees completed actions, the objective screen 

updated to display the next steps. For example, after a trainee selected the checkout icon, the 

objective element instructed them to accept payment. The final element that was predicted by 

GST was competition. Competitive elements may allow for implicit goal setting as trainees may 
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desire to outperform other trainees and therefore be more committed to completing them. GST 

predicts that as goal commitment increases, subsequently so does the motivation to complete 

them. We implemented competition in the same way as ET: a leaderboard screen that displayed 

the trainees’ current progress and used easily attainable leaderboard ranks to encourage 

trainees to set their own goals to reach them. 

The Current Study 

 The aim of the study was to examine the effectiveness of gamification on virtual reality 

training with design informed by motivational theory. Gamification elements were selected using 

each motivational theory as a design framework. These elements were then applied to separate 

conditions of a VR-based grocery store cashier training program based on each theory.  We 

theorize that training designed with gamification elements which are informed by psychological 

theories will have higher performance outcomes than non-gamified trainings. Thus, we 

hypothesize: 

Hypothesis 1. Users taking gamified conditions of the grocery store training will have 

significantly increased performance outcomes when compared to the non-gamified control 

group. 

One additional method of measuring performance is through error tracking. Error 

tracking has been shown to be an effective way to measure trainee procedural knowledge 

retention (Bailey et al, 2017). However, game elements could be distracting and may be 

detrimental to performance (Kim & Werbach,2016). We are unable to predict whether the 

inclusion of gamification may cause more errors in a virtual reality setting. Therefore, we present 

two competing hypotheses: 

        Hypothesis 2a. Users taking gamified conditions of the grocery store training will have 

significantly more errors when compared to the non-gamified control group. 
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        Hypothesis 2b. Users taking gamified conditions of the grocery store training will have 

significantly fewer errors when compared to the non-gamified control group. 

Gamification has also been hypothesized to increase the motivation of trainees. We 

expect that as motivation increases so will its associated factors. One factor that has been 

associated with motivation is persistence (Vollmeyer & Rheinberg, 2000). If trainees have 

sufficient training time and are highly motivated, they will spend more time or interact with 

learning tasks on their own volition (Atkinson & Raynor, 1974). We therefore hypothesize that: 

Hypothesis 3. Users taking one gamified condition will have significantly increased 

persistence outcomes compared to the other gamified conditions. 

In addition to analyzing the effects of informed gamification design in a VR context, we 

aimed to examine which of these theories may be most effective as a design framework. While 

each motivational theory has a different approach in ways to increase motivation, one theory 

may prove to be more effective than others to inform gamification design in VR-based training. 

We have stated this as three competing hypotheses. 

Hypothesis 4a. GST is the superior gamification framework -- Users taking the GST 

condition will have significantly increased performance and persistence and fewer errors 

compared to the other two gamified conditions. 

Hypothesis 4b. SDT is the superior gamification framework -- Users taking the SDT 

condition will have significantly increased performance outcomes compared to the other two 

gamified conditions. 

Hypothesis 4c: EV is the superior gamification framework -- Users taking the EV 

condition will have significantly increased performance outcomes compared to the other two 

gamified conditions. 
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Method 

Participants 

Participants (N = 126) were recruited from a board game store located in New Jersey. 

Additional participants were recruited through Montclair State University’s SONA participant 

system or through on-campus canvassing. Participants were offered entry into a raffle for a $20 

Amazon gift card or were given SONA participation credits. Participants were screened before 

starting the study on whether they were able to use a virtual reality headset and if so, whether 

they experienced motion (simulator) sickness. Participants were at least 18 years of age and 

were primarily between the ages of 25-34 years old (62.5%).  Out of the 130 participants, the 

sample identified as 63.2% male, 26.6% female, and 10.2% non-binary/other. Two participants 

were unable to complete the full length of the training, while two did not attempt to make any 

progress towards training goals, and thus all four were dropped.  

Measures 

Pre-test Scales 

 

Personality Factors: Personality factors were measured using items from Goldberg’s (1992) 

IPIP Big-Five Factor Inventory subscales for Conscientiousness, Openness, and 

Agreeableness. Participants rated 30 personality statements on a 5-point scale (1 = Very 

Inaccurate, 3 = Neither Accurate or Inaccurate, 5 = Very Accurate). One item from the Intellect 

scale (“I am full of ideas”) was dropped due to low item validity. Coefficient alpha for 

conscientiousness was reported as α = .84, agreeableness was reported as α = 0.82, openness 

was reported as α= 0.55 before Item #7 was removed, and as α = 0.70 after it was removed. 

Familiarity and VR Experience: Familiarity with VR and Video Games were each assessed 

using a single item “How familiar are you with (Virtual Reality/Video Games)” on a five-point 
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scale (1 = Not at all, 5 = Extremely Familiar.) On average, participants had moderate familiarity 

with VR (M = 2.78) and were very familiar with video games (M = 4.31). Prior experience of 

using a virtual reality headset was assessed using a single item (1= No Experience, 3 = 

Moderately Experienced, 5 = Extremely Experienced). 26.2% of participants had never used 

VR, 42.1% had slight experience, 22.2% had moderate experience, and 9.5% of participants 

were very or extremely experienced. Additionally, VR Ownership was assessed using a yes or 

no question: 19% of participants stated that they currently owned a VR headset. 

