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Abstract. UX is often compared between different systems or iterations of  
the same system. Especially when investigating human perception processes in 
virtual tasks and associated effects, experimental manipulation allows for better 
control of confounders. When manipulating modes of presentation, such as  
stereoscopy or visual perspective, the quality and quantity of available sensory 
cues is manipulated as well, resulting not only in different user experiences, but 
also in modified task difficulty. Increased difficulty and lower user task perfor-
mance may lead to negative attributions that spill over to the evaluation of the 
system as a whole (halo effect). To avoid this, the task difficulty should remain 
unaltered. In highly dynamic virtual environments, the modification of difficul-
ty with Fitts’ law may prove problematic, so an alternative is presented using 
curve fitting regression analyses of empirical data from a within-subjects expe-
riment in a virtual table tennis simulation to calculate equal difficulty levels. 

Keywords: Virtual Reality, Performance, User Experience, Spatial Presence, 
Table Tennis Simulation. 

1 Introduction 

The user experience (UX) of a given technology is a central research question in HCI. 
For example, social and behavioral sciences are interested in cognitive and physiolog-
ical short-term and long-term effects on the user and the role that the perception has in 
the user experience (UX) as a whole.  

UX is often compared between systems or within different iterations of the  
same system. The experimental manipulation of investigated variables within  
the same system allows for better control of confounders [1] than when comparing 
different systems. Still, a general drawback is an unintentional difference in task  
difficulty in different experimental conditions. The more difficult the task and the less 
successful the user, the more negative his subjective UX with the system is: Negative 
attributions from failing the task spill over to the evaluation of the system as a whole 
(halo effect). A possible solution is to create equally difficult tasks in all experimental 
conditions.  
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In this paper, we present a method to match difficulty using interval-scaled task as-
sistance functions and regression curve fitting. A case study (within-subjects design 
with five participants) is presented, using an immersive table tennis simulation (3x4 m 
high resolution Powerwall with active stereoscopy and a table tennis racket as input 
device). Goal of the experiment is to use assistance functions of the simulation to 
achieve a subjectively equal difficulty of the user task within all presentation condi-
tions of the simulation. 

2 User Experience and Spatial Presence 

UX is often defined as an umbrella term for all qualitative experiences a user has 
while interacting with a given product, and it reaches beyond the more task-oriented 
term usability (for an overview, see [2] or [3]). The ISO definition of UX focuses on a 
“user's perception and responses resulting from the use or anticipated use of a prod-
uct, system, service or game” (ISO FDIS 9241-210:2010). Several other concepts are 
closely related to UX, such as immersion [4], flow [5], cognitive absorption [6] or 
(tele-) presence [7-9]. 

Presence is often referred to as a “sense of being there”, and occurs, “when part or 
all of a person’s perception fails to accurately acknowledge the role of technology that 
makes it appear that she/he is in a physical location and environment different from 
her/his actual location and environment in the physical world” [10]. Presence can 
therefore be understood as a part of the larger user experience framework. The sensa-
tion of being physically situated within an immersive and virtual spatial environment 
(self-location) and the perceived possibilities to act within such an environment are 
part of the spatial presence construct [9, 11]. The focus lies on the mediated spatial 
environment, which – instead of reality – is perceived as primary interaction space.  

In the two step process model of spatial presence formation from Wirth and col-
leagues [9], the first step is the construction of a spatial situation model (SSM). This 
spatial situation model is a mental model [12] of the spatial environment that the user 
unconsciously constructs, based on different available spatial cues and relevant personal 
spatial memories and cognitions [13]. Spatial sensory cues are part of a theory of selec-
tive visual attention in cognitive psychology [14], linked mostly to the visual modality. 
Static monocular cues like relative size, height in the visual field, texture effects of ob-
jects, occlusion or accommodation are the most important cues to act as building blocks 
of a mental model of a spatial environment [15, 16]. Dynamic monocular cues like mo-
tion parallax or binocular cues like stereopsis and convergence also provide information 
for depth perception. Furthermore, spatial audio, haptic and vestibular cues can are in-
corporated into the SSM [11]. The quality of the SSM is determined by the quantity and 
consistency of spatial cues available [9]. Media factors, attention allocation processes as 
well as user factors (situational motivation, domain-specific interest, and spatial visual 
imagery) also influence the process of constructing a SSM. 

