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Abstract

The purpose of this thesis was to contribute to our knowledge of what 
haptics can bring to the table as a human-computer interface rendering 
technique, which other rendering techniques cannot. An experiment was 
set up in which a multi-interfaced game was used to convey an informa-
tion structure to interface users. Each of the game’s three user interfaces 
utilized one of three different rendering techniques: haptic rendering, 
graphic rendering, and graphic-haptic rendering. The capacity of each 
rendering technique to represent the information structure was assessed 
in terms of the effect of the corresponding interface on three aspects of 
the user interaction: user performance, user satisfaction and system us-
ability.

The result indicated that user performance benefitted from a graphic or 
graphic-haptic rendering over a haptic rendering. There were no differ-
ences between the rendering techniques with regards to the overall user 
satisfaction. However, there were notable differences on the user satisfac-
tion metric subscale level. The haptic rendering required higher attentive 
effort than other renderings. Also, the graphic rendering better facilitated 
the perception of having clear goals and feedback. The results also sug-
gested that the overall system usability benefitted from a graphic or 
graphic-haptic rendering over a haptic rendering.
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1 Introduction

Although human-computer interaction designers create computer inter-
faces, the end-product of their labour is the experiences of users interact-
ing with their computer interfaces. User experiences are created in the 
momentaneous rendition of information mediated by utilizing the users’ 
sensory modalities, such as light, sound or pressure. Computer interfaces, 
however, are not momentaneously created. They are elaborate creations 
which must be guided by predictive considerations about what kinds of 
experiences users will have when interacting with it. One design consid-
eration which must always be made, either explicitly or implicitly, is 
which sensory modalities should be utilized in the interaction. Whereas 
knowledge about the scope of use of computer graphics as a visual me-
dium and computer generated sound as an auditory medium is in argua-
bly good standard, knowledge about how the sense of touch can be used 
is much less explored and understood (Tan & Pentland, 2005). A simple 
but substantial incentive for getting to know more about how the sense of 
touch can be used in human-computer interaction is that it seems benefi-
cial for the end-product——for the experiences of users——to put three 
out of five possible modalities under consideration for use rather than 
two out of five.

Haptic human-computer interaction research is focused on the sense of 
touch as an alternative technique to convey information in human-
computer interfaces. HAPTICS refers to “touch interactions (physical con-
tact) that occur for the purpose of perception or manipulation of objects” 
(Salisbury, 2004, p. 24). These can involve both real objects or virtual 
objects. Haptic interaction is bidirectional with information flowing be-
tween the user and the computer in both directions. This flow of infor-
mation can be characterized as a feedback loop involving a user, a haptic 
device and haptic rendering algorithms (Salisbury, 2004).

HAPTIC DEVICES are devices capable of stimulating the user’s sense of 
touch by applying motions, forces or vibrations. These can be roughly 
divided into four categories: vibrotactile devices, force-feedback systems, 
tactile displays, and surface displays (Hayward & Maclean, 2007). Haptic 
interface devices are common in consumer electronics where they are in-
tegrated into mobile phones and video game systems. They are also used 
in a range of specific domains such as medical surgery simulation (van 
der Meijden & Schijven, 2009) and haptic data visualization (Roberts & 
Panëels, 2010).
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HAPTIC RENDERING ALGORITHMS are computations that determine the 
output of haptic devices. Haptic rendering refers to “the process by 
which desired sensory stimuli are imposed on the user to convey informa-
tion about a virtual haptic object” (Salisbury, 2004, p. 24). A rendering 
of some particular information is one kind of representation of that in-
formation; hence, it is implied that the same information can be rendered 
or represented in multiple ways. For example, an explosion may be ren-
dered graphically by displaying an expanding cloud of fire or auditory by 
displaying a loud bang or haptically by inducing a rumbling sensation to 
simulate a blast wave.

There are several challenges in constructing haptic rendering algorithms 
to successfully convey information about virtual haptic objects. Haptics 
can be implemented either in multimodal interfaces or as the single ren-
dering technique of a unimodal interface. Multimodal interfaces are 
composed of different sensory cues——such as graphic and auditory cu-
es——where they should ideally be rendered in seamless consistency. 
The challenge is to encode and render virtual haptic objects so that there 
is information congruence across sensory modalities. In Salisbury’s 
words, the challenge is to be able to answer the question “does it look 
like it feels?” (Salisbury, 2004, p. 31) positively. Unimodal interfaces are 
interfaces composed of only one type of sensory cue. Haptic unimodal 
interfaces are commonly used in accessibility purposes and feature trans-
lations into haptic cues. An example where such translation salient is 
‘Rock Vibe’, a video game which re-renders the graphic cues of another 
video game, ‘Guitar Hero’, into haptic cues, making the game accessible 
for people with visual impairment (Allman et al., 2009). The challenge 
here is to make translations such that they make sense for the users.

Instances of successful implementations of haptics in human-computer 
interaction are well documented. There are a wealth of studies that have 
revealed positive quantifiable effects on user performance and user satis-
faction1. These discoveries are, however, not to much help for the inter-
action designers trying to design haptic cues. In order for interaction de-
signers to make informed choices about how to implement haptics into 
human-computer interfaces, they need to know what the benefits of using 
haptic are in relation to using other sensory media such as graphics or 
audio. In other words, they need better knowledge of the representational 
capacity of haptics.

2 of 23

1 For an overview of the benefits of haptics in human-computer interaction, see Im-
mersion, 2012. 



The purpose of this study is to contribute to our knowledge of what hap-
tics can bring to the table as a human-computer interface rendering tech-
nique, which other rendering techniques cannot. The study proceeds to 
do so by systematically evaluating and comparing the capacity of different 
rendering techniques to convey a particular information structure. It fea-
tures an experimental arrangement where the kind of sensory modality 
used to convey the information structure is experimentally manipulated 
while the information conveyed remains fixed. The information structure 
is represented using a multi-interfaces computer game. Each of the 
game’s three user interfaces uniquely features one of three rendering 
techniques: haptic rendering, graphic rendering, and graphic-haptic ren-
dering. Thus, the research question is: What is the capacity of the haptic 
rendering technique to render the information structure like in compari-
son with the graphic and graphic-haptic rendering techniques? The rep-
resentational capacity of each rendering technique is assessed by evaluat-
ing the individual effect of the corresponding interface on three different 
aspects of the user interaction: user performance, user satisfaction and 
system usability.

2 Background

The central question of haptic human-computer interaction arguably is: 
“How can the sense of touch be utilized and taken advantage of in 
human-computer interfaces?”. There is at least one way of answering this 
question, which is to point towards instances of successful implementa-
tion of haptic technology. But if the question is paraphrased to ‘What are 
the benefits of using haptics in human-computer interaction over using 
other rendering techniques?’ it is neither necessary nor sufficient to give 
examples of beneficial instances of the technology——what is asked for 
here, I believe, is systematic evaluation and comparison.

