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ABSTRACT 

 

COMPARATIVE MEASUREMENT OF TASK LOAD IN VR, AND THE REAL 

WORLD USING NASA-TLX 

Choueib, Ahmad 

Game Design Masters Program 

Supervisor: Dr. Instructor Member Mehmet İlker Berkman 

June 2022, 53 pages 

User performance and experience is compared in an HMD VR puzzle game and its real-

world toy replica, with 28 participants in a within subjects experimental design. Mean 

comparisons on task time and success rate do not have a significant difference, as well as 

the subjective task load and task performance obtained through NASA-TLX. The 

subjective game user experience measures also did not reveal any significant difference 

between the toy and VR gameplay, except the Enjoyment measures via Game User 

Experience Satisfaction Scale. This difference can be explained through a novelty effect, 

since most of the participants had no or limited engagement with VR. Around one thirds 

of the participants responded the Spatial Presence Experience Scale for both VR and toy 

gameplays, suggesting that presence can be measured for real-world mediated 

experiences engaged with toys, and the presence measures also did not reveal any 

significant differences between conditions. Findings suggest that the VR gaming 

experiences can replace with the real-world game-play, within the context of a cognitive 

tasks in a limited representation of spatial surrounding. The interactions with the nearby 

objects in a HMD-based virtual environment and real-world lead to very similar 

measurements of user performance and experience. 

Keywords: VR, HMD, NASA-TLX, virtual environment, real-word. 
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Chapter 1 

Introduction 

 

Technology is becoming more essential by the day, and industries are becoming 

dependent on solutions generated by mediums such as Virtual Reality (VR), as it 

became economically affordable in terms of hardware to individual users. Also, the 

fact that virtually all mainstream tech giants released their own VR product, even 

linking it to their basic products such as Samsung’s phones, and Sony’s PS console. 

Since VR technology is becoming mainstream (Jerald, J., 2015), entertainment is not 

the only purpose of its use anymore. Examples can be found in an array of studies from 

studies that used VR as a tool of training of medical staff (Huber et al., 2017), as a 

therapy method (Krijn et al., 2004), to simulation to assess performance (Stevens & 

Kincaid, 2015). Accessible tools for constructing VR applications allow an increasing 

source of developing tools to further expand the potential use of this technology in 

different areas. 

Which opened up VR as a reliable tool for researchers to conduct experiments, 

that help to learn more about subjects such as presence (Sanchez-Vives & Slater, 

2005), immersion (Bowman & McMahan, 2007), and performance (Lackey et al., 

2016). Different studies have tackled the topics of Head-mounted display (HMD), and 

User Interface (UI)-based mediums such as 2D desktop, phones, or CAVE VR, and so 

on. However, the subject of comparing VR in HMD with real life is also a subject that 

was studied over the years since the early days of VR up until recent time (Moghimi 

et al., 2016; Didomenico & Nussbaum, 2008). A bulk of these studies focus on the 

subject of presence and immersion. There is another approach that compares VR to 

other mediums in terms of user experience (Kuliga et al., 2015). Furthermore, the study 

of Workload using VR versus Real life experience, which used subjective performance 

scales such as NASA-Task Load Index (NASA-TLX) has also been the subject of 

study for many researches (Didomenico & Nussbaum, 2008). 

In this regard, research-based comparisons between with virtual reality 

experiences and real world had been made since the very early days of VR. With the 

advances in HMD hardware, some of the comparative studies focused on fidelity and 

acuity of the virtual environment. Best examples of visual fidelity can be found in field 
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of architectural lighting (e.g. Jin et al., 2021; Krupiński, 2020; Chen et al., 2019; 

Chamilothori et al., 2019) but not limited to (e.g. Maffei et al, 2016; Kuliga et al.,2015; 

Bishop & Rohrmann, 2003). Some studies focus on real-world learning outcomes of 

VR in terms of training and skill acquisition (e.g. Cooper et al., 2021; Hejtmanek et 

al., 2020; Kim et al., 2019; Michalski et al., 2019; Lackey et al., 2016; Lloyd et al., 

2009; Rose et al., 2000). There is another area of research that focuses on human 

perception and behaviour in real and virtual environments. While some of those studies 

focus purely on perception (e.g. Abouelkhier et al., 2021; Bhargava el., 2020) or 

behavior (Li et al., 2019; Villani et al., 2012; Kort et al., 2003), many studies, which 

are given in detail in Related Studies section, report performance metrics and 

subjective assessments of participants regarding their performance and experience. 

These studies evaluate spatial issues like navigation or locomotion performance, or 

other interactions that require manipulating the objects in the virtual environment. The 

real-world tasks and their simulations in these studies mostly demand spatial skills for 

navigation in terms of mental effort, along with certain amount of physical motor 

skills. Some task scenarios also include time pressure. 

This study is comparing the real-world task performance with VR environment 

task performance on a predominantly mental task, where users need to solve a puzzle 

by asking questions and following instructions. The game “Keep Talking and Nobody 

Explodes” (Steel Crate Games, 2015) is selected as a VR task, which is also available 

in PC and mobile platforms. Thus, further comparisons can be made between the 

HMD-based VR and other media, as well as real-world performance. 

Unlike many other studies, we created the in-game digital artifacts and 

environments in the real-world, instead of creating a digital environment imitating the 

real world. A toy bomb with an electronic circuit board is manufactured which is a 

replica of the digital asset in the game. A within-subjects study is administered to 

compare subjective player performance as game achievement and duration, 

participants’ reflection on their performance, and their gameplay experience including 

presence. It also focuses on comparing task load in VR and real-life which was 

conducted in multiple works recently (Villani et al., 2012; Moghimi et al., 2016; 

Petukhov et al., 2020; Maffei et al., 2016), that aims to measure and compare the task 

load in the real world and VR. This was made possible by the usage of a 

multidimensional scale that endured the test of time and field of research that is NASA-
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TLX which is a measurement tool that can differentiate the variable factors of demand, 

effort, and abilities in an assigned mission to be completed (Hart, 2006). By the usage 

of a self-reported multidimensional demand scale, this may prove to be useful to clarify 

the process of simulating a task.  
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Chapter 2 

Literature Review 

 

2.1. Virtual Environments (VE) and User Experience (UX) Evaluation 

 