The second step of the model relies on a rich SSM to construct spatial presence. 
Based on the theory of perceptual hypotheses [17], users constantly check their envi-
ronment for inconsistencies in perceived representation and their sensory feedback.  
A rich SSM results in perceiving the mediated environment as the primary reference 
frame of action, and spatial presence is constructed as a consequence.  
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When referring to UX in this paper, we distinguish between UX as a general con-
cept in terms of ISO 9241-210 and spatial presence as specific part of the overall UX. 
Several measures, especially questionnaires, have been developed to assess the UX of 
a given system. The AttrakDiff [18] and the User Experience Questionnaire [19] are 
both valid post test tools for quickly assessing hedonic or pragmatic qualities. For 
spatial presence, the MEC Spatial Presence Questionnaire [20] offers a suitable tool, 
which has been validated in a series of studies with different media environments. 

3 Goals of the Simulation 

In a series of studies, we investigate the effects of quality and quantity of spatial cues 
in Virtual Reality simulations on spatial presence formation, using an immersive table 
tennis simulation.  Given the important role that visual perception of distance plays in 
a user’s experience within a virtual environment, depth perception in particular was 
among the first topics investigated by VR researchers [21-23]. In order to support 
training and performance in virtual environments, it is essential to provide necessary 
sensory cues that are required for the task, e.g. hitting the ball in our scenario. These 
cues can be presented in a multitude of different modalities, including different view-
ing perspectives and stereoscopic presentation. Our research focus lies on the influ-
ence of perspectives and stereoscopy of game-related scenarios and different aspects 
of UX, such as presence or enjoyment.  

Studies on the current trend to use stereoscopic presentation or natural user inter-
faces in the video game industry (Nintendo Wii; Microsoft Kinect; Sony Move) found 
mixed results on their effectiveness to enhance the UX [24-27]. But often, commer-
cially available game systems lack the sensory quality of real immersive virtual envi-
ronments such as VR, whereas most VR simulations lack the entertainment quality of 
video games. Tamborini and colleagues [28] as well as Persky and Blascovich [29] 
investigated presence and aggressive feelings in a video game and a comparable VR 
application. They found no relevant differences in perceived presence in VR or stan-
dard video games. VR applications however have the advantage, that they can be 
modified in much more detail to accommodate certain modalities. Also, in experimen-
tal research, the manipulation of investigated variables (like perspective) within the 
same system allows for better control of confounders [1, 30].  

3.1 Difficulty, Challenge and User Experience 

In VR, perspective and stereoscopic presentation are believed to significantly contri-
bute to task performance [31]. Our research focuses on influences of spatial cues on 
perception and resulting effects (e.g. presence, enjoyment) and individual user factors 
(e.g. motivation, visual spatial imagery) instead of just performance. The task’s diffi-
culty is a confounder is this design: When the quantity and quality of spatial cues is 
reduced, there is less information available for the construction of a rich spatial situa-
tion model, which is one of the research questions of the experiment. But simulta-
neously, the difficulty of the task increases, because of less accurate information  
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available to base user decisions on (e.g. where to position the racket, where to move, 
etc.) If the difficulty of the task is too high for the skill level of the user, it may result 
in failure and frustration [5]. The more difficult the task and the less successful the 
individual user is, the more negative is his subjective user experience with the system. 
Negative attributions from losing the game spill over to the evaluation of the system 
as a whole (halo effect). In order to investigate the user’s perception of stimuli within 
the simulation in different presentation modalities, each modality should have the 
same subjective task difficulty.  