2.1 Assessing the representational capacity of rendering techniques

Clarification is needed on what is meant by ‘benefits’. It is assumed 
within human-computer interaction research that aspects of the interac-
tion between humans and computers can be ascribed different qualities 
and that they can be quantified. The user experience of the interaction 
can be ‘bad’, ‘fun’, ‘satisfying’ or ‘challenging’, and parts of the interac-
tion, such as task completion, can be meaningfully measured. Qualities 
such as ‘highly usable’ or ‘highly enjoyable’ can then be ascribed to the 
human-computer interface itself. For example, the user experience of 
forgetting to switch the vibration settings of a mobile phone on in a meet-
ing, leading to subsequent embarrassment when the phone rings, can be 
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called a bad experience. We might even be compelled to call a mobile 
phone interface which lacks vibrations a bad mobile phone interface. Fur-
thermore, the example illustrates a situation where the use of haptics to 
represent information is regarded as beneficial in comparison to an audi-
tory or graphic representation, which would be disadvantageous.

Regardless of what we know about assessing human-computer interac-
tion in general, there are specific problems which relate to how the repre-
sentational capacity of different rendering techniques should be isolated, 
evaluated and compared. One problem, which can be characterized as 
philosophical, is the problem of how we distinguish between sensory mo-
dalities in the first place (for more on this topic, see Fish, 2010, p. 149–
162). This study will regard the distinction between haptic, graphic and 
auditory components of human-computer interfaces as unproblematic, 
and consequently disregard this problem without any further treatment of 
the subject.

Another assumption which the study makes is that the different types of 
sensory modal components of human-computer interfaces——which I 
will continue to refer to as ‘information cues’——are commensurate, in 
the sense that they convey ‘pieces of information’ to a user. A piece of 
information can be (about) anything, but all pieces of information must 
be considered as being of the same kind, so that, for example, the piece 
of information that ‘there is gunfire’ may be conveyed to the user by the 
use of either a graphic, haptic or an auditory cue. It is possible that a par-
ticular modality does not facilitate the transfer of a particular piece of in-
formation at all (and if such results are found, then, of course, they are 
valuable empirical discoveries). One of the fundamental assumptions of 
this study is that it is plausible that a particular modality better facilitates 
a particular information transfer than others. This belief is regarded as 
justified by everyday empirical observations such as that, for example, 
communicating by sound rather than visually is better for a person who is 
situated in a pitch-black room. A context in which the opposite is true is 
communicating in a noisy space, such as at a rock concert.

The adequacy of the assumption that information can be represented by 
different modalities——that the information is considered as “the same” 
or “fixed” regardless of its medium——is philosophically controversial. It 
is controversial because the opposite assertion is plausibly true and hard 
to refute. From this (opposite) point of view, the information fundamen-
tally changes when transferred by different sensory modalities and it does 
not make sense to say that information is “the same” or “fixed”. How-
ever, if no kind of unit, such as a ‘piece of information’ or ‘information 
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cue’, is recognized as commensurable amongst different sensory modali-
ties, then there are no means of comparing the capacity of different sen-
sory modalities to facilitate information transfer. The best we can do 
then, is to point towards instances where particular sensory modalities 
have been successfully implemented in human-computer interfaces and 
to map out (quantify, measure and evaluate) their benefits, but we will 
remain unaware of the presumptive benefits of each sensory modality 
over the others, in general as well as in particular contexts. Thus, this is a 
prerequisite assumption for being able to assess the benefits of using a 
particular sensory modality over another in human-computer interfaces 
which this study makes.

2.2 Sightlence’s rendering algorithms

The information structure used in this study to be represented by utiliz-
ing different rendering techniques is the contents of the computer game 
Sightlence. Sightlence is based on the pioneering arcade game Pong, 
which includes relatively simple game mechanics. The objects in the 
game are——as pictured in Figure 1——walls, a ball and a paddle. The 
paddle can be directly manipulated by the user who is equipped with a 
game controller. The ball can be indirectly manipulated by using the 
paddle to catch it and consequently bounce it. The objectives of the 
game is to bounce the ball against the paddle as many times as possible, 
without failing to catch the ball with the paddle when it comes towards 
the player. For an exhaustive list of Sightlence’s user input cues and sys-
tem output cues, see Table 1.

Figure 1 The graphic interface of the Sightlence game
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Table 1 List of Sightlence’s user input and feedback output cuesTable 1 List of Sightlence’s user input and feedback output cues

Input Output

Move player’s paddle up Ball position relative to the player’s paddle on the Y-axis

Move player’s paddle down Ball position relative to the player’s paddle on the X-axis

Play a new ball Ball bounces against the game’s upper or lower boundary

Ball bounces against a player’s paddle

Paddle hits the game’s upper or lower boundary

Player scores a point

Note: This table is permissibly borrowed from Nordvall, 2013.Note: This table is permissibly borrowed from Nordvall, 2013.

Sightlence is a multi-interfaced game, which means that it can be played 
with different user interfaces. Each interface is uniquely composed of dif-
ferent types of sensory cues, such as haptic cues or graphic cues. This 
study will be evaluating three of Sightlence’s game interfaces: a haptic 
cues-only interface, a graphic cues-only interface and a graphic and hap-
tic cues interface (see Table 2).

Table 2 Sightlence interfaces that are used for experimentationTable 2 Sightlence interfaces that are used for experimentationTable 2 Sightlence interfaces that are used for experimentation

Name Constituents

1 “Haptic” Haptic cues

2 “Graphic” Graphic cues

3 “Graphic-haptic” Graphic and haptic cues

2.2.1 Haptic versus graphic cues in the Sightlence game

All the graphic cues that make up the graphic interface of the Sightlence 
game have been translated into analogous haptic cues2. The haptic cues 
are conveyed to the user by vibro-tactile game controllers capable of pro-
ducing distinct vibrations as feedback to the user. Some of the vibration 
cues are provided via a handheld controller and some are provided via a 
controller which rests on the users’ lap during the play session. While 
there haptic interface consists in haptic cues only, the graphic-haptic in-
terface includes all the graphic cues of the graphic interface and all the 
haptic cues of the haptic interface, combined.
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The qualities of different haptic cues are generally quite difficult to cap-
ture in text. There are few linguistic metaphors that satisfyingly describe 
sensations of touch. However, the remainder of this section describe 
some of the haptic cues in Sightlence. For example, in the event that the 
ball bounces on the paddle the user receives a distinct haptic feedback 
cue. When the proximity of the ball in relation to the user’s paddle is di-
minishing the user receives continuous haptic feedback which succes-
sively increases in intensity. Each time the ball bounces against a wall or 
the paddle touches a wall, distinct haptic cues are presented to the user.