VR is widely used in a variety of fields. It has been used as a study tool for 

subjects such as navigation in airplanes and spatial cognition, surgical and medical 

training, and skill training (Cliburn et al., 2007; Loomis et al., 1999; Ruddle et al., 

1997; Larsen et al., 2012). The studies that compare digital gaming and real-world toys 

focus on the social interaction (e.g. Ewin et al., 2021; Ho et al., 2018) or learning 

outcomes (Hinske et al., 2010) rather than the game user experience. Besides, there is 

not a study that compares the gaming experience on an electro-mechanical to with its 

digital counterpart. Direct comparisons between real and virtual environments were 

studied to find out how emotional and cognitive environmental assessment, as well as 

human movement patterns, operated in both (Suneson et al., 2006; Bishop & 

Rohrmann, 2003; Haq et al., n.d.; Witmer, 1998). In terms of understanding the 

behavioral aspect of an individual while undergoing a task, VR allows an accurate 

observation and recording of a participant’s course of action. In some studies, the 

conclusion was that people act on cues and decide in virtual mediums similarly to the 

way they navigate their choices of action (Skorupka, 2009), while other works found 

that this match is not valid (Haq et al., 2005); the difference in the result can be linked 

to the level of realistic, visual of the virtually simulated environment examined in these 

studies, meaning that the level these experiences in the virtual environment renders a 

real-world experience (Kort et al., 2003). 

The issue of simulating a realistic virtual environment and interaction opens up 

a challenge of replicating the real-world factors that can be defined as a user’s 

experience, which is a negative factor when the aim is to isolate a task in a virtual 

experience. However, immersive technologies can now offer visual renders that are 

very similar to real-life visual experiences. Some tools, such as HMD 

CAVEs can reflect perceptual and physical responses that resemble real-world user 

performance, by providing the user with instant feedback on changes in viewing 

directions, head, and body rotations. Despite the fact that some of the aspects of a user's 



5 

experience in real and virtual environments can be transferable in immersive 

technology mediums, high levels of experiential realism, such as presence (the 

subjective, psychological state of being in one place while physically being in another 

can be attained by replicating a specific objective task in both mediums (Witmer & 

Kline, 1998). 

User experience in virtual environments can be challenging to engage a real-life 

like experience. In human–computer interaction, the term user experience is defined 

by Hassenzahl (n.d.) as an interplay of individual perception, emotion, cognition, 

motivation and action, acting in dialogue with the world (place, time, people, and 

objects). However, with the rising popularity of interactive technological products, the 

attention to user experience (UX) is an aspect of study that researchers are trying to 

get closer to a still missing universal definition for it (Hassenzahl, n.d.). This subject 

attracted the scientific community’s attention to the subject of UX as well, which made 

this subject a motive human–computer interaction research to develop a deeper 

understanding than the usability and task-oriented values. Although both aspects are 

frequently correlated, while low usability levels can limit performance, high usability 

levels is not necessarily enough to create a good UX. 

Taking into consideration that UX is an outcome of interaction between a user 

and a product within a physical, social, and cultural context, “researchers must be 

aware that, depending on the context at hand, users can have different experiences with 

the same product” (Rebelo et al., 2012). Therefore, the ability to find and create proper 

contexts remains a serious challenge. The evaluation of UX is a subjective task since 

these characteristics are based on a user’s emotional state, which in turn is related to 

an emotional response that is consequently a subjective experience and behavior 

(Larsen & Prizmic-Larsen, 2006). 

So, the question would be if VR is a reliable tool to evaluate UX in tasks despite 

the method of choice to assess the subjective performance. This would require us to 

first see what VR can offer, in very simplified terms, VR transports a user to a reality 

(virtual environment) in which they are not physically present but feels like they are 

there. By definition, VR is the use of computer modeling/simulation that enables a user 

to interact with an artificial three-dimensional sensory environment. This opens up the 

way to multidimensional experiences. The advantages of using VR for research on UX 
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can be split to three main topics: availability, safety, and data provision (Rebelo et al., 

2012), meaning that VR can be a tool to use in UX evaluation for processes and 

products that can have the controlled conditions within the virtual environment (VE) 

that the VR system offers (Villani et al., 2012). 

 

2.2. Workload Measurement in VR and Reality 

 

Workload was defined as the cost an individual, considering their abilities, while 

accomplishing a certain level of performance on a given task with specific demands 

(Hart & Staveland, 1988). Workload evaluation is an important part of system design 

and analysis. Subjective workload measurements use numerical ratings to attempt to 

assess the energy invested during task performance. The natural world is reflected in 

an individual's subjective report of perceptions related to physical or mental demand 

on their mental and physical resources (Annett, 2002). 

Workload being subjective in assessments since it is based on an individual’s 

personal feelings and perceptions, needing the individual to provide their own 

judgments of efforts associated with performance in a assigned task (Eggemeier et al., 

2020). The effect of physical demand is linked to the awareness of self-monitoring 

while undergoing the activity (Mihevic, 1981). Subjective feedback are influenced by 

the individual’s objectives during a task, as well as motives, and plans (Annett, 2002), 

yet it depends on the person’s ability to scale their sensations to a quantitative rating 

(Noble et al., 1983). Physical and mental demands vary in response to individual 

differences, which form a challenge in understanding the measure of workload levels 

(Kahneman, 1973). 

As a medium to be used in order to compare real life, VR simulation training is 

a reliable option due to its common use in different fields ranging from medical (Gunn 

et al., 2018), astronautic studies (Everson et al., 2018), education (Greenwald et al., 

2017), industrial (Berg & Vance, 2017), military, sports, architecture, and so on. This 

shows us that VR is a tool compatible with almost any task in terms of a user’s practical 

activity monitoring and measurement. The unique aspects of VR that differentiate it 

from other user interface systems that are 2D is the nature of the setup that allows the 
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deep psychophysiological action (Bowman, 1998) which includes a multidimensional 

experience in terms of physical and mental demands. Moreover, the VR application 

provides a wider variety of interaction techniques other platforms lack (Mania & 

Chalmers, 2001), and the most distinctive trait of VR is the 3D interactivity and 

environments (Mine et al., 1997). 

This makes the measurement of workload in a VR medium of a given task an 

objective to various professions from designers, manufacturers, managers, to 

operators, that are interested in performance assessment, and seek answers about the 

operator workload during different phases of system design and operation. 