A number of studies investigated performance and user experience in different me-
dia contexts. A review from Chen and Thropp [32] on frame rate effects of virtual 
performance and user experience identified critical thresholds for various tasks (e.g. 
tracking, placement, target recognition). Fu and colleagues [33] compared physical 
and virtual task performances of a 3D Fitts’ point-to-point reaching task in different 
visualization conditions and between collocated and non-colocated workspaces. They 
found no difference in the task performance, as their task primarily relied on a single 
user’s performance. Zhang and colleagues [34] found that appropriate auditory or 
visual feedback cues of a virtual assembly simulation improved task performance and 
improved user experience, confirming the importance of multimodal sensory cues for 
task difficulty. 

3.2 Fitt’s Law 

Fitt’s law [35] serves as a model predicting the time required to move an object into a 
target area with a rapid, aimed motion. It greatly contributed to user interface design and 
evaluation, including different input devices (e.g. [36]) and immersive 3D VR [37].  

 MT  a  b log2  (1) 

Fitt’s law allows to calculate the average movement time MT, with a given start/stop 
time of the device a, the inherent 1/speed of the device b, the amplitude A of the mo-
tion (distance to reach target), and the width W of the target area along the axis of the 
motion. Both a and b have to be determined empirically by fitting a straight line to 
measured data.  

The equation poses a speed-accuracy tradeoff: Targets that are further away or 
smaller require more time to acquire. The “law of crossing” [38] is based on Fitt’s law 
and relates to the time to move an object across two goals on a trajectory. Further-
more, the “law of steering” [39] also includes drawing curves, or movement paths in 
VR environments. 

Altogether, Fitt’s law provides a good rationale for adjusting the task’s difficulty in 
the current user study. The approach employed in this paper is similar: To account for 
the difference in task difficulty, we implemented the ability to adjust the hit box size 
of the table tennis racket (racket radius) and optimize the ballistic trajectory of the 
ball (help level). A bigger hit box of the racket made the simulation more tolerant in 
positioning the swings. A higher help level results in the system adjusting the ballistic 
trajectory of the ball, so that it hits the opponent’s side of the table with a higher 
probability.  
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The table tennis simulation is highly dynamic with different target positions and 
starting positions of the users (i.e. different distance to target in three-dimensional 
space) as well as dynamic movement time.  Our approach therefore focused on average 
performance values, such as ball hit ratios. If racket radius and help level can be  
modified to achieve a similar average hit ratio, users would subjectively experience  
the same difficulty level, judging from their actual performance in the game. In this 
case, it is sufficient to focus on subjective difficulty instead of objective task difficulty 
for controlling frustration effects from poor subjective performance. Users may still 
perform differently because of different skill levels, but the confounder is controlled 
for in all experimental conditions. To achieve this, we used regression analyses on case 
study data to calculate appropriate levels the assistance functions of the simulation. 

4 User Study 

The simulation was developed to include different presentation techniques. It is poss-
ible to manipulate the perspective of the user: Beside a subjective (“first-person”) 
perspective, an objective (“third-person”) perspective can be employed, where the 
camera is detached from the tracked perspective of the user and can be positioned 
anywhere in the scene. This allows to construct a scene that resembles the standard 
presentation mode for most video games, such as Wii or Xbox Kinect games. Addi-
tionally, the stereoscopic effects can be modified freely.  

The setup allows the investigation of several research problems concerning display 
modalities. Altogether, this allows not only to compare research results on video 
game systems with our setup, but allows for a systematic manipulation of different 
aspects of the table tennis experience, which is not possible with existing video 
games. 