2.3 Evaluating human-computer interfaces

The interaction between computers and users can be quantified, meas-
ured, evaluated and compared with other instances of human-computer 
interaction. It is common to use several types of metrics to measure dif-
ferent aspects of human-computer interaction. These metrics can be 
grouped into two main categories. The first category is called “objective 
metrics” because they measure aspects of the interaction which defy in-
terpretation of users’ experiences. Measuring task performance, such as 
how much time it takes to complete a task, exemplifies an objective 
measure. The second category is called “subjective measures” because 
they are focused on measuring aspects of the interaction which involve 
interpretation of users’ experiences. Interviews and self-assessed ques-
tionnaires are standard types of subjective metrics.

In this study both subjective and objective metrics were used to secure 
knowledge about the quality of the user interaction with three different 
user interfaces. One of the advantages of using both subjective and objec-
tive metrics is the possibility of detecting discrepancies in the evaluation 
of the human-computer interaction. Data from objective measures may 
suggest that interface A was more adaptive to its purpose than interface 
B, but at the same time, data from subjective measures may suggest that 
the user perceived B to be more adaptive to its purpose than A. Detecting 
such discrepancies are important because they problematize the ascrip-
tion of, for example, how useful or apt the interface in question is. Thus, 
using both subjective and objective metrics can bring about more nu-
anced and valuable evaluations of human-computer interfaces.
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2.4 Experimental hypotheses

This section reviews the formulation of three hypotheses based on studies 
on the benefits of haptic technology in gaming interfaces. The hypotheses 
concerns the results of the evaluation of each component of the user in-
teraction measured——user performance, user satisfaction, system us-
ability——for each the three interfaces: haptic, graphic and graphic-
haptic.

2.4.1 Hypothesis: User performance

A study by Nesbitt & Hoskens (2008) on a multi-interfaced game, which 
compared different modal-type interfaces (graphic, graphic-haptic, 
graphic-auditory, and graphic-auditory-haptic), concluded that there 
were no effects on user performance depending on the type of interface. 
The hypothesis regarding the benefits of respective interface (sensory 
modality) on user performance is, accordingly, that there is no difference 
between the graphic-haptic interface and the graphic interface, whereas 
they both facilitate user performance better than the haptic interface.

2.4.2 Hypothesis: User satisfaction

The same study by Nesbitt & Hoskens (2008) concluded that, overall, 
players rated their experience increasingly satisfactory when additional 

sensory cues were provided. Accordingly, the hypothesis regarding the 

benefits of respective interface (sensory modality) on user satisfaction is 
that the graphic-haptic interface facilitates user satisfaction to a greater 
extent than the graphic and haptic interfaces. 

2.4.3 Hypothesis: System Usability

The author lacks knowledge of previously conducted studies on system 
usability in computer gaming. Therefore the following hypothesis is 
based on the previous two hypotheses. The hypothesis regarding the 
benefits of respective interface (sensory modality) on system usability is 
that the graphic-haptic interface facilitates user satisfaction to a greater 
extent than the graphic and haptic interfaces.

3 Method

3.1 Study design

The experiment was set up to evaluate and compare three of Sightlence’s 
user interfaces with each other. One criteria that was early established in 
the experimental design process was that the design must include a 
within-group element, in order to make way for an adequate comparison 
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between user interfaces. Data obtained from play sessions with the only-
haptic interface, it was decided, cannot be fairly compared to other inter-
faces unless the player has first played the game with a graphical user in-
terface. An independent group design was however still considered favor-
able, since it would eliminate in-group learning effects that could poten-
tially affect the validity of the experiment. Thus, a design was chosen that 
included between group comparison and which also met the requirement 
of including the aforementioned within-group element (see Table 3). 
Test group samples A and B were independengraphict from each other. 
Also, group B had two trials which will allowed for within-group 
dependent-samples testing.

Table 3 Test-groups (letters A–B) and trials (numbers 1–2)Table 3 Test-groups (letters A–B) and trials (numbers 1–2)Table 3 Test-groups (letters A–B) and trials (numbers 1–2)

A, Graphic B, Haptic

1 Graphic interface Graphic-haptic interface

2 Haptic interface

3.2 Metrics

The three human-computer interaction metrics that were used in this 
study are reviewed individually in the following sections. The set of met-
rics used in this study was picked out with the ambition to take into ac-
count as many aspects of the user interaction as possible. Each metric 
was chosen because it measures a distinct aspect of the user interaction.

3.2.1 User performance

The user performance metric used in this study was twofold in order to 
assure the quality of the measure. During the time-limited gaming pe-
riod, each participants’ highest number of consecutive ball bounces and 
the total amount of ball bounces, were measured. This information was 
automatically back-logged by the software during each experimental ses-
sion. 

3.2.2 User satisfaction

The instrument used for measuring satisfaction was a subjective ques-
tionnaire type metric (Appendix: Questionnaire 1), developed by Fang, 
Zhang and Chan (2013). This instrument is based on the psychological 
concept of flow, as theoretically envisioned by Mihaly Csikszentmihalyi 
(see Csikszentmihalyi, 2008). The use of models based on the concept of 
flow for studying enjoyment in computer games has become increasingly 
common since it was introduced by Sweetster and Wyeth (2005). The 
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questionnaire includes an overall score and six subscale items. Each 
subscale item reflects a conceptual component of the concept of flow. 
The subscale items are given in Table 4, along with definitions for the 
corresponding concepts of flow-theory out of which they were con-
structed.

Table 4 Gameplay enjoyment questionnaire subscale itemsTable 4 Gameplay enjoyment questionnaire subscale itemsTable 4 Gameplay enjoyment questionnaire subscale items

Item Item Text Definition

1 A challenging activity 
that requires skill

Activities require the investment of psychic energy, and 
could not be done without the appropriate skills.

2 Clear goals and feed-
back

An objective is distinctly defined. One knows instantly 
how well one is doing.

3 Concentration on the 
task at hand

Concentration on the task at hand; irrelevant stimuli dis-
appear from consciousness, worries and concerns are 
temporarily suspended.

4 The paradox of control One feels in control of his actions and of the environ-
ment.

5 Immersion One feels the loss of the sense of a self separate from 
the world around it. One feels a union with the environ-
ment. Time no longer seems to pass the way it ordinarily 
does.

6 Autotelic experience The key element of an optimal experience is that it is an 
end in itself. The activity that consumes us becomes 
intrinsically rewarding.

3.2.3 System usability

The instrument used to measure system usability was a modified version 
3 of the Post-study system usability questionnaire (PSSUQ), see Appen-
dix: Questionnaire 2). This is a standardized usability questionnaire de-
signed by IBM in 1990 in order to assess users’ satisfaction with com-
puter systems or applications (Sauro & Lewis, 2012). It produces an 
overall rating and three subscale rating. The subscales of the PSSUQ are 
‘System quality’, ‘Information quality’ and ‘Interface quality’. The offi-
cial version 3 includes 16 question items. However, the modified version 
used in this study includes only 12 items. 4 items were removed due to 
their appreciated irrelevance.  The PSSUQ should, according to Sauro & 
Lewis (2012, p. 193–194), be relatively robust to the removal of items 
that do not make sense in a specific context. Also, the original seven-
point PSSUQ score was reversed in accordance with the instructions in 
Sauro & Lewis (2012, p. 193) so that the highest rating towards ‘strongly 
agree’ became ‘7’ instead of ‘1’ and vice versa for the highest rating to-
wards ‘strongly disagree’.