Prior Cashier or Supermarket Experience: Prior experience of working in a cashier role or in a 

supermarket was assessed using two yes or no questions that asked, “Have you ever worked in 

a (cashier position/supermarket) before?” Out of 126 participants, 68.2% stated they previously 

worked a cashier job, 30.2% of which were in a supermarket setting. 

Post-test Scales 

Cybersickness: Cybersickness was measured using Kim’s (2018) Virtual Reality Sickness 

Questionnaire (VRSQ). Participants rated the intensity of symptoms immediately after the 

training across nine items on a four-point scale (1 = None, 2 = Slight, 3 = Moderate, 4 = 

Severe). Examples of symptoms included ‘Eye strain’ and ‘Fullness of the Head’.  Coefficient 

alpha was α = .85 in the present study. Out of 126 participants, 95 experienced little to no 

cybersickness, 16 reported slight symptoms, 5 reported moderate symptoms, and 4 reported 

severe symptoms, M = 6.45, SD = 8.95. 

Intrinsic Motivation: Intrinsic motivation was measured using the Task Evaluation Questionnaire, 

a shortened version of Ryan et al’s Post-Intrinsic Motivation Questionnaire (1983) that 

measured intrinsic motivation using four subscales: interest/enjoyment, perceived choice, 

perceived competence, and pressure/tension. Participants rated statements across 22 items on 

a 7-point Likert scale (1= not at all true, 4 = somewhat true, 7 = very true).  Cronbach’s alpha for 
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the interest subscale was measured as α = 0.95, competence as α = 0.90, choice as α = 0.80, 

and pressure as α = 0.80. Example items from this measure included “I found the task very 

interesting” and “I felt pretty skilled at this task.” In addition to the four subscales, perceived 

effort was measured using a subscale of the full 45-item IMI measure. Validity for this scale was 

calculated as α = 0.89. An example item from the effort subscale was “I tried very hard on this 

activity.” 

Presence: Presence was measured using the SUS (Slater-Usoh-Steed, 2000) presence 

questionnaire. Participants rated their experiences in the virtual environment across six items on 

a 7-point Likert scale. An example of an item measuring presence was: “To what extent were 

there times during the experience when the grocery store was the reality for you?” Reliability for 

presence was measured as α = 0.88. 

Performance: Performance was measured as a total point value tallied through correct in-

training actions during the five-minute grocery task and was recorded using the program itself. 

Participants earned a total of 820 points on average (M = 820.48), and a table of these correct 

actions and their associated point values is available in Table D 

 

Errors: Errors were measured as incorrect actions taken during the five-minute grocery tasks 

and were recorded using the program itself. Participants made four errors on average (M = 

4.27), and a table of these errors is available in Table E 

 

Persistence: Persistence was measured by tracking the time users remain in the headset after 

the five-minute period. Time was captured in seconds using a researcher stopwatch that began 

at the start of the task and was stopped when the participant stated they were finished using the 

program. On average, participants stayed an extra 24 seconds in the training before asking to 

remove the headset (M = 24.57).  
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VR Errors: A measure of glitches, technical errors, or any extraneous variance caused by the 

headset or computer was captured by the researcher (“0” as no errors, “1” as bugs within the 

program, “2” requiring the headset to be remounted, and “3” required a complete reset of the 

training program.) 

VR Training Program 

Program Description 

The virtual reality training program was created using Unity version 2020.3.44f1 and 

programmed using Microsoft Visual Studio version 17.7. The virtual environment mimicked the 

viewpoint from behind a checkout register at a grocery store. Elements of this environment 

included food aisles, a produce section, cash checkouts, an entrance/exit to the store, and 

virtual customers waiting in line (represented by blue wireframe virtual avatars). The controllers 

were transformed into two white gloves that acted as virtual hands, allowing users to pick up 

items and interact with them in the environment. Additionally, a half-foot long ray extended from 

the palm of each hand to allow users to interact with buttons on the register screen. Users were 

not able to move from the established one-foot boundary of the headset and had no other 

means of locomotion within the environment. Images of this environment are available in 

Figures A, B, and C 

The grocery register included a belt on the right where grocery items were spawned, a 

bay to the left in which scanned items could be placed, and a scan window in the middle which 

recognized items as they were scanned and weighed. All register information was displayed and 

updated on the register screen as the user performed actions such as logging in, scanning 

items, entering produce, or completing transactions. The right half of the screen contained a 12-

key number pad (with buttons to clear and enter user input respectively), while the left half 

displayed scanned items and buttons for certain interactions (e.g., voiding items). To avoid 
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making the training too novel, extra buttons were added in this space that serve no function 

other than to display an error screen. Additionally, a ‘cheat sheet’ of all available produce codes 

(PLU codes) were available to the right of the cashier on a small table for reference.  

