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futures
Futures is a topic that is inherently fuzzy, as everything beyond this moment can be a potential future. The 
uncertainty that is related to futures makes it not only difficult to imagine, but also challenging to choose 
appropriate forward-looking disciplines. Dorsser et al. (2018), bridged this challenge by connecting the types of 
futures identified by Voros (2003) and the various related levels of uncertainties (defined by Walker et al., 2013). 
Because forward-looking disciplines often target a specific type of future, the resulting framework can be used 
as a “practical guide for futures researchers on what methods to use when anticipating future developments at 
specific levels of perceived uncertainty” (Voros, 2003, 2017). 

Introduction

Future types
Figure 1 is the “Futures Cone” developed by Voros (2003, 2017). The cone illustrates the different types of 
futures, based on where we are now and the likelihood of future developments (i.e., certainty/uncertainty). The 
cone also illustrates how the different types of futures relate to each other. 
As earlier mentioned, the potential future encompasses everything beyond the current moment. Four main 
types of potential futures were identified by Voros and used by Dorsser et al.: potential possible future, potential 
plausible future, potential probable future and the potential projected future. The cone also illustrates the 
potential preferable future, which is a subset of the potential futures that is ‘desirable’. This type of future was 
omitted by Dorsser et al. during construction of the guide, as classifying issues according to Walker’s structure 
does not take into account futures in terms of preferences, but according to uncertainties.

The four main types of futures are described as 
follows by Dorsser et al.:
•	 Potential Possible Future — “those futures that 

we think ‘can’ happen, based on some future 
knowledge we do not yet possess, but which 
we might possess someday (e.g., warp drive)” 
(Dorsser et al, 2018). 

•	 Potential Plausible Future — “those futures 
that we think ‘could’ happen based on our 
current understanding of how the world works 
(physical laws, social processes, etc.)” (Dorsser 
et al, 2018).

•	 Potential Probable Future — “those futures 
that we think are ‘likely to’ happen, based on 
current trends” (Dorsser et al, 2018).

•	 Potential Projected Future — “the (singular) 
default, business as usual, ‘baseline’, 
extrapolated ‘continuation of the past 
through the present’ future, that could also 
be considered as being ‘the most probable’ 
(or most expected) of the Probable futures” 
(Dorsser et al, 2018).

Dorsser et al. concluded that the core focus of several forward-looking disciplines can be linked to the type of 
future (as defined by Voros) it tries to address. When further linking the forward-looking disciplines with the 
various level of uncertainties (as defined by Walker et al., 2013), a ‘Futures Pyramid’ (figure 2) is imagined where 
an ‘appropriate’ forward looking discipline is suggested, based on the level of uncertainty in the type of future 
addressed.

Figure 1. Futures cone (voros, 2003)
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The pyramid consists out of four layers of anticipating future developments. The top of the pyramid represents 
the little knowledge we possess and is associated with the highest level of uncertainty. Similarly, the base of the 
pyramid represents a future that is relatively certain and is associated with the lowest level of uncertainty. The 
layers; types of futures and related uncertainties, together with the recommended approaches, are structured 
as follows: 
•	 “Layer 1: Deterministic Forecasting links to projected futures and Level 1 uncertainty”;
•	 “Layer 2: Probabilistic Forecasting links to probable futures and Level 2 uncertainty”;
•	 “Layer 3: Foresight links to plausible futures and Level 3 uncertainty”;
•	 “Layer 4: Futures links to possible futures and Level 4 uncertainty” (Dorsser et al., 2018). 

Future of Work
When talking about the future of work, ‘Industry 
4.0’ is a concept that is mentioned often. Industry 
4.0 is a wide concept of the future of work where 
physical operation and production is enhanced by 
making use of different smart, assistive and analytical 
technologies. Although much can be found on this 
topic currently, the debate on the specifics and also 
the time-frame of implementation (of industry 4.0) is 
still ongoing. 
Uncertainty is affected by the time of implementation; 
the farther down in the future the implementation 
lies, the more uncertainties will arise. Therefore, 
uncertainties are part of the concept, as it is difficult 
to state when the transition to Industry 4.0 might 
happen. Furthermore, depending on the expert asked, 
specifics of the concept vary and different scenarios 
can be painted. 

Following the Futures Pyramid guide, including Voros’ 
definition of types of futures; Industry 4.0 is a concept 
that paints a potential plausible future. Consequently, 
the guide suggests for foresight as an appropriate 
forward-looking discipline in order to “paint a coherent 
view”. Specifically; “to develop a coherent forward view 
of plausible futures without the need to be explicit 

on the probabilities with which these futures occur” 
(Dorsser et a., 2018).

A scenario of industry 4.0, where the emphasis is put 
on the collaboration between human and robots in 
industries, rather than the complete automation of it 
for instance, has been developed using Virtual Reality 
(VR). In this VR experience, workers assemble wheels 
onto a bicycle frame with the help of augmented 
reality (AR), by collaborating with various robots. 
Labor-intensive aspects of assembly in this scenario 
will mostly be handled by the robots. AR is used to 
guide the worker and support the teamwork. Although 
the VR experience is not commercially available, it can 
be experienced in the EXPO room of Robohouse.

Early usability test results (conducted with TU Delft 
and Robohouse, prior to the start of this project) has 
indicated players have troubles getting through the 
VR experience. Using the experience as foresight 
effectively, requires the potential plausible future of 
work scenario to be conveyed effectively. As players 
are currently occupied with the controls due to 
usability issues, it is questionable to what degree the 
VR experience is able to immerse the players into the 
scenario. 

Figure 2.  Futures pyramid (Dorsser et al., 2018)
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Robohouse
Robovalley believes that the development of (cognitive) robotics will help contribute to solving major societal 
challenges like ageing population and climate change. In manufacturing specifically, they mention how the 
application of AI and intelligent machines can help the process of reshoring production facilities, creating jobs 
and economic growth. This also helps to put an end to dull and dangerous jobs. Robovalley thinks that the 
Netherlands is a country that is well suited for solving these challenges, as it constitutes of highly educated 
professionals who are used to working together; which is a requirement for creating interdisciplinary solutions.

In order to drive solving these challenges, three initiatives were established. Robohouse (figure 3) is one of these 
three and is dubbed their ‘Smart Industry Fieldlab’. They are closely linked to the University of Technology in 
Delft (TUD); organisationally, but also physically, as they are situated on the campus of TUD, near the faculty 
of Architecture. Robovalley further consists out of a vibrant network of general robot enthusiasts and project 
partners, and a start-up community. 

Contextual study

Figure 3. Robohouse

Robohouse has several different facilities. A big expo room (figure 4)
where different projects (like the VR experience) and prototypes are 
situated, a test center which can provide as an industrial setting to 
conduct tests in, a ‘learn’ center, a make space and several different 
(project) rooms. Robohouse is a place where “companies can 
discover, develop & test advanced cognitive robotics applications” 
(Robovalley, 2020). A couple of recent projects Robohouse was 
involved in can be seen on the next page.

Figure 4. Expo Room
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Heineken Bottle Picker     
60.000 bottles are created at bottle lines by 
Heineken. Some of these falls, and some even break. 
Depending on whether the bottle is pasteurized 
or not, the bottles or shards are hot. This creates 
dangerous situations for operators working at the 
bottling lines. 
A robotic solution (figures 5 and 6) has been 
developed by Robohouse and its community 
members and Heineken, together with TNO, SMITZH 
(RoboValley, 2021a).

Robotics Minor
Together with several different partners, an 
educational program at the TU Delft has produced 
several solutions (figures 7 and 8) in order to 
“improve daily life”.  In this robotics minor, students 
worked in interdisciplinary teams to research and 
provide for robotic solutions (RoboValley, 2021b).

Putting wheels on a bicycle (VR 
experience)
Futures are uncertain and often hard to imagine. 
Together with TU Delft, Robohouse and its partners 
have sketched a scenario of how an assembly line 
in a future bicycle factory could look like (figures 9 
and 10). As alluded to earlier, the experience can be 
played in the expo room of Robohouse (figure 4)

The VR experience is, like many of the other 
projects Robohouse is involved in, not commercially 
accessible. Due to its constricted context of use (the 
EXPO room in Robohouse; next to the faculty of 
Architecture on the TU Delft campus), relevant users 
can be relatively easily deduced.

Figure 5. Heineken robot arm

Figure 7. Beach cleaner

Figure 9. vr experience

Figure 6. Heineken robot arm

Figure 8. supermarket helper

Figure 10. vr experience
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Different projects surrounding robotic solutions and futures have been developed and tested by Robohouse 
together with various other individuals and organizations. These include students and community members, 
universities, research organizations and small-medium enterprises. Because of the (restricted) context of use 
and the accessibility of the VR experience, certain types of people (i.e., industry professionals, community 
members, students and researchers, figure 11) are more likely to play the game/try the experience, as they are 
more likely to visit Robohouse.

Figure 11. relevant users of the experience

VR experience
Sequence
The VR experience consists out of three distinct parts. In the pregame, players are eased into the game by 
getting to know the controls. This is done by answering a question through picking up and dropping a cube. The 
main sequence of the game contains the plausible future of work scenario of collaborating with different robots 
with the help of AR. Three wheels will be assembled to bicycle frames, carried and (re)placed by several robots, 
after putting on AR glasses at the end of the pregame (factory phase). The experience ends in the postgame 
after the third wheel is assembled, where the player will be transported back to the scene of the pregame.

Pregame
When the experience starts, the player is put in front of a big screen (number 1 in figure 12). Here, contextual 
objects, like bicycle frames, automated guided vehicles (AGVs) and boxes, are placed, outside of the play area 
of the player. When the player looks at the board, a brief explanation is given to the player. After the trigger is 
pressed, the player is asked a question about his/her ‘work style’. The question can be answered by picking up a 
block and dropping it into a specific box, corresponding to a specific answer (2). After doing so and pressing the 
trigger again, the scene will change and the player will be put in the factory environment. This part is viewed as a 
tutorial by the developers.

As the player has just entered the factory, all the lights are still turned off, except for one spot light shining 
heavily on a pair of glasses (3). After the player grabs and puts on the glasses, it is revealed that the pair were 
AR glasses and an extra information layer is initiated in the view of the player (4). It welcomes the player and 
directs and guides him/her towards the lights to turn it on. The player then receives specifics about the tasks (5), 
whereafter the ‘main sequence’ of the experience starts.
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Figure 12. pregame flow

Figure 13. main sequence flow

Main sequence
The main sequence starts with an AGV bringing a bicycle frame to the robot arm (figure 13, number 6). As the 
bicycle frame gets picked up and repositioned by the robot arm, an in-game arrow directs the player towards a 
rack of wheels on the left (7). A specific wheel needs to be picked up by the player (8) and placed onto the frame. 
After this has been done (9), the user is guided towards a drill (10). The drill is then used to attach the wheel 
onto the bicycle frame (by pressing the trigger on the highlighted spot, 11). After the user puts the drill back and 
spins the attached wheel, the robot arm puts the assembly back on the AGV (12 and 13 respectively). The AGV 
drives away and a new frame will be brought by another AGV, whereafter the sequence starts over again.
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Figure 14. main sequence flow, error phase

Figure 15. Postgame flow

When the main sequence starts for the third time, an error will occur after a wheel is placed (figure 14, letter A). 
After analyzing for a brief moment, the AR layer will relay to the player that the wrong wheel has been placed 
(A) and the currently placed wheel needs to be put back into the rack again (B). The user is then informed that 
a new order has been placed. Two pairs of two AGVs are then seen driving towards the player. The first pair 
takes the present rack away, making place for the newly ordered rack of wheel, brought by the other pair of 
AGVs (C). When the rack is replaced, the user gets a new message to pick up and assemble a wheel. This time 
the last wheel in the rack needs to be assembled (D). After the player picks up and places the wheel (8 and 9 
respectively), the sequence (depicted from numbers 10 till 13) continues. This will be the third and final frame 
assembly, including the error in this round, the player makes. 

Postgame
When the attached wheel is turned (14), the experience is over and the user receives a message to turn off the 
lights. The user is then directed towards the light switch (15). When the light switch is flicked, the user receives 
a message that the factory is being shut off. Finally, the player is transported back to the environment of the 
pregame, which marks the end of the experience.

Figure 16 shows the flow of the experience. Starting from 1, the player will go through the tutorial and assemble 
the first wheel to the bicycle frame (13) in the main sequence. The frames are carried by AGVs and lifted by the 
robot arm the player collaborates with. The second assembly is made following the same pattern, but starting 
from 6 instead of 1. When the third wheel is placed (9), an error sequence (A – D) will occur, where a new rack 
of wheels will be brought by AGVs after the player puts the already placed wheel back into the rack. From here, 
the last assembly (third) is made from 8 – 13 (skipping the letters). After, the postgame starts and the player gets 
transported back to the tutorial scene (1) following 14 and 15.
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Figure 16. VR experience sequence
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Preliminary analysis
A preliminary test has been conducted before the start of this project with students of the TU Delft (a subset 
of the relevant users in figure 11). This test was focused on solving (relatively superficial) usability issues in the 
game and gauging the user-experience. Observations were used for the former, while an interview was used for 
the latter. Data collected (recordings of gameplay and interview) have been reviewed during this project. The 
interview setup, together with clusters made from the interview can be found in appendix A and B respectively.

Observations
Observing the 6 participants, 10 general errors have been identified. Eight errors are directly tied to the (in)
ability to act in VR and occur at specific locations in the game (see flowchart in appendix D). These are:

1.	 Using the controller to press the trigger in order to advance to the next scene
2.	 Using the controller to press the button in order to grab (or release) an object (block) 
3.	 Using the controller to press the button to grab (and hold) the glasses to put on
4.	 Using the controller to press the button to grab (and hold) the drill.

5.	 Using the controller to press the button to activate the drill (while grabbing) 
6.	 Interacting with a game object (grab and rotate the priorly attached wheel) in VR 
7.	 Interacting with a game object (grab the priorly attached wheel) to put somewhere else 
8.	 Identifying the object (grab last wheel on newly ordered rack) that needs interaction in VR

Error 1 Error 2 Error 3 Error 4

Error 5 Error 6 Error 7 Error 8
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Column-wise, the chances (Pp) in table 1 represent 
the number of total identified errors found by each 
participant. When the time of completion of the 
game is combined with this, a general idea of the 
‘smoothness’ of gameplay for the participants can be 
deduced; low number of errors encountered together 
with a fast gameplay-time generally equates to 
‘smooth’ gameplay (e.g., participants 3 and 4), while a 
high number of errors together with a high game-play 
time would mean the contrary (e.g., participants 1 and 
2). 
Row-wise, the chances (Pe) represent how many times 
a specific problem has been encountered in total. 
It gives an impression of how frequently an error 
occurs. As the identified errors are location bound, 
higher frequency would equate to a higher number 
of participants experiencing the same problem at the 
same location. 
Noticing and putting on the AR glasses are (error 
3), together with activating the drill while holding it 
(error 5), usability issues that almost all participants 
encounter (83%). Also, half of the participants failed 
to notice which game object required action after the 
AGVs replaced the rack (during the error phase in table 
1). Different variations of grabbing are troublesome 
for most participants. Although this basic interaction 
error occurs less frequently in a specific location when 
compared to the aforementioned errors, variations of 
basic interaction errors do occur often when counting 
multiple locations (errors 4, 6 and 7).

Two additional errors have been identified aside of 
the eight mentioned. They mainly revolve around 
participants not knowing what to do and not being 
immersed in general. These two errors are, as 
opposed to the other eight mentioned, observable 
throughout gameplay (not tied to one location in the 
game). These are:

9.	 Players tend to not move much within the play
→→ E.g., players bend over in order to bridge the 

distance in front of them. 
10.	Players often interact with game objects before 

the game requires this to take place or the game 
doesn’t require at all.

→→ E.g., Wheel and other tools on the desk in the 
pregame – factory part (especially when the 
spotlight cue of the AR-glasses is overlooked).

→→ E.g., Wheel in the rack before the robot arm has 
positioned the bicycle frame during assembly in 
the main sequence of the game.

table 1
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Flowchart analysis 
As part of the analysis of the game, a flowchart has 
been made; with every step the user and the system 
makes, combined with the observed errors, included. 
As the entire flowchart is relatively big and only 
needed during analysis, it has been omitted here, but 
added to appendix D. Highlights of the chart will be 
given whenever necessary.

Figure 17 is a simplified version of the entire flowchart. 
The figure combines the total of observed usability 
and clarity errors made, per stage of the game.

It is evident that there should be more focus on basic 
controller functions before entering the factory in the 
game; from using the trigger (e.g., to advance to the 
next scene), to using the controller to grab and interact 
with other game objects in the scene (e.g., activating 
a grabbed game object). Remarkably, not a single 
participant went through the experience without 
encountering usability issues. All of them had basic 
interaction troubles in some way or another.

Many errors already occur at the start of the game, 
during the tutorial phase of the pregame. As these 
errors are mostly left unresolved, once the player 
gets transported into the factory, more errors are 
encountered. Notably, during gameplay of the main 
sequence, the number of usability errors made in each 
round drop considerably. However, during the error 
phase, as new interactions are required, more issues 
are counted due the game being unclear.
Furthermore, only during the second assembly in 
the game will some players experience the gameplay 
without usability errors. When the tutorial phase of 
the pregame is excluded (or the factory phase of the 
pregame is included), usability errors persist until 
at least half of the experience before improving (for 
some). 

Additionally, some players have troubles getting 
immersed into VR in general; as they tend to keep 
the physical environment in mind. Ideally, players 
understand that within the bounds of the play area, 
walking physically (to bridge distance) is allowed.

Figure 17. Simplified flowchart with cumulative number of preliminary issues 
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Interview analysis
Minutes have been taken from the recorded interview 
footage. The answers have consequently been 
translated and structured according to the questions 
asked in Miro. From this, (re)clusters have been made 
according to similarities and patterns found in the 
answers given by the participants. 

The interview (and preliminary study in general) was 
relatively short, it consisted out of four questions. 
The first two inquired about the game itself, while 
the latter two gave participants an opportunity to 
propose for fixes. Naturally, a lot of varying answers 
were given for each question. However, in response to 
the question, relevant topics were pointed out by the 
participants, many of which were shared. 
Below, a visual is constructed by using the (usability 
and experience) topics participants shared, deduced 
from the first two questions. These will be connected 
to the fixes participants propose in question three. 