10 of 23



3.3 Participants

32 participants were recruited using a opportunistic recruitment strategy. 
Every other participant was assigned group A membership and other par-
ticipants were assigned group B membership, so that the total of 32 par-
ticipants were evenly distributed with 16 participants in each of the two 
groups. There was no incentive to check for demographical differences 
such as participant age, sex, gender or gaming ability in this study. 

3.4 Procedure

The experimental procedure of each testing session begun with a review 
of the upcoming gameplay session and a brief instruction on how to play 
the game. The instruction covered how the user interface(s) works and 
explained the goal of the game. When the participant signaled that he or 
she was ready, a timer was set for 20 minutes and the participant started 
playing the game. After 20 minutes the game was exited and the partici-
pant was handed two questionnaires (see Appendix). Instructions were 
given on how to fill out the questionnaires along with an invitation to re-
quest clarification of the questions when needed. Filling them out took 
approximately 5 minutes. Upon completing the questionnaires, partici-
pants belonging to test group B were asked to do another trial of 20 min-
utes of gaming with another game interface (and subsequently to fill out 
two more questionnaires). The whole procedure took approximately 25-
30 minutes for test group A and 50–60 minutes for test group B.

4 Results

4.1 User performance

In this section, results from the measurement of game challenge are pre-
sented. This metric was twofold, measuring the highest number of con-
secutive ball bounces (section 4.1.1) and the total amount of ball 
bounces (section 4.1.2), during the time-limited gaming period. An over-
view including grand means and standard deviations values are presented 
in Table 6.

Table 5 Game challenge mean scores (and standard deviations)Table 5 Game challenge mean scores (and standard deviations)Table 5 Game challenge mean scores (and standard deviations)

Highest number of con-
secutive ball bounces

Total amount of ball 
bounces

Graphic 17.06 (1.48) 81 (5.83)

Graphic-haptic 16.94 (1.18) 77.06 (6.35)

Haptic 5.44 (1.46) 29.69 (7.08)
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4.1.1 Consecutive score

An independent-samples t-test indicated that the highest number of con-
secutive ball bounces were significantly higher for those who played the 
graphic interface (M = 17.06, SD = 1.48) than for those who played the 
haptic interface (M = 5.44, SD = 1.46), t(30) = 22.36, p < .001, d = 
8.16. Similarly, an independent-samples t-test was conducted to deter-
mine mean differences between players’ consecutive ball bounce scores 
between those who played the graphic interface and those who played the 
graphic-haptic interface (M = 16.94, SD = 1.18), but no effect was 
found, t(30) = –.264, p = .794, d = 0.29. Finally, a paired-samples t-test 
indicated that players’ consecutive ball bounce scores were significantly 
higher for the graphic-haptic interface than for the haptic interface, t(15) 
= 27.5, p < .001. See Figure 2 for a graphic representation of respective 
group’s mean consecutive scores.

Figure 2 Mean values for highest number of consecutive ball bounces

The analysis indicates that the haptic interface is more challenging than 
the graphic and graphic-haptic interfaces, with respect to scoring as many 
consecutive ball bounces as possible. Furthermore, the result suggests 
that the graphic and graphic-haptic interfaces are equally challenging. 

4.1.2 Total score

An independent-samples t-test indicated that the total number of ball 
bounces were significantly higher for those who played the graphic inter-
face (M = 17.06, SD = 1.48) than for those who played the haptic inter-
face (M = 5.44, SD = 1.46), t(30) = 22.36, p < .001, d = 8.16. Also, an 
independent-samples t-test was conducted to determine mean differences 
between players’ total ball bounce scores between those who played the 
graphic interface and those who played the graphic-haptic interface (M = 
16.94, SD = 1.18), but no effect was found, t(30) = 1.83, p = .794, d = 
0.67. Finally, a paired-samples t-test indicated that players’ total ball 
bounce scores were significantly higher for the graphic-haptic interface 
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than for the haptic interface, t(15) = 18.48, p < .001. See Figure 3 for a 
graphic representation of mean total scores for respective group.

Figure 3 Mean values for total number of ball bounces

The analysis indicates that the haptic interface is more challenging than 
the graphic and graphic-haptic interfaces, with respect to the players’ 
ability to score as many balls as possible, in total, during the limited time 
period. The result also indicates that the graphic and graphic-haptic in-
terfaces are equally challenging.

4.1.3 Summary

Statistical analysis has shown that the haptic interface is more challenging 
than the graphic and graphic-haptic interfaces, with regards to numbers 
of consecutive ball bounces and total ball bounces. Analysis revealed no 
significant difference between the graphic and the graphic-haptic inter-
face.

4.2 User satisfaction

Mean values for the subscale item scores and overall rating across the test 
groups are presented in Table 7. In the rest of this section, results from 
statistical testing which indicates significant differences across test groups 
are presented.

0
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54

72

90

Graphic Graphic-haptic Haptic

30

7781
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Table 6 Mean values and standard deviations for enjoyment questionnaire 
subscale items and overall rating
Table 6 Mean values and standard deviations for enjoyment questionnaire 
subscale items and overall rating
Table 6 Mean values and standard deviations for enjoyment questionnaire 
subscale items and overall rating
Table 6 Mean values and standard deviations for enjoyment questionnaire 
subscale items and overall rating
Table 6 Mean values and standard deviations for enjoyment questionnaire 
subscale items and overall rating
Table 6 Mean values and standard deviations for enjoyment questionnaire 
subscale items and overall rating

Item
Item 
ques-
tions

Item Text Graphic Graphic-
haptic Haptic

1 1–4 A challenging activity that 
requires skill

3.64 (1.04) 3.81 (1.46) 5.88 (.69)

2 5–10 Clear goals and feed-
back

5.54 (.79) 6.19 (.77) 5.39 (.88)

3 11–12 Concentration on the 
task at hand

3.41 (1.42) 3.75 (1.51) 5.25 (1.11)

4 13-14 The paradox of control 5.78 (1.34) 6.13 (.67) 4.22 (1.17)

5 15–20 Immersion 3.82 (1.09) 3.19 (.94) 3.15 (1.10)

6 21–23 Autotelic experience 3.50 (1.45) 2.98 (.94) 3.63 (1.52)

– 1–23 Overall 4.34 (.83) 4.37 (.79) 4.56 (.68)

Note: Score values range between a minimum of 0 to maximum of 7.Note: Score values range between a minimum of 0 to maximum of 7.Note: Score values range between a minimum of 0 to maximum of 7.Note: Score values range between a minimum of 0 to maximum of 7.Note: Score values range between a minimum of 0 to maximum of 7.Note: Score values range between a minimum of 0 to maximum of 7.