            The virtual training program required users to first complete three blocks of grocery 

cashier training and then to complete as many full, errorless orders as they can within a five-

minute time span. Upon completion of each training block, users saw and grabbed a labeled orb 

that allowed them to continue to the next block. During the first training block, users were 

required to use the grab buttons on the controller to pick up a cloth and then to clean the 

register belt by wiping it across four locations on the belt. Upon completion, they were then 

asked to log into the register- using the triggers on the controller to activate the number pad on 

the touch screen. The second training block taught users how to scan items and enter price 

lookup codes (PLU) for produce items. Items were spawned on the register belt, scanned, and 

then placed to the left bay. Produce items were entered by first placing the item on the scale, 

selecting the ‘PLU Code’ button, and then entering the correct code based on the cheat sheet.  

The third training block taught users how to complete an order and two common problem 

scenarios: being asked to remove an item and manually entering an item’s barcode due to 

failure to scan. Users began this final block by scanning an item, which caused the customer to 

make a request (visualized in the form of a pop-up expression). Users selected the ‘Void Item’ 

button, scanned the item in question, and then moved the item aside. Non-scanning items were 

entered by selecting the ‘UPC Code’ button and entering the item code found on the cheat 

sheet. For the purposes of the training, only one item would not scan- cake mix. This was done 

to lower the amount of time during the five-minute block that employees would have to 

meticulously enter codes with the VR controllers. Finally, users selected the “Finalize 

Transaction” button, prompting them to either accept cash, credit, or EBT/Food Stamps. The 
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customer NPC stated their form of payment through the pop-up expression, and the correct 

form of payment was selected. 

Upon completion of the third training session users started the five-minute test. First, 

users cleaned their register and logged in to the system- starting a five-minute timer unseen to 

the trainee in which they were required to complete as many grocery orders as possible. Each 

grocery order began by spawning 9 pre-selected items: 7 standard grocery items, and two 

produce items that required PLU codes. After all items were entered, users finalized the 

transaction, accepted payment, and nine new items were spawned on the grocery belt. Users 

would also be occasionally prompted with item void requests and occasionally must manually 

enter a UPC code. This process was continued until the headset is removed and the program 

was terminated. After the five-minute period is finished, the program takes a snapshot of all 

available performance data: the number of scanned items, orders completed, and the user’s 

score which was calculated through correct in-program actions.  

Conditional Differences 

Training content, grocery items, and training blocks were the same between all versions of the 

training, However, the control and motivational conditions differed within the virtual environment 

and training block navigation. All three motivation conditions contained a display board floating 

at eye level that contained contextual information dependent on the condition. Figures 

representing each respective condition are available in Figures D, E and F. 

Self-Determination Theory 

Points, trophies, and renovation were the three gamification elements selected for the 

SDT condition of the virtual training. To implement renovation, an additional orb was displayed 

at the end of each training block labeled “Repeat”. At the end of each training block users could 

repeat the training segment to practice their skills without consequence. Once satisfied, users 
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could continue to the next section of the training. Points were implemented with a point tracker 

on the display board that increased as the user performed correct in-training actions. Users 

could view this total at any time to track and monitor their progress. Trophies were implemented 

in two ways: a tracker (similar to points) that displayed the necessary number of orders to obtain 

the next trophy (e.g., “Two orders to reach Silver”) and a physical trophy that appeared over the 

register screen as they are earned and remained for the rest of the training. 

Goal-Setting Theory 

            Progression, objectives, and competition were the three gamification elements selected 

for the GST condition of training. The progression element was implemented using two progress 

bars visible on both sides of the display board. The left progress bar indicated progress across 

the entire training and filled as users completed individual training blocks. The right bar 

indicated progress on completing a full grocery order and filled as users scanned items, entered 

PLU codes, finalized orders, and collected payment. Once the right bar was completed, it reset 

to track the next order. Both the objective and competition elements were visible on the display 

board. To represent competition, a leaderboard was used to show the progress of six 

competitors. Each competitor has an associated rank, name, and point value associated with 

them with the ‘Player’ rank (representing the user) at the bottom. As the user completed correct 

in-training actions, the Player rank rose and overtook the rest. Finally, the objective element was 

represented using a “Current Objective” section on the visual board that guided the user with 

sub-goals to complete a full grocery order. For example, the section displayed “Enter PLU 

Code” after the user selected the PLU Code button from the register and changed to “Scan 

Items” after the code was entered. 

Expectancy Theory 

Social Pressure, acknowledgement, and competition were the three gamification 

elements selected for the ET condition of training. Both the acknowledgement and competition 
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elements were implemented in the same way as the SDT and GST conditions respectively. In 

addition to these two elements, social pressure was implemented in the form of a “Points to 

Donut” section on the display board. Before the training, users were informed that the previous 

participant earned them a donut and that their performance could earn the next user one as 

well. Users could track how many points were required to earn the next trainee a donut on the 

visual board. Upon earning enough points, a virtual donut was displayed above the register 

screen alongside the trophies earned. The donut remained until the training was finished. 