When playing table tennis without stereoscopic presentation, the spatial cues are 
reduced and it’s more difficult to hit the ball in the game than with binocular depth 
cues present. A subjective camera allows the user to view the scene perspectively 
correct from any viewing angle while moving his head. A static camera limits the 
depth perception, as the user can only see a predetermined viewing angle, further 
reducing spatial cues – the game should get even more difficult. As it includes more 
spatial cues, the influence of perspective should be greater on the difficulty than the 
type of presentation 

In order to investigate only the user’s perception of stimuli within the simulation in 
different presentation modalities, each modality should have the same difficulty. We 
employed a 2×2 within-subjects design (presentation × perspective) where spatial 
information is partially reduced: A1B1 (monoscopic presentation/static camera), 
A1B2 (mono/dynamic camera), A2B1 (stereoscopic presentation/static) and A2B2 
(stereo/dynamic). Reduced spatial information results in lower performance and a 
presumably lower UX and spatial presence. 
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4.1 Apparatus and Task 

The immersive table tennis simulation consists of a rear projection system, a tracking 
system and an application host and is housed in a university VR lab. The system is a 
state of the art enhancement of the first iterations [40, 41]. The projection screen (4 x 
3m) is divided into four screen tiles, each worked by an Epson EHTW 8100 projector. 
Together the four projectors show high-resolution stereoscopic images necessary for 
the application. The Rendering is done using parallel rendering on several graphic 
cards on four PCs. The application runs on a separate PC and requires two tracked 
objects: Stereoscopic shutter glasses and the table tennis racket each contain several 
tracking targets (Figure 1).  

 

Fig. 1. Two objects with tracking targets used for the simulation 

The tracking of the glasses (standard 5 targets) is needed to compute the correct 
visual perspective in the scene, the racket (6 targets) is used as the main input device. 
The tracking is achieved using four ARTtrack1 cameras, running on a separate com-
puter. The simulation uses four cameras to reduce marker occlusion due to the fast, 
wide range movements of the table tennis scenario. The software application is based 
on the scene graph library V3D [42] and is employing spatial audio, realistic game 
physics, a virtual opponent AI and animation. Overall, the simulation was received 
well in the past (e.g. on IEEE VR2005, CeBit 2006) and could be used by users with 
no prior VR experience.  

The users were tasked to play a 10 minute match of table tennis against an AI op-
ponent for each of the four presentation modality conditions. The game difficulty 
decreased over time in each condition. 

4.2 Procedure 

We recruited five participants, who were pre-selected on the basis of their respective 
table tennis experience. They stated their experience on a 5-point scale between 1 and 
5 with “1” having no experience at all and “5” playing table tennis professionally. 
One participant plays professional table tennis (5), another plays semi-professionally 
(4), two have minor expertise (2; 3) and one participant has no prior game experience 
at all (1). All participants had no prior VR experience.  The difficulty was manipu-
lated using an increasing racket radius size (10cm; 15cm; 20cm; 30cm) and help level 
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(0%; 30%; 60%). Each participant completed all four conditions in a different se-
quence (due to learning effects) with starting values for racket radius size of 10cm 
and help level of 0%. Every 30 seconds, the values were increased, resulting in de-
creasing game difficulty (Table 1). During the experiment, all simulation variables 
(coordinates for the position of the ball, player head, racket, game score, etc.) were 
chronologically recorded in a log file. 

After the game session, all participants filled out the AttrakDiff [18] and the User 
Experience Questionnaires [19] for an overall UX evaluation of the simulation. 

Table 1. Experimental sequence for each condition 

Time 0s 30s 60s 120s 180s 240s 300s 330s 390s 450s 510s 570s 

Racket 

radius (cm) 
10 10 10 15 15 15 20 20 20 20 20 20 

Help level 

(percent) 
0 30 60 0 30 60 0 30 60 0 30 60 

4.3 Results and Discussion 

The coordinates of the ball, the racket and the game score were analyzed for each 
condition and difficulty setting. To evaluate the performance of the players, three 
measures were computed from the raw data: the play-back-ratio (ratio of successfully 
returned serves) the points scored and the average distance of the center of the ball to 
the center of the racket, when the player hit the ball. Since our goal is a smooth ga-
meplay experience with several rallies, we did not include simple hit-ratios in the 
analyses, but focused on play-back-ratios as indicator for the difficulty.  