Test-statistics revealed that ratings for item 1, “A challenging activity that 
requires skill”, were significantly higher for the haptic interface than for 
the graphic interface, independent-samples t(30) = 7.17, p < .05, d = 2.62, 
as well as for the graphic haptic interface, paired-samples t(15) = 7.03, p < 
.05. See Table 8 for a complete listing of item t-values. This result sug-
gests that the players’ perception of the challenge of the game experience 
matches how challenging it was in terms of players’ consecutive and total 
scores.

Table 7 Item 1, “A challenging activity that requires skill”: mean differences (t-
values)
Table 7 Item 1, “A challenging activity that requires skill”: mean differences (t-
values)
Table 7 Item 1, “A challenging activity that requires skill”: mean differences (t-
values)
Table 7 Item 1, “A challenging activity that requires skill”: mean differences (t-
values)

Graphic Graphic-haptic Haptic

Graphic - 0.39 7.17*

Graphic-haptic –.39 - 7.03*

Haptic –7.17* –7.03* -

Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001

Test-statistics revealed that ratings for item 2, “Clear goals and feedback”, 
were significantly higher for the graphic-haptic interface than for the 
graphic interface, independent-samples t(30) = 2.51, p < .05, d = .92, as 
well as for the haptic interface, paired-samples t(15) = 6.85, p < .005. See 
Table 9 for a complete listing of item t-values. This item measured the 
players’ perception of having clear goals and clear feedback, including 
knowing how well one is doing in the game. The result could be inter-

14 of 23



preted as suggesting that the gameplay feedback-mechanisms were com-
municated to players less efficiently via the haptic modality in the only-
haptic interface, in comparison with the visual modality in the graphic-
only interface. The haptic modality, however, seems to have made com-
munication of feedback mechanisms more efficient in the case of the 
graphic-haptic interface, in comparison with the graphic-only interface. 
This suggests that haptic cues can have an amplifying effect when added 
to graphic cues, making feedback more salient.

Table 8 Item 2, “Clear goals and feedback”: mean differences (t-values)Table 8 Item 2, “Clear goals and feedback”: mean differences (t-values)Table 8 Item 2, “Clear goals and feedback”: mean differences (t-values)Table 8 Item 2, “Clear goals and feedback”: mean differences (t-values)

Graphic Graphic-haptic Haptic

Graphic - 2.51* –.379

Graphic-haptic –2.51* - –6.85**

Haptic 0.38 6.85** -

Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001

Test-statistics revealed that ratings for item 3, “Concentration on the task 
at hand”, were significantly higher for the haptic interface than for the 
graphic interface, independent-samples t(30) = 4.1, p < .05, d = 1.5, as well 
as for the graphic-haptic interface, paired-samples t(15) = 6.85, p < .005. 
See Table 10 for a complete listing of item t-values. This result indicates 
that the haptic interface is more demanding in terms of attentive effort. 
No significant difference was found between the graphic-haptic and 
graphic interfaces. It seems reasonable to conclude that haptic cues re-
quire more attentive effort when used as a unimodal rendering technique 
rather than in multimodal renderings where they are subsidiary to other 
(e.g. graphic) information cues.

Table 9 Item 3, “Concentration on the task at hand”: mean differences (t-values)Table 9 Item 3, “Concentration on the task at hand”: mean differences (t-values)Table 9 Item 3, “Concentration on the task at hand”: mean differences (t-values)Table 9 Item 3, “Concentration on the task at hand”: mean differences (t-values)

Graphic Graphic-haptic Haptic

Graphic - 0.67 4.10**

Graphic-haptic –.67 - 3.67*

Haptic –4.10** –3.67* -

Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001

Test-statistics revealed that ratings for item 4, “The paradox of control”, 
were significantly higher for the graphic interface than for the haptic in-
terface, independent-samples t(30) = 3.51, p < .005, d = 1.28. Also, the 
graphic-haptic interface ratings were significantly higher than the haptic 
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interface ratings, paired-samples t(15) = 6.67, p < .005. See Table 11 for a 
complete listing of item t-values. This result suggests that the graphic and 
the graphic-haptic interfaces made players feel in control of their actions 
and of the environment to a greater extent than the haptic interface.

Table 10 Item 4, “The paradox of control”: mean differences (t-values)Table 10 Item 4, “The paradox of control”: mean differences (t-values)Table 10 Item 4, “The paradox of control”: mean differences (t-values)Table 10 Item 4, “The paradox of control”: mean differences (t-values)

Graphic Graphic-haptic Haptic

Graphic - 0.92 –3.51**

Graphic-haptic –.92 - –6.67**

Haptic 3.51** 6.67** -

Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001

Test-statistics found no significantly different mean ratings for item 5, 
“Immersion”. See Table 12 for a complete listing of item t-values.

Table 11 Item 5, “Immersion”: mean differences (t-values)Table 11 Item 5, “Immersion”: mean differences (t-values)Table 11 Item 5, “Immersion”: mean differences (t-values)Table 11 Item 5, “Immersion”: mean differences (t-values)

Graphic Graphic-haptic Haptic

Graphic - –1.75 –1.75

Graphic-haptic 1.75 - –0.168

Haptic 1.75 0.17 -

Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001

Test-statistics found no significantly different mean ratings for item 6, 
“Autotelic experience”. See Table 13 for a complete listing of item t-values.

Table 12 Item 6, “Autotelic experience”: mean differences (t-values)Table 12 Item 6, “Autotelic experience”: mean differences (t-values)Table 12 Item 6, “Autotelic experience”: mean differences (t-values)Table 12 Item 6, “Autotelic experience”: mean differences (t-values)

Graphic Graphic-haptic Haptic

Graphic - –1.21 0.18

Graphic-haptic 1.21 - 2.00

Haptic –.18 –2.00 -

Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001

Test-statistics found no significantly different mean overall gameplay en-
joyment ratings. See Table 14 for a complete listing of t-values. For a 
graphic representation of the mean overall gameplay enjoyment ratings, 
see Figure 4.
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Table 13 Gameplay enjoyment overall rating mean differences (t-values)Table 13 Gameplay enjoyment overall rating mean differences (t-values)Table 13 Gameplay enjoyment overall rating mean differences (t-values)Table 13 Gameplay enjoyment overall rating mean differences (t-values)

Graphic Graphic-haptic Haptic

Graphic - 0.073 0.798

Graphic-haptic –.073 - 1.187

Haptic –.798 –1.187 -

Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001

Figure 4 Mean overall gameplay enjoyment ratings

4.3 System usability

The result from the system usability instrument (PSSUQ-questionnaire) 
includes three subscale item scores and an overall score. For an overview 
of mean values, see Table 15. The rest of this section reviews significant 
differences between group scores indicated by test statistics.