“How did it go?”
Answers given by participants varied from ‘scary’ to 
‘great’. However, they all mentioned the controls to be 
difficult in response to this question. All participants 
needed external help, given by the researcher, in 
order to overcome various (mostly basic interaction 
or clarity) issues. Half of the participants furthermore 
expressed the game to lack overall clarity (i.e., goals in 
the game, reasons for certain interactions).  

“What was the impression you got (from the game)?”
Regarding the content of the game, most point out 
the austerity of the factory environment; specifying 
mostly the (missing) textures, sounds and people, 
and the general use of colors and lighting (4 out of 6 
participants).
Interestingly, half of the participants also noted the 
use of VR technology; generally stating the experience 
of it (i.e., VR in general as opposed to the content 
shown) to be very cool.

Fixes proposed (from question three) are connected 
to the relevant mentioned areas of improvements, 
making the following visual:

Figure 18. Interview take-aways with proposed fixes from participants
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While participants haven’t directly stated to not be 
immersed, and this question was also not posed nor 
measured; troubles with immersion can be reasoned 
from the topics participants mention as response to 
the questions posed (“How did it go?” and “What was 
the impression you got”). 
In response, participants unanimously mentioned (the 
lack of) control, supporting the earlier observed need 
for more focus on basic controller functions in the 
(pre-)game. 
Participants also mention a general lack of clarity. One 
participant expressed the experience to be confusing 
to the point that it made her feel insecure and scared. 
Additionally, others have expressed the need for 
affirmation or positive feedback also. 
When talking about the environment, participants 
describe it generally as ‘austere’, mostly using words 
like cold, clinical, straight-to-the-point etc. When 
inquiring further, three subjects are mentioned: 
the lack of sound, the ‘isolated’ experience and the 
(clinically) clean environment.

The user experience of the content of the game can be 
very confusing. The game lacks overall clarity and the 
surroundings in VR leave a general austere impression 
on the participants.  Half of the players found the 
game confusing and all of them mentioned usability 
issues, some even expressed feelings of insecurity. 
Notably and contrastingly, the user experience of the 
technology of the game (VR) is, even with the priorly 
mentioned (usability) issues, generally satisfying. 

Conclusion
It is evident that the pregame (figure 12 images 1, 2 
and 3) does not establish much for the players. Not 
only was this observed and unanimously mentioned 
during the interviews; all six participants had negative 
attitudes towards the pregame (most mentioned it 
to be lacking), it can also be deduced by the -initially 
high- but overall decreasing number of errors made 
during gameplay (figure 17). Because usability issues 
encountered (e.g.., grabbing and triggering of the drill) 
are solved relatively quickly through trial and error in 
the two rounds of gameplay (in the main sequence), it 
can be concluded that the short tutorial phase of the 
pregame failed in preparing the users prior to entering 
the factory.
Furthermore, because players are generally lost 
without external instructions given by the researcher, 
which is a notion that is further substantiated in the 
interviews, the experience can be very confusing. 
Also, not all cues given in the game are understood 
by the player. For instance, although players notice 
the spotlights on the (AR) glasses in figure 12 (before 
starting the main sequence of the game), the focus 
is not noticed as a cue for interaction (i.e., for the 
player to grab the object in focus). Similarly, during the 
third assembly, after a new rack of wheels has been 
brought to the player by AGVs (figure 14), half of the 
participants failed to notice the cue attached to the 
last wheel in the rack (figure 14D). 

Although the interview did not ask the players 
specifically, it is questionable whether the ‘future 
scenario’ of collaborating with robots with the help of 
AR is conveyed effectively (or at all). 
Notably, even though players generally describe the 
content in the game as austere, the experience of VR 
was satisfying for most. Furthermore, the combination 
of not knowing what to do (or why) in general, 
together with not knowing how to do it, results in a 
subpar user- experience of the game. 

The tutorial needs to be redeveloped in order to 
solve the aforementioned usability and clarity issues. 
This will improve the overall user experience of the 
VR game, making the future of work scenario much 
more immersive. In order to find state-of-the-art and 
relevant fixes, a literature study will be conducted 
next to search for criteria that makes VR experiences 
immersive and intuitive.  
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Virtual Reality (VR) can be defined as “the sum of the 
hardware and software systems that seek to perfect 
an all-inclusive, immersive, sensory illusion of being 
present in another environment” (Biocca & Delaney, 
1995). Many researchers agree that VR consists 
out of three core components: immersion, (tele)
presence and interactivity (Ryan, 2015; Mütterlein, 
2018; Radianti et al, 2020). This literature study 
aims to seek whether any ‘criteria or guidelines for 
making intuitive immersive VR experiences’ could be 
found or otherwise derived from those components. 
As preliminary testing has indicated usability and 
immersion issues with the game (table 1), the criteria 
or guidelines will be used to improve on the game 
using state-of-the-art information and insights. 
Outside of the scope of this project, it might also 
help designers and developers create user friendly 
VR experiences for head mounted devices (HMDs) in 
general.

RQ: “What are criteria for making intuitive and 
immersive Virtual Reality experiences?”

‘Intuitive’ can be described in many ways, but they 
all center around the user experience. Designing 
products centered around the (human) user 
experience has substantial economic benefits as highly 
usable systems and products tend to resonate more 
with (end) users. They, generally speaking, show to 
be more successful/less prone to failure after launch. 
According to ISO 9241-210, user experience (UX) is “a 
person’s perceptions and responses that result from 
the use or anticipated use of a product, system or 
service”.
One of the distinctive qualities of VR technologies 
is its potential to immerse its users. Although many 
would agree on immersion as ‘distinctive quality’, 
the same cannot be said about how people define 
immersion and VR or its components. Some have been 
researched thoroughly, also outside of the context of 
VR (e.g., immersion as flow in the context of gaming), 
but when comparing studies; component descriptions 
seem inconsistent at times (e.g., presence and 
immersion, as their concepts are closely related) or 
haven’t been described in the same manner (objective 
vs subjective immersion).
Because of this ongoing debate about VR and 
immersion, no clear criteria for making intuitive and 
immersive experiences for VR could be found. 

The goal of this exploratory literature research 
therefore evolved from ‘finding criteria or guidelines 
for making intuitive immersive VR experiences’ to 
‘creating criteria or guidelines for making intuitive 
immersive VR experiences (using state-of-the-art 
insights and information gained).

Method
In order to get the latest VR insights, a systematic 
approach for finding relevant papers (figure 18) 
has been set up according to the TUD guidelines 
(Technische Universiteit Delft, 2021). The main 
database used in the semi-automatic process is 
SCOPUS. However, other papers from referrals 
in papers or by researchers were included in the 
manual process. VR research is extensive and as the 
research continued, my understanding of the concept 
evolved. It also became apparent, as mentioned in 
the introduction, that comprehensive and consistent 
criteria could not be found.
Two samples of papers have been used to guide the 
literature research and answer the research question. 
The first sample, created from the semi-automatic 
and manual process, was used to get a state-of-the-
art understanding of VR and its components and 
relations. From this sample, the research objective 
went from finding criteria (related to other research 
papers) to creating criteria (from an understanding 
of VR, derived from other research papers). Another 
sample was created through a manual selection in 
order to accomplish this.

Literature study
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Semi-automatic process
During the semi-automatic process, the 
scope, keywords and research questions 
underwent several iterations. Search 
concepts were derived from keywords in 
the research questions, which were refined 
using visualizations of the samples created. 
Visualizations were made using VOS viewer on 
the keywords in order to refine the concept 
with relevant synonyms and tailor the research 
question further. For instance, during query 
3, keywords were derived from the question: 
“What are the criteria for a user-friendly VR 
experience?”. This resulted in the search: 
(TITLE-ABS-KEY (guideline* OR factor* OR 
criteria)) AND (TITLE-ABS-KEY ((user OR human) 
PRE/0 friendly OR intuitive)) AND (TITLE-ABS-KEY 
(virtual PRE/3 reality OR vr)) AND (TITLE-ABS-
KEY (experience* OR UX)), which was used in 
SCOPUS to find 14 papers. The exact approach 
and results are attached in appendix E.

Manual process
After revisiting the first query, all papers 
from the second till the fourth queries were 
aggregated to create a list of 59 potentially 
relevant papers. The number is different 
because I could not download some of the 
papers found.
After a relevancy check, consisting out of 
reading the titles, abstract, introduction and 
conclusion; 7 papers were analyzed before the 
direction of the research changed slightly.
After gaining a more profound understanding 
of VR due to the process, and not being able to 
find satisfying criteria and elements of intuitive 
VR experiences from the sample; five more 
papers were selected and analyzed. These 
papers were found from referrals in papers 
and from other researchers. A combination of 
papers from both the first and second sample 
were finally used.

Figure 18. Literature study approach
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According to Steuer (1992), presence is defined as “the extent to which one feels present in the mediated 
environment, rather than in the immediate physical environment” (telepresence refers to the state of the 
experience of presence that is reached using a medium). This phenomenon has been widely researched and 
several methods have been derived in order to evaluate presence. One of these is the presence questionnaire 
(PQ), which researchers like Joshi et al. (2021) have used to evaluate and improve VR experiences.

Presence and interactivity
Presence

3. How natural did your interactions with the environment seem?
4. How much did the visual aspects of the environment involve you?
5. How natural was the mechanism which controlled movement through the environment?
6. How compelling was your sense of objects moving through space?
7. How much did your experiences in the virtual environment seem consistent with your real-world 
    experiences?

1. How much were you able to control events?
2. How responsive was the environment to actions that you initiated (or performed)?
8. Were you able to anticipate what would happen next in response to the actions that you 
    performed?
9. How completely were you able to actively survey or search the environment using vision?

15. How quickly did you adjust to the virtual environment experience?
16. How proficient in moving and interacting with the virtual environment did you feel at the end 
      of the experience?

11. How closely were you able to examine objects?
12. How well could you examine objects from multiple viewpoints?
19. How well could you concentrate on the assigned tasks or required activities rather than 
      on the mechanisms used to perform those tasks or activities?

14. How much delay did you experience between your actions and expected outcomes?
17. How much did the visual display quality interfere or distract you from performing assigned 
      tasks or required activities?
18. How much did the control devices interfere with the performance of assigned tasks or 
      with other activities?

Realism

Possibility 
to act

Possibility 
to examine

Quality of
interfaces

Self-evaluation
of performance

Presence Questionnaire
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The questionnaire consists out of a varying number 
of questions, asked for each of the five sub-scales: 
realism (questions 3 – 7, 10 and 13), possibility to act 
(questions 1, 2, 8 and 9), quality of interface (questions 
14, 17 and 18), possibility to examine (questions 11, 12 
and 19) and self-evaluation of performance (questions 
15 and 16). When looking at the sub-scales and the 
questions of the questionnaire, it becomes clear how 
the degree of presence is evaluated and how it relates 
to VR experiences. The questions paint a picture of the 
sub-scales, which can be scored individually to reveal 
specific shortcomings regarding presence. The 19 
questions of the PQ have been categorized into their 
sub-scales and can be seen on the left.
What stands out is how many questions are related 
to usability (specifically questions 1, 5, 18 and 19). The 
questions are spread across every sub-scale aside 
of self-evaluation of performance; which is arguably 
a mechanism supporting usability itself. Because 
usability affects the majority (if not all) of the sub-
scales of presence, it can be concluded that, even 
within the scope of presence (and not user-friendly 
VR experiences), usability is a significant affector of VR 
experiences.

Cybersickness
Worth mentioning is that ‘cybersickness’ has been 
found to be a serious inhibitor of usability in VR. Cyber 
sickness has many similarities with motion sickness 
in how it affects humans. According to theories 
concerning motion sickness (e.g., sensory conflict 
theory), cybersickness may occur because of conflicts 
between the visual and vestibular system, caused 
by the content (experienced through the medium) 
and the direct environment. For example, in many 
simulations, the visual system of the observer will 
receive information that suggests movement, while 
the vestibular system registers a stationary status. 
This discrepancy leads to symptoms of simulator 
sickness. In these cases, users experience for example 
headaches and nausea during or even after being 
immersed into a virtual environment (Stanney, 1995). 
Because of the similarity, the two often have been 
used interchangeably.

Following this similarity, it is argued that cybersickness 
is at its peak between the ages of 2 - 12. It then starts 
decreasing till around the age of 21, slowing down 
the pace till reaching non-existent levels at the age 
of 50. However, some report inconsistencies with 
this notion, as the contrary seems to be observed 
in virtual environments; where the elderly are more 
likely to get sick in VR than young players (Mousavi et 
al., 2013). Therefore, Arns and Cerney (2005) argue, 
the two concepts may not be similar at all, at least not 
concerning the relation of age with cybersickness and 
motion sickness.

Mousavi et al. mentions several other factors, aside 
of age, that “have shown considerable contribution to 
cybersickness in VE”. These are:
•	 Unclassified factors. Display and technology issues 

(e.g., lag and flicker) and position tracking errors.
•	 Gender. It is argued that, because women have a 

wider field of view (FOV), they are more susceptible 
to flicker issues and generally are more prone to 
experiencing cybersickness.

•	 Illness. If a person has an illness, they may 
experience cybersickness differently.

It is difficult to draw conclusions on cybersickness 
based on any factors, as results are mixed and seem to 
vary much. Contributing factors that researchers point 
to (like the factors mentioned above) are therefore 
very generic and doesn’t help much from a design-
perspective. Generally speaking, VR experiences need 
to consider the possibility of cybersickness, especially 
if the experience is relatively long or meant to be 
played by relative older people.
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Simulator Sickness Questionnaire
The Simulator Sickness Questionnaire (SSQ) has 
first been proposed by Kennedy et al. (1993), almost 
three decades ago, and has since been used and 
peer reviewed widely (e.g., Balk et al., 2013). The 
questionnaire allows participants to score sixteen 
symptoms on a four-point scale (0 – 3); ranging from 
‘none’ (0) to ‘severe’ (3). Four representative scores 
can then be calculated using a factor analysis: Nausea 
associated sub-score (N), Oculomotor associated sub-
score (O), Disorientation associated sub-score (D) and 
the Total Score (TS), which is a weighted sum of the 
three sub-scores. The scores (N, O, D and TS) give the 
researcher an overall description of the simulation 
with regards to simulator sickness. When the SSQ was 
peer reviewed by Balk et al., they not only validated 
the questionnaire and its results, they also found 
that high SSQ scores, in particular a high sub-score 
for nausea, is more likely to cause (or in the words 
of Balk et al. “strongly correlated to”) participant-
dropout. Furthermore, scenarios that increase the 
possible discrepancy between visual input given by the 
medium and the participant’s vestibular system, like 
stops, turns and curves, are also more likely to induce 
simulation sickness symptoms.

As mentioned in the previous paragraph, the SSQ 
is (like the PQ) very established. The questionnaire 
has therefor been used often when evaluating VR 
experiences. For instance, Liu and Uang (2007) 
used the SSQ in their research and concluded that 
prolonged exposure duration would lead to higher 
severity of cybersickness, especially for older people. 
Joshi et al. (2021) found, using the SSQ, that navigation 
velocity should be kept low in order to reduce 
cybersickness in general.
Several solutions have been produced and proposed 
to reduce or even eliminate cybersickness.
Technological solutions like motion platforms (e.g., the 
Omni One by Virtuix, figure 19) aim to solve the issue 
by allowing for physical movements. Other devices, 
like Samsung’s Entrium 4D (figure 20), offer a solution 
through tricking the vestibular system. According to 
Mousavi et al. (2013), this is done via electrical signals 
that are send to the 8th cranial nerve. This signal 
tricks the system into thinking that a linear or angular 
acceleration is taking place.
The most credited approach however, as argued by 
Mousavi et al. (2013) would be providing means for 
adaption. This allows people to be ‘eased in’ more 
softly and could also benefit general acceptance and 
usability.

Figure 19. Omni One by virtuix Figure 20. Entrium 4d by samsung
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Figure 20. Entrium 4d by samsung

Two systematic reviews regarding interactivity, 
as defined by Steuer, stood out because of their 
similarities and conclusions. Radianti et al. (2020) 
compared 38 successful implementations of VR in 
education (with varying didactic topics) and Chavez 
and Bayona (2018) looked at 30. While the two 
reviews had differences: Chavez and Bayona looked 
at education more broadly (also including training 
and the use of non-immersive VR), while Radianti 
et al. specifically focused on the teaching aspect 
of education, incorporating also different learning 
theories in their review and only used immersive VR; 
they both had a (part of their) conclusion dedicated 
to VR elements in the experience. This makes their 
outcomes, especially the elements mentioned by 
Radianti et al., extremely valuable when considering 
VR elements and (the sub-scales of) presence.

It becomes clear which VR elements are implemented 
the most (in successful VR experiences) when looking 
at the figure Radianti et al. produced (figure 21). In 
this figure, VR elements used are mapped against 
the learning content of that experience. Although 
the order of frequently used elements shifts a 
little bit depending on the learning content (e.g., 
when procedural knowledge is taught, the ability 
for assembly jumps up from the fifth most used 
VR element to the third), generally speaking, “basic 
interaction, assembly, passive observation, immediate 
feedback and instructions” are VR elements that are 
present in most successful implementations.

Interactivity
According to Steuer (1995), interactivity means “the degree to which a user can modify the VR environment 
in real time”. This definition has similar (if not the same) meaning with “the possibility to act” and other sub-
scales (possibility to examine and self-evaluation of performance to some extent) of the PQ as this allows, 
depending on the level of implementation, for a degree to which a user is able to modify the VR environment 
fundamentally. In order to get a sense of what interactive VR elements are mainly used and how they can 
possibly connect to the sub-scales of the PQ, regularly used elements in successful VR implementations are 
looked at closer.

Figure 21. Learning content and Design elements (Radianti et al., 2020)
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Radianti et al. (2020) found that basic interaction and realistic surroundings were the most 
frequently used VR design elements in the articles they reviewed (24% and 17% respectively). Basic 
interaction was the most frequently used element and means the ability to look around, but also 
the ability to manipulate objects; this includes rotation, grabbing and placement, and movement 
(locomotion). 

There seems to be a bit of ambiguity when it comes to realistic surroundings (second place), 
as this is heavily dependent on not only the hardware used (Radianti et al. reviewed immersive 
VR), but also the person perceiving it. Generally speaking, in the context of immersive VR, the 
representation of the surroundings should be deemed ‘realistic enough’ (Radianti et al., 2020). 
 