Procedure 

Participants were first given an informed consent form and were briefed on the risks of 

cybersickness from using the virtual reality headset. Participants were then informed how to use 

the headset and controllers before being started into their training program condition. 

Participants were then guided through each training block before arriving at the five-minute task. 

The researcher facilitating the training informed the participant to complete as many complete 

and errorless grocery orders as they could and began a stopwatch that started the moment the 

participant logged into the register. The participant was informed when the five-minute period 

was up, but were allowed to remain in the training until they wished to stop. Once the 

participants stated they were finished, the stopwatch was stopped, and the time was recorded. 

Finally, participants completed a post-test survey and completed a debrief. This procedure is 

demonstrated in Figure G. 

Results 

Primary Analyses 

All 126 participants in each of the VR training conditions were successful at using the 

training program: Participants completed 5 full grocery orders on average and were able to 

enter PLU items, void items, and accept payment all of which were the learning objectives of the 

training program.  Standard deviations indicated that there was good variability on all the 
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dependent variables, participant scores (SD = 185.5), errors (SD = 3.38), and persistence (SD = 

30.58). There were few errors within the program itself (M = 0.39, SD = 0.55) and only two 

errors that required that the headset either be removed temporarily or the program to be 

restarted fully.  In short, we believe the training program created for this study showed 

acceptable validity based on the face validity of the training program and these simple 

descriptive statistics. Table C contains descriptive statistics for all scales and the bivariate 

correlations among study variables. 

Hypothesis 1 stated that users taking a gamified version of the grocery store training 

would have significantly increased performance outcomes when compared to the non-gamified 

control group. To test this prediction, we first performed a one-way ANOVA with condition as the 

factor and performance as the dependent variable with the intention to conduct post hoc tests 

comparing each of the gamification conditions to the control condition if the F-test was 

significant. Contrary to Hypothesis 1, the omnibus F-test was not significant, F(3,122) = 2.09, p 

= .106. To test Hypothesis 1 further, we ran an additional ANCOVA with conscientiousness as a 

covariate since meta-analytic research has shown conscientiousness to be a predictor of 

training performance (Blume, 2010).  However, this test too was not significant, F(4,121) = 2.09, 

p = 0.106. Thus, Hypothesis 1 was not supported. 

Hypotheses 2a and 2b stated that users taking a gamified version of the grocery store 

training would make significantly more or fewer errors when compared to the non-gamified 

control group. Similar to Hypothesis 1, we performed a one-way ANOVA with condition as the 

factor and errors as the dependent variable. The omnibus F-test was not significant, F(3,122) = 

1.76, p = .158, and thus post-hoc tests were not performed. We performed an additional 

ANCOVA using conscientiousness as covariate but this test was also not insignificant, F(4,121) 

= 1.76, p = 0.158. Thus, Hypotheses 2a and 2b were not supported. 
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Hypothesis 3 stated that users taking a gamified version of the grocery store training 

would persist in the training significantly longer when compared to the non-gamified control 

group. We performed a one-way ANOVA similar to both Hypothesis 1 and 2, this time using 

persistence as the DV. The omnibus F-test was not significant, F(3,122) = 2.38, p = .073, and 

thus post-hocs were not performed. An additional ANCOVA using conscientiousness as a 

covariate was also not significant, F(4,121) = 2.43, p = 0.068. Thus, Hypothesis 3 was not 

supported. 

         Hypotheses 4a, 4b, and 4c stated that users in one gamified version of the grocery store 

training would be superior to the other gamified versions of the training across the three 

dependent variables. To test this hypothesis, we planned to examine the post hoc tests of 

differences between different gamification groups for the three dependent variables after 

observing significant omnibus F-tests.  One gamification condition would be deemed superior if 

participants in that condition scored higher, made fewer errors, or persisted more than the other 

conditions.  Since no omnibus F-tests were significant, no post hoc tests were examined, and 

thus, hypotheses 4a, 4b, and 4c were also not supported. 

Exploratory Analyses 

          In the interest of further understanding the connection between virtual reality and learning, 

we performed a series of exploratory analyses in addition to our main analyses. The first 

exploratory analysis aimed to create a model to best predict performance in the training 

program. To do this, we performed a series of multiple regressions by selecting factors that 

were most highly associated with performance. We found three variables that had significant 

bivariate relationships with performance, were likely antecedents of performance in the 

program, and were significantly related with performance in a multiple regression model using 

other predictors; VR Familiarity, Presence, and VR Errors (see Table F for the multiple 

regression results). Participants in our study who were familiar with VR might have performed 
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better because they had higher mechanical skills from their prior VR experience.  Presence, 

which interestingly was negatively associated with performance, might have had a “distraction 

effect” in that users paid more attention to the virtual environment instead of the training task.  