Table 14 Mean values for system usability questionnaire subscale items and overall 
rating
Table 14 Mean values for system usability questionnaire subscale items and overall 
rating
Table 14 Mean values for system usability questionnaire subscale items and overall 
rating
Table 14 Mean values for system usability questionnaire subscale items and overall 
rating
Table 14 Mean values for system usability questionnaire subscale items and overall 
rating
Table 14 Mean values for system usability questionnaire subscale items and overall 
rating

Item Item 
questions Item text Graphic Graphic-

haptic Haptic

1 1–4 System quality 6.28 6.73 3.97

2 5–7 Information quality 5.32 5.29 3.61

3 9–11 Interface quality 5.18 4.86 4.15

– 1–12 Overall 5.46 5.53 4

Note: All computations performed at …Note: All computations performed at …Note: All computations performed at …Note: All computations performed at …Note: All computations performed at …Note: All computations performed at …

Test-statistics revealed that ratings for item 1, “System quality”, were sig-
nificantly higher for the graphic interface than for the haptic interface, 
independent-samples t(30) = 4.26, p < .005, d = 1.56. Also, the graphic-
haptic interface ratings were significantly higher than the haptic interface 
ratings, paired-samples t(15) = 7.97, p < .005. See Table 16 for a com-
plete listing of item t-values.

0
1
2
4
5
6
7

Graphic Graphic-haptic Haptic

4.564.374.34
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Table 15 Item 1, “System quality”: mean differences (t-values)Table 15 Item 1, “System quality”: mean differences (t-values)Table 15 Item 1, “System quality”: mean differences (t-values)Table 15 Item 1, “System quality”: mean differences (t-values)

Graphic Graphic-haptic Haptic

Graphic - 1.29 –4.26**

Graphic-haptic –1.29 - –7.97**

Haptic 4.26** 7.97** -

Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001

Test-statistics revealed that ratings for item 2, “Information quality”, were 
significantly higher for the graphic interface than for the haptic interface, 
independent-samples t(27) = 3.59, p < .005, d = 1.38. Also, the graphic-
haptic interface ratings were significantly higher than the haptic interface 
ratings, paired-samples t(13) = 7.97, p < .005. See Table 14 for a com-
plete listing of item t-values. The information quality subscale item 
(questions 5–7) suffered a noticeable loss of responses which may have 
affected its validity. Out of the 32 respondents, 12 participants selected 
“not applicable” for some of the questions which formed the subscale 
item and 4 participants selected it for all of the questions. See the ques-
tionnaire in Appendix, also see Table 17 for a listing of which specific 
questions comprise each subscale item.

Table 16 Item 2, “Information quality”: mean differences (t-values)Table 16 Item 2, “Information quality”: mean differences (t-values)Table 16 Item 2, “Information quality”: mean differences (t-values)Table 16 Item 2, “Information quality”: mean differences (t-values)

Graphic Graphic-haptic Haptic

Graphic - –0.09 –3.59**

Graphic-haptic 0.09 - –3.69**

Haptic 3.59** 3.69** -

Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001

Test-statistics found no significantly different mean ratings for item 3, 
“Interface quality”. See Table 18 for a complete listing of item t-values.

Table 17 Item 3, “Interface quality”: mean differences (t-values)Table 17 Item 3, “Interface quality”: mean differences (t-values)Table 17 Item 3, “Interface quality”: mean differences (t-values)Table 17 Item 3, “Interface quality”: mean differences (t-values)

Graphic Graphic-haptic Haptic

Graphic - –0.55 –1.29

Graphic-haptic 0.55 - –0.81

Haptic 1.29 0.81 -

Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001
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Test-statistics revealed that the overall system usability ratings were sig-
nificantly higher for the graphic interface than for the haptic interface, 
independent-samples t(30) = 3.75, p < .005, d = 1.37. Also, the graphic-
haptic interface ratings were significantly higher than the haptic interface 
ratings, paired-samples t(15) = 4.49, p < .005. See Table 19 for a com-
plete listing of t-values.

Table 18 Overall usability rating mean differences (t-values)Table 18 Overall usability rating mean differences (t-values)Table 18 Overall usability rating mean differences (t-values)Table 18 Overall usability rating mean differences (t-values)

Graphic Graphic-haptic Haptic

Graphic - 0.20 –3.75**

Graphic-haptic –.20 - –4.49**

Haptic 3.75** 4.49** -

Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001Note: *p < .05. **p < .01. ***p < .001

5 Discussion

5.1 Reflections on the results

The analysis revealed that user performance was hampered by the use of 
haptic rendering in comparison with the graphic and graphic-haptic ren-
derings. There are at least three possible explanations to this difference in 
effect on user performance. It may be postulated that the haptic interface 
lacks the representational capacity (which the graphic and graphic-haptic 
interfaces possesses) to render the information structure. A second ex-
planation is to claim the existence of a methodological issue which invali-
dates the result. Finally, a third explanation is that the difference is 
caused by a flawed translation from graphic to haptic cues and should be 
attributed to the design process. This claim, however, needs to be sub-
stantiated by arguments concretely pointing towards design flaws. The 
author is not conscious of any design flaws and therefore opt for the lack-
ing representational capacity of haptics versus graphics as the cause of the 
difference in user performance. In order to exclude the possibilities that 
the cause of this difference is a flawed rendering algorithm design or a 
presumptive validity issue of this study, further similar investigations on 
other haptic computer game renderings are called for.

The results from the user satisfaction measure revealed no significant dif-
ference in overall user satisfaction between the interfaces. There were, 
however, differences on subscale levels. It is noteworthy that this finding 
might would have been overseen if a more shallow user satisfaction met-
ric had been used. It also brings incentive to inquire further and deeper 
into the effects of haptics and other interface rendering techniques on 
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user satisfaction. The result for subscale item ‘A challenging activity that 
requires skill’ indicated that users perceived that the haptic interface was 
more challenging. This resonates with the user performance result which 
indicated lower user performance for this interface. One conclusion 
which can be drawn from this result is that the challenge the haptic inter-
face invoked was considerably higher than other interfaces, but the over-
all user satisfaction was consistent across interfaces. Subscale item ‘Clear 
goals and feedback’ indicated that haptic cues were perceived as less clear 
than graphic cues. On the other hand, when graphic and haptic cues were 
combined, in the graphic-haptic interface, feedback was perceived as 
more clear than when it was given only by graphic cues. This suggests 
that haptics and graphics can cause an amplifying effect when combined, 
making feedback more salient than when it is given only by one of the 
two modalities.

The result of the system usability measure was probably impacted nega-
tively by the shortfall of responses on a specific selection of questionnaire 
items. It is unclear to what extent this is a threat to the validity of the re-
sult. In retrospect it is not clear that the metric was suitable specifically 
for the type of software system that was tested. The gameplay of many 
computer games (including the gameplay of Sightlence) do not have fea-
tures that can be clearly characterized as “system features”. Some com-
puter games do not have explicit goals to follow and it may not always 
make sense to speak about the usability or purposiveness of a computer 
game.