Immediate feedback and instructions share a third place (each accounting for 10% of the articles). 
Immediate feedback is a large element and includes different alert systems (e.g., sounds to signal 
success and failure), virtual hands and voices, the display of data(stream) that shows or updates 
the status of an object, tactile feedback, signs and highlights. 

Instructions show information but also include pause, repeat and recall features, preferably in an 
intuitive menu (e.g., where you can drag and drop). The ability to interact with different language 
modules also belongs to the instructions element.

Interaction with other users were implemented in 9% of the articles Radianti et al. reviewed, being 
the fourth most used VR element. 

Passive observation and assembly shared a fifth place, each element being present in 8% of the 
articles. Passive observation can be viewed as a more dialed back version of basic interaction; 
where they both share the ability to look around, but passive observation includes the ability 
to observe objects and watch (pre)recorded content and excludes movement and the ability to 
manipulate objects. 

The ability for assembly includes picking up and using tools (to manipulate objects) and collect and 
classify items. As opposed to passive observation, assembly can be viewed as a more advanced 
version of basic interaction.

The least used VR elements in the articles Radianti et al reviewed were: ability to move around 
(sixth place at 4%), ability for user to generate content (seventh place at 3%), having virtual 
rewards, role management and a knowledge test (all three sharing the eighth place at 2%), and the 
ability to screen-share and ‘make meaningful choices’ (ninth place at 1% each).     

ability for
assembly

realistic
surroundings

Instructions

Interaction with
other users

basic interaction

immediate
feedback

passive
observation
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As mentioned earlier, Chavez and Bayona conducted a similar review where they also incorporated ‘non 
immersive VR’ (VE). In their conclusions, a table was produced with elements that were most frequently used. 
However, because of this inclusion, the list produced by Chavez and Bayona mainly serve as a support for the 
findings of Radianti et al. Notable and frequent elements identified by Chavez and Bayona will be included, the 
five most frequent elements are highlighted in figure 22, but others are omitted. 

The ability of players to interact with objects and the 
environment was the most important element, the 
authors deduced. In the articles they reviewed, they 
found that interactive ability was mentioned most 
frequently. Tools added to increase immersion was the 
second most important element. Chavez and Bayona 
also found frequent use of real scenes (to increase 
immersion) and animation routines (third place). 
Movement was the fourth most implemented element 
in their review. Interestingly, Chavez and Bayona noted 
the elements added in recent years, mainly contribute 
to enhancing the gamefulness of VR (narration, levels 
with timers). 

Chavez and Bayona ranked different elements 
on the third and fourth place (animation routines 
and movement respectively) than Radianti et al. 
(immediate feedback and instructions respectively), 
presumably because they also included VE in their 
study. This could also help explain why simulated 
environment is ranked significantly lower (from 
second place in VR, to the fifth place in VR & VE), as the 

environment becomes more important based on the 
immersive potential of the technology, which is much 
higher for VR than VE. 
Using immersive VR technology also needs more 
focus on instruction and immediate feedback due 
to the difference in hardware used (and adopted), 
which is why the elements are much more prevalent 
in the review by Radianti et al. compared to Chavez 
and Bayona. This notion is further supported when 
viewing interactivity as ‘perceived interactivity’ (as 
mentioned by Mütterlein, 2018); where usability is 
the bottleneck before interactivity can take place (the 
VR environment can only be modified by the user 
when the user perceives it as modifiable). Having 
elements of feedback and instruction supports “the 
degree to which the user is able to manipulate the VR 
environment in real-time” (interactivity); which can be 
the crucial bridge in immersive VR.

Figure 22. Area of implementation and Design elements (based on Chavez and Bayona, 2018)
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Conclusion
When talking about presence “the extent to which one feels present in the mediated environment, rather than 
in the immediate physical environment”, usability was always of concern. Not only because (symptoms of) 
simulator sickness are/is so easy to appear in VR environments; being a serious inhibitor of overall usability, but 
also because when measuring presence through the PQ, all sub-scales are (somehow) related to usability.

1.	 Possibility to act - How much were you able to control events?
5.	 Realism - How natural was the mechanism which controlled movement through the environment?
18.	 Quality of interfaces - How much did the control devices interfere with the performance of assigned 
	 tasks or with other activities?
19.	 Possibility to examine - How well could you concentrate on the assigned tasks or required activities
	 rather than on the mechanisms used to perform those tasks or activities?
0.	 Self-evaluation itself is a scale to support usability

Evaluation
The System Usability Scale (SUS) is a ‘quick and dirty’ 
evaluation tool, used across industries, that has 
shown promise regarding usability evaluations of VR 
experiences (Joshi et al., 2021). The survey is relatively 
short, consisting out of ten questions which you can 
answer by scoring on a 5-point scale. A total score can 
then be calculated. Although the score will not tell you 
what problem there is specifically, it will give you in 
indication of the usability of your system in general. 
The score can furthermore be compared to SUS 
results from other products. 
Using this score in conjunction with the PQ to evaluate 
VR experiences can give the designer insight into 
usability and the overall quality. While the PQ itself 
takes usability into account, it doesn’t say anything 
about usability, but rather usability’s influence on 
presence (i.e., bad usability will have considerable 
impact on the evaluation of presence). This can be 
mitigated by involving the SUS.

Simulator sickness (or symptoms of it) are/is likely to 
happen when experiencing VR due to the technology 
used; at least, reasoned from a sensory conflict 
theory point of view: discrepancies between the 
visual and vestibular system, caused by the content 
viewed through the HMD and the direct environment 
respectively, will lead to (symptoms of) simulator 
sickness. It has shown to be a considerable inhibitor 
of general usability in VR. The Simulator Sickness 
Questionnaire (SSQ), like the SUS, has shown promise 
with regards to the evaluation of simulator sickness. 
Unlike the SUS however, the SSQ uses sub-scores to 
evaluate the overall experience of simulation sickness; 
giving insights into the specific contributions of the 
sub-items. 
Using the SSQ, studies have shown that for VR 
experiences, nausea specifically should be avoided. 
Furthermore, increasing rotations speeds, navigation 
velocity and exposure duration will lead to a higher 
severity of simulator sickness experienced, especially 
for relatively ‘older’ people. Different solutions have 
been proposed, but providing for opportunities to 
‘ease’ the players into the experience is, according to 
Mousavi et al., most effective.

Generally speaking; usability needs to be taken into 
account more explicitly when evaluating VR, as bad 
usability will have considerable effects on the overall 
experience. By making use of the PQ, in conjunction 
with the SUS and/or the SSQ, insights can be derived 
with regards to how immersive and intuitive (usable, 
not hindered by symptoms of simulator sickness) the 
experience is.
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Sub-scales of the PQ and frequently implemented VR elements
The overlap in meaning  of interactivity (as defined by Steuer; the degree to which a user is able to manipulate 
the VR environment in real-time) and ‘possibility to act’ (stated in the PQ) suggests a connection between the 
two. Therefore, the frequently used interactive elements in successful VR implementations (mainly found by 
Radianti et al.) have been connected to the sub-scales of the PQ in figure 23.
On the left, the definition of presence (what is measured using the PQ, as defined by Steuer), is shown. The sub-
scales of the questionnaire are also visualized, together with its relevant questions. 
On the right, elements for interactivity are summarized. As mentioned earlier, interactivity overlaps much with 
the possibility to act in meaning, but when looking at the groups of elements individually (black and white 
icons, e.g., basic interaction), more detailed connections between the sub-scales of the PQ and the elements of 
interactivity can be deduced. 

Usability is related to interactivity (at least) through definition; as Interactivity, the degree to which a user is able 
to modify the VR environment in real-time, can only take place when the user perceives the VR environment as 
modifiable (or usable). How usability is related to presence has been elaborated on earlier. Because usability is 
prevalent in both presence and interactivity, it has been visualized behind both components as a funnel from 
the interactive elements to the related sub-scale of presence. The lines converge from interactivity towards 
presence (right towards left), as usability can be a bottleneck for interactivity to take place (and so also its 
influence on the degree of presence experienced).

Evaluating VR experiences using presence is a well-established method. This visual summarizes the insight of 
how presence, measured through the PQ, can be improved by giving examples of frequently used interactive VR 
elements can influence a specific sub-scale presence. 

Figure 23. Sub scales of PQ connected to the relevant elements of interactivity
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Immersion is a topic that comes up in the majority of VR researches. Although there seems to be somewhat of a 
consensus in defining presence and interactivity, defining immersion sparks more debate.
From a technological point of view, the degree of immersion can be attributed to specific hardware components 
and/or features. The frame rate, processing power to produce a no lag experience, display resolution and 
also potential external peripheral controllers can all be indicators of the degree of immersion in the produced 
experience. Immersion is described here as the ‘‘extent to which the computer displays are capable of 
delivering an inclusive, extensive, surrounding, and vivid illusion of reality’’ (Slater & Wilbur, 1997). Radianti et al. 
approached immersion in VR experiences using this definition.    
From a psychological point of view, the degree of immersion varies from person to person and is therefore a 
subjective experience. Mütterlein (2018) supports this subjective angle and defines it by borrowing from insights 
from psychology on the nature of ‘flow’. Following these insights; immersion is described as “a state of optimal 
experience where one is completely absorbed and immersed in an activity”. An optimal experience being one 
where “a person is totally engaged and pre-occupied by a task, to the extent that not only the performance of 
an activity syncs with the person, but the person also loses his/her self-awareness and track of time” (Nah et al, 
2014). 
Although the debate on immersion is still ongoing, some researchers have used immersion, defined from the 
psychological point of view, to evaluate VR experiences (as opposed to using presence as ealier described).

immersion

Immersion and virtual reality
Although the phenomenon immersion is 
relatively well-documented, difference in 
defining immersion makes it difficult to be 
used consistently to evaluate VR experiences 
with. At least, not in the way evaluating VR 
experiences by presence is using the PQ. 
Mütterlein however, underlined that the 
earlier mentioned components (interactivity 
and presence), need to be considered 
together with immersion in order to 
comprehensively explore VR, as the synergy 
of these three components makes it as 
amazing as it is. 
By making use of questionnaire scales 
borrowed from the flow theory (figure 
24), as mentioned earlier, Mütterlein uses 
immersion/flow, together with (tele)presence 
and interactivity to evaluate (satisfaction in) 
VR experiences using his own questionaire. 
The technological point of view Radiant et 
al. took was mentioned by Mütterlein. He 
regards the technological angle ‘merely’ as 
a restriction of the capabilities of a system, 
which should not be used to solely define 
immersion.

Figure 24. Construct of Mütterlein’s interview (2018)
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Figure 24. Construct of Mütterlein’s interview (2018)

Interactivity was regarded, like earlier studies, as the 
degree to which the environment was modifiable 
by the user in real-time. (Tele)Presence and 
immersion have some commonalities, which leads 
to confusion to some, and cases where the two are 
used interchangeably. They are however, distinctively 
different; as being present refers to “being immersed 
in a particular environment, even when the person is 
physically situated in another” while being immersed 
means “being immersed with performing an activity”. 
According to Mütterlein (2018), interactivity 
was found to have a direct and positive effect 
on immersion, but it also influenced the degree of 
telepresence participants experienced. Because 
interactivity has a direct and positive effect on 
all components, it is regarded as a foundational 
component of immersion by Mütterlein. Telepresence 
also had a direct and positive effect on immersion. 
Mütterlein further noted that a high level of immersion 
was directly and positively related to the satisfaction 
participants experienced while in VR (figure 25).

Flow
The experience of a deep level of engagement is what 
is referred to as flow. The experience takes place in 
a wide variety of activities, including participating in 
art and sports, playing a (video)game or performing 
surgery for instance. Because Mütterlein used flow 
in order to (help) define immersion, virtual reality 
is grouped among these activities implicitly. When 
flow is experienced, the individual enjoys the activity 
immensely and also loses track of time (Nah et al., 
2014). It is an important theory when it comes to 
understanding engagement. 
A systematic review by Nah et al. (2014) has 
researched this topic in the context of gaming (in 
general). The review seeks to suggest for game design 
elements that may be useful in order to induce flow; 
for a highly engaging, high involvement and immersive 
game. 

Conditions of flow
Csikszentmihalyi (1990) explained that three (key) 
conditions should be met in order to experience flow: 
clear goals, unambiguous feedback and a balance 
of challenges and skill. Five conditions were later 
added (1997). According to Csikszentmihalyi, in the 
description of flow, people described their experience 
to be comprised of one out of eight conditions (at 
least). 

Different researchers have used these conditions 
found by Csikszentmihaly or an adjusted or subset 
version of it in order to measure flow (Fang et al., 
2013 and Mütterlein respectively). Because there is 
no agreed standard on the dimensions of flow, Nah 
et al. created their own set by borrowing from the 
adjusted conditions of Fang et al. and adding one extra 
condition: enjoyment.

Figure 25. Relation of interactivity, presence and immersion 
(Mütterlein, 2018)
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The four original and unchanged conditions 
(Csikszentmihalyi, 1997) are:
1.	 Clear goals. No matter what the task is, having 

explicit goals is needed for flow to take place.
2.	 Immediate feedback. This condition supports 

challenging activity that requires skill and clear 
goals as an immediate and clear feedback 
mechanism allows for a person to evaluate and 
improve towards the goal/task. 

3.	 Concentration (on task at hand). When a person is 
totally engaged in a task and is experiencing flow, 
(other) thoughts are removed and distractions are 
ignored when fulfilling the task.

4.	 (Paradox of) Control. The person experiencing 
flow perceives to be in complete control of his/her 
actions. They belief that no mistakes are possible 
and may therefore participate harmful activities (if 
a mistake happens).

Challenging activity that requires skill (first condition 
that Cszikszentmihalyi mentions) was altered slightly 
by Fang et al. into:
5.	 Balance of challenge and skill. These two need 

to be in balance where boredom does not take 
place because the skills are higher than the posed 
challenge, and anxiety doesn’t occur because 
the skills are inadequate or the challenge is too 
demanding. 

Nah et al. (2014) added another condition:
6.	 Enjoyment. This is a proven affectional outcome 

that arises from experiencing flow (Nah et al., 
2014). It can be related to perceived feelings of 
competence also.

Furthermore, by using various validation and cleansing 
methods, three conditions of Cszikszentmihalyi’s 
measurement of flow were compiled into one by Fang 
et al.:
•	 Merging of action and awareness. When a person 

is totally engaged in the task, to the extent that the 
performance syncs with the person (as performing 
will become automatic and spontaneous), they are 
experiencing flow.

•	 Loss of self-consciousness. When flow is 
experienced, a person loses his/her self-awareness 
because they are being pre-occupied with an 
activity.

•	 Transformation of time: As stated earlier, when 
flow is experienced, a person’s perception of time 
is distorted. 

creating: 

7.	 Immersion. When a person is totally engaged 
and pre-occupied by a task, to the extent that not 
only the performance of an activity syncs with the 
person, but the person also loses his/her self-
awareness and track of time. 

Nah et al. furthermore identified a set of game design element that induce flow during gameplay from 
mappings performed by Sweetser and Wyeth (2005) and Cowley et al. (2008). Combining these game elements 
with the conditions of flow (vertically in figure 26), Nah et al. explains how different elements affect flow. These 
explanations often go along with study conclusions from other researchers.

Game elements and Flow conditions

Figure 26. Mapping of game design elements to the flow conditions (Nah et al., 2014)
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Because Mütterlein used the theory of flow to define immersion, it’s no surprise that his definition overlaps 
much with how Fang et al. defined it (and how Nah et al. used it). An “optimal experience” could even be 
interpreted as the state Fang et al. described. Interestingly however, is how immersion can be mapped as a 
dimension of flow itself. Nah et al identified three game elements influencing immersion (as dimension of flow); 
interactivity, controller type and storyline.

“When a person is totally engaged and pre-occupied by a task, to the extent that not only the performance 
of an activity syncs with the person, but the person also loses his/her self-awareness and track of time.”

- Fang et al. (2013)

“a state of optimal experience where one is completely absorbed and immersed in an activity”
- Mütterlein (2018)

Interactivity, as game element, impacts the experience of flow the most. This is evident as it 
covers five out of seven conditions of flow, including immersion. This relation was also found 
by Mütterlein (2018) for VR, where he noted interactivity to be a fundamental component (of 
the interactivity, presence and immersion trio). 
Nah et al. describe interactivity as ‘intuitive game mechanics’ which helps bring along the 
mechanics of a game. Intuitive interactivity contributes to flow by helping the balance of 
challenge and skill. With feedback, the user is be able to concentrate and improve on a task, 
elevating not only (the feeling of) control, but also immersion. 
The degree of control and concentration can also be influenced by features like 
informational cues, to help players balance the challenges posed by the game (reasoned 
from another perspective). Additional features and forms of feedback can help to deepen 
flow through its conditions (Nah et al., 2014).

Controller Types are (the interaction) medium between the players and the game. They affect 
the flow greatly (second after interactivity) through the conditions: balance of challenge 
and skill, control, enjoyment and immersion (Nah et al., 2014). Because of its great impact 
on control; interactivity and controller type are the only elements that influence the control 
dimension, poorly designed or improper use of controllers will affect flow greatly. Distractive 
activities like technology (e.g., connection and interface) issues have been found by Admiraal 
et al. (2010) to be negatively correlated with the experience of flow also. Therefore, tools 
used or information (cues) and objects shown in the game should not be misleading as this 
could disrupt the players experience of flow.

Storyline contributes to flow by addressing the conditions: clear goals, enjoyment and 
immersion. Storylines and narration help the comprehension of (high-level) goals of the 
game that gives meaning. Nah et al (2014) found that players who understand/relate to the 
storyline are able to perceive more information cues. Additionally, Sweetser and Johnson 
(2004) found that great storylines also enable higher empathy with game characters. This 
furthers the immersion and enjoyment conditions of flow.

Three game design elements are also noted by Nah et al. These elements don’t (directly) 
influence immersion, but does help elevate the experience of flow (essentially through 
gamification)

interactivity

controller types

storyline
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Sharing the second place with controller type are Points, Badges and Leaderboards (PBL), 
which also influences enjoyment using elements to increase gamefulness. They also provide 
immediate feedback and can help provide clear goals (in order to experience flow) together 
with the element storyline. 

Social interaction is, together with the dimensions storyline and PBL, the main source for 
enjoyment (assuming proper usability of the controller type condition). Social interaction 
includes cooperation and competition between players (elevating the dimensions balance 
of challenge and skill and immediate feedback aside of enjoyment), but also more general 
interactions like messaging each other and sharing data on bulletin boards (for example). 