As hypothesized, the mode of presentation significantly impacted play-back-ratios, 
F (3, 43) = 3.004, p < .05. In general, our assumption holds: The more spatial cues are 
available, the better the performance. After analyzing assistance variables, help level 
was dropped since only racket radius significantly affected performance, F (3, 6) = 
10.967, p < .01, η² = .85). 

To achieve an equal difficulty level, we set the target play-back-ratio to 75%, so 
that an average player can play the simulation rather easily and to encourage positive 
emotions during gameplay due to high self-efficacy [43]. To calculate the difficulty 
level at y = 0.75, we fitted the data on the logarithmic regression function to calculate 
required racket radii (R2

mono/static = .97; R2
mono/dynamic = .92; R2

stereo/static = .80; 
R2

stereo/dynamic = .74; Figure 2).  
The values for x = f (y) were calculated: Mono/static (racket size = 25.1cm), 

mono/dynamic (racket size = 20.4cm); stereo/static (racket size = 17.9cm); ste-
reo/dynamic (racket size = 20.7cm). The estimated values for racket radius should 
allow average users to achieve similar game performance metrics, based on play-
back-ratio for a smooth gameplay. Of course individual skill will still be determining 
the performance of a single participant, whereas on average, we expect an equal diffi-
culty distribution over all modalities. 
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The calculated values for racket size in the various conditions were used in a later 
study (N = 130) with a between-subjects design investigating the specific role of pres-
entation mode and perspective on spatial presence, instead of UX of the system as a 
whole. The resulting mean values of play-back-ratio lay within a standard deviation of 
0.75: Empirical values were M = 0.78 (0.17) for mono/static, M = 0.74 (0.14) for 
mono/dynamic, M = 0.73 (0.13) for stereo/static and M = 0.79 (0.13) for ste-
reo/dynamic. These results suggest, that the calculated values worked well. Average 
users experienced similar subjective task difficulty, thus eliminating frustra-
tion/challenge of the task as influence of subjective user experience or spatial presence. 

 

 

 

Fig. 2. Play-back-ratio with fitted logarithmic function 

Results for the AttrakDiff and User Experience Questionnaires were computed us-
ing the AttrakDiff Online Resource (www.attrakdiff.de) and SPSS. With values rang-
ing from -3 to 3, the means for hedonic (identification with the system, HQ-I; and 
stimulation through the system, HQ-S) and pragmatic quality (PQ) for AttrakDiff 
suggest a neutral assessment of the overall system (MPQ = -0.1; MHQ-I = 0.2; MHQ-S = 
1.0). System attractivity was also evaluated little above average (MATT = 0.8). This 
evaluation can also be supported by the UEQ data. On a range from 0 to 1, the factors 
attractiveness (Matt = 0.61), dependability (Mdep = 0.45), efficiency (Meff = 0.53), and 
perspicuity (Mper = 0.48) indicate a neutral assessment. Novelty (Mnov = 0.66) was 
evaluated above average by all users, due to the fact, that they have never used a VR 
system before. 
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5 Discussion, Conclusion, and Application 

In this paper we investigated difficulty levels of different modes of presentation of a 
virtual table tennis simulation game. Stereoscopic presentation and dynamic camera 
perspective were manipulated to reduce the quantity and quality of available spatial 
cues within the simulation. As expected, more spatial cues lead to a better overall 
performance and a reduced perceived game difficulty for the users. In conditions with 
reduced spatial cues, users performed worse than in the other conditions. For experi-
ments investigating the effects of reduced spatial cues on the user’s perception and 
resulting effects (such as presence or enjoyment) as well as individual user factors 
(such as motivation or visual spatial imagery), the diverging difficulty of different 
modes of presentation is a confounding variable that needs to be controlled. The dif-
ference in task difficulty was compensated by manipulating racket radius. Because the 
simulation was highly dynamic, we did not employ Fitts’ law for assessing the task 
difficulty. Instead, an empirical case study with five participants with different skill 
levels was conducted as a within-subjects experiment. Each participant played the 
table tennis simulation in all experimental conditions with increasing support through 
assistance functions. With the use of curve fitting of the participant’s game perfor-
mance data, we could compute racket radii to achieve an equal difficulty level for 
each condition.  