5.2 On the method and general validity issues 

Three parameters that were critical for the validity of the results of this 
study are equality of samples, sample sizes and the use of appropriate 
metics. This study measured differences in the capacity of haptics and 
other types of sensory cues to render a computer game. The validity of 
the results was therefore invariant to general demographical data of test 
participants such as overall computer game skill levels or attitudes to-
wards gaming. It was, however, critical for the study that, whatever the 
characteristics of the test participants were, they were uniformly distrib-
uted across test-groups, so that group samples were demographically 
equal. In order to secure that the distribution were uniform, the partici-
pants were opportunistically recruited and were assigned test-groups al-
ternately. The effects sizes that were revealed by the various metrics used 
in this study were arguably large enough to suggest that, taking in ac-
count the use of appropriate confidence intervals, sample sizes did not 
have had a substantially negative effect on statistical validity.
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5.3 Focal and subsidiary cues: a proposed conceptual distinction

A finding on the subscale level of the user satisfaction measure was that 
the haptic cues required more attention when they made up a unimodal 
game interface than when they were combined with graphic cues. An-
other finding was that haptic cues had an “amplifying” effect on graphic 
cues, affecting the perception of the feedback positively in the multimo-
dal interface. Therefore I suggest that haptic cues played different func-
tional roles when they were rendered in unimodal versus multimodal in-
terfaces. In the former case, the haptic cues were FOCAL, in the sense that 
they required the users attention in order for the user to achieve task pro-
gress or completion. In the latter case, when they were combined with 
graphic cues, the haptic cues were redundant for task completion but 
nevertheless significantly affected the information rendering; they were in 
this sense SUBSIDIARY to other cues.

At the present state of our knowledge of haptic rendering there is a lack 
of design conventions. The proposed distinction between is useful for 
conceptualizing the interface design process and the translation of sen-
sory cues, because it adds something substantial and concrete to the vo-
cabulary of interface designers; it provides a design choice. Furthermore, 
it is intuitive to talk about particular sensory cues as having “functional 
roles” in multimodal computer interfaces, where different rendering 
techniques are used for different purposes——to create different experi-
ences. 

5.4 Towards a better understanding of haptics in HCI

Research is called for to establish if the proposed distinction between fo-
cal and subsidiary sensory cues actually marks different ways of rendering 
information, and also to investigate how they affect users’ experiences. A 
specific question which needs to be answered is to what extent it is possi-
ble to render focal haptic cues in multimodal interfaces. Furthermore, 
claims made in this study about the effects of haptic rendering on user 
performance, satisfaction and usability need to be substantiated by ex-
perimental research on different computer interfaces. It is likely that the 
representational capacity of haptics versus other sensory media depends 
on what type of information is represented and, to some extent, on what 
haptic device is used to represent that information. Future research on 
haptics versus other rendering techniques should also include audio as a 
comparative rendering technique.
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Appendix

Questionnaire 1

STRONGLY 
DISAGREE
STRONGLY 
DISAGREE

STRONGLY 
AGREE

STRONGLY 
AGREE

NOT 
AP-
PLI-

CABLE

Playing this game challenges me.Playing this game challenges me.Playing this game challenges me.Playing this game challenges me.Playing this game challenges me.Playing this game challenges me.Playing this game challenges me.

1 2 3 4 5 6 7 NA

Playing this game could provide a good test of my skills.Playing this game could provide a good test of my skills.Playing this game could provide a good test of my skills.Playing this game could provide a good test of my skills.Playing this game could provide a good test of my skills.Playing this game could provide a good test of my skills.Playing this game could provide a good test of my skills.

1 2 3 4 5 6 7 NA

I find that playing this game stretches my capabilities to my 
limits.
I find that playing this game stretches my capabilities to my 
limits.
I find that playing this game stretches my capabilities to my 
limits.
I find that playing this game stretches my capabilities to my 
limits.
I find that playing this game stretches my capabilities to my 
limits.
I find that playing this game stretches my capabilities to my 
limits.
I find that playing this game stretches my capabilities to my 
limits.

1 2 3 4 5 6 7 NA

I was challenged by this game, but I believed I am able to 
overcome these challenges.
I was challenged by this game, but I believed I am able to 
overcome these challenges.
I was challenged by this game, but I believed I am able to 
overcome these challenges.
I was challenged by this game, but I believed I am able to 
overcome these challenges.
I was challenged by this game, but I believed I am able to 
overcome these challenges.
I was challenged by this game, but I believed I am able to 
overcome these challenges.
I was challenged by this game, but I believed I am able to 
overcome these challenges.

1 2 3 4 5 6 7 NA

I knew clearly what I wanted to do in this game.I knew clearly what I wanted to do in this game.I knew clearly what I wanted to do in this game.I knew clearly what I wanted to do in this game.I knew clearly what I wanted to do in this game.I knew clearly what I wanted to do in this game.I knew clearly what I wanted to do in this game.

1 2 3 4 5 6 7 NA

I knew what I wanted to achieve in this game.I knew what I wanted to achieve in this game.I knew what I wanted to achieve in this game.I knew what I wanted to achieve in this game.I knew what I wanted to achieve in this game.I knew what I wanted to achieve in this game.I knew what I wanted to achieve in this game.

1 2 3 4 5 6 7 NA

My goals were clearly defined.My goals were clearly defined.My goals were clearly defined.My goals were clearly defined.My goals were clearly defined.My goals were clearly defined.My goals were clearly defined.

1 2 3 4 5 6 7 NA

While playing this game, I had a good idea about how well 
I was doing. 
While playing this game, I had a good idea about how well 
I was doing. 
While playing this game, I had a good idea about how well 
I was doing. 
While playing this game, I had a good idea about how well 
I was doing. 
While playing this game, I had a good idea about how well 
I was doing. 
While playing this game, I had a good idea about how well 
I was doing. 
While playing this game, I had a good idea about how well 
I was doing. 

1 2 3 4 5 6 7 NA

I was aware of how well I was performing in this game.I was aware of how well I was performing in this game.I was aware of how well I was performing in this game.I was aware of how well I was performing in this game.I was aware of how well I was performing in this game.I was aware of how well I was performing in this game.I was aware of how well I was performing in this game.

1 2 3 4 5 6 7 NA

I receive immediate feedback on my actions.I receive immediate feedback on my actions.I receive immediate feedback on my actions.I receive immediate feedback on my actions.I receive immediate feedback on my actions.I receive immediate feedback on my actions.I receive immediate feedback on my actions.

1 2 3 4 5 6 7 NA

My attention was focused entirely on the game that I was 
playing.
My attention was focused entirely on the game that I was 
playing.
My attention was focused entirely on the game that I was 
playing.
My attention was focused entirely on the game that I was 
playing.
My attention was focused entirely on the game that I was 
playing.
My attention was focused entirely on the game that I was 
playing.
My attention was focused entirely on the game that I was 
playing.