As shown above, the VR immersive technology is a reliable tool to embody the 

multidimensional task accomplishment factors. 

 

2.3. Subjective Assessment of Workload and NASA-TLX 

 

This introduces the tool developed by the National Aeronautics and Space 

Administration (NASA). The NASA-TLX was constructed to serve as a multi-

dimensional scale designed to obtain workload estimates operators while they are 

performing a task or immediately afterwards (Hart & Staveland, 1988). 

In a study that conducted an analysis of 556 papers on TLX (Hertzum, 2020) the 

criteria of selecting the papers insured all studies defined TLX in the same way. 

The initial sum of papers collected was 2769, but only 556 got analyzed since 

they included all 6 subscales of the task load index. Four steps were used to analyze 

the data, across different domains, from technologies, regions, and real life/lab 

settings. Technologies got divided to five groups: handheld devices, desktop 

applications, environments, virtual reality, and other.  

Handheld devices, desktop applications, environments, and virtual reality were 

investigated in 1024 conditions from 332 studies. The technologies were spread 

unevenly across domains, virtual reality in education got 28% of the technology 

category.  This averaging served to make the analyses independent of how many 

conditions each study had.  
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The study found that the use of TLX for measuring workload increased over the 

30-year period. Half of the included papers were published during the last four years 

of the period. The 556 studies reported TLX data from a total of 27616 participants 

Originally measures of perceived usefulness and perceived ease of use of the VR 

during the task were used to evaluate the subjective experience, as well as performance 

metrics. In VR, the cognitive workload can be simulated of conditions, as it depends 

on the mental load demand, but collects the physical and temporal factors. This makes 

the NASA-TLX (Hart & Staveland, 1988; Hart, 2006) applicable in the assessment of 

the participants’ subjective workload experience during VR sessions. NASA-TLX 

consists of six subscales that represent somewhat independent clusters of variables: 

Mental, Physical, and Temporal Demands, Frustration, Effort, and Performance. These 

scales hold the assumption that it can represent the “workload” experienced by most 

people performing most tasks (Hart, 2006). These scales are rated individually on a 0–

100 scale, which allows the research to breakdown the task load into multiple 

dimensions and observe the way a task is conducted in a VR medium with respect to 

the physical world. The importance of this tool in the process of measurement of a 

workload in a given task can be seen in the adaptations it earned and the wide language 

range it was translated into (Hart, 2006). The common activities across controlled 

mediums and the real world allow such well-designed measurement tool. Other 

methods of task load and performance evaluation ranging from surveys to 

questionnaires were originally designed for 2D interface and setup (Lin & Hsu, 2017). 

 

2.4. Related Work 

 

2.4.1. Performance in VR vs real world. 

There are several different foci of the studies that compare performance in real-

world and virtual environments. Some studies focus on performance in spatial tasks 

such as wayfinding, which showed that performance in real world requires shorter time 

compared to virtual environment, while different paths are taken in each (Skorupka, 

2009). Another aspect compared is locomotion, which shows that walking in VR is 

slower compared to the real world, but faster compared to the previous studies, which 

is probably due to the improvements in VR hardware (Agethen et al. 2018;), or 
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orientation (Kimura et al., 2017). Some compare task performances based on objective 

measures referring efficiency and effectiveness; in our experiment, participants in VR 

were no different from participants in the real world in terms of aperture passability 

judgments, accuracy of judgments, and certainty of judgments. Comparisons also 

showed that participants in real world improved in accuracy over time, while 

participants in VR did not. In addition, mixed results were observed with regard to 

some performance metrics, as some were better for simulator due to the design of the 

simulation (Bhargava et al., 2020; Ovaskainen, 2005; Kenyon & Afenya, 1995).  

There are several studies that employ NASA-TLX for self-assessment of 

perceived performance. Stone et al. (2011) reported that Mental Demand measured via 

NASA-TLX was not significantly different for welding trainees using real-world 

welding equipment and VR training environment. While the training times in VR was 

significantly shorter, the average muscle activity was similar for both conditions. On 

a wheelchair driving task, Kamaraj et al. (2016) revealed significantly lower Mental 

Demand and Frustration scores for VR compared to real-world, which resulted with a 

lower adjusted overall NASA-TLX score for VR. Mouraviev et al. (2016) reported 

similar raw NASA-TLX scores for VR and porcine-model robotic surgery, except for 

Frustration, which is higher for VR. Narasimha et al. (2018) compared a collaborative 

card sorting task in desktop, HMD and real-world paper environments and did not 

observe a significant difference in time, match with master set (effectiveness), 

perceived presence and usability. However, the NASA-TLX score is significantly 

lower for Performance score in VR condition, resulting with a significantly better 

overall score. George et al. (2019) explored a smart home door authentication task in 

VR and real-world equipment, revealing that although the users performed 

significantly worser in VR in terms of time used on task, there is not a significant 

difference on NASA-TLX scores. Chang et al. (2019) findings for paediatric 

resuscitation is very interesting, suggesting that physicians scored higher significantly 

for their Temporal Demand, Frustration and Performance for VR simulation leading 

to higher overall score, compared to real-world emergency department resuscitations. 

However, heart rate and cortisol levels, which are stress indicators, were higher for 

real-world experiences. For a pointing task, Rizzuto et al. (2019) did not observe any 

difference on wrist, elbow or shoulder joint angle at the end state, while pointing 

accuracy is significantly higher in real world condition, with a shorter movement time. 
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Task Load Index scores were significantly higher in one virtual condition (VEA) 

compared to the real condition. For a throwing task, Zindulka et al. (2020) did not 

observe any significant difference on any of the 6 NASA-TLX variables, but throwing 

in real-world is almost twice as accurate and 2-3 times more precise than throwing in 

VR. For a golf put comparison, Harris et al. (2021) reported a significantly better 

putting performance in real world while the distance estimation is not significantly 

different for VR and real-world conditions. The SIM-TLX Index used in the study 

(Harris et al., 2020), which has similar measures with NASA-TLX, did not reveal any 

difference except for its Perceptual Strain item. 

The above studies show that despite some minor differences depending on the 

task and participants, the VR experiences are comparable to their real-world 

counterparts in terms of perceived task load. However, the number of studies are very 

limited and there is a need for further exploration, to generalize the findings of the 

studies. 