The findings raise several interesting questions to be addressed in future work. For 
example, which modalities of spatial information can also influence the performance 
and perceived difficulty of the task? How can differences in haptic feedback or sound 
be included to provide an equal distributed difficulty? The case study argued the rea-
sons and presented a solution for the need to control task difficulty as a confounder 
for psychological experiments with subjective experience variables that can be im-
plemented in future studies. 

Acknowledgements. The work presented has been partially funded by the German 
Research Foundation (DFG) as part of the research training group Connecting Virtual 
and Real Social Worlds (grant 1780). 

References 

1. McMahan, R.P., Ragan, E.D., Leal, A., Beaton, R.J., Bowman, D.A.: Considerations for 
the use of commercial video games in controlled experiments. Entertainment Computing 2, 
3–9 (2011) 

2. Bernhaupt, R. (ed.): Evaluating user experience in games. Concepts and Methods. Sprin-
ger, London (2010) 

3. Krahn, B.: User Experience: Konstrukt definition und Entwicklung eines Erhebungs in-
struments. [User Experience: Definition of the construct and development of measure-
ments]. GUX | Gesellschaft für User Experience mbH, Bonn (2012) 

4. Murray, J.: Hamlet on the holodeck: The future of narrative in cyberspace. MIT Press, 
Cambridge (1997) 



 Matching Levels of Task Difficulty for Different Modes of Presentation 415 

 

5. Csikszentmihalyi, M.: Beyond Boredom and Anxiety: Experiencing Flow in Work and 
Play. Jossey-Bass, San Francisco (1975) 

6. Agarwal, R., Karahanna, E.: Time flies when you’re having fun. Cognitive Absorption and 
beliefs about information technology use. MIS Quarterly 24, 665–994 (2000) 

7. Lombard, M., Ditton, T.: At the heart of it all: The concept of presence. Journal of Com-
puter-Mediated Communication 3 (1997) 

8. Minsky, M.: Telepresence. Omni 45–51 (June 1980) 
9. Wirth, W., Hartmann, T., Böcking, S., Vorderer, P., Klimmt, C., Schramm, H., Saari, T., 

Laarni, J., Ravaja, N., Gouveia, F.R., Biocca, F., Sacau, A., Jäncke, L., Baumgartner, T., 
Jäncke, P.: A process model of the formation of spatial presence experiences. Media Psy-
chology 9, 493–525 (2007) 

10. ISPR, http://ispr.info/about-presence-2/about-presence/ 
11. Vorderer, P., Wirth, W., Saari, T., Gouveia, F.R., Biocca, F., Jäncke, F., Böcking, S., 

Hartmann, T., Klimmt, C., Schramm, H., Laarni, J., Ravaja, N., Gouveia, L.B., Rebeiro, 
N., Sacau, A., Baumgartner, T., Jäncke, P.: Constructing presence: Towards a two-level 
model of the formation of spatial presence. Unpublished report to the European Communi-
ty, Project Presence: MEC (IST-2001-37661). Hannover, Munich, Helsinki, Porto, Zurich 
(2003) 

12. Johnson-Laird, P.N.: Mental models: Towards a cognitive science of language, inference, 
and consciousness. Cambridge University Press, Combridge (1983) 

13. McNamara, T.P.: Mental representations of spatial relations. Cognitive Psychology 18, 
87–121 (1986) 

14. Posner, M.I., Snyder, C.R., Davidson, B.J.: Attention and the Detection of Signals. Journal 
of Experimental Psychology: General 109 (1980) 

15. Gibson, J.J.: The ecological approach to visual perception. Houghton Mifflin, Boston 
(1979) 

16. Surdick, R.T., Davis, E.T., King, R.A., Hodges, L.F.: The Perception of Distance in Simu-
lated Visual Displays: A Comparison of the Effectiveness and Accuracy of Multiple Depth 
Cues Across Viewing Distances. Presence 513–531 (1997) 