The game element that covers the least number of conditions are levels (2). Arguably, it’s the 
least important element, as the conditions addressed are not exclusive to the element (other 
elements, like PBL, also addresses the conditions levels cover, among others) in addition to 
relatively low contribution to (the conditions of) flow overall.

points, badges &
leaderboards

social interaction

levels

When viewing VR through experienced immersion 
(as opposed to experienced presence), viewed from 
the psychological point of view, interesting tangent 
areas arise. Flow has been, like presence, a very well-
researched phenomenon. Defining immersion through 
flow (or as a dimension of flow) connects the topics 
and allows for interesting suggestions. In this chapter 
the connection of immersion and flow with game 
elements have been reviewed, mainly using the study 
of Nah et al. 

Generally, all elements induce flow by tackling one or 
more of its conditions. Some seem more fundamental, 
like interactivity and controller type, compared to 
others (e.g., levels). This distinction in number of 
conditions met and impact made, makes it helpful 
in deciding which (combination of) element(s) fits 
what need and implementation. In figures 27 and 28, 
the game elements (targeting immersion and flow) 
have been ordered according to the number of flow 
dimensions they target (which will be mentioned first). 

Conclusion
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Immersion and flow elements
Three game elements influence immersion 
when viewing it as a dimension of flow. Like 
Mütterlein concluded, immersion is heavily 
influenced by interactivity. It targets control, 
enjoyment and immersion among others, 
but most importantly manage the balance 
of challenge and skill. Notably, ‘intuitive’ 
was mentioned often when talking about 
interactivity; i.e., elements should not only 
provide for interactivity, but also support and 
communicate it effectively. 
Controller type is the second most influential 
element; it is the medium between the player 
and the game. Because of this, poor use or 
distractive issues (like connection or interface 
problems) will affect immersion greatly. 
Controller type includes (other) hardware 
used, this satisfies Mütterlein’s opinion that 
the technological point of view of immersion 
(defined by Slater and Wilbur, used by Radianti et al.) “merely serve as a restriction” for immersion and should 
not solely be used for evaluation. 
Storyline is the least influential out of the three but impactful nonetheless. Because interaction with the 
storyline element is (compared to interactivity elements) much more passive and the element targets specific 
(and different) dimensions of immersion and flow, it is a separate element from interactivity. Storyline adds the 
dimension of enjoyment to immersion and flow, on top of providing for general clarity and comprehension. 

Flow and game elements
Outside of immersion, three other game 
elements have been identified that targets the 
dimensions of flow. These elements may help 
elevate the experience of immersion, lifting it 
to the experience of flow.
Points, badges and leaderboards adds clarity 
and enjoyment to an experience. It can help 
balance challenge and skill and provide for 
feedback. These elements share the second 
place with controller type in terms of number 
of dimensions of flow they tackle. Social 
interaction contributes to the same dimensions 
as PBL aside of clarity: enjoyment, immediate 
feedback and balance of challenge and skill. 
Levels are the least impactful game element as 
the dimensions it tackles can also be targeted 
using other elements. Nonetheless, they are a 
very widely implemented game element. 

Figure 27. Immersion and game elements

Figure 28. Flow and game elements
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Evaluation
Because many view immersion differently and the 
debate on its description is still ongoing, presence 
has been used to evaluate VR experience in most 
cases instead, as its description has been established 
for decades. Although the presence questionnaire 
can help in evaluation, it does not tell the complete 
picture. Because symptoms of simulator sickness 
and usability issues are very common in VR (and very 
disruptive for overall presence and immersion); in 
addition to the PQ, researchers often combine the SUS 
and/or the SSQ to objectively gauge intuitiveness and 
immersion of an experience. This combination has 
shown promising results for evaluating and improving 
VR experiences.

Interactivity, Presence – Immersion – Flow 
The connections between the sub-scales of the 
presence questionnaire and the elements identified by 
Radianti et al. show how interactivity is connected to 
presence. This notion is also supported by the study 
of Mütterlein (2018), where he concluded interactivity 
was directly and positively related to both presence 
and immersion. Because of this, Mütterlein viewed 
interactivity as a fundamental component of VR. 
As interactivity is directly and positively related to 
immersion also, VR elements identified by Radianti et 
al. have been re-evaluated. Upon closer examination 
of the sub-scales of the PQ, the possibility to act sub-
scale and its basic interaction and assembly elements, 
and the immediate feedback elements of the self-
evaluation sub-scale, fit closely to what is needed for 
the experience of immersion. Because of this, the 
relation between the sub-scale and VR elements have 
been regrouped under interactivity (elements) for 
immersion (figure 29). Other sub-scales and related 
elements, specifically the possibility to examine and 
instruction elements of self-evaluation, have been left 
as is for presence (figure 30).

conclusion

Figure 29. Immersion and interactivity

Figure 30. Presence and interactivity
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There seems to be a degree along the spectrum of 
how interactivity induces the experience of presence 
– immersion – flow. Müllerstein’s study didn’t only 
show how interactivity is a fundamental component 
(influencing both presence and immersion, as earlier 
stated), he also found presence to have a direct 
and positive relation with immersion. Furthermore, 
when viewing immersion as a dimension of flow (like 
Mütterlein did), it becomes evident that immersion 
itself is directly and positively related to flow, much like 
how presence is related to immersion. This relation, 
together with figures 29 and 30, the interactivity 
elements from section one and the game elements 
from section two; has been summarized into a visual.

As interactivity is the fundamental component of VR, 
it can be found as an influencer of both presence 
and immersion in figure 31. Furthermore, both the 
technical and psychological point of view of immersion 
are incorporated into the figure, as the scientific 
debate on the exact description of the phenomenon is 
still ongoing. 
Elements identified by Radianti et al. are, as previously 
explained, divided and (re)grouped under interactivity 
for presence (figure 30) and immersion (figure 29). 
Other elements impacting presence are derived from 
the (sub-scales of the) PQ as explained earlier (detailed 
in dark grey). Aside from the elements of interactivity, 
other (game) elements have been identified 
influencing immersion by viewing it as a dimension 
of flow (detailed in light grey in figure 31). Additional 
game elements (i.e., PBL, social interaction and levels) 
can further be used to elevate the experience of 
immersion and induce flow (seen vertically in figure 
31).
Realism for presence and/or storyline for immersion 
seem similar to interactivity, but are distinctively 
different due to the elements lying outside of the 
play area of the player (while elements of interactivity 
exist inside the play area and often go along with an 
element of self-evaluation). In addition, realism was 
also a sub-scale of the PQ (together with quality of 
interfaces, figure 23) and story was also a separately 
identified game element (together with controller type, 
figure 26). 

The elements converge downwards towards the 
player as subjective usability needs and experiences 
of simulator sickness form a bottleneck for the 
experience of presence, immersion or flow. 

Figure 31 is a visual summary of VR and its 
components, relations and intricacies. It takes into 
account established and discussed meanings of 
interactivity, presence and immersion and also 
provides concrete examples of how different elements 
affect the degree of presence and immersion. 
Using this, the visual can help designers assess VR 
experiences, but also help gain understanding of the 
topic VR in general. 
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RQ: “What are criteria for making intuitive (“usable”) and immersive (“task-engaging”) Virtual 
Reality experiences?”

1.	 The VR experience does not induce symptoms of simulator sickness, in particular nausea, during gameplay.
2.	 The quality of interfaces is optimally configured and the VR surroundings are ‘realistic’ enough, as the player 

needs to be present before immersion can be achieved. 
3.	 Interactivity elements (specifically for possibilities to act and assemble) have a corresponding perceived 

interactivity component (i.e., for self-evaluation; like immediate feedback and instruction) as a base for 
intuitive and immersive interactivity to take place.

4.	 Controller types are optimally configured and players are able to manipulate interactive elements in the 
game using the controller (are able to act) to achieve a level of immersion.

Several general take-aways are formulated alongside 
the visual as general guidelines per level of immersion 
(presence – immersion – flow).  Using these, criteria for 
intuitive and immersive are proposed. 

For players to experience presence: 
•	 Interactivity should include, at the minimum, 

elements of examination and instruction (to 
support usability), but can also incorporate more 
from other levels. 

•	 Quality of interfaces (e.g., an HMD for VR) 
describes the technology that plays the experience 
for the player. This medium should, from a 
technological point of view, be as optimal as 
possible; no flicker, lag, positioning error and 
‘disruptively’ low screen resolution etc.

•	 Photo-realism is not required (depending on the 
experience), but the VR surroundings should be 
deemed ‘realistic enough’.

Although the usability of interactive elements in 
the experience (perceived interactivity) hinders the 
experience of presence much less compared to 
immersion and flow (due to the added complexity of 
the controller type), simulator sickness is (by contrast) 
nonetheless a constant potential inhibitor of overall 
usability. Generally:
•	 Navigation speeds should be kept relatively 

low and (sudden) turns and stops should be 
minimized. 

•	 An ‘ease-in’ program could help the player adjust 
to VR in general.

For players to experience immersion, as demonstrated 
by Müllerstein;
•	 Some degree of presence is desired (if not 

required).
Furthermore:
•	 As possibilities to act and assemble are added 

for immersion, elements of immediate feedback 
become more essential to guide and support 
perceived interactivity

•	 Controller type is the (extended) medium between 
the player and the game and should allow for 
intuitive use; connection and interface issues 
should be minimized and (tactile) cues should not 
be misleading.

•	 Storylines adds clarity and context to the 
experience and supports better comprehension of 
general cues and overall enjoyment.

Perceived interactivity and general usability (of the 
controller type) are bottlenecks to the experience of 
immersion; as an object needs to be recognized as 
usable, and the player needs to be able to use the 
object, before a degree of immersion can be reached. 
Therefore: 
•	 An ease-in program to help the player adjust to VR 

(to help against simulator sickness) and adapt to 
its interactivity and controls is encouraged. 

As immersion is reached, a deeper level of 
engagement can be achieved by providing (game) 
elements that support the experience of flow. To allow 
this, the earlier mentioned usability bottleneck needs 
to be overcome. Therefore, in order to achieve flow:
•	 Some degree of immersion is required.
•	 An ease-in program to help the player adjust 

to VR (to help against simulator sickness) and 
adapt to its interactivity and controls is strongly 
encouraged. 
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Figure 31. Literature summary; presence – immersion – flow

Because this literature study was conducted as part of a design project, the time allocated to the study was 
limited. In addition, SCOPUS was the main database used during collection of relevant papers. The former two 
heavily influenced the sample of papers analyzed for this study. 
Also, as the debate on the description and meaning of immersion and the aspects of VR is ongoing, no one-
size-fits-all model or criteria can be established. Although the study takes into account several perspectives of 
immersion, the study mainly hones in on specific aspects of VR; presence, interactivity and immersion. 

Limitation
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Immersion criteria and elements (& the VR game)

Synthesis

1.	 The VR experience does not induce symptoms 
of simulator sickness, in particular nausea, 
during gameplay.

The VR game does not support locomotion through 
teleportation and also doesn’t manipulate the view 
of the player. Therefore, if conflicts between the 
visual and vestibular system are the main cause for 
simulator sickness, when no interface and controller 
type errors occur (criteria 2; e.g., low quality, lag, 
connection issues etc.), symptoms of simulator 
sickness are not likely to appear.
Participants of the preliminary game also did not state 
to experience any of the oculomotor-, nausea- and/or 
disorientation-related symptoms. 
Notably, some participants have stated the game to 
lag occasionally, which; if not increases symptoms of 
simulator sickness, definitely decreases the experience 
of overall presence or immersion. 

2.	 The quality of interfaces is optimally 
configured and the VR surroundings are 
‘realistic’ enough, as the player needs to be 
present before immersion can be achieved. 

The quality of the interface used is, certainly in terms 
of immersion (at least according to researchers like 
Radianti et al.), a restriction to the level of presence 
– immersion - flow experienced. The HTC Vive 
allows for a great quality of interface (in general) 
when no technology errors occur. The laptop 
supporting the system is furthermore able to run 
the VR game exclusively (i.e., run VR with little to no 
impactful programs in parallel). Notably, although 
participant didn’t specifically state the surroundings 
to be ‘unrealistic’ (they were also not directly asked), 
participants generally mention the game to leave a 
somber and austere impression. Because of this, this 
criterion is somewhat, but not fully, satisfied. 

Immersion criteria

3.	 Interactivity elements (specifically for possibilities to act and assemble) have a corresponding 
perceived interactivity component (i.e., for self-evaluation; like immediate feedback and 
instruction) as a base for intuitive and immersive interactivity to take place.

Interactivity is fundamental for VR experiences. Criterion 3 states that for VR experiences to be intuitive and 
immersive; every element that requires interactivity, also has a component that contributes to its perceived 
interactivity. 

Figure 32. Interactivity elements and their perceived interactivity components in the pregame



The power of a human-centered VR experience of the Future of work 41

In the tutorial phase of the pregame (figure 32), the user is eased in using two interactivity elements: the board 
(conveying the main message) and the cube. At the start, when the sequence of the game is initiated, the 
controller will vibrate in order to draw the attention of the player to the sign (attached to the trigger that needs 
to be pressed). After, when the cube needs to be picked up; signs (“pick up”) and highlights (blue glow) are used 
to increase perceived interactivity.
When the player enters the factory, the focus is put on the AR-glasses (literally) by shining a light on it. The 
glasses are furthermore highlighted upon touch (like the cube in the tutorial phase). When worn, An AR-arrow 
(feature is called ‘virtual hands’ in figure 31) will appear and guide the player in further tasks (in the main 
sequence). The arrows are dynamic and, together with the attached sign and highlights, able to point towards 
the object of interest in much detail (when noticed). After the player flicks the light switch, the main sequence 
will start.

For the most part, two elements require interactivity in the main sequence of the game. The wheel has to be 
picked up and placed elsewhere (blue in figure 33) and the drill has to be used for assembly (green in figure 33). 
For the wheel and the drill, visual cues are the only components used. The only exception to this is when the drill 
is activated (green “USE DRILL” in figure 33), where the controller will also vibrate in addition to the sign and data 
stream shown. 

Figure 33. Interactivity elements and their perceived interactivity components in the main game
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Criterion 4 represents the bottleneck usability is for 
immersion (usability of both the controller type and 
the interactivity elements). As immersion describes 
the degree to which a player is (optimally) engaged 
with a task, disruptive controller types (e.g., connection 
errors, misleading cues etc.) and the inability to act 
in general will prevent a player to get immersed. 
Although the earlier criteria are met (somewhat) 
satisfyingly, and thus the VR game should reasonably 
be able to at least induce some degree of presence; 
the same cannot be concluded for criterion 4. Because 
this criterion is not met, but the previous criteria are, 
the VR game is likely able to induce some degree of 
presence, but not immersion. 

Although the building blocks for an immersive and 
flow-inducing VR experience are present in the game; 
no symptoms of simulator sickness (criterion 1), 
great quality of interfaces (criterion 2) and interactive 
elements are present and consider the perceived 
interactivity component (criterion 3), not satisfying 
criterion 4 prevents the player from being immersed. 
This can be observed in the preliminary test for 
instance; as some players evidently still keep the 
physical environment in mind while being in virtual 
reality (error number 9 in the preliminary study).
In order to meet criterion 4, the (existing) tutorial of 
the game should be redeveloped to ease players into 
the game more comfortably. This should be achieved 
by focusing on the HTC Vive controller and the players 
ability to act with it (i.e., basic interaction controls).

For the wheel (blue in figure 33), signs and highlights are used to increase perceived interactivity. The required 
action (with the wheel) is communicated through a general message, supported by a sign attached to the 
wheel; informing players to pick it up or place it. Additionally, high-lights appear to guide the player whenever 
necessary. For instance, the wheel itself will light up when interaction is required and the object is touched by 
the player, signaling interactivity. Drop zones will also appear whenever the player needs to place the wheel (and 
is grabbed) to guide the players.
For the drill, signs and highlights are used in the same manner as with the wheel. Additionally, as the drill is to 
be used actively (while the wheel is only moved), a data stream showing the status of the action (assembly) is 
shown to the player. As mentioned earlier, the controller will also start to vibrate at this point. 

The VR game, in particular the main sequence; after the AR layer has been activated, incorporates various 
(mostly visual) components to increase the perceived interactivity of the interactive elements. Although in the 
tutorial phase of the pregame the elements can benefit from more (focused) engagement, the interactivity 
elements themselves do take into account how they are perceived as interactive. 

4.	 Controller types are optimally configured and players are able to manipulate interactive elements 
in the game using the controller (are able to act) to achieve a level of immersion.
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Immersion elements and the VR game
The lack of control is further substantiated through the usability errors observed in the preliminary test (table 
1) and remarks made during the interview (figure 18). Additionally, the game generally leaves an austere (or 
somber) impression. Players furthermore expressed the need for more clarity during the interview.
Figure 31 in the literature study includes elements that addresses different aspects of presence, immersion and 
flow by contributing in a specific manner. For instance, the storyline element contributes to overall clarity of 
goals and can help with the general comprehension of the game. 
Figure 18 compiles the interview take-aways from the preliminary study into one figure. Relevant elements from 
figure 31 have been linked to these interview take-aways to create figure 34. The lack of control was omitted in 
this figure because the need for the issue to be fixed was already substantiated.

The austere impression can be solved, reasoned from figure 31 of the literature study; from the bottom up, 
using realism elements from the level of presence (e.g., background noise/music), or the top down, using 
interactivity (game) elements from the level of flow (e.g., social interaction). Social interaction like multiplayer or 
more general messaging features, might solve the issue as players will likely get more engaged with the players 
rather than the environment itself. Realism can furthermore be improved by adding background noise or music 
to the environment.  

The lack of clarity can be solved using elements to improve immersion. Consequently, this will also support 
satisfying criterion 4 as clarity and control are not unrelated topics. For instance, usability issues like number 
3 observed (during the preliminary test), failing to notice and wear the AR glasses during the factory phase of 
the pregame, can likely be solved by emphasizing the storyline of the game; using AR in order to collaborate 
closely with various robots (in the plausible future of work scenario). The storyline element can help clarify 
the interactivity (of an object) and help players notice cues (solving error number 3). The element adds to the 
general comprehension of the game (and the story) and is additionally able to improve overall enjoyment. This 
may also help lift some of the somber or austere impression players get.
During the tutorial phase of the pregame, before the sequence starts and the player is prompted to press the 
trigger (figure 12 image 1), the controller vibrates to draw attention towards the sign attached to the trigger 
button (in VR). This cue is confusing for some, as players have expressed not knowing how to respond to it. 
Misleading controller type cues are generally disruptive and should be minimized; more careful and additional 
use of self-evaluation elements can also provide for clarity and help players overcome the confusion.