 

2.4.2. Presence in VR and real world. 

Usoh et al. (2000) suggest that asking a person concerning “sense of being there” 

that person will come up with some interpretation that makes the question seem 

sensible, and then answer that question. They suggested that their findings of 

indifference between real-world and virtual reality presence are affected by this issue 

that it does not make sense for their participants to assess their real-world presence 

through a Likert scale, since the presence should always be the highest in the real 

world. So, the participants, who are asked to assess their presence in the real-world 

interpret the question differently from the VR condition, “as the sense of involvement, 

the lack of isolation, perhaps the degree of comfort”; unlike the virtual world presence 

that is understood as “as the sense of being in the environment that is depicted by the 

computer-generated displays, and the ability to act in that environment”. Despite the 

subjective understanding of presence can be different for real-world and virtual 

environments, recent research provide evidence that brain activities of people are 

similar in HMD-based VR and real-world, compared to a desktop PC interaction 

scenario (Petukhov et al., 2020). 
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Although the visual fidelity of the representation of virtual objects to the real-

world aspects affects the sense of presence (Slater, 2009;), it “seems to be far less 

important for presence than are other parameters, such as head tracking, frame rate, 

sound and interaction methods” (Sanchez-Vives & Slater, 2005) as depicted by 

Cummings and Bailenson (2016) through an analysis of empirical studies. That makes 

presence a phenomenon that can be observed in virtual reality, as it is based on the 

“real-world” consciousness transported into an alternative, virtual environment. 

Immersed in a virtual environment, “people respond to events in that place, feel their 

body in that place, and event transform their body ownership” to the virtual 

representation of a body that they see, resulting with “conscious and volitional 

behaviors” such as avoiding the heights and non-conscious psychophysiological 

responses, such as an elevated heart rate (e.g. Kisker et al., 2021). Presence “is a 

perceptual but not a cognitive illusion”, as the perceived stimuli leads to a rapid 

automatic reaction of brain-body system while “the cognitive system relatively slowly 

catches up and concludes ‘But I know that this isn’t real’” (Slater, 2018). 

On the other hand, Weber et al. (2021) suggest that presence should not be limited to 

spatial presence, i.e. being there, but also should consider the perceived realism. 

According to authors, spatial presence is affected by allocation of attentional resources 

including flow related measures along with place illusion. Perceived realism is the 

subjective judgement degree of the user on the fidelity of the stimulus.  

  



12 

Chapter 3 

Methodology 

 

3.1. Participants 

 

14 male and 14 female participants, aged from 18 to 27 (M=23.11, SD=3.1) 

volunteered to participate in the study, who were recruited among the social circle of 

one of the researchers. A requirement was to have the ability to communicate verbally 

in English. Participants have been introduced to the HMD ahead of time, yet none 

knew about the subject of the experiment “Keep Talking and Nobody Explodes” on 

any medium the app is released on. Their mean daily average weighted gameplay 

exposure score was 3.22 out of 7 (SD=1.59) measured using the weekday/weekend 

weighted frequency scores adapted from LTE (Riddle, 2010), considering the 

participants’ weekly gaming exposure within the last 3 months. The responses for the 

weekday items have a weight of 71.4 and weekend responses are weighted as 28.6, 

considering the 5 weekdays to 2 weekends ratio in a week. 

Male participants (M=3.76, SD=1.31) were gaming more frequently, compared 

to female (M=2.69, SD=1.7) participants. Distribution of the daily average weighted 

gameplay exposure scores in the group and comparison of male and female 

participants can be seen on Figure 1. Female and male participants equally assigned to 

two play sequence groups which engage with the toy version of the game at first and 

VR version of the game at first. None of the participants had played the game before 

in these platforms or any other platforms. 
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Figure 1. Weighted gaming exposure of participants by gender, play sequence groups, number 

of participants regarding their scores. 

 

When the participants are compared according to play sequence, the group who 

played the game in VR at first had a slightly higher daily average weighted gameplay 

score (M=3.48, SD=1.66) compared to the players who engaged with the toy version 

first (M=2.97, SD=1.53). 

The previous experiences with VR were not very high among the group, where 

17 had no prior VR experience and six participants tried once, three participants had 

tried it a couple times, one has used more than 10 times and one reported himself as 

an occasional user, as given in Figure 2. Although it is not possible to assign the 

participants to the play sequence groups to have exactly the same level of prior VR 

experience for VR First and Toy First group, there is a balanced distribution of 

experienced and inexperienced participants to these groups. Most of the female 
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participants had no prior VR experience, while male participants were more 

experienced. 

 

 

 

Figure 2. VR Experience by gender, play sequence and number of participants. 

  

When the participants’ MEC-SPQ domain specific interest scores were 

investigated, the mean scores for male and female participants were higher for female 

(M=4.08, SD=.76) than male (M=3.73, SD=1.28), where the mean score for all 

participants is 3.9 (SD=1.04). Many of the participants had a moderate interest in the 

subject of the game, which is suggested as an enduring personality factor that affects 

the attention allocation of participants. The mean score for the participants who played 
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the VR version at first (M=3.90, SD=.97) were similar to the participants who played 

the toy version at first (M=3.91, SD=1.16). 

 

 

We also explored the Visual-Spatial Imagery score via MEC-SPQ, which is also 

suggested as a trait-like enduring personality factor that affects the experience of a 

player in terms of presence. 

The scores for the VR-at-first (M=3.91, SD=.69) and toy-at-first (M=3.79, 

SD=.77) groups are also very close for Visual Spatial Imagery. 

A series of independent samples t-test revealed that there is not significant 

difference between VR-at-first and toy-at-first in terms of prior VR experience t(26)= 

.31, p > .05., daily average weighted gameplay score t(26)= .84, p > .05, participants’ 



16 

interest in the subject domain of the stimuli t(26)=.015, p>.05 and abilities of visual 

spatial imagery t(26)=.45, p>.05. Thus, it can be concluded that our participants are 

evenly represented in VR-at-first and toy-at-first groups based on their prior VR 

experience, gaming habits, domain interest and spatial abilities. On the other hand, the 

further comparisons would be made in a within-subjects manner, so that play sequence 

is alternated to prevent any possible bias that may emerge from the participants’ 

familiarity with the goals and mechanics of the game. 