Finally, the number of technical errors that occurred during the training program had the 

strongest association with performance, with more errors being associated with lower 

performance.  These three predictors explained about 12% of the variance in trainee 

performance in the present study.  Interestingly, conscientiousness, an established predictor of 

trainee performance, was not found to be significant in the present study.   

The second set of exploratory analyses sought to understand the factors that contribute 

to the intrinsic motivation of the participants in this training program.  Three variables had 

significant bivariate relationships with intrinsic motivation, made theoretical sense as 

antecedents to intrinsic motivation in this study, and were significantly related to intrinsic 

motivation when included in a multiple regression model with the other predictors: 

agreeableness, VR familiarity, and presence (Results available in Table G).  Participants who 

were familiar with using VR did not have to learn how to use it, and may felt the most engaged 

and intrinsically motivated.  Agreeableness is a trait that is generally associated with intrinsic 

motivation (Ariani, 2013) and the data suggest this was true for our training program as well.  

Thus our final model of intrinsic motivation consisted of two predictors specific to virtual reality 

and one general predictor of intrinsic motivation, predicting 24% of the variance in intrinsic 

motivation 

Our final exploratory analysis examined potential factors that influenced user 

perceptions of competence after the training. Perceived competence has been identified as a 

predictor of intrinsic motivation (Li, 2005) and as a potential mediator in performance (McEnrue, 

1984). Therefore, creating a training environment that increases perceptions of competency is 

important for trainee success. We hypothesized that in our trainee program, program errors or 



VR GAMIFICATION USING MOTIVATIONAL THEORY                                                            34 
 

glitches may have caused users to feel responsible for causing them and thereby reducing their 

perceptions of competency and subsequently performance. To test this, we performed a 

mediation analysis using bootstrapped confidence intervals (95%) using the lavaan v0.6.16 

package in R, predicting perceived competence by using VR program errors as the sole 

predictor and performance as the mediator. The results of the mediation analysis are available 

in Figure H. There was a significant indirect effect of VR program errors on perceived 

competence through performance, b = -0.080, 95% BCa CI [-0.162, -0.028], supporting our 

hypothesis  

Discussion 

         Our study tested the effectiveness of gamification that was informed and designed by 

motivational theories on VR-based learning. To accomplish this, we first began by selecting a 

task (a grocery store cashier), assessing which motivational theories were appropriate for the 

training‘s design, and then narrowing down a list of gamification elements that could be 

applicable per each theory. We then created different versions of the training to represent each 

theory and compared each against a control.  In addition to our main analyses, we performed 

exploratory analyses on the factors that affected performance, motivation, and perceived 

competence during the training program. The results of our main analyses did not support our 

predictions; there were no significant differences among conditions on performance, error rate, 

or persistence, a behavioral proxy for motivation. While previous studies on the effects of 

gamification on performance have been inconsistent (e.g., Makransky et al, 2021; Hicks, 2019; 

Chodan et al, 2017), researchers suggest that giving consideration to how game elements are 

selected and implemented may help to clarify this inconsistency (Howard et al., 2017). We used 

motivational theory as the lens to select and implement elements, but, interestingly, were unable 

to find an effect.  
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 A potential explanation for this finding is that gamification operates differently in a virtual 

environment, and thus game elements which target intrinsic motivation alone are not sufficient 

for a significant difference in performance. Gamification researchers such as Kapp (2012) have 

advocated that a holistic approach should be used when implementing gamification, and that in 

addition to motivation, researchers should implement gamification in ways that can “engage 

people, promote learning, and solve problems.” (Kapp, 2012). While motivational theories may 

help us to select and implement game elements to increase intrinsic motivation, elements that 

address different antecedents of performance may also be necessary in order to facilitate the 

success of gamification in a VR context. For example, a study using a gamified VR program that 

employed a framework for experiential learning was unable to find effects for performance when 

compared to a non-gamified group but found significant increases to engagement and 

enjoyment in the VR-gamified group (Alrehaili & Osman, 2022). In addition to targeting 

performance-related attitudes like engagement, game elements which provide stimulating 

feedback may lead to higher performance as well. A study using SDT examining the effects of 

game elements with ‘juiciness’ (those with highly stimulating visual and audio feedback) were 

unable to find effects for gamification on performance but discovered that elements with more 