17. Bruner, J.S., Postman, L.: On the perception of incongruity: a paradigm. Journal of Perso-
nality 18, 206–223 (1949) 

18. Hassenzahl, M., Burmester, M., Koller, F.: AttrakDiff: A questionnaire for measuring per-
ceived hedonistic and pragmatic quality. [AttrakDiff: Ein Fragebogen zur Messung wahr-
genommener hedonischer und pragmatischer Qualität]. In: Mensch & Computer 2003. In-
teraktion in Bewegung, pp. 187-196. B.G. Teubner (2003) 

19. Laugwitz, B., Held, T., Schrepp, M.: Construction and evaluation of a user experience 
questionnaire. In: Holzinger, A. (ed.) USAB 2008. LNCS, vol. 5298, pp. 63–76. Springer, 
Heidelberg (2008) 

20. Vorderer, P., Wirth, W., Gouveia, F.R., Biocca, F., Saari, T., Jäncke, F., Böcking, S., 
Schramm, H., Gysbers, A., Hartmann, T., Klimmt, C., Laarni, J., Ravaja, N., Sacau, A., 
Baumgartner, T., Jäncke, P.: MEC spatial presence questionnaire (MEC-SPQ): Short  
documentation and instructions for application, Report to the European Community, 
Project Presence: MEC, IST-2001-37661 (2004) 

21. Barfield, W., Rosenberg, C.: Judgments of azimuth and elevation as a function of monos-
copic and binocular depth cues using a perspective display. Human Factors 37, 173–181 
(1995) 

22. Kline, P.B., Witmer, B.G.: Distance perception in virtual environments: Effects of field of 
view and surface texture at near distances. In: 40th Annual Meeting on Human Factors and 
Ergonomics Society, pp. 112–116. Human Factors and Ergonomics Society (1996) 



416 D. Pietschmann and S. Rusdorf 

 

23. Loomis, J.M., Knapp, J.M.: Visual perception of egocentric distance in real and virtual  
environments. In: Hettinger, L.J., Haas, M.W. (eds.) Virtual and Adaptive Environments, 
pp. 21–46. Erlbaum, Mahwah (2003) 

24. Rajae-Joordens, R.J.E., Langendijk, E., Wilinski, P., Heynderickx, I.: Added value of a 
multi-view auto-stereoscopic 3D display in gaming applications. In: 12th International 
Display Workshops in conjunction with Asia Display, Takamatsu, Japan (December 2005) 

25. Skalski, P., Tamborini, R., Shelton, A., Buncher, M., Lindmark, P.: Mapping the road to 
fun: Natural video game controllers, presence, and game enjoyment. New Media & Socie-
ty 13, 224–242 (2010) 

26. Takatalo, J., Kawai, T., Kaistinen, J., Nyman, G., Hakkinen, J.: User Experience in 3D 
Stereoscopic Games. Media Psychology 14 (2011) 

27. Elson, M., van Looy, J., Vermeulen, L., Van den Bosch, F.: In: the mind’s: No Evidence 
for an effect of stereoscopic 3D on user experience of digital games. In: ECREA ECC 
2012, preconference Experiencing Digital Games: Use, Effects & Culture of Gaming, Is-
tanbul, Turkey (September 2012) 

28. Tamborini, R., Eastin, M.S., Skalski, P., Lachlan, K., Fediuk, T.A., Brady, R.: Violent Vir-
tual Video Games and Hostile Thoughts. Journal of Broadcasting & Electronic Media 48, 
335–357 (2004) 

29. Persky, S., Blascovich, J.: Immersive Virtual Environments versus traditional platforms: 
Effects of violent and nonviolent video game play. Media Psychology 10, 135–156 (2007) 

30. Hartig, J., Frey, A., Ketzel, A.: Modifikation des Computerspiels Quake III Arena zur 
Durchführung psychologischer Experimente in einer virtuellen 3D-Umgebung. [Modifica-
tion of the video game Quake III Arean for psychological experiments in a virtual 3D envi-
ronment]. Zeitschrift für Medienpsychologie 9, 493–525 (2003) 