 

3.2. Equipment and Stimulus 

 

Participants used the same replica of the ‘virtual bomb’ for the real-life 

condition. An Oculus Rift HMD with a pair of Oculus Touch magic wand controllers 

were used for stereoscopic head-tracked virtual reality condition. In real life condition, 

all the interactions were directly applied on the ‘physical bomb’, while magic wands 

are the only method of input for VR condition. 

All participants played the ‘first bomb’ which is the starter level of the game in 

which players try to diffuse a virtual bomb by following the instructions of another 

person – the moderator, who is not allowed to see the virtual bomb but reads the bomb-

manual which is a printable booklet (bombmanual.com, n.d.)  with the instructions to 

read and help the player navigate the process of diffusing each module of the puzzle. 

The player must describe what is seen on each module of the bomb. Although the 

medium of experimentation will change, the same person will be guiding the player, 

as a part of the replicated experience. In the VR version, the game will generate a 

different combination of variables every time, but the same level and modules will be 

at play. While in the real-world condition the same physical bomb is constructed, the 

player will be exposed to it once, which will make no difference in the experiment 

since in both mediums the participants will experience a different generated puzzle. 
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Looking at Picture 1, the first level contains three modules: a countdown of 5 

minutes as a standard for this level, a module of wires with different colors, another 

module of four symbols on a keypad, and a button to deactivate the bomb. On the side 

of the bomb, there are elements that add to the visual only, and there is serial number, 

and battery count which decide certain variables in the “bomb-manual” read by the 

moderator. The bomb gets generated randomly, each time different variables in each 

module, the wires count and colors, for symbols its combination of sets, and the button 

has its own color, writing, and led color which determine the right diffusing action. 

There isn’t a specific order to diffuse these modules. 

 

    Picture 1. The "virtual bomb" in "Keep Talking and Nobody Explodes" game. 

 

 As seen in Picture 2, the game in VR offers an object of interaction; with 

specific user interface and user experience we replicated the object with its 

characteristics of interaction, interface, and visuals. This design took the form of laser 

cutting of plexiglass material to emulate the structure of the “virtual bomb”. 
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The result seen in Picture 3 to reach a fully functional device. Inside the box is 

an operational system of a programmable logic controller (PLC) or which is an 

industrial digital computer that has been ruggedized, and adapted for the control of 

manufacturing processes, such as assembly lines, robotic devices, or any activity that 

requires high reliability, ease of programming, and process fault diagnosis. This 

controller is connected to a Human-Machine Interface unit (HMI unit), 

which communicates with the PLC using serial communications or by way of an 

Ethernet connection. HMIs are programmed using free software and via a serial port 

(USB, or standard DB9 port). Other visual aspects of the “Virtual Bomb” are applied 

from the elements on the sides to the indicators of green led lights when a module is 

diffused. The process was meant to replicate a more identical experience by taking the 

more controllable condition of VR into the real-world condition, which is the opposite 

of what is usually done. As given in Picture 3, the physical toy has the same 

components with the virtual bomb, while their locations may not be identical, since 

the VR game is programmed to set their positions randomly in each gameplay.  

Game wise, for the interaction part, each of the modules was based on the bomb-

manual booklet which the moderator reads out loud for the participant. The color, and 

count of wires, the sequence of symbols, and the button are all designed and 

programmed based on the script provided by the game. 

Picture 2. The concept design of the "Physical Bomb". 
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Picture 3. The physical toy bomb (on the left) replicated from the virtual bomb (on the 

right). 

 

As seen in Picture 4, the layering present is just the last two plexy-glass cover 

which was used to divide and convey the same UI of the “virtual bomb” which was 

the 4th trial in remaking the box to fit the machines inside, and at the same time allow 

the distribution of elements on top to mirror that of the VR generated “virtual bomb”.  

 

 

 

 

 

 

 

In Picture 5 is another example of the earliest prototype which failed to 

complement the desired distribution of elements on the UI of the box. Noticing the 

details and accuracy of distribution in a mechanical point of view, this phase aimed to 

test the electronics and the functionality of the programmed software, since the first 

and most important challenge was to create a functional sequence of actions that 

exactly operate as the game manual dictates. So, when the player interacts with the 

Picture 4. Part of the construction process of the "Physical Bomb". 



20 

“physical bomb” it will be a copy of the experience to be within the immersive HMD 

VR medium. 

 

 

 

 

 

 

 

 

3.3. Measures  

 

The task performance is measured through the objective indicators of game 

success, i.e. successfully disarming the bomb in 5 minutes and time left in successful 

disarming; in the VR version it is fixed in the “Virtual Bomb”. As for the real-life 

condition, the timer was programmed to five minutes in the “Physical Bomb”, and the 

moderator served as the common factor of experience in both mediums. 

For subjective assessment, the self- report measure of NASA-TLX (National 

Aeronautics and Space Administration – Task Load Index (Hart & Staveland, 1988; 

Hart, 2006) is used to measure the workload of the task, perceived subjectively, by the 

player diffusing the bomb. The six subscales, with items evaluated on a 20-point 

horizontal line scale and originally scored through a two-step process, as a weighted 

sum of paired comparisons of the six dimensions. Evaluation of participants’ 

performance on the task as they may have experienced, or perceived it to be, Physical 

Demand, Mental Demand, and Temporal Demand, adding Performance, Frustration, 

and Effort spent. 

Each dimension is rated on a scale of 0 to 5. Based on these ratings, a weighted 

score is calculated for each dimension. This allows for the higher sensitivity of the 

NASA-TLX in determining the variables of the experiment. The NASA-TLX tool 

Picture 5. The first design map of the "Physical Bomb". 
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provides a way to test different difficulty and complexity of tasks. In the game “Keep 

Talking and Nobody Explodes” NASA-TLX works well, since the temporal demand 

is the main aspect of success, and the mental demand is present by the puzzle solving, 

and frustration can be observed as the player and moderator try to diffuse each module, 

while the physical demand is engaged with the process of interacting with each 

medium of the bombs. As for effort and performance, those are subjectively reported 

experiences that are assessed and varied based on individual differences. 