Figure 34. Preliminary interview take-aways combined with relevant literature take-aways
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Current vs desired situation
Current Situation
Figure 35 is an extended version of the figure found 
in the preleminary analysis (figure 17). In addition to 
the total of usability error counted (made by the six 
participants of the preliminary test), figure 35 also 
incorporates the relevant elements for interactivity 
and storyline. 

Most players were able to overcome basic interaction 
errors during or after the second round of assembly 
in the main gameplay during the preliminary test. 
Although this happens too late, as the second round 
of assembly happens in the latter half of the game, it 
implies that basic interaction errors are easily solvable 
with some focus. 
Additionally, usability errors occur at the start of the 
game and lead to further issues down the line because 
the errors are left unresolved. Furthermore, because 
players struggle during most of the gameplay, the 
experience is generally regarded as confusing. Also, 
although the pregame incorporates a message to 
convey the content (Future of Work), it is debatable 
whether this is done effectively as many (relevant) 
cues, like picking up and using the AR glasses to 
receive extra information, are overlooked.

Figure 35. Current situation
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desired Situation
Ideally, the tutorial eases the player in more softly 
by effectively conveying the storyline and dealing 
with basic interaction controls. Compared to the 
current situation, a similar number of errors might 
occur during the tutorial phase, but once entering 
the factory, the clarity and usability issues (observed) 
would drop to zero (figure 36). 
Realism of the surroundings is improved by adding 
interactive background noise but also using sound as a 
perceived interactivity component. For instance, when 
interacting with the drill (i.e., holding, using and placing 
it), various sounds can be used to signal different 
states of interactivity and provide for immediate 
feedback. The game furthermore supports having two 
(or more) players in the same scene.

All proposed improvements are notable, as they are 
derived from preliminary testing and/or a synthesis 
of analysis results with literature conclusions. Not all 
are equally impactful however. Due to the restrictions 
of this project, a selection is made from the proposed 
improvements in order to satisfy the time-constraints 
of this project.

As criterion 4 is the bottleneck for immersion, fixing 
usability errors will be most impactful. Furthermore, 
effectively conveying the storyline is part of the raison 
d’être of the game.  It also contributes to usability as 
storylines are able to provide for clarity; which is, as 
earlier stated, related to (good) usability. Additionally, 
storylines are able to add to the overall enjoyment of 
the game, possibly providing a counter for the general 
austere impression.
Although adding various implementations of sound 
can contribute to realism and interactivity, it is 
relatively less impactful than the former mentioned 
improvements as criterion 3 (regarding realism) is 
already met somewhat satisfyingly. Furthermore, 
adding features supporting social interaction will, 
although likely make the impression less austere, 
not contribute much to the core issue of preventing 
players from getting immersed. Because of this, 
improvements regarding the VR game will focus on 
two ‘jobs-to-be-done’ (JTBD) in the tutorial phase, 
specifically; conveying the story of the plausible 
future of work scenario and teaching basic interaction 
controls. 

Figure 36. desired situation
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Human centered approach
In addition to immersion being a subjective experience, the JTBD; conveying the story and teaching basic 
interaction controls in VR effectively, are also very subjective and dependent on user characteristics. Different 
users comprehend and learn very differently because of variation in abilities, needs and skills. A human 
centered approach is therefore preferred in order to resolve the JTBD satisfyingly. According to ISO (ISO 9241-
210, 2019); the main principle of human-centered design involves the inclusion of relevant users in development, 
and refine/iterate on solutions and fixes according to user evaluations.

Figure 37. Persona, synthesized from relevant users and (extra) interviews
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Persona
Relevant users were identified earlier based on the 
context of use (figure 11). Two personas have been 
made based on this together with a (re)cluster of the 
interview taken in the preliminary analysis (appendix 
B) and additional interviews conducted with industry 
professionals (i.e., workers at a bicycle company). 
The contacts funnel of the industry professionals 
approached, along with the interview setup and 
minutes, can be found in appendices C and A 
respectively.
The personas give a rough estimation of the different 
relevant users, although generally they are much alike. 
Because of this, community member and researcher 
has been left out as the former (also) consists out of 
students and/or industry professionals and the latter 
is similar to students and (industry) professionals. 

Evaluation
Three evaluation methods stand out when it comes 
to making refinements and improvements in VR 
(as they have shown promising results); using 
the presence questionnaire to evaluate presence 
according to its sub scales (figure 23 can help suggest 
for improvements when doing so), using the system 
usability scale to score usability in a ‘quick and dirty’ 
manner, using the simulator sickness questionnaire 
and its sub scores to gauge the degree of simulator 
sickness experienced. 

As criterion 1 has been met satisfyingly, the use of the 
SSQ is not necessary. 
Interactivity, in particular, the possibility to act, is 
included in the sub scales of the PQ. Because of this, 
the questionnaire is able to (also) evaluate immersive 
experiences; as the possibility to act sub score will be 
higher for an immersive experience compared to an 
experience where players only feel present. 
Criterion 4 revolves around usability being the 
bottleneck for immersion. Currently this criterion is 
not met and the main reason why players experience 
troubles getting immersed. Although using the PQ to 
validate presence/immersion will give more insight, 
as the results involve five sub scale scores; due to 
the game meeting all criteria except for criterion 4, 
using the SUS allows for a ‘quick and dirty’ assessment 
into the degree of usability being a bottleneck for 
immersion in this game.  

Developing the experience alongside the relevant 
(end) user is more favorable however, as the 
experience can tailor itself to meet the highly 
subjective needs of the JTBD. The Rapid Iterative 
Prototyping and Evaluation (RITE; Medlock et al., 2007) 
method is a usability testing framework that conforms 
to the ISO norm (2019). The method incorporates 
relevant user tests and evaluations to iterate on 
usability fixes. 

In order to meet criterion 4 and allow players to get 
immersed into the content of the VR game, the tutorial 
phase of the pregame will ease players in more easily 
by emphasizing the story and the basic interaction 
controls in the game. Because of the subjectivity of 
the JTBD, fixes will be implemented and evaluated 
according to the RITE method. Additionally, the SUS 
score can provide further insights into usability. 
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(Re)development

Brainstorm
Three “How-to’s” have been used, created from the 2 JTBD (emphasize story and basic interaction controls) and 
immersion, as defined from flow; being optimally engaged with a task. These were used in a (co- creative session 
together with two participants who were reinvited from the preliminary test. Figure 38 sums up the general 
take-aways from this session.

Figure 38. brain storm, howtos take-aways
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What stands out is that participants had the need to compare in order to ‘get the job done’. Specifically, 
explaining current and future scenarios would clarify the differences of working (in the future and now) and 
help set the context for the story. Furthermore, ‘seeing’ someone else perform and mirroring the behavior was 
a commonality in many of the ideas created (e.g., dedicated YouTube channel for tutorials, film VR experience 
prior, have a virtual assistant etc.). 
It seems that using an element that supports this; for instance, guiding players through watching various video-
examples, would be sufficient to fulfill the JTBD and consequently criterion 4 (so players can get immersed). 
However, further testing and development is needed to validate (and iterate) this.

The RITE method is a usability testing framework that was developed by Medlock et al. (2017). The method was 
implemented (and validated) during the development of the game Age of Empires II. The main principle of this 
method revolves around the user evaluation of (the efficacy) of a fix, immediately after implementation. It was 
developed in order to meet the goal “to ship an improved UI as quickly and cheaply as possible”. 

the RITE METHOD

Traditionally, user evaluations are used to uncover 
(preferably all) usability issues. Fixes can consequently 
be proposed and (hopefully) implemented in order 
to solve the issue. However, fixes often do not get 
implemented and studies have shown several reasons 
for this. For instance, teams are unsure whether the 
fix will solve the problem or when usability feedback 
arrives relatively late, the delay might act as a barrier 
for the implementation of the fix etc. (Medlock et al., 
2017).

When using the RITE method, the focus is laid 
more heavily on whether a problem is fixed and to 
determine what the likelihood is that the fix solves 
the problem, rather than ”agonizing over whether 
every problem has been uncovered” (Medlock et 
al., 2017). Because the main issue (not satisfying 
criterion 4) already has been uncovered and the JTBD 
are so subjective; the RITE method can help develop 
and iterate on fixes in order to solve the problem 
effectively. 

Rules
Similar to ‘traditional’ usability testing methods; a target group for testing and what and how issues will be 
measured needs to be defined. Furthermore, a test script and suiting prototype needs to be constructed. 
The RITE method differs from traditional usability testing due to the emphasis laid on evaluating the likelihood 
of a fix solving an issue. In order to achieve this, fixes to issues are proposed and implemented according to the 
level the issue is classified in. There are four categories:

1.	 “Issues that have an obvious cause and an obvious solution that can be implemented quickly. 
E.g., text changes; re-labelling buttons, rewording dialog boxes etc.

→→ Implement the fix and use revised prototype with the new participant
2.	 Issues that have an obvious cause and an obvious solution but cannot be implemented quickly/within the 

timeframe of this test. 
E.g., (new) features that require substantial design and or code changes etc.

→→ Start implementing the fix and implement the revised prototype as soon as it is finished.

3.	 Issues that appear to have no obvious cause and therefore no obvious solution.
4.	 Issues that may be due to other factors 

E.g., test setup, interaction with participant, etc.
→→ Collect more data in order to upgrade to either category 1 or 2, or classify as ‘non-issue’.” (Medlock et al., 

2017)
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The goal is to implement fixes to the tutorial part of 
the pregame in order for players to grasps the basic 
interaction controls (before entering the factory) and 
have an overall more cognisant experience of the 
content of the game, easing them into the experience 
more comfortably. In order to support this, three types 
of data will be gathered: Observation (1), Interview (2) 
and a System Usability Scale score (3).

1.	 Observations from the researcher will be used to 
evaluate usability, specifically:
a.	 Errors: Player is confused/doesn’t grasp 

the task at hand, but somehow manages to 
proceed. 

b.	 Failures: Player can’t advance on their own 
(and needs instructions from the researcher; 
added as clarification after the pilot). 

2.	 The interview will be used to evaluate the player’s 
grasp on the content of the game, but is also an 
opportunity to inquire more about errors, failures 
or other observations (if necessary), as players are 
encouraged to ‘think out loud’ during gameplay.

3.	 Because fulfilling the JTBD will, although likely, not 
certainly equate to better usability, the SUS Score 
might give more insight into this topic. 

Eight usability errors have been identified during the 
preliminary analysis (table 1), of which the first two 
occurs during the tutorial phase. These two have a 
zero tolerance for failure as, due to the linearity of 
the game, failing them would prevent the user from 
proceeding into the game (and cause usability issues 
later on). Additionally, the third error also needs to be 
solved without exception, as using the AR-glasses (and 
the AR-layer it creates) is part of the story the game 
conveys. 

1.	 Using the controller to press the trigger in order to 
advance to the next scene

2.	 Using the controller to press the button in order to 
grab (or release) an object (block)

3.	 Using the controller to press the button to grab 
(and hold) the glasses to put on

The other five errors observed are symptoms of the 
lack of control (and clarity to a lesser extent). These 
also have a zero tolerance for failure, but will be dealt 
with indirectly in the tutorial phase. 

4.	 Using the controller to press the button to grab 
(and hold) the drill.

5.	 Using the controller to press the button to activate 
the drill (while grabbing)

6.	 Interacting with a game object (grab and rotate the 
priorly attached wheel) in VR

7.	 Interacting with a game object (grab the priorly 
attached wheel) to put somewhere else

8.	 Identifying the object (grab last wheel on newly 
ordered rack) that needs interaction in VR

Qualtrics questionnaire
Qualtrics will be used for the SUS questionnaire. 
Additionally, some general information about the 
participant will be gathered (name, age, occupation, 
education and skills as described in persona), along 
with the participant’s consent (to use collected data 
of the test). Screenshots of the questionnaire can be 
found in appendix F. The general flow can be seen in 
figure 39

Interview script
A script will be used to guide the interview in order to 
inquire the participants consistently and completely. 
The data collected will be used to help classify issues 
observed and revise the prototype. The script can 
be found in appendix A. Consent and minutes of the 
interview can be found in appendix H.

Test setup

Stimuli

Figure 39. Qualtrics flow
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In order to show the ‘Future of Work’ (FoW) storyline 
and explain the controls by example; a mixed reality 
(MR) clip, including both digital elements (to show the 
FoW environment) and physical elements (to show 
someone controlling the environment) combined into 
one display, will be used. Capturing the gameplay from 
a third perspective provides support while controls 
are being explained, as players are able to mirror 
the video. Additionally, viewing the gameplay from a 
third perspective gives the player an overall view of 
the surroundings before entering the space in a first-
person view. This allows the storyline to be set in a 
relatively richer manner. 
Using existing elements and text, supported by a 
MR clip, will likely ease the player into the game, 
before getting engaged with the tasks (i.e., before 
getting immersed) in the main sequence, much more 
effectively.

A table with two tablets is added (stationed before 
the two existing boards in the tutorial phase) to show 
two mixed reality clips. The first clip shows a player 
in the main sequence making an assembly; grabbing 
and dropping wheels and attaching it using the drill. 
The second clip shows the player in the factory phase 
of the pregame. The focus is put on activating the AR 
layer using the AR glasses in this clip.
Additionally, a table with a drill is added for players 
to explore if they desire to do so. While the sequence 
does not require players to interact with the drill, 
adding the most complex interaction (as the 
preliminary test results have shown) into the tutorial 
phase, after showing the MRC examples, might help 

players get over the usability hurdle.
Usability error number 9, observed during the 
preliminary test; players tend to not physically move 
much during gameplay, is likely a result of players 
not being immersed. Thus, the issue is likely to be 
solved indirectly (through meeting criterion 4/JTBD). 
Nevertheless, the initial table players interact with, the 
table with the four containers and the cube, has been 
moved to the other side of the play area. After the 
story and controls are explained, players need to walk 
to the other side of the play area in order to conclude 
the tutorial phase.

VR game prototype
Figure 40. pilot prototype

Figure 41. Sequence relocation
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Figure 42. Flowcharts old (right) and revised 
(left) tutorial
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The test setup consists out of two phases. In the first 
phase, the participant will use the VR prototype and 
think out loud, while the researcher observes the 
gameplay (and minds the list of actions with zero 
tolerance for erros). The researcher will take place 
behind the laptop (1) and the participant will play 
within the VR area created by the HTC lighthouses 
(3a in figure 43). This part of the test will be recorded 
using a camcorder (4).

●● “You are going to play a game in Virtual Reality for 
a usability test. In the game, you will be put into a 
possible scenario of what the future of work might 
look like. Think of it as playing in a world a couple 
of decades from now. Please think out loud during 
gameplay. Are you ready?”

○○ Prepare tester for the experience generically 
(tell as little as possible when it comes to 
the content [storyline/narration] and use 
[usability]). When asked, tell the player that it’ll 
all become clear when the experience starts.

●● The researcher helps the tester with putting on 
the HMD and hands over the controllers. The 
researcher then starts the game by pressing play 
in Unity.

○○ During this phase, the researcher will step 
in when necessary. Errors and failures (as 
defined earlier), will be noted down together 
with the part of the scene in which it took 
place. Later, during the interview, more 
information can be inquired.

procedure

Figure 42 is a flowchart of the tutorial phase of the pregame (flowchart of the whole game can be found in 
appendix D). On the right, the unedited tutorial is displayed along with (parts of) the coinciding C# scripts. 
On the left, the edited version of the tutorial is can be seen. Here, the IntroAction.cs script has been added to 
incorporate the added scene-elements into the flow. The messages have mostly been left unchanged and can be 
viewed (for both versions) on the left side. The (new and) edited scripts, along with all the rest of the media can 
be found in the ‘PakGrad’ folder in ‘Assets’. 
Preferably, as the desired scenario states, basic interaction control issues are not encountered anymore after 
entering the factory. As only one round of assembly is needed to validate this, the entire game has furthermore 
been shortened: the edited tutorial phase of the pregame – factory initiation phase – Single assembly (of wheel 
to frame) in the main sequence; without the error phase.  

Figure 43. Test setup VR phase
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When gameplay is finished, the second phase of the 
test start (figure 44). In this phase, the participant will 
be interviewed by the researcher (following the earlier 
mentioned script) and rate the overall usability using 
the SUS questionnaire (on Qualtrics). The researcher 
helps the participant put away the controllers and take 
off the HMD and goes towards the second laptop (2), 
so the participant can be interviewed and fill out the 
questionnaire after. The entire procedure can be seen 
in figure 45.

Although a script has been set up (and the question 
certainly needs to be asked to all participants), the 
interview should also allow for a natural flowing 
conversation. Let the participant talk as much as 
possible. When an answer to a question is vague, 
the same question will be repeated with some words 
replaced (with synonyms).

An Alienware laptop (1) will be used to run Unity 
(version 2019.4.10f) and the VR game prototype. ‘OBS 
Studio’ will be used to capture the gameplay (omitted 
after the pilot). Another laptop (2) will be used, in order 
to relieve potential (over)load, to take notes (during 
observations and the interview) and for the player to 
fill in the SUS questionnaire (in Qualtrics). The HTC Vive 
setup (version 1, including 3a: two lighthouses and 3b: 
two controllers along 3c: an HMD) will be used to play 
the game, which will be recorded on a HD camcorder 
(4: Panasonic HDC-SD20, 1920x1080 Full HD).

Figure 44. Test setup questionnaire 
and interview phase

Figure 45. Test flow
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The users of the game are currently general visitors of Robohouse 
and students around the faculty of Architecture/on the campus 
of TU Delft; because of the context of use, as explained earlier. 
More generally speaking, these types can be summed under 
“Individuals visiting Robohouse who have little experience with 
Virtual Reality, but are interested in trying it”. As the pandemic 
makes it impossible to test on site, preferably with individuals of 
the Robohouse community themselves, they will be simulated 
using students, which is at least one of the two subsets of the 
users of this game. 