31. Barfield, W., Hendrix, C., Bystrom, K.-E.: Effects of Stereopsis and Head Tracking on 
Performance Using Desktop Virtual Environment Displays. Presence: Teleoperators and 
Virtual Environments 8, 237–240 (1999) 

32. Chen, J.Y.C., Thropp, J.E.: Review of Low Frame Rate Effects on Human Performance. 
IEEE Transactions on Systems, Man, and Cybernetics - Part A: Systems and Humans 37, 
1063–1076 (2007) 

33. Fu, M.J., Hershberger, A.D., Sano, K., Cavusoglu, M.C.: Effect of Visuomotor Colocation 
on 3D Fitts’ Task Performance in Physical and Virtual Environments. Presence-Teleop 
Virt. 21, 305–320 (2012) 

34. Zhang, Y., Fernando, T., Xiao, H.N., Travis, A.R.L.: Evaluation of auditory and visual 
feedback on task performance in a virtual assembly environment. Presence-Teleop 
Virt. 15, 613–626 (2006) 

35. Fitts, P.M.: The information capacity of the human motor system in controlling the ampli-
tude of movement. Journal of Experimental Psychology 47, 381–391 (1954) 

36. MacKenzie, I.S., Zhang, S.X.: The design and evaluation of a high-performance soft  
keyboard. In: ACM Conference on Human Factors in Computing Systems - CHI 1999,  
pp. 25–31. ACM (1999) 

37. Watson, B.A., Walker, N., Woytiuk, P., Ribarsky, W.R.: Maintaining usability during 3D 
placement despite delay. In: IEEE Virtual Reality Conference 2003. IEEE Computer So-
ciety (2003) 

38. Accot, J., Zhai, S.: Beyond Fitts’ Law: Models for trajectory-based HCI tasks. In: ACM 
SIGCHI Conference on Human Factors in Computing Systems, CHI 1997, pp. 295–302. 
ACM (1997) 

39. Zhai, S., Accot, J., Woltjer, R.: Human Action Laws in Electronic Virtual Worlds: An 
Empirical Study of Path Steering Performance in VR. Presence 13, 113–127 (2004) 



 Matching Levels of Task Difficulty for Different Modes of Presentation 417 

 

40. Rusdorf, S., Brunnett, G.: Real Time Tracking of High Movements in the Context of a Ta-
ble Tennis Application. In: ACM Symposium on Virtual Reality Software and Technology 
2005. ACM (2005) 

41. Rusdorf, S., Brunnett, G., Lorenz, M., Winkler, T.: Real Time Interaction with a Humano-
id Avatar in an Immersive Table Tennis Simulation. IEEE Transactions on Visualization 
and Computer Graphics 13, 15–25 (2007) 

42. Lorenz, M., Rusdorf, S., Woelk, S., Brunnett, G.: Virtualiti3D (V3D): A system indepen-
dent, real time-animated, three dimensional graphical user interface. In: IASTED Int. 
Conf. on Visualization, Imaging, and Image Processing, VIIP 2003, pp. 955–960. ACTA 
Press (2003) 

43. Klimmt, C., Hartmann, T.: Effectance, self-efficacy, and the motivation to play video 
games. In: Vorderer, P., Bryant, J. (eds.) Playing Video Games: Motives, Responses, and 
Consequences, pp. 132–145. Lawrence Erlbaum, Mahwah (2006) 


	Matching Levels of Task Difficulty for Different Modes of Presentation in a VR Table Tennis Simulation by Using Assistance Functions and Regression Analysis
	1 Introduction
	2 User Experience and Spatial Presence
	3 Goals of the Simulation
	3.1 Difficulty, Challenge and User Experience
	3.2 Fitt’s Law

	4 User Study
	4.1 Apparatus and Task
	4.2 Procedure
	4.3 Results and Discussion

	5 Discussion, Conclusion, and Application
	References