While SIM-TLX is a recent alternative (Harris et al., 2020) of NASA-TLX as a 

self-report measure for performance specific to VR, we preferred NASA-TLX for two 

reasons. First, it can be benchmarked (Hertzum, 2021) with a worldwide collection 

556 studies. Second, the results can be compared with a previous study which assesses 

the same bomb disarming puzzle task between HMD VR and PC monitor conditions 

(Berkman et al., 2020). Third, since the mentioned study reports differences between 

adjusted and raw scores of NASA-TLX due to perceived importance of the task loads, 

we believe that this issue should be further explored through real-world to VR 

comparison. 

Considering the research and conclusions about presence in the real-world vs. 

the virtual environments, which are given in the Related Studies, it may not seem to 

be conceivable to assess a real-world toy experience regarding the presence and 

comparing it to a virtual environment. On the other hand, the bomb used in our study 

is a “toy”, i.e. a non-real artefact by its definition. The pretence in engaging with a toy 

is similar to a VR experience, while the subject is aware that the toy is not real, as he 

does in VR, at the cognitive level. Likewise, the pretended engagement with the toy at 

the conscious behavioural level is similar to behaviour in VR, where engagement with 

toys may also lead to unconscious psychophysiological responses (e.g. Hughes & Hutt, 

1979). Since presence is a mediated experience, we claim that the “toy bomb” can also 

be considered as a medium that enables presence. For this reason, we let our 

participants to choose whether the presence related MEC-SPQ items were applicable 

to the toy condition or not. Although there are many questionnaires to assess presence 

(Grassini & Laumann, 2020), we decided to use SPES (Hartman et al., 2015) as it 

assesses spatial presence within Self-Location and Possible Actions dimension, while 

it evolved from MEC-SPQ, which also considers the realism and flow related measures 

as a component of presence. Furthermore, it is known that both are sensitive to 

different media and content (Yildirim et al., 2019; Berkman et al., 2020). 
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3.4. Data Analysis 

 

The performance data and the survey data were analyzed through a series of 

paired samples t-tests, assessing the scores obtained with the VR compared to the toy 

condition for each participant where the sample size is enough and the mean 

differences between the pairs are assumed to be normally distributed, regarding the 

results of Shapiro-Wilk tests. Some of the participants did not respond to the SPES 

items for the toy condition, as they thought that they are not applicable for the real-

world. For Spatial Presence dimension, 11 participants respondent for both toy and VR 

conditions, where there were 10 responses for Possible Actions dimension. Due to the 

small sample size, we executed non-parametric Wilcoxon signed-rank tests for these 

scores. In addition, the null hypothesis of normal distribution cannot be rejected for 

mean differences of MEC-SPQ Attention Allocation, Involvement, and raw NASA-

TLX performance scores, which are also explored via non-parametric Wilcoxon 

signed-rank tests. 

 

3.5. Procedure  

 

Participants are asked to play either the VR or the toy version of the game, “Keep 

talking and Nobody Explodes”. The VR version is a commercially available product, 

not only for VR, but also for many other gaming platforms such as personal computers 

and mobile devices. The toy version is built based on the first level of the game, using 

an operational system of a programmable logic controller (PLC) or which is an 

industrial digital computer that has been ruggedized, and adapted for the control of 

manufacturing processes, such as assembly lines, robotic devices, or any activity that 

requires high reliability, ease of programming, and process fault diagnosis. This 

controller is connected to A Human-Machine Interface (HMI) unit, which 

communicate with the PLC using serial communications or by way of an Ethernet 

connection. HMIs are programmed using free software and via a serial port (USB, or 

standard DB9 port). Half of the participants played the game using Real life condition 

first. The other half was exposed to the VR version as the first experience with “Keep 
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Talking and Nobody Explodes”. Each participant was left alone in a closed room, 

where the moderator would communicate via headset to give the guidance. After every 

session, participants are asked to fill out the NASA-TLX questionnaire that includes 

personal questions, along with the items that query on their gameplay session, in which 

they had to try and indicate the time remaining in order to state their duration of their 

gameplay within the questionnaire, which was recorded by experimenters and given 

to them after they completed the experiment. Participants are allowed to rest for 10 

minutes after they finish the questionnaire and asked to play the game on the other 

platform again, which is also followed by a questionnaire. At this time, the 

questionnaire only included the gameplay related queries. 

 

Picture 6. Female participant defusing the toy bomb (on the left) and male participant 

defusing the virtual bomb (on the right). 
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Chapter 4 

Findings 

 

4.1. Performance and Task Load 

 

As an objective indicator of performance, the task completion success and task 

time was explored. All 28 participants were able to disarm the bomb an all their trials, 

except one participant who exploded on his first trial, which was in VR environment. 

The paired samples t-test did not reveal a significant difference on the time spent on 

task t(27)=-1.5, p>.05, where VR sessions took around 125.3 (SD=52.24) seconds and 

toy sessions took 147.4 (57.49) seconds.  

 

 

The task load is also explored through the subjective NASA-TLX assessments, 

using raw and adjusted scores.  
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When the raw results on VR condition is benchmarked with the reference values 

obtained from 72 VR studies (Hertzum, 2021), we see that all raw scores are above the 

mean reference values. Physical Demand, Temporal Demand and Frustration is also 

very high above the upper bounds of benchmarked studies, showing that the VR task 

has a high workload. On the other hand, it should be considered that the benchmarked 

VR applications are for education and healthcare purposes. It is not unexpected that a 

puzzle game, which is deliberately designed to be challenging, would lead to higher 

workload scores. Hertzum (2021) did not report a category of applications that can be 

compared with our toy condition results. Both toy and VR scores are compared with 

the reference values gathered from 93 studies in Asia and the scores of our participants 

are higher than benchmark means except the Effort score for toy condition. It should 

also be noticed that the Mental Demand score for toy condition is also very similar to 

scores obtained in Asia. Considering the 556 studies, all conditions for all dimensions 

are still above the average NASA-TLX scores except for the Effort score for toy 

condition, which corresponds to the 50th percentile of benchmark scores. These 

comparisons suggest that the system evaluated in this study lead to a task load that are 

above the average, considering the percentile correspondence of the scores. 