Sample sizing
Generally speaking, the literature (according to Medlock et al., 
2007) suggests that running zero participants will uncover zero 
problems and the more participants are used, the fewer new 
problems get discovered. Turner et al.’s ‘cumulative binomial 
probability formula’ (Turner et al., 2006) is used to determine the 
right sample size for A/B tests when the likelihood of detection for 
a problem is known.
The individual problem discovery rates (P) of the preliminary 
study ranged from 0.22 to 0.66, averaging on 0.39 for that sample. 
Because small sample estimates of P are almost always inflated, 
Turner et al. proposes a method for an accurate assessment 
of true proportions of problem discovery rates. Following this 
method, the problem discovery rate averaged on P = 0.22 
(appendix I)
Although an exact sample size can be calculated using this 
average; through general rules of thumb provided by Turner et al., 
it can already be concluded that at least 5 participants need to be 
observed, as the various problem discovery rates never exceeded 
0.4 (not on average nor through any of the further manipulations). 
Using 5 participants is furthermore advised by Nielsen (2012) 

•	 When the P is between 0.3 and 0.4, observing 4 – 5 
participants will uncover roughly 80% of the problems in a 
user interface

•	 When the P is very high (>0.5), observing 1 – 3 participants will 
uncover 87.55 of the problems in a user interface

•	 Problems in a UI that, for whatever reason, doesn’t have a 
high likelihood of detection will require more participants. 

Following the method, 16 participants were subsequently 
calculated (for a 99% rate of all problems being detected). 
Because the method is mostly used to suggest for sample sizes in 
A/B testing; where the problem discovery rate stays constant, 16 
is likely to be a bit much. 

Nonetheless, because a sample size of between 5 and 16 
participants seems reasonably appropriate, the RITE method aims 
to incorporate at least ten students. However, more or less might 
be needed depending on the efficacy of the implemented fixes 
(and the resulting number of erros and failures observed). 

target group

Figure 46. Test persona
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Prototype 1.0: Pilot (Round 0)
A pilot has been conducted with a student following the procedure as described earlier. During this round, the 
following failures and errors were observed:

Failures observed:
1.	 Failed to (notice and) use the trigger to advance to the next scene.
2.	 Did not immediately understood to hold the grip button in order to grab the cube. 
3.	 Did not specifically notice the AR glasses as interactable.

Errors observed:
1.	 The start of the sequence was unintentionally triggered by the player.
2.	 The player needed direction to notice the wheel (to be placed).
3.	 The player needed direction to hold and activate the drill.
4.	 The player did not understand the difference between VR and AR (during gameplay)

The player was generally disoriented and distracted by all the objects at the start. The sequence was 
furthermore unintentionally triggered by the player; activating the table with the tablets and the drill. All notable 
failures (as stated in the test setup) occurred and more. The player needed much help from the researcher to 
get through the gameplay. 
The storyline, collaborating with robots with the help of AR, was not conveyed effectively as neither AR 
nor collaborating with robots have been mentioned when inquiring about the content. Also, there is a 
misunderstanding in wearing the HMD to experience the game in VR and wearing the AR glasses (in VR) to 
activate the AR layer. The player was not able to make a distinction between the two technologies. 
Even though the participant encountered many usability errors during gameplay, SUS indicated nonetheless 
the usability ‘to be okay, but could use improvement’; with a score of 65. Notably, the participant mentioned to 
‘finally be able to try this out’, stating her desire to use VR in general. This falls in line with observations from 
the preliminary results, where participants also generally mentioned to be satisfied with the experience of the 
technology, even though the content was troublesome to get through.

iterations

Issue classification
Clearly, more explanation is needed to teach the basic interaction controls. Also, the sequence gets triggered 
when the player looks in between the two boards currently. This trigger needs to be improved so players don’t 
unintentionally start the sequence. Because errors 2 and 3 observed are located in the main sequence of the 
game, solutions are not classified in the table; as the errors should be resolved during the tutorial. 
The colored rows are failures that were mentioned in the list of ‘actions all participants need to be able to go 
through, without exception’. These issues have a relatively higher priority compared to others, as they are 
closely related to the JTBDs and the goal of the redevelopment.
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1.	 Both tables containing the drill and tablets will be 
removed. 

The MR clips were perceived as vague. The player 
noted to not like the perspective of the clips (recorded 
from the back). Additionally, the clips were not able 
to convey the need of the AR glasses nor the use of 
the controllers effectively. As the tablets are removed, 
the board will be used to support the clips. Although 
the content clearly needs to be reshot, additional 
messages and sprites will be used in order to help 
explain the basic interaction controls.  
2.	 The existing boards will be adjusted in order to 

support the MR clips for the controls and the 
storyline (figure 49).

3.	 Sprites will be added alongside more messages 
to guide the player in using the grip and trigger 
buttons (figures 50 and 51 respectively). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lastly:
4.	 The trigger in between the board will be relocated 

to the ground so the player needs to ‘nod’ in order 
to proceed.

Improvements
The newly added tables with drills and tablets contributed a lot to the confusion the player experienced. The 
player was not able to focus her attention as too much was going on at the same time. Furthermore, as the 
tablets appeared within the play area of the game, it was perceived as interactive while it was not. Evidently, 
when it comes to clarity of the job to be done; less is more.

Figure 49. board improvement

Figure 50. Sprite for grab button Figure 51. sprite  for trigger button
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Prototype 1.1: RITE round 1
During this round, the board has been adjusted to allow for Dutch and English texts, displayed left and right 
respectively, together with big MR clips and sprites, in the middle. Two more messages are also added to guide 
the player and provide for positive feedback after the right button has been pressed. The table with the cube 
and containers, together with the board, are kept at the back of the player (from the pilot round). The scene can 
be seen in figure 52.

During this round, the following error was observed:
1.	 Couldn’t smoothly grab the cube to answer the question. Did not need external instruction however.

Using the sprites together with the messages explain the basic interaction controls much more effectively 
compared to the prototype used in the pilot round. Notably, the player did not had issues using the drill during 
the main sequence, but did had troubles performing a grab (an arguably much less complex interaction) during 
the tutorial. This is likely because there is relatively more emphasis on the use of the trigger in the tutorial 
compared to the grab button (pressing the trigger is needed to advance further in the tutorial, pressing the grab 
button isn’t).
Furthermore, the player is overall less confused during gameplay. The “less is more” approach makes the 
tutorial phase much clearer. In line with this, the gameplay should support one language rather than two, as the 
latter takes up much of the ‘visual real estate’ (while not being interacted with). As the messages given during 
the main sequence of the game are English, the tutorial will support this also. After redevelopment, the entire 
game (including the pre- and main-game) can be built into different languages. 
As the proposed (level 2) reshoots haven’t been implemented in this revision yet, similar to the pilot round, 
the MR clips did not suffice to convey the storyline effectively. However, the player was able to mention one 
video to show the context after further questioning from the researcher. The correlation with the future of 
work was eventually made after the player was inquired to project her vision of the current manner bicycles get 
assembled. 

Figure 52. Prototype v1.1
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Improvements
1.	 Incorporate the grip button during the tutorial in the same manner as with the trigger button; ask for 

the player’s input after explanation of the button.

The model of the board, containing the three frames, can be reverted back to the original board model 
to support a single language during gameplay. Furthermore, the script ShowMessageOnWallOfTextAction.cs 
(figure 42) needs to be adjusted as it currently only supports dual language gameplay. 

2.	 Further simplification: revert board back to original model in order to support a single language during 
gameplay

The MR clip conveying the AR layer has been updated, incorporating also a first-person view cutscene. The 
cutscene is added to emphasize the glasses, which after wearing, will activate the AR layer. The perspective 
has furthermore improved to include not only the AR glasses, but also the entire player. The new clips are 
visualized in black and the old in light blue in figure 53 on the next page.
  
3.	 Implement updated MR clip into the tutorial in order to convey the importance of AR (component of 

storyline) during gameplay.

The SUS questionnaire scored 88; 23 points higher compared to the pilot round, passing the limit of 80.3 points 
(meaning people love your system and would recommend it to their friends) comfortably. It was expected 
that the score would be relatively higher due to the player not encountering usability issues during the main 
sequence. 

Issue classification

As the solution to the level 3 issue, in terms of finding it within the tutorial phase, is still unclear, more data 
needs to be gathered. Solutions to levels 1 and 2 issues are going to be implemented in the revised prototype 
for the next rounds of RITE.
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Figure 53. Updated mixed reality clip about AR (black)

Figure 54. Updated mixed reality clip about collaborating with various robots (black)
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The earlier MR clips conveying the gameplay in the main sequence (light blue in figure 54) were relatively more 
focussed on collaborating with the robot arm; picking and placing the wheel, and also attaching the wheel using 
the drill. Because the newly added sprites, together with the added messages, explain the basic interaction 
controls sufficiently and participants fail to (actively) notice the collaboration with robots in the gameplay; the 
focus in the new MR clips (black in figure 54) has been shifted to collaborative robots in general; including also 
the supportive work of the AGVs. New clips include, like the earlier reshoot, a zoomed-out perspective; including 
more of the scene and the entire player into the frame. In addition to collaborating with the robot arm (which 
will be played back at a higher speed), shots from the AGVs bringing the frames and replacing the rack with 
wheels are also added (last row in figure 54). 

4.	 Implement updated MR clip into the tutorial in order to convey the collaboration with robot component of 
the storyline to the player and set the context.

The new MR clips will be displayed on the main board, along with short messages to provide narration to the 
clips. The texts shown during this phase will appear in the green rectangle, situated above the filled out green 
rectangle, where the clips will be shown. The areas for texts and media (clips or sprites) change when sprites are 
used (to explain the basic interaction controls). During this phase, sprites will be displayed in the filled out blue 
square, supported by a relatively larger text field (blue) for clearer explanation. The improved board can be seen 
in figure 55	

5.	 Add two sizes of text fields to the board model (smaller green and bigger blue outline) in order to support 
the different sizes of media used (video in green and sprites in blue).

Figure 55. IMPROVED BOARD
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Sequencing
intro
The sequencing has been changed much after 
implementing the improvements. 
Like the prior version, the basic interaction controls 
sequence will start after the player nods. However, 
to make sure the player is engaged with the message 
conveyed, the intro message will only start once the 
player looks at the board. This sequence is build using 
assets derived from individual scripts.

Basic interaction tutorial 
In order to access Valve methods for the controller, a 
new script has been made. The script incorporates two 
sequences to explain the grab and trigger button. For 
the grab button, a new method to wait for the grab 
button input has been added. This method is derived 
from the existing WaitForTrigger.cs method. 
Like the prior version, the grabbing (or the trigger) 
sprite will be supported by a message, appearing 
within the blue outline in figure 55. When the 
WaitForGrip(Hand hand){} method has been satisfied, 
positive feedback will be given to the player.

The sequence for the trigger button is, like earlier 
mentioned, very similar. The only differences 
are the media used, supporting texts and the 
WaitForTrigger(Hand hand){} method. Like the 
sequence for grabbing, the player will receive positive 
feedback once the trigger has been pressed.
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Mixed reality clips
Like the intro, the sequence conveying the storyline 
using MR clips is build using individual assets derived 
from scripts. After the trigger button has been pressed, 
a bridging message will be displayed, followed by a 
se-quence of displaying a message (on the smaller 
green text area in figure 55) alongside a video of varying 
lengths. This sequence will be repeated three times for 
the cobot and gameplay clips and the AR clip.

Outro
When the final clip is finished, a message will be 
displayed (largely, in the blue text area of figure 55) to 
the player and an identical board will appear behind 
the player. The question part of the original outro 
sequence, written in IntroAction.cs, has been rewritten 
into VRIntroTwo.cs to exclude the prior interactive part 
of the original script. The sequence will follow the same 
structure once the player has turns 180° and faces the 
(newly appeared) board. 
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Prototype 1.2: RITE round 2 & 3
The scene of this round looks similar to how the tutorial phase initially looked. However, the board in front of 
the player contains different sizes text areas and includes several media (MR clips and sprites). Although the 
sequencing has been changed much, the trigger to start and end the tutorial, nodding and turning around (to 
the elements appearing at the back of the player) respectively, has been kept like the previous round(s). The 
further simplified prototype can be seen in figure 56.

No notable failures occurred during rounds 2 and 3 however, errors still took place. During the second round, 
notably, the participant was able to recognize the ‘VR layer’ activated after wearing the glasses (she meant the 
AR layer), but was not able to mention the collaborative work with robots during the interview. The collaboration 
with the robots in the game seem to be not actively noticed, this was also true for the participant during the 
third round of RITE. Furthermore, like the participant in the pilot round, the participant in the second round was 
confused between the terms AR and VR. 
1.	 Collaboration with robots and the future of work seems to be not explicitly comprehended.

During the third round, when the end of the tutorial phase is to be triggered (by turning around), the participant 
only looked over his shoulder. As the trigger needs the player to face the (newly appeared) board at the back of 
the player, the ending of the tutorial did not start. The participant did not need external help however to solve 
the error. 
2.	 The text “turn around to end this tutorial” is not explicit enough as some players are not able to trigger the 

ending. 

Like the participant in round 1 of RITE, the connection between the content of the game and the future of work, 
was only established after further inquiring the participants. Specifically, asking participants to explain how they 
think bicycles get assembled currently as compared to what they experienced in the game was helpful. 
The participant in the second round of RITE gave the experience a score of 90 using the SUS questionnaire, 
comfortably passing the 80.3 mark like the previous iteration. The participant in the third round of RITE gave the 
experience a system usability score of 80. Less than the previous round, but still within the range of “people love 
your system and would recommend it to their friends” (80.3+).

Figure 56. Further simplified prototype v1.2
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Improvements
The message displayed during the outro of the tutorial (to 
finish the sequence) needs to be more explicit, as some 
players are not able to trigger the ending.

1.	 Change the text and make it more explicit when finishing 
the tutorial (figure 57).

Furthermore, the sprites shown on the board are also 
added next to the controller. When the game prompts the 
user for button-input, the controllers vibrates and signs 
appear; having the sprites appear next to the controllers 
also ensures players are able to see the hints, regardless 
of whether they are looking at the board or at their hands/
controllers in VR.

2.	 Add sprites to controller als (in addition to displaying 
them on the board)

Issue classification

As the solution to the levels 3 and 4 issues, in terms of finding it within the tutorial phase, is still unclear, more 
data needs to be gathered. 

Figure 57. Improved message

Figure 58. Sprites next to controllers
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Prototype 1.3: RITE round 4, 5, 6 & 7
The scene of these RITE rounds looks exactly the same as the prototype 1.2; with the only difference being the 
adjusted message in order to finish the tutorial and the added sprites appearing next to the controllers when 
basic interaction controls are explained (figure 58).
No failures occurred during these rounds; however, each participant had some errors that could be optimized. 
It is doubtful to what degree the future of work content is conveyed consistently. Some students, who are 
familiar with the concept of Industry 4.0, would recognize the future scenario in the game after playthrough (i.e., 
participant 6). Others, like participants 4 and 5, are not able to mention (specifically) the use of different robots 
during collaboration. On the contrary, the use of AR in the game seems to be comprehended, as notable failure 
3 hasn’t occurred since prototype 1.2.

1.	 The storyline component of collaborating with robots is not conveyed effectively.

Furthermore, some participants (specifically participant 6, who expressed the video to be slow) would try to 
assert some influence/control over the video’s during playback. Participants would nod and press the trigger 
button; presumably to skip the videos and speed up the tutorial. 
2.	 Players need more elements of control when the MR clips are shown. 

Also, participant 7 had some troubles triggering the tutorial through nodding (but did not need external 
intervention). 
3.	 The trigger to start the tutorial might need some sensitivity adjustments

Generally, most participants mention usability to be intuitive (specifically participants 4, 5 and 6) and the 
explanation for controls to be sufficient. As usability becomes less of a hurdle, the prototype; which only 
includes the assembly of one single wheel (as opposed to three in the full game), seems to be too short. For 
instance, participant 4 ignored the final task to finish the main sequence so he could prolong the experience. 
Likewise, other participants expressed how they would’ve liked the game (main sequence) to be longer. 
Furthermore, as basic interaction controls become intuitive, players tend to get ahead of the game more often 
(specifically participant 7). 
4.	 Messages could be conveyed faster as participants comprehend the controls and are eager to start.

Issue classification
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Improvements
A visual timer element is going to be added to the MR clips 
to convey the duration of the clip. Because players need to 
view the content in order to set the context and storyline, it 
is undesirable to allow players to skip the clip.

1.	 Add a timer feature for players to gauge the length of the 
MR clips (figure 59).

Additionally, a trigger input is added to the sequence in 
order to proceed to the next clip and text. This allows all 
players to read the story at their own pace, while allowing 
quick readers to proceed after the correlating clips has been 
shown.

Participant 7 is the only participant during the last six rounds of RITE (since the implementation of the 
nodding trigger) to experience troubles with the trigger. More data is needed in order to evaluate the need for 
adjustment, as the participant did not need external intervention to overcome the error. Likewise, for the level 
4 issues, as its solutions is expected to be found outside of the tutorial; more data is needed to propose for and 
evaluate fixes. 
Currently, regarding the collaboration with robots, one MR clip (figure 54) together with one message is used. As 
currently 5/7 participants are not able to point out the collaboration with several robots during gameplay in the 
interview, more elements are likely needed in order to convey this component of the storyline more effectively. 
The solution for this level 3 issue is being worked on and is going to be implemented as soon as it’s ready (i.e., in 
prototype 1.5).

Figure 59. timer feature

Figure 60. postgame (future of) work comparison

2.	 Use the trigger button input, in conjunction with the wait for seconds method, to allow players to 
proceed in the sequence at their own pace.

The delivery of the complete storyline (collaboration with several robots with the help of AR), 
seems to benefit from a comparison with how bicycles are currently assembled. A reflection of the 
gameplay, displayed through a MR clip, together with a comparison will be added in the postgame.

3.	 Add a sequence, similar to the sequence for explaining the storyline during the pregame, to the 
postgame in order to emphasize the future of work content of the game (figure 60).
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Prototype 1.4: RITE round 8 & 9
As not much has changed in the scene since version 1.2, the scene in version 1.4 looks identical. However, since 
version 1.2, much has changed in the sequencing and the media used. Specifically, after the basic interaction 
controls are explained, MR clips shown have an added timer to convey the duration of the clips. Additionally, 
as the controls are already explained, texts shown can be skipped using the trigger after the MR clips end. This 
allows readers of all levels to go through the explanation of the storyline at their own pace. Furthermore, in 
order to convey the storyline more effectively, a comparison with the current manner of assembling bicycles is 
made using texts and another MR clip in the postgame. 