‘juiciness’ (such as the sensation game element) were associated with increases to perceived 

competence- a known predictor of performance (Hicks, 2019). In short, it might be the case that 

gamification elements need to be engaging and distinctive to stand out in their virtual 

environment in order to be effective. Ultimately, while motivational theory may provide a solid 

foundation, it might not fully encompass the requirements for gamification’s success in a VR 

context.  We suggest that a follow-up study examine this possibility, by implementing elements 

that not only target intrinsic motivation but also additional performance antecedents, and 

simultaneously examine the impact of salience of the elements on performance.   
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Our exploratory analyses identified factors that best predicted performance and other 

associated factors in our training program. One factor, presence, was identified as a negative 

predictor for task performance. Contrary to our findings, other research has discovered null 

associations between presence and task performance (van Baren and Ijsselsejn, 2004.) While 

this relationship continues to be examined, it has been hypothesized that while presence does 

not facilitate performance, “having some sense of presence in an environment is a necessary 

condition for performance to occur.” (Bystrom et al., 1999). One potential explanation for this 

negative association is Adams et al.’s “distraction hypothesis” (2012), which suggests that game 

elements may distract users from their environment or training goals if implemented 

suboptimally. The game elements we implemented may have caused users to feel too present, 

and thus not pay attention to the grocery task. This may suggest an optimal range for presence, 

in which too much may cause the user to feel distracted or overwhelmed and diminish 

performance while too little may prevent the user from feeling engaged and therefore prevent 

performance from occurring. However, contrary to this line of reasoning, we did not find a 

difference between our control group and experimental groups on presence, indicating that the 

game elements we selected did not appear to have any influence. Therefore, the mystery of the 

effects of presence are still unknown, suggesting that more research is needed on how 

presence operates within a virtual environment. 

Our analyses also highlighted the importance of VR familiarity on both task performance 

and intrinsic motivation. This makes logical sense as users who are familiar with VR can 

allocate more cognitive resources to the training task instead of learning how to use the 

medium. This highlights the importance of ensuring that trainees understand how to use VR 

before training in order to reduce the potential variance from learning it. For example, a medical 

study used a fifteen-minute acclimation period to ensure users were comfortable in the 

environment before proceeding with the surgical exercise, and found significant increases to 



VR GAMIFICATION USING MOTIVATIONAL THEORY                                                            37 
 

engagement, performance, and training length when compared to a non-VR group. A “VR 

training period” gives newer VR users time to familiarize themselves with the medium and may 

increase performance. Our study provides additional support for the importance of ensuring VR 

familiarity when conducting VR training. 

Another interesting finding was that conscientiousness, one of the best predictors of 

training success (e.g., Schmidt & Hunter, 1998; Blume et al, 2010), was conspicuously absent 

as a significant predictor of performance in our study.  While sampling error is a possible 

explanation, this finding is consistent with a result found by Thorp et al., (2023) who also found 

null results despite having adequate power in their study.  Thorp et al., suggested that users 

high in conscientiousness tend to prefer organization and planning, and that the chaotic nature 

of some virtual environments (such as a fast-paced grocery store) may cause users to attribute 

more cognitive resources in keeping things organized instead of focusing on the training task. 

Our findings are consistent with Thorp et al.’s explanation, although more research is needed to 

determine if conscientiousness is generally not a predictor of trainee performance in VR 

environments as it is in non-VR ones. 

Finally, we found evidence that errors in a VR training program might impact a trainee’s 

perceived competence through task performance.  This suggests that, in our study, users may 

have attributed deficiencies in their performance because to their own abilities rather than errors 

caused by the program.  If this is found to be generally true, it highlights the importance of pilot 

testing VR training programs so that users have a good first experience with them, feel 

competent, and are more likely to continue to use those VR trainings in the future.  

Contributions 

         Despite the null results of the main analyses, the current investigation makes multiple 

contributions to the understanding of VR-based learning. First, we examined the effectiveness 
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of applying motivational theory to gamification design in VR training.  A meta-analysis performed 

by Howard et al. tested the effectiveness of gamification by using a non-gamified condition of a 

training against a gamified one in a VR context. In the discussion section, Howard et al. (2021) 

pointed out that without a more granular approach to gamification, it would be difficult to 

understand why it works in some contexts but not others (Howard, 2021). To address this, our 

study used three motivational theories as a framework to justify and select individual game 

elements but was unable to find an effect for increasing performance. We suggest that 

gamification operates differently in a virtual environment, and that researchers should consider 

implementing additional elements to address other performance-related factors or ones that are 

highly stimulating in order for them stand out. Researchers may also consider using additional 

frameworks to select these elements, such as Robson’s gamification principles (2015) or Zaric 

et al.’s gamified learning theory (2021). 

Second, we have established a methodology for selecting motivational theories and 

subsequently game elements that align with the theories. In practice, game elements are often 

selected for use based on popularity (e.g. the ‘PBL’ triad of points, badges, and leaderboards is 

a commonly used combination) or seemingly at random. Additionally, multiple game elements 

are available and subset are used, and so choosing which game elements are effective leads to 

the “numbers problem”,  i.e., the number of game element combinations is too large.  To 

address this, we used a methodical approach by narrowing down potential theories while 

discarding ones that were incongruous within a gamification context. Game elements that were 

selected addressed the needs of each motivational theory and were feasible to implement 

based on the training task. Thus, we have provided a roadmap for future researchers to use in 

connecting psychological theory to gamification elements if desired. Should future studies clarify 

the use cases of gamification in VR, the work described in Tables A and B provides an example 

of how to go from psychological theories to specific gamification elements.   
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Our final contribution is examining the effects of VR program errors and how they affect 

performance and perceived competence. VR is a relatively new medium for organizational 

training and thus training programs may act unpredictably due to programming errors or 

technical bugs. These technical issues may arise when trainees are taking the training and 

could affect performance or related factors. We identified these program errors as a negative 

predictor of performance in our training program. Additionally, results of our mediation analysis 

indicated that program errors do not directly affect perceived competence, but rather through an 

indirect effect mediated by performance. We suggest that future research should explore these 

program errors to better understand their effects while the medium continues to be developed.  