When adjusted TLX scores are assessed along with the percentile ranks, the 

mental demand is higher for the VR condition than the toy condition, as well as 

Temporal Demand, Effort and Frustration scores. However, paired sample t-tests 

t(27)= see Table 1, p>.05) did not reveal a significant difference on any of the NASA-

TLX scores, neither for the raw nor for the adjusted scores. The raw Performance score 

is assessed through a Wilcoxon signed rank test, which did not reveal a significant 

difference between the VR (Mdn=62.5) and toy (Mdn=80) conditions; z=-2, p=.045. 

Table 1 

NASA TLX Scores, Benchmark Values and Mean Comparisons 

 

 Mean SD t (27) Benchmark (Raw) 

NASA - 

TLX 
Cond. Raw Adj. Raw Adj. Raw Adj. VR Asia General 

Percentile 

Mental 

Demand 

VR 63.57 198.21 29.02 130.91 

1.57 1.72 47 ± 20 55 ± 19 49 ± 17 

70th 

Toy 56.07 156.43 30.98 128.46 60th 
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Physical 

Demand 

VR 51.25 85.54 26.09 95.87 

0.36 1.11 26 ± 13 42 ± 18 32 ± 16 

80th 

Toy 48.93 117.14 31.57 127.54 80th 

Temporal 

Demand 

VR 66.25 217.32 25.73 145.38 

1.73 1.28 40 ± 17 47 ± 19 42 ± 16 

90th 

Toy 56.43 178.57 28.89 145.02 70th 

Performance 

VR 
56.61 

62.5* 
153.21 

28.77  
115.17 

.94 

-2* 

.95 47 ± 24 49 ± 21 45 ± 19 

70th 

Toy 
63.04 

80* 
181.25 

33.26  
133.94 80th 

Effort 

VR 64.64 138.75 25.05 110.53 

1.97 0.50 48 ± 19 55 ± 19 50 ± 16 

80th 

Toy 53.04 127.86 31.01 111.25 50th 

Frustration 

VR 59.11 157.86 22.77 131.13 

1.52 1.37 34 ± 18 40 ± 18 36 ± 14 

90th 

Toy 50.36 117.14 28.83 118.39 80th 

Overall TLX 

VR 60.24 63.39 15.98 16.53 

1.54 1.26 41 ± 15 

 

48 ± 16 

 

42 ± 13 

90th 

Toy 54.64 58.56 19.65 19.95 80th 

* Median values since the mean differences cannot be assumed as normally distributed 

^ z score obtained for Wilcoxon signed rant test 

Our results suggest that the workload is not different when the bomb puzzle task 

is executed either in a real world setting or a VR setting. The result is not expected, as 

many of the previous studies report similar findings that does reveal a difference 

between real-world and VR, or some resulted on behalf of VR condition leading to a 

lower task load. Especially, the studies conducted in 2015 reported workload for VR 

that comparable or lower than real-world settings, which might be due to the 

advancements in displays quality, motion tracking and controllers. 

4.2. Game User Experience 

 

From the game user experience (UX) perspective, the Enjoyment dimension of 

GUESS revealed a significant difference, where the mean score was 5.55 (SD=.65) for 
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VR condition compared to the 5.19 on toy condition, t(25)=3.11, p<.05). The 

playability/usability score obtained via GUESS items for both conditions are very 

similar. The Personal Gratification score obtained via GUESS is not also significantly 

different, as given in Table 2. 

The Attention Allocation score of MEC-SPQ, which were explored through a 

Wilcoxon signed rank due to the distribution of mean differences, did not also reveal 

a significant difference between the VR (Mdn=5) and Toy (Mdn=4.75) conditions, 

z=1.73, p=.083; along with the MEC-SPQ Involvement scores, z=-1.5, p=.148. 

Table 2 

Mean Comparison of GUESS Scores 

UX metrics Condition Mean Score SD T-Test 

Playability / 

Usability 

(GUESS) 

VR                   

5.61  

          0.86  t(26)=-.07, p=0.95 

Toy                     

5.62  

          0.87  

Enjoyment 

(GUESS) 

VR                     

5.55  

          0.65  t(25)=3.11, p=.005 

Toy                     

5.19  

          0.67  

Personal 

Gratification 

(GUESS) 

VR                     

6.23  

          0.67  t(25)=2.05, p=.05 

Toy                     

6.02  

          0.60  

 

The similar score on Playability/Usability dimension supports our suggestion 

that the VR equipment is not an obstacle anymore that creates extra workload for the 

user. As we aimed, we arranged the real-world environment very similar to the VR 

condition. Attention/Allocation and Involvement scores suggest that both conditions 

are alike. Since the task on both conditions are equivalent, the focus of participants’ 

attention was on the puzzle, regardless of the bomb being a digital artefact in VR or 

an electro-mechanical toy in the real world. Both objects had evoked a similar level of 

reflections upon them, i.e. the involvement of participants.  Players had a similar sense 

of achievement regardless of the gameplay medium, according to the Personal 

Gratification scores. The mean difference between the enjoyment scores is 

significantly different but not very large. Since most of our participants have very 

limited or no VR experience, the higher VR score might be due to a novelty effect. It 
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could be concluded that using VR did not create a richer game user experience within 

the context of a bomb puzzle game. 

4.3. Presence 

 

Presence related metrics of MEC-SPQ were also led to very similar scores for 

both conditions, as given in Table 3. The Spatial Situation Model score, where the 

participants are queried for their mental image of the medium regarding to its 

arrangements, size and surroundings were almost equal for VR and toy experiences. 

The four Suspension of Disbelief items where the participants reflect on the 

inconsistences, errors, contradictions, and their attention on these issues also led to a 

very similar score for both conditions. 

Table 3 

Comparison of Mean Scores for Presence-related Measures 

UX metrics Condition Mean Score SD T-Test 

Spatial 

Situation 

Model (MEC-

SPQ) 

VR                     

4.04  

          

0.90  

t(27)=-0.16, p=.87 

Toy                     

4.06  

          

0.84  

Suspension of 

Disbelief 

(MEC-SPQ) 

VR                     

2.93  

          

0.87  

t(27)=0.14, p=.89 

Toy                     

2.91  

          

0.76  

 

Regarding the Spatial Situation Model score, we think that participants were able 

to perceive and understand the object of their interest, the bomb, clearly in both 

conditions. Considering the Suspension of Disbelief score, the design of the bomb, 

both the “real-world” object and the VR representation, were found equally plausible. 