Like the previous RITE rounds, where version 1.3 was used, only errors occurred. Participant 8 was, like 
participant 7, eager to start after finishing the tutorial. The messaging during the main sequence of the game 
was a bit too slow, as after placing the wheel the participant was already moving onto to another wheel (while 
the drill needed to be used). Also, participant 9 missed a little bit of the MR clip in the postgame as it started 
playing without the user paying attention. 

1.	 The player’s attention needs to be grabbed before starting the sequence added in the postgame.

Nonetheless, both participants were able to mention the collaboration with robots and the help of AR during the 
interview.

Figure 61. prototype v1.4
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Issue classification

Improvements
The sequence of the outro in the postgame starts when the player looks at the board. A trigger will be 
added to establish that. 

1.	 Add trigger to start the sequence (including the MR clip and messages) during the postgame

Furthermore, the explanation of collaborating with robots has been expanded using additional messages 
and the AGV and robot arm models. The sequence to convey the storyline has additionally been relocated 
to the board at the back of the player; replacing the original question posed together with the table (with 
cube and four containers). The order of the sequence can be seen in figure 62.

2.	 Add the use of models and message to support the collaboration with robots component of story. 
Relocate the sequence to the back of the player, after the basic user contols are explained.

Figure 62. extra sequence Explanation future of work component using 3d models



Develop 70

Figure 64. button localization

As no failures has occurred since prototype version 1.2 and little grab and trigger interactivity currently 
exists (the table with the cube and container has been replaced/removed), the sequence to explain the basic 
interaction controls can benefit from more interactivity. Using the same table (model), together with the drill 
used in prototype 1.0 (during the pilot round), more grab and trigger interactivity is added to the sequence. The 
order of the elements used can be seen in figure 63.

3.	 Add more interactivity while explaining basic interaction controls.

Furthermore, as little attention is given to the physical controllers, a brief moment is added for players to find 
and identify the grab and trigger buttons before starting the basic interaction controls sequence.  

4.	 Add a moment where players are able to identify & locate the needed buttons on the (physical) controllers. 

Figure 63. Updated mixed reality clip about AR (black)
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Figure 65. introduction/start sequence flow

Figure 66. localization sequence flow

Sequencing
intro
Players are welcomed to the experience when they 
look at the board. The context of “futures” is set 
after with an additional message and the localization 
sequence (figure 64) start when the player nods. the 
flow can be seen in figure 65.

Localization sequence 
Because players usually are already wearing the 
HMD (physically) when the controllers are passed, 
they do not have the chance to take a good look 
at the controllers and its buttons. After the player 
nods, the player is prompted in VR to look at the 
controllers, where signs will appear, highlighting the 
relevant buttons for the experience. 
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Grabbing sequence
The first three messages form one explanation that gets slowly build up. When the player is prompted to push 
the grab button, sprites appear on the board and next to the controllers (figure 58). Positive feedback is given 
when the button is pressed and the desk containing the cube and tools appears in front of the player after 
(figure 63). Players are able to grab and play with the tools if desired and can end this part by placing the cube in 
the container.

Trigger sequence
The trigger sequence starts when the cube is placed in the container and is very similar to the grabbing 
sequence. The only difference being the center of focus (trigger button as opposed to grab button) and media 
used. When the trigger button is pressed, a drill will appear in between the cube and the ealier appeared tools 
(figure 63). A message prompts players to pick up and activate the drill. Like the grabbing sequence, the cube 
needs to be put into the container to finish this part of the tutorial. 
When the cube is placed, the desk gets deactivated and a board appears behind the player. A finishing message 
is shown to the player, asking him/her to turn around and face the other direction. The sequence flow is 
depicted in figure 67.

Figure 67. grabbing and trigger sequence flow
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FoW and MR clips sequence
The collboration with various robots is introduced 
using three messages and two 3D models, building one 
explanation (figure 62). After the the player presses the 
trigger, the sequence of MR clips starts as depicted in 
figures 53 and 54. 

During this sequence, players need to watch all clips, 
but can continue by pressing the trigger after they are 
shown. This allows readers of all levels to comfortably get 
through.

Figure 68. fow sequence flow

Figure 69. mr clips sequence flow
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Prototype 1.5: RITE round 10 & 11
The scene looks similar to the scene used in earlier prototypes. However, there are distinct differences as the 
sequencing has been changed much to incorporate more interactivity. In earlier iterations, a table with a cube 
and four containers was located in front of the board, at the back of the player. In version 1.5, 3D models of the 
robot arm and AGVs can be found in its place instead, supporting the explanation of the storyline. Additionally, 
the table has been relocated to the board in front of the player. Furthermore, instead of four containers and 
a cube, the table now contains one cube and one container, together with a drill and several other tools to 
support the explanation of basic interaction controls and add more interactivity.

Unsurprisingly, similar to earlier rounds, no failures occurred. Furthermore, during the interviews, both 
participants were able to mention the collaboration with robots and the use of AR. However, like some 
participants in earlier RITE rounds, participant 11 was not able to differentiate between AR and VR technologies. 
Also, during the playthrough of participant 10, the left controller temporarily lost connection. Although no 
external intervention was needed and no notable errors were made, it did cause some confusion for the player 
as the left hand suddenly disappeared (from the perspective of the player).

Issue classification

Improvements
In earlier iterations, the table (together with the interactions with the cube) was used to communicate the 
boundaries of the play area. As the objects would appear behind the player, at the edge of the play area, 
participants were encouraged to physically turn around and walk. Because the objects have been changed 
and relocated to serve another purpose (adding interactivity during the explanation of basic interaction 
controls), a gap has appeared in conveying the (physical) limits of the play area.

A small sequence is added before explaining the basic interaction controls in order to bridge this gap. Here, 
messages will emphasize the blue outlined area on the ground and the ‘mesh wall’ (Valve assets used in the 
script call this feature the ‘chaperone’) players see in VR, in order to communicate the bounds of the play 
area. The chaperone will temporarily be forced visible (method of the chaperone class) for this.
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Prototype 1.6: RITE round 12, 13, 14 & 15
Version 1.6 includes explanations of the VR bounds and basic interaction controls. It also sets the context of the 
game-content (a specific ‘potential plausible’ future scenario; revolving around collaborating with robots with the 
help of AR) by making use of several MR clips players get to see before and after playing the game (i.e., in the 
pre- and postgame).

Four rounds of evaluations were done using this prototype, in which only one error occurred and no failures. 
Furthermore, all participants were able to mention components of the future of work during the interview.
Before starting the main sequence, in the factory, participant 12 was confused for a brief moment as the light 
switch (that needed to be turned on) was located slightly outside of the mesh wall. Also, the participant noted 
not to know which controller to use during the tutorial. 

1.	 Specify which controller to use in the tutorial (texts) to avoid possible confusion.

Additionally, participants 12 and 15 advised the MR clips to be displayed slightly bigger, as they currently did not 
feel fully involved. Nevertheless, during the interview, both participants were able to describe the future of work 
storyline.

Issue classification

Improvements
During the explanation of the basic interaction controls, the right controller will be specified in the 
messages when asking for user input. 
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Recap
In version 1.6 of the tutorial, players get eased into the context of 
(plausible) futures following the sequence as described in figures 65 and 
66. However, in between both flows, before the localization of buttons 
starts (figure 66), a new sequence is added where the bounds of the play 
area are emphasized. As the chaperone is temporarily (for the duration 
of this sequence) set to active, the limits of the space is, together with 
the blue outline on the ground, conveyed to the player. After, following 
the flow depicted in figure 66, players are able familiarize themselves 
with the controllers; locating and identifying the relevant grab and 
trigger buttons (figure 64). Figure 70 shows how the scene looks like 
when this takes place.

The potential plausible future of work scenario, including the collaboration with various robots and the help of 
AR components, are all seperately conveyed. The general future of work storyline is conveyed through a MR clip 
(figure 60), shown in the postgame (same scene as depicted in figure 70) after the player has experienced the 
main sequence; in order to stimulate players to think about how currently the same work is done (versus what 
they experienced in the game). The collaboration with various robots component of the scenario is conveyed 
using the 3D Models (figure 62) together with a MR clip (figure 54). The support of AR component is conveyed 
using a MR clip (figure 53). Figure 72 shows how the scene looks like when this takes place. The general flow of 
the sequence is depicted in figures 68 and 69. 

Figure 55 depicts how different 
media and connected texts are 
shown on the board. Figure 67 
depicts the flow of the basic 
interaction control explanation. 
After the button in concern has 
been pressed initially, guided by 
the messages and sprites (figure 
58), players are able to confirm 
the action of the button more 
interactively; as depicted in figures 
63 and 71.

Figure 70. scene: intro sequence 

Figure 71. scene: Basic interaction control sequence 

Figure 72. scene: storyline conveyance sequence

Figure 70. localization sequence flow
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Two main jobs to be done were distilled from the 
desired scenario described in figure 36: convey the 
Future of Work story, in order to provide for more 
clarity, enjoyment and have an overall more cognizant 
experience of the content of the game, and explain 
the basic interaction controls in order to allow for 
presence and immersion to take place. For this, the 
tutorial has been redeveloped with the help of a 
brainstorm, including also input and fixes proposed by 
participants from the preliminary study.

As the jobs to be done are very subjective in 
nature, both being very dependent on user-specific 
characteristics; the specifics of the fixes proposed have 
been tailored towards (a subset of) the envisioned 
target group (figures 37 and 46) through the RITE 
method. The goal of using the RITE method was to 
implement and validate fixes in order to achieve the 
subjective jobs to be done as quickly as possible. As 
the method includes the involvement of relevant user 
during the (re)development, and fixes are refined 
and validated according to user evaluations, the (re)
development phase satisfies all criteria (as described 
by ISO 9241-210, 2019) for a human-centered 
approach.

Data analysis
Observation
In order to gauge to what degree basic interaction controls are explained effectively, a list of actions all 
participants need to be able to go through (without exception) has been distilled from the analysis of the 
preliminary study. Furthermore, the meaning of failures and error were defined sharply in order to classify the 
issues accordingly. Failures, errors and revisions of the prototype are visualized in figure 73. Descriptions of 
errors and failures for each round can be seen in table 2. The data from the pilot round is included as the test 
setup was changed after the pilot to include less data (in order to implement and evaluate fixes as quickly as 
possible) than initially gathered.

Figure 73. failures and errors during RITE
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Table 2. Descriptions of failures and error RITE

Failures and errors stated in the list of notable actions have mostly been solved since the introduction of 
prototype version 1.2 (from the rounds of participant 2 onwards). However, the specifics of fixes and placement 
of texts and media used went through several iterations in order to make sure the fix had the desired effect 
(and caused no further issues). 
In the desired scenario, described in the synthesis chapter, it is stated that a minimal number of usability errors 
would occur during the tutorial phase ideally, and zero errors should occur once the player enters the factory. 
Version 1.5 (from the rounds of participant 10 onwards) included a relatively big revamp of implemented 
features, including the implementation of 3D models (i.e., robot arm and AGV) when explaining the collaboration 
with robot component of the storyline and more interactivity when explaining basic interaction controls. Since 
its introduction, six more participants went through the experience. None of them encountered significant 
usability errors during the main sequence of the game. As no notable failures and errors has occurred since 
version 1.2 and no significant errors have been made (also in the main sequence of the game) since version 1.5; 
the job to be done, explaining basic interaction controls, has been fulfilled (as the desired scenario describes).
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Table 2. Descriptions of failures and error RITE

Interview
The future of work storyline included two main 
components, collaborating with robots (1) with the 
help of augmented reality (2). The comprehension of 
the AR component could (among the interview data) 
be derived from whether notable failure 3 (Using 
the controller to press the button to grab and hold 
the glasses to put on), specified in the test setup, 
would occur. As when participants understand the 
importance of AR in the story of the experience, the 
spotlight usecue, shining heavily on the AR glasses/
desk (communicating the required interaction of 
putting on the AR glasses), would be comprehended.
During the preliminary study, 83% of the participants 
needed external intervention in order to understand 
the required interaction. During redevelopment, no 
external intervention was needed after implementing 
version 1.2 of the prototype. However, as priorly 
stated, the last version of the fix was only finalized 
after implementing version 1.5.

As described in the test procedure, an interview was 
held after every participant playthrough in order to 
gauge to what degree the storyline has been conveyed 
effectively. In contrast to the AR component of the 
storyline, the storyline component of collaborating 
with robots doesn’t have an (action) indicator (i.e., 
notable failure 3). It is therefore relatively more 
difficult to gauge to what degree this component of 
the story is conveyed organically (without explicitly 
asking for it). Notably, more features were needed 
(sequence included the 3D models of the robot 
arm and AGV) in order to convey the collaboration 
with robots component of the storyline effectively, 
compared to the AR component. Additionally, a 
moment of gameplay reflection, supported by another 
MR clip; where players would be prompted to compare 
the work in VR with how the same work is performed 
currently, was needed in order to effectively convey 
the future of work storyline in general. After the 
revamp of features in version 1.5, all participants were 
able to mention the future of work storyline, including 
the collaboration with robots using AR, during the 
interview. However, participants generally needed 
more inquiring in order to mention all components. 

Aside of the area described in the test procedure, the 
VR corner at the Applied Labs (TU Delft, faculty of IDE) 
was also used for RITE. Consequently, two types of 
students have been recruited; university level students 
(mostly from TU Delft) and intermediate and higher 
vocational education (MBO and HBO) level students 
(mostly from the Hague). 
During the interviews, 4 out of 15 participants 
were not aware of the difference between AR and 
VR technologies, presumably due to differences in 
education level. Furthermore, some students were 
relatively more informed about the future of work 
and were able to mention Industry 4.0 or SAMXL, 
presumably because they were university students 
from Delft. 

As notable failure 3 (concerning the use of the 
AR glasses in the experience) does not occur and 
participants are able to mention the collaboration 
with robots or the future of work in general during the 
interviews (since version 1.5), the job to be done of 
conveying storyline of the game is reasonably fulfilled. 
However, although the future of work scenario and 
most of its components are conveyed through the 
experience, the efficacy is still very dependent on the 
player. Because some players might not understand 
the difference between AR and VR, the AR component 
of the story (conveyed through VR) can be hard to 
comprehend. Additionally, participants generally 
needed more than a few questions (i.e., further 
inquiring) in order to mention all components of the 
storyline.
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figure 74. sus score graph

System Usability Scale
In order to give an idea of the general usability of the 
system, based on the participant’s self-reporting as 
opposed to the researcher’s observations and notes, 
participants scored the usability of the experience 
with the help of the system usability scale. The SUS 
score was calculated by first subtracting 1 from the 
uneven questions and subtracting the values from 
the even questions from 5. The resulting values 
are summed and multiplied by 2.5 to get the final 
score. When the resulting score is above 80.3, people 
generally love your product and would recommend it 
to others (A). When the score is above 68, the usability 
is rated as above average; it’s okay but could still 
somewhat improve (C). When the score drops below 
51, the usability is rated as below average and needs 
improvement (F). Scores for every participant are 
graphed in figure 74.

Notably, the usability was rated slightly below 
average, with a score of 65, when (re)development 
started during the pilot round (with 3 failures and 2 
errors occurring). During (re)development, aside of 
one measurement (participant 11), the prototypes 
generally get scored in between the range of C; 
usability is okay, but could still somewhat improve 
and A; people generally love your product and would 
recommend it to others. The highest scores were given 
for version 1.6 of the prototype. However, as relatively 
few people tested one version of a prototype (version 
1.6 used 4 participants), no conclusions can be drawn 
with strong statistical relevance. Nonetheless, on 
average, all prototypes following version 1.0 scored 
higher when compared with version 1.0. When 
it comes to usability, later iterations seem more 
preferable. 
Furthermore, remarkably, even with all the basic 
interactions control and clarity issues at the start of 
(re)development, participants only rated the game 
with an F twice; at the start with version 1.0 and 
when version 1.5 was implemented (participant 11). 
Evidently, the use of VR is very desirable, as regardless 
of whether participants need external intervention in 
order to get through the experience (the participants 
using version 1.0 and 1.1 definitely did), the experience 
generally gets an above average SUS score.  
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Conclusion
The scenes in version 1.0 and 1.1 were slimmed down 
considerably as players tend to get distracted by 
the objects that appear in VR and are placed within 
(the vicinity of) the play area. Between version 1.2 
and 1.5, specifics of the MR clips, sprites, messages 
and sequencing of the features used, in order to 
explain the basic interaction controls, underwent 
several refinements. MR clips have been reshot twice 
and re-edited three times. Furthermore, texts and 
triggers were added and refined multiple times in 
order to achieve its goals. Additionally, a sequence 
conveying the future of work storyline in general 
was added to the postgame. As implemented 
features were evaluated and refined, a revamp of the 
sequencing, implementing more interactivity during 
the explanation of basic interaction control, was 
introduced in version 1.5. The final version, version 
1.6, contained small refinements of the revamp 
implemented in version 1.5
In order to fulfill the jobs to be done of explaining 
basic interaction controls and explaining the storyline 
and its components (reasonably effective), the 
solutions and fixes went through several iterations. 
The iterations were driven by user evaluations in order 
to make sure features implemented had its desired 
effect(s) and didn’t cause other issues. As earlier 
stated, compared to traditional usability testing; the 
focus on determining whether a fix solves a problem 
and what the likelihood is of the fix causing other 
issues through iterations in the RITE method, is how 
RITE discerns itself from traditional usability testing. 

Following the RITE method, also taking into account 
failures and errors observed in the latest version (1.6) 
of the prototype, it is concluded that the lack of basic 
interaction control is fixed. SUS scoring for this version 
ranged from 75 to 97.5 points; comfortably passing 
the above average mark of 68 points overall, and 
occasionally entering the range where people love the 
product and would recommend it to others (A mark). 
Although the future of work scenario is generally 
conveyed to the player using version 1.6 of the 
prototype, the mention of specific components of 
the storyline, using AR (1) in order to collaborate with 
robots (2), needed more inquiring than the initial 
interview script asked for. Furthermore, to what 
degree the storyline is conveyed, and how much 
further inquiring was needed, is very dependent on 
the pre-existing knowledge of the player. Some, who 
were familiar with the Industry 4.0 concept, would 
grasp the storyline and all its components relatively 
quickly, while other had troubles discerning between 
AR and VR in general. Because of this, it is concluded 
that the future of work storyline is reasonably 
conveyed, but could be improved.