Limitations 

 The current study had a number of limitations that should be acknowledged.  First, in 

order to obtain a large sample to have sufficient power for our analyses, it was necessary to 

expand our data collection to a second location, a board game store, in addition to our original 

location of a university campus. Ideally, data collection would be done in a single location with 

the same number of participants specified by our power analysis. While we balanced conditions 

across location, this extraneous variable could theoretically explain the null findings of our main 

analysis. To address this, we performed the main analyses again separated by location and 

found the same pattern of results as our analyses run at both locations, thereby suggesting that 

running our data at two locations did not impact the conclusions. Additionally, we did not 

observe any significant difference between locations on performance, error rate, or persistence. 

Nonetheless, we cannot rule out the possibility that running the experiment in two locations 

impacted the results. 

 Our second limitation was the placement of gamification elements within the virtual 

environment. Gamification elements were placed behind the register screen near the next 

grocery checkout (see Figure D). While administering the training, we often found that 
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participants would not assess their progress using the training board and instead pay attention 

only to the grocery task. Users may have missed these elements during the training and the 

potential benefits of gamification may have been missed entirely. For example, points served as 

a feedback indicator and failing to see them may have reduced the potential benefits of intrinsic 

motivation according to SDT. To address this, and consistent with the discussion above about 

the potential importance of element salience in VR, we recommend that future studies place 

game elements in a way that is always presented to the user, without being too distracting. 

Designers may consider a HUD, or “heads-up display”, game element that is visible at all times 

to the user for the purpose of relaying information to the user.  

Our third limitation is that the training program only targeted a single occupation, and 

therefore the findings might not generalize to other occupations. Additionally, selecting a 

different occupation may not only result in different findings, but may also change which 

motivational theories are applicable. For example, a position that requires the employee to 

interact with multiple coworkers may find Bandura’s Social Cognitive Theory (1986) to be more 

applicable when selecting gamification elements. While we acknowledge other jobs could have 

been used instead, we believed that the grocery cashier role was a good fit for the purposes of 

our study. For one, the cashier task may be easily manipulated to match the needs of an 

experimental study on gamification. Furthermore, the position of a grocery store cashier is 

common across the world and will remain so in the future (albeit at reduced numbers) because 

even with self-checkout registers, it is still necessary to train cashiers.  Thus the study has good 

ecological validity. While we believe that the grocery task was an appropriate starting task, we 

encourage other researchers to examine the generalizability of our findings. 

Fourth, there was subjectivity in terms of connecting gamification elements to each 

motivational theory. We first selected elements from Toda et al.’s taxonomy (2019) based on 

how well they best addressed the requirements of each theory (e.g., points served as feedback 

to address SDT’s need for competency.) Then, we considered which of these elements would 
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best be implemented for the purposes of the grocery store training task. The results of our 

selection (available in Table B) show each game element and our justification for why we 

selected the elements used in our final program. While matching elements was a subjective 

process, we believe that other researchers would arrive at similar conclusions using the 

methodological approach in matching elements that we did.  However, This belief should be 

examined in a future study.  

 Our final limitation was the use of a non-standard training program for the grocery 

cashier task. We created our own grocery store training program as we were unable to use an 

established one. When designing our training program, we proceeded in a systematic fashion to 

improve its validity: We built our training environment to best match current grocery stores to the 

best fidelity possible - for example, we matched product codes and register screens to their real-

world counterparts. We also a subject matter expert (i.e., someone who worked as a cashier) 

involved in creating the program and referenced current grocery store registers.  Additionally, 

performance indicators from the training program indicated that our program was successful- 

users were able to perform each part of the grocery task and completed the target number of 

orders, on average. Ultimately, while we believe that our grocery training was sufficient enough 

for our study, we recommend that future researchers use existing validated training programs if 

possible. 