We think that the puzzle-like design of the bomb might have looked irrelevant to the 

participants, leading to medium level score, i.e. around 3 over 5 for both conditions. 

However, it did not have any flaws or glitches for its functionality and its look.  

The SPES items were not found to be applicable to the toy condition by many 

participants. On the other hand, more than one-thirds of the participants though that 

they can respond to these questions within the context of their experience with the toy. 
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The Wilcoxon Signed Rank Test analysis run on this small sample size revealed that 

there is not a significant difference between the toy (Mdn=4.38) and the VR (Mdn=4.5) 

condition, z=-2,49, p=.013 for the Self-Location dimension of SPES, which is 

querying the participants on “actually and physically being there and taking part in the 

presentation”.  

For the Possible Actions score which is about acting on the objects, there was not a 

significant difference between the toy condition (Mdn=4.5) and the VR condition 

(Mdn=4.19), z=-.71, p=.48.  

These results are consistent with (Usoh et al., 2000), where the real-world office 

space is compared with its VR representation through (Witmer & Singer, 1998) and 

(Slater at al.,1994) presence questionnaires. While the authors hypothesized that 

presence questionnaires would result with higher scores for the real-world experience, 

the difference was marginally significant or similar. 

It should be remembered that the environment presented in the VR condition is a 

dark room where no details of the surrounding is available to the user. Likewise, the 

toy condition is experienced in a dark room where the only lit area is the table that the 

bomb resides, which is quite similar to VR. Although the median score for “Self-

location” is very high at 4.5, suggesting that users are “being there”, we think that 

“there” is not well defined in our VE, but mostly left to the user’s imagination. While 

not significantly different, the Possible Actions score is slightly higher for toy 

condition. Actually, there are more possible actions in the toy condition. Users can 

break apart the toy bomb, throw it outside the room or do whatever they want that we 

cannot imagine right now, within the limitations of the physical world. Although their 

actions in VR are limited to rotating the bomb and engaging with the controls, it is 

interesting that they scored the Possible Actions items in a similar manner. We think 

that our users restricted themselves with the rules of “the game”, although they are not 

forced by any design limitations.  
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Chapter 5 

Discussion and Conclusions 

 

The results presented and discussed above contributed to our understanding of 

simulated experiences across an immersive medium, and the physical replication of it. 

They reveal that a gaming task that highly depends on cognitive processes such as 

solving a puzzle do not lead to significant differences in user performance, workload, 

user experience or presence either it is executed through a physical toy, or an HMD 

based VR environment. That is in line with the findings of studies conducted after 

2015, which report that workload for VR is comparable or lower than real-world 

settings; due to the advancements in displays quality, motion tracking and controllers 

after 2015. The scores of participants revealed that a well simulated and controlled 

environment can eliminate the drastic variables of user experience in the given 

mediums; however the limitation of simulated elements in the dark room, and the focus 

on the object as the main subject of interaction allows the imagination of the user to 

simulate a similar level of capability with the VE as in the physical version, while we 

observed only a minor difference just for the Enjoyment rating by the participants, that 

can be explained through a novelty effect since our participants had some very limited 

prior experience with HMDs. 

Unlike in other experiences where the environment itself would require 

interaction, or the object of interaction would be more demanding to simulate, playing 

a puzzle game through the different mediums did not indicate a significant difference 

specifically in terms of effort or performance. The subjective workload is higher than 

NASA-TLX benchmark results of other VR studies, studies executed in Asia and 

worldwide. Since the evaluated task is a gameplay that is deliberately designed to be 

challenging, these results are not unexpected. 

While the results obtained regarding the user experience and presence are very 

similar in both real-world and virtual environment tasks as well as performance 

metrics, our findings suggest that the VR gaming experiences can replace with the 

real-world game-play. However, it should be noted again that this study is conducted 

through a puzzle game, in which the task has a mental and temporal demand rather 

than being physical, exposing the user to the pressure of making right decision choices 
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to pass a level before the countdown ends. In our experiment, the tasks were applied 

by a handful of mechanics that manipulate the basic object of a box, ranging from wire 

cutting, pressing the buttons, and rotating the bomb, which is a different system all 

together than the type of experiences such as racing, or jet flying games where the user 

becomes surrounded by the interactive environment that is constantly changing and 

also interacting with the user’s choices of speed, steering, and mobility. The 

application evaluated in our study has a minimal spatial surrounding which does not 

affect the gameplay. On the other hand, our study provided evidence that the 

interactions with the nearby objects are very similar in an HMD-based virtual 

environment and real-world, within the context of a cognitive task. 

In “Keep Talking and Nobody Explodes”, the in-game system is also different 

from other games. Having such mechanics can define the metrics of demand, mental, 

temporal, and physical. While the balance of such interactions causes a similar amount 

of effort, and reported level of frustration, and quality of performance, a defining 

characteristic of the experiment was the element of narrative in both mediums (the 

moderator); while both the player and the moderator join efforts to challenge the 

temporal limit, each of them would express different renders of what the other cannot 

see in the puzzle’s main parts. This creates a tension that forms a sense of solidarity 

and enjoyment when the puzzle is solved (bomb is diffused). This dynamic of 

interaction places the simulated elements of a racing game, or mountain climbing out 

of the essential factor of the experiment replication. 

The primary goal of this study was not exploring the concept of presence beyond 

the virtual environments. On the other hand, our results imply that real-world 

experiences such as engaging with a toy can also invoke sense of presence as a 

consequence of mediated interaction. The findings of this experiment allowed us to 

conclude through replicating a virtual experience to the real physical world, with such 

simulated familiarity as a tabletop puzzle, the results can show that a task can be 

measured by TLX in VR. As the NASA-TLX was conducted in physical world 

simulations of an experience, and this is what we had in this experiment, the results’ 

similarity of performance and effort indicate that a task, training, or skill can be 

measured and taught in a carefully simulated VR task, and environment. However, if 

the simulated task would have been more demanding in the elements to replicate, the 
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results would have shown that VR requires more variables to offer a similar level of 

involvement in the assigned task.  

In order to provide an opportunity for a more detailed comparison of findings with 

future studies, we decided to publish our dataset, as we are expecting the other 

researchers to share their data publicly.   
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