Currently, 20% of the participants were not able to 
discern between AR and VR. Although enough data has 
been collected to validate the issue (and possibly lift 
the classification to level 3), no fix has been proposed 
nor implemented yet. As AR is a component of the 
future of work storyline, solving the issue will likely 
also benefit the effective and complete conveyance of 
the storyline (and its components). Furthermore, as 
usability becomes more intuitive, more participants 
get ahead of the game (approximately 13% during 
the RITE iterations) due to the messaging in the main 
sequence of the game being too slow. Because the (re)
development was focused on implementing the two 
jobs to be done into the tutorial, easing participants 
into the game before experiencing the main sequence, 
no fix has been implemented.  
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Conclusion

Virtual Reality for 
foresight
Using the experience as foresight effectively, requires 
the potential plausible future of work scenario to 
be conveyed effectively. Although the future of 
work scenario is generally conveyed, the mention of 
specific components of the scenario (i.e., collaborating 
with robots and the use of AR) is more difficult. 
This is mostly caused by differences in pre-existing 
knowledge of the players, as some of the were 
aware of the Industry 4.0 concept during the RITE 
redevelopment, while others were not familiar with 
(the differences between) AR and VR. Remarkably, SUS 
scoring has indicated that participants are generally 
very positively inclined when it comes to the use of VR, 
regardless of the need of external intervention due to 
usability issues.

Using VR as tool for foresight is evidently very 
desirable from the perspective of the user. However, 
using VR alone, without a conversation after (or 
another way to spark thoughts), is not always sufficient 
for the conveyance of the complete scenario (including 
the collaboration with robots and AR components). 
Nonetheless, conveying (parts of) the scenario using 
VR is likely to initiate the conversation, as the tool is 
deemed very desirable and participants are generally 
eager to try it out.

Additionally, VR is able to add a subjective user 
experience aspect to the conveyance of the potential 
plausible future of work scenario, allowing players 
to get immersed into story. Compared to using 
traditional methods for foresight (e.g., impression 
images and videos), more human-centered insights 
are likely to be gathered. Because of this, using VR 
adds unique value to the existing arsenal of tools for 
foresight. 

For players to get immersed, the usability bottleneck 
needed to be overcome. Using the RITE framework 
during redevelopment, including specified 
observations of defined errors and failures, this job 
has been fulfilled satisfyingly. As per the requirements 
distilled from the literature study, which the VR 
experience satisfies, it can be reasonably assumed 
that the experience will be able to induce some level of 
presence (or immersion/flow). Specifically: players are 
likely to feel present in the mediated environment (the 
plausible future of work scenario), rather than in the 
immediate physical environment and have an optimal 
experience, being totally engaged, with the activity (of 
assembling bicycles). 
As a degree of presence – immersion – flow is 
reached, natural behaviour and reactions, stimulated 
by the ‘real’ virtual environment, occurs. Having a 
representation of a plausible scenario allows much 
of the futures related uncertainties (concerning the 
scenario) to be researched. The potential for the use of 
VR is, when presence (and immersion/flow) is induced, 
not only limited to foresight for potential plausible 
futures, but also for futures studies in general, 
concerning potential possible futures (Dorsser et al., 
2018).  

Figure 75. futures pyramid (dorsser et al., 2018)
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Presence study
Study design
In order to study the effect of the VR experience on 
presence (as defined by Steuer, 1995), the existing 
game will be used together with the redeveloped 
tutorial. As the requirements for immersion (distilled 
from the literature study) are fulfilled in version 1.6, 
evident from both the SUS scoring and the notable list 
of actions all participants were able to fulfil (without 
exception), the VR game should induce a measurable 
sense of presence (or immersion). Specifically, it 
is expected that the PQ score, obtained using the 
VR game and the revised version of the PQ (UQO 
Cyberpsychology Lab, 2004), will be comparable 
to the French norm added in the revision of the 
questionnaire. In other words, the null hypothesis is: 

H0: There is no difference in the mean values for 
presence between the norm and the VR experi-
ence, they are equal.

Stimuli
PQ in Qualtrics
The revised presence questionnaire (UQO 
Cyberpsychology Lab, 2004) created by Witmer and 
Singer (1994) will be used, so participants are able 
to self-report about the experience. The nineteen 
questions, divided over the five sub-scales Realism, 
Possibility to Act, Quality of interface, Possibility to 
Examine and Self-evaluation of Performance, were 
unaltered and used as is. The questionnaire has 
been copied into Qualtrics, where the requirements 
for this questionnaire were also added: participants 
are only able to answer the questions independently 
in the order they appear (i.e., questions cannot be 
skipped and participants cannot return to the previous 
question). A progress bar has additionally been added 
to convey the (remaining) length of the questionnaire 
to the participant. Screenshots of the questionnaire 
can be found in appendix F. Similar to the setup 
during RITE, a separate laptop will be used for the 
questionnaire.   

VR game in Unity
Prior to entering the factory and the main sequence 
of the game, players will be eased into the game softly 
by learning the basic interaction controls and watching 
the clips concerning the story of the game (version 
1.6 of the redeveloped tutorial). The flowchart for this 
part can be seen in figurs 67 till 69. After, participants 
will assemble three ‘half-bikes’ (only one wheel is 
attached to the frame) in the factory. The flowchart 
of this part can be seen in figure 16 (starting from 
number 3). The experience will be played from Unity 
(version 2019.4.10f), using a separate laptop.

Procedure
Participants are welcomed and receive a brief 
introduction about the course of the study and into 
the VR game: “You are going to play a game where 
you’ll assemble bicycles as a factory worker in a 
plausible future scenario. Think of it as playing in a 
world a couple of decades from now. Everything will 
become clear once you enter the game. This part 
of the study takes roughly 10 – 20 minutes. When 
finished, a questionnaire needs to be completed. This 
part takes roughly 10 minutes. Are you ready?”. 
When the participant takes place in the middle of the 
play area, the researcher will help the participant put 
on the HMD and give the controllers. When ready, 
the game will be started on Unity, where players will 
go through the tutorial and the main sequence of the 
game. When finished, the participant will move from 
the VR play area to the second laptop to complete the 
PQ. 

Participants
All participants are students and were recruited 
from the faculty of Industrial Design Engineering 
in Delft and from the surroundings of the Hague 
University. The education level ranged from vocational 
educational (MBO/HBO) to university (BSc/MSc) level. 
Eighteen participants were recruited in total.  

Although it can be reasonably be assumed that the VR experience induces a degree of presence (or immersion/
flow). A small test will be conducted using the presence questionnaire to evaluate this. 
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Data analysis
Data collected was recoded, changing the continuous 
scale from 1 – 7 to 0 – 6, and values concerning the 
quality of interface sub scale reversed (newValue = -1 x 
reversedItem + 6). Scores were consequently summed 
according to its sub scale, whereafter summary 
statistics like the mean (M) and standard deviation (SD) 
were calculated for each sub scale and the total score. 
The latter includes the mean and standard deviation of 
the sum of all sub scale scores. 
In the revised PQ used (UQO Cyberpsychology Lab, 
2004), a norm was included, containing the means 
and standard deviations of all sub scales and the 
total score. It was mentioned that these statistics 
were calculated using the data of 101 participants. A 
t-test will be conducted to compare the means (of the 
subscales and the total score) of the norm in the PQ 
and the VR experience. As it is assumed that the data 
is normally distributed, a significance level α = 0.05 will 
be used. 

Summary statistics are used for the test because the 
raw data of the norm in the PQ is not accessible. The 
t-test will be conducted through the syntax of SPSS, 
following the example provided by IBM on “how 
summary statistics can be used for a t-test”

(IBM, 2020; figure 76). Conducting the test through 
the GUI of SPSS is not possible as performing a 
t-test through the GUI requires the raw data of 
both datasets (the norm and the VR experience), 
so Levene’s test can simultaneously be conducted. 
Levene’s test examines whether homogeneity of 
variance can be assumed or not. This assumption 
is crucial as it determines which variant of the t-test 
(Welch’s test for unequal variances or t-test for equal 
variances) should be used. Because homogeneity 
of variance cannot be rejected nor accepted, both 
variants of the t-test will be conducted.  

Results
Summary statistics
Descriptives are calculated to see if the right value has been assigned to the right variable (M, SD and N per 
group) using the syntax. These can be seen in appendix G. Table 3 contains the values of the means (M), 
standard deviations (SD) and number of participants (N) of the norm and of the experience. With these values, 
the null hypotheses (mean values are equal and do not differ) is tested using Welch’s test first, followed by a 
t-test where homogeneity of variances is assumed.

table 3. means, standard deviations and sample sizes of the VR experience and norm

Figure 76. spss syntax for t-tests



Verdict 85

T-test results unequal variances assumed
With an α-level of 0.05, 

•	 The mean value of presence (totalScore) of the norm 
(M = 104.39, SD = 18.99) seems to be not equal to the 
mean value of presence of the VR game (M = 87.39, SD 
= 10.36), 

→→ t(40.958) = 30.315, p < .001.
•	 The mean value of the realism sub scale of the norm 

(M = 29.45, SD = 12.04) seems to be equal to the mean 
value of the realism sub scale of the VR game (M = 
32.44, SD = 5.04), 

→→ t(58.821) = 3.141, p = .082.
•	 The mean value of the possibility to act sub scale of 

the norm (M = 20.76, SD = 6.01) seems to be equal to 
the mean value of the possibility to act sub scale of 
the VR game (M = 19.28, SD = 2.30), 

→→ t(66.745) = 3.362, p = .071.
•	 The mean value of the possibility to examine sub scale 

of the norm (M = 15.38, SD = 4.90) seems to be equal 
to the mean value of the possibility to examine sub 
scale of the VR game (M = 13.89, SD = 2.83), 

→→ t(38.166) = 3.252, p = .079.
•	 The mean value of the self-evaluation of performance 

sub scale of the norm (M = 11.00, SD = 2.87) seems to 
be equal to the mean value of the self-evaluation of 
performance sub scale of the VR game (M = 10.22, SD 
= 1.31), 

→→ t(52.104) = 3.442, p = .069.
•	 The mean value of the quality of interface sub scale of 

the norm (M = 15.37, SD = 5.15) seems to be not equal 
to the mean value of the quality of interface sub scale 
of the VR game (M = 11.56, SD = 3.05), 

→→ t(37.039) = 18.625, p < .001.
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T-test results equal variances assumed
With an α-level of 0.05, 

•	 The mean value of presence (totalScore) of the norm (M = 104.39, SD = 18.99) seems to be not equal to the 
mean value of presence of the VR game (M = 87.39, SD = 10.36), 

→→ t(117) = 3.693, p < .001.
•	 The mean value of the realism sub scale of the norm (M = 29.45, SD = 12.04) seems to be equal to the mean 

value of the realism sub scale of the VR game (M = 32.44, SD = 5.04), 
→→ t(117) = 1.035, p = .303.

•	 The mean value of the possibility to act sub scale of the norm (M = 20.76, SD = 6.01) seems to be equal to the 
mean value of the possibility to act sub scale of the VR game (M = 19.28, SD = 2.30), 

→→ t(117) = 1.028, p = .306.
•	 The mean value of the possibility to examine sub scale of the norm (M = 15.38, SD = 4.90) seems to be equal 

to the mean value of the possibility to examine sub scale of the VR game (M = 13.89, SD = 2.83), 
→→ t(117) = 1.251, p = .214.

•	 The mean value of the self-evaluation of performance sub scale of the norm (M = 11.00, SD = 2.87) seems to 
be equal to the mean value of the self-evaluation of performance sub scale of the VR game (M = 10.22, SD = 
1.31), 

→→ t(117) = 1.129, p = .261.
•	 The mean value of the quality of interface sub scale of the norm (M = 15.37, SD = 5.15) seems to be not 

equal to the mean value of the quality of interface sub scale of the VR game (M = 11.56, SD = 3.05), 
→→ t(117) = 3.038, p = .003.
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Conclusion
Although the exact values of p differed between the 
two t-tests, with results from the t-test with equal 
variances assumed having generally more extreme 
values; conclusions drawn from both studies do 
not differ in terms of accepting or rejecting the null 
hypothesis. When it comes to presence (total score), 
Welch’s variant of the t-test result (where homogeneity 
of variance was not assumed) is: t(40.958) = 30.315, p < 
.001. Result from the t-test variant where homogeneity 
of variance was assumed is: t(117) = 3.693, p < .001. 
The (null) hypothesis “There is no difference in the 
mean values for presence between the norm and the VR 
experience, they are equal” is therefore rejected in both 
test conclusions. 

The same pattern arises when performing the 
same tests for the sub-scales of presence; although 
the p values from both variants of the t-test differ, 
conclusions drawn with both p values are the same (in 
terms of rejecting or accepting the null hypotheses). 
The sub scale quality of interface stands out during 
the t-tests, as it is the only scale (out of five) where 
the null hypothesis is rejected. Welch’s test results for 
this sub scale is: t(37.039) = 18.625, p < .001. When 
homogeneity of variances is assumed, the result is: 
t(117) = 3.038, p = .003. The related (null) hypothesis 
“There is no difference in the mean values for the quality 
of interface sub scale between the norm and the VR 
experience, they are equal” is therefore rejected; there 
is a difference in the mean values for the quality of 
interface sub scale between the norms and the VR 
game. 
Notably, the results of both variants of the t-test 
for the other four sub scales indicated that for the 
remaining four scales, the related null hypotheses are 
accepted; all having resulting p values > 0.05.

•	 “There is no difference in the mean values for the 
realism sub scale between the norm and the VR 
experience, they are equal” is accepted.

•	 “There is no difference in the mean values for the 
possibility to act sub scale between the norm and the 
VR experience, they are equal” is accepted.

•	 “There is no difference in the mean values for the 
possibility to examine sub scale between the norm 
and the VR experience, they are equal” is accepted.

•	 “There is no difference in the mean values for the 
self-evaluation of performance sub scale between 
the norm and the VR experience, they are equal” is 
accepted.

The quality of interface sub scale is the only scale 
where the alternative hypothesis is accepted. Because 
the study was performed in a relatively small area, as 
described in the test setup (figure 43, redevelopment  
chapter), disruptive technology errors occurred more 
than a few times during the study (i.e., the need for a 
recharge of the controller, tracking issues caused by 
unfavourable placement of the lighthouses; causing 
lag and flicker issues and the cord connecting the HMD 
to the laptop getting in the way). The visual summary 
(figure 31), derived from the literature study, states 
that technology errors should be reduced as much 
as possible due to its considerable influence on the 
degree of presence (and immersion/flow) experienced. 
The (restricting) effect of technology errors is evident 
in this study; as the mean values of the total score 
(representing presence) for the norm and the VR 
experience are unequal due to significant differences 
in the mean values of the quality of interface sub scale.

The context of use is described in the context chapter. 
As the space in Robohouse is relatively more able to 
support the experience, having a bigger physical play 
area designated for VR, played on dedicated hardware 
(the VR experience can be played wirelessly using their 
VR tracker); it is assumed that similar problems (i.e., 
technology issues influencing the quality of interface 
negatively) will occur significantly less frequently 
(if at all). In other words, the quality of interface 
discrepancy measured is presumebly caused by the 
(physical) test setup. Because the actual context of use 
is considerably bigger and also includes designated 
hardware, it is likely that the mean values will be equal 
if the test was performed at Robohouse. 
With this assumption, every sub scale that makes 
up the total score for presence in the VR experience 
would have means that are equal to the norm. As the 
score for presence is calculated through summing up 
the sub scale scores, the mean value for presence in 
the VR experience would consequently (presumebly) 
show no significant differences with the norm; both 
having equal means, indicating a similar experience of 
presence.
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Limitations
Using the t-test requires several assumptions to be 
true. The data in each group is obtained through 
random sampling. Furthermore, the data collected is 
continuous (or ordinal) and is normally distributed for 
both groups. The sample size used is ‘adequate’ and 
the homogeneity of variances is true (when using the 
variant where homogeneity of variance is assumed). 

Because both variants of the t-test are used, when 
homogeneity of variances can be assumed and 
when homogeneity of variances cannot be assumed, 
the assumption of homogeneity of variance is less 
important. Furthermore, as the PQ only includes 
7-point Likert scales, data collected is continuous and 
likely normally distributed. 
However, as the sample size used for this study was 18 
(participants), compared to the 101 participants used 
during the revision of the PQ (creating the norm), the 
assumption that the sample size is adequate might not 
hold up. Furthermore, in the conclusion, it is assumed 
that the quality of interface issues experienced during 
this study, will not occur when the VR experience is 
played using the dedicated hardware and VR play area 
of Robohouse. The rejection of the null hypothesis 
(there is no difference in mean values for the quality 
of interface sub scale) is argued to be caused solely by 
the test setup. As this was not tested, the assumption 
might also not hold up.
Because of this, the conclusions are of little statistical 
relevance and result should be only regarded as 
preliminary. Nonetheless, as the VR experience 
satisfies all criteria for immersion to take place 
(distilled from the literature study), no failures and 
errors were observed using the latest version of the 
tutorial (version 1.6) and preliminary results indicate 
that players are likely to experience presence (to a 
similar degree as the norm), there is little reason to 
assume otherwise. 

Virtual Reality for 
research
A digital twin is a virtual representation that serves as 
a digital copy of a physical object or process. Because 
the VR experience serves as a digital representation 
of a potential plausible (or possible) scenario, there 
is no physical object or process (yet), as the scenario 
takes place in the future. Nonetheless, as the VR 
experience is able to immerse the players into the 
future, it becomes more feasible and valuable to be 
used in futures studies for potential possible futures 
as well. For instance, through virtual prototyping, 
a significant amount of resources used (related to 
physical prototyping, like materials), can be reduced. 
Furthermore, virtual representations can help support 
researchers in exploring potential risky situations and 
(human-robot) interactions. Additionally, ergonomic 
considerations (like vulnerabilities or fittings) can be 
uncovered and taken into account more easily. 

Verdict
The power of a human centered VR experience of the 
future of work is its ability to immerse players into 
the content. This makes it a valuable foresight tool for 
(plausible) futures, as players are able to experience 
the content (as opposed to view the content), but 
also a valuable tool for futures studies concerning 
possible futures. As a degree of presence – immersion 
– flow is reached, VR can help assist researchers 
study more dangerous situations and take in account 
ergonomic considerations much more easily. Because 
the representation (of the future) is virtual, this will 
also amount to much resources related to physical 
prototyping saved. 

Futures are hard to imagine and often difficult to study 
cohesively and consistently. The immersive potential 
of VR is able to bridge these difficulties while also 
adding a subjective component to what otherwise 
would’ve been more objective. Thus, VR is able to 
become a powerful tool for futures studies, in order to 
help us design for our future. 
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