Conclusion 

 In this study, we answered the call by Howard et al. (2021) to test gamification in a VR 

environment by using motivational theories to select game elements.  We were unable to find an 

effect when using game elements to increase intrinsic motivation by addressing the needs of 

each theory. While our research did not find a significant effect of gamification on performance, 

we believe that further research is needed before abandoning the idea that gamification is 
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useful in a VR environment. We suggest, based on the current study’s results and a re-

examining of the extant studies on gamification in VR, that gamification’s inconsistent efficacy in 

VR across studies may be caused by attributes of virtual environments (i.e., if everything stands 

out, nothing stands out), how elements are implemented (e.g., elements may only be effective if 

they are visually stimulating), or properties of our study (e.g., where elements were placed in VR 

may have affected their success.) -- in short salience might be key to successfully implementing 

gamification in VR. Research should continue in continuing Howard’s call for a careful 

examination of VR, and that examining gamification by using elements to target salience and 

antecedents of motivation may help us to understand what is generally true about its role in the 

virtual world.   
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Figure A)  

Views of grocery store within VR Environment  

 

Figure B) 

Views of Register Screen, PLU cheat sheet and entering PLU codes  
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Figure C) 

View of the register buttons and NPC void request 

 
 

Figure D) 

View of self-determination theory condition training 
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Figure E) 

View of goal-setting theory condition training 

 

Figure F) 

View of expectancy condition training 
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Figure G 

Measures captured during each step of the training process. 

 

Figure H 

Model of VR program errors as a predictor of perceived competence, mediated by performance.  
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Table A) 

 Motivational Theories considered for use 

Name of Theory Choosing Theory 

Self-Determination Theory 

(Deci & Ryan, 2000) 

Gamification utilizes intrinsic motivation which is one of the core features 

of SDT. Additionally, each of the three needs of SDT can be addressed 

via different elements in a meaningful way 

Goal-Setting Theory 

(Locke & Latham, 1990) 

Performance goals can be set or suggested via gamification elements. 

Game elements can be selected to provide goal progress indicators and 

can allow users to course correct if needed 

Expectancy Theory 

(Vroom, 1964) 

Gamification can directly affect the valence and expectancy components 

of the theory. Elements can increase user confidence to increase task 

involvement and can increase satisfaction to develop intrinsic satisfaction 

of taking the training 

Equity Theory 

(Adams 1976) 

Equity theory states that individuals are motivated by a desire for fairness 

in their social relationships. We were unable to make predictions on why 

any game element is considered more fair than the rest. 

Social Cognitive Theory 

(Bandura, 1986) 

Social Cognitive Theory suggests that learning occurs through observation 

in a social context. We could not find a way to implement social game 

elements (outside of leaderboards) in a meaningful way based on the 

single-user design of the grocery simulation 

Reinforcement Theory 

(Luthans, & Stajkovic,1999) 

Reinforcement theory is a theory that suggests that reinforcers can be 

used to increase the likelihood an individual will exhibit a behavior. While 

aspects of the theory give guidance on design principles (eg: variable 

reinforcers are more effective than fixed reinforcers), they cannot make 

predictions on which elements are better reinforcers than others. 

Theory of Planned Behavior 

(Ajzen, 1991) 

Theory of Planned Behavior states that subjective norms and attitudes 

and behavioral control can predict an individual's intent to exhibit a 

behavior which in turn influences their behavior. Because users already 

volunteered to take part in the training, the theory cannot provide guidance 

on how to motivate during the training. Instead, we suggest this theory be 

used to promote intention to use the training or make predictions on gauge 

interest in applying to a cashier role. 

Flow Theory 

(Csikszentmihalyi, 1990) 

Flow theory suggests tasks that users enter a ‘flow state’ when they have 

optimally difficult tasks that allows them to optimally demonstrate their 

ability, Users in flow states feel fully immersed and are more engaged 

while participating in their task. While this theory provides guidelines on 

design principles (ie: how best to design for flow), reaching flow state 

depends on individual characteristics and we were unable to use this 

theory to predict which element promoted flow best. 



VR GAMIFICATION USING MOTIVATIONAL THEORY                                                            56 
 

 

  



VR GAMIFICATION USING MOTIVATIONAL THEORY                                                            57 
 

 

 



VR GAMIFICATION USING MOTIVATIONAL THEORY                                                            58 
 

 



VR GAMIFICATION USING MOTIVATIONAL THEORY                                                            59 
 

  



VR GAMIFICATION USING MOTIVATIONAL THEORY                                                            60 
 

 



VR GAMIFICATION USING MOTIVATIONAL THEORY                                                            61 
 

Table C: 

Bivariate correlations between variables of interest 
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Table D: 

 

Tracked Correct User Actions in VR Cashier Training 

Action Description Points 

Scan Grocery Item User correctly scans a grocery item for the first time 10 

Enter PLU Item User correctly enters a produce item for the first time 20 

Void Item User voids an item correctly for the first time 10 

Take Payment User accepts the correct form of payment from customer 30 

Perfect Order User correctly scans all items 50 

 

Table E: 

 

Tracked User Errors in VR Cashier Training 

Error Description 

Extra Scans User scans an scanned item an additional time 

Items Not Removed User does not void a requested item 

Wrong Items Voided User voids the incorrect item 

Wrong Payment Method User accepts the incorrect form of payment 

Incorrect Button User selects a button that causes an error message 

Incorrect PLU Code User inputs an incorrect PLU code 

Items Missed User fails to scan one or more items 
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Table F 

Results of multiple regression predicting performance  

 

Table G 

Results of multiple regression predicting intrinsic motivation 
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