1 2 3 4 5 6 7 NA

When playing this game, I was totally concentrated on what 
I was doing.
When playing this game, I was totally concentrated on what 
I was doing.
When playing this game, I was totally concentrated on what 
I was doing.
When playing this game, I was totally concentrated on what 
I was doing.
When playing this game, I was totally concentrated on what 
I was doing.
When playing this game, I was totally concentrated on what 
I was doing.
When playing this game, I was totally concentrated on what 
I was doing.

1 2 3 4 5 6 7 NA

When playing this game, I felt in control over what I was 
doing in the game. 
When playing this game, I felt in control over what I was 
doing in the game. 
When playing this game, I felt in control over what I was 
doing in the game. 
When playing this game, I felt in control over what I was 
doing in the game. 
When playing this game, I felt in control over what I was 
doing in the game. 
When playing this game, I felt in control over what I was 
doing in the game. 
When playing this game, I felt in control over what I was 
doing in the game. 

1 2 3 4 5 6 7 NA

I feel comfortable with the controls of this game.I feel comfortable with the controls of this game.I feel comfortable with the controls of this game.I feel comfortable with the controls of this game.I feel comfortable with the controls of this game.I feel comfortable with the controls of this game.I feel comfortable with the controls of this game.

1 2 3 4 5 6 7 NA

I often find myself doing things spontaneously and auto-
matically without having to think. 
I often find myself doing things spontaneously and auto-
matically without having to think. 
I often find myself doing things spontaneously and auto-
matically without having to think. 
I often find myself doing things spontaneously and auto-
matically without having to think. 
I often find myself doing things spontaneously and auto-
matically without having to think. 
I often find myself doing things spontaneously and auto-
matically without having to think. 
I often find myself doing things spontaneously and auto-
matically without having to think. 

1 2 3 4 5 6 7 NA

When I play the game, I feel I am in a world created by the 
game.
When I play the game, I feel I am in a world created by the 
game.
When I play the game, I feel I am in a world created by the 
game.
When I play the game, I feel I am in a world created by the 
game.
When I play the game, I feel I am in a world created by the 
game.
When I play the game, I feel I am in a world created by the 
game.
When I play the game, I feel I am in a world created by the 
game.

1 2 3 4 5 6 7 NA

I kind of forgot about myself when playing this game.I kind of forgot about myself when playing this game.I kind of forgot about myself when playing this game.I kind of forgot about myself when playing this game.I kind of forgot about myself when playing this game.I kind of forgot about myself when playing this game.I kind of forgot about myself when playing this game.

1 2 3 4 5 6 7 NA

I lost the consciousness of my identity and felt like 
“melted” into the game.
I lost the consciousness of my identity and felt like 
“melted” into the game.
I lost the consciousness of my identity and felt like 
“melted” into the game.
I lost the consciousness of my identity and felt like 
“melted” into the game.
I lost the consciousness of my identity and felt like 
“melted” into the game.
I lost the consciousness of my identity and felt like 
“melted” into the game.
I lost the consciousness of my identity and felt like 
“melted” into the game.

1 2 3 4 5 6 7 NA

When I played this game, I sometimes felt like things were 
happening in slow motion. 
When I played this game, I sometimes felt like things were 
happening in slow motion. 
When I played this game, I sometimes felt like things were 
happening in slow motion. 
When I played this game, I sometimes felt like things were 
happening in slow motion. 
When I played this game, I sometimes felt like things were 
happening in slow motion. 
When I played this game, I sometimes felt like things were 
happening in slow motion. 
When I played this game, I sometimes felt like things were 
happening in slow motion. 

1 2 3 4 5 6 7 NA

When I play this game, I tend to lose track of time.When I play this game, I tend to lose track of time.When I play this game, I tend to lose track of time.When I play this game, I tend to lose track of time.When I play this game, I tend to lose track of time.When I play this game, I tend to lose track of time.When I play this game, I tend to lose track of time.

1 2 3 4 5 6 7 NA

Playing this game is rewarding in itself.Playing this game is rewarding in itself.Playing this game is rewarding in itself.Playing this game is rewarding in itself.Playing this game is rewarding in itself.Playing this game is rewarding in itself.Playing this game is rewarding in itself.

1 2 3 4 5 6 7 NA

I loved the feeling of that performance and want to capture 
it again. 
I loved the feeling of that performance and want to capture 
it again. 
I loved the feeling of that performance and want to capture 
it again. 
I loved the feeling of that performance and want to capture 
it again. 
I loved the feeling of that performance and want to capture 
it again. 
I loved the feeling of that performance and want to capture 
it again. 
I loved the feeling of that performance and want to capture 
it again. 

1 2 3 4 5 6 7 NA



I enjoyed the experience.I enjoyed the experience.I enjoyed the experience.I enjoyed the experience.I enjoyed the experience.I enjoyed the experience.I enjoyed the experience.

1 2 3 4 5 6 7 NA

Questionnaire 2

STRONGLY 
DISAGREE
STRONGLY 
DISAGREE

STRONGLY 
AGREE

STRONGLY 
AGREE

NOT 
AP-
PLI-
CA-
BLE

Overall, I am satisfied with how easy it is to use this sys-
tem.
Overall, I am satisfied with how easy it is to use this sys-
tem.
Overall, I am satisfied with how easy it is to use this sys-
tem.
Overall, I am satisfied with how easy it is to use this sys-
tem.
Overall, I am satisfied with how easy it is to use this sys-
tem.
Overall, I am satisfied with how easy it is to use this sys-
tem.
Overall, I am satisfied with how easy it is to use this sys-
tem.

1 2 3 4 5 6 7 NA

It was simple to use this system. It was simple to use this system. It was simple to use this system. It was simple to use this system. It was simple to use this system. It was simple to use this system. It was simple to use this system. 

1 2 3 4 5 6 7 NA

I felt comfortable using this system. I felt comfortable using this system. I felt comfortable using this system. I felt comfortable using this system. I felt comfortable using this system. I felt comfortable using this system. I felt comfortable using this system. 

1 2 3 4 5 6 7 NA

It was easy to learn to use this system. It was easy to learn to use this system. It was easy to learn to use this system. It was easy to learn to use this system. It was easy to learn to use this system. It was easy to learn to use this system. It was easy to learn to use this system. 

1 2 3 4 5 6 7 NA

Whenever I made a mistake using the system, I could re-
cover easily and quickly. 
Whenever I made a mistake using the system, I could re-
cover easily and quickly. 
Whenever I made a mistake using the system, I could re-
cover easily and quickly. 
Whenever I made a mistake using the system, I could re-
cover easily and quickly. 
Whenever I made a mistake using the system, I could re-
cover easily and quickly. 
Whenever I made a mistake using the system, I could re-
cover easily and quickly. 
Whenever I made a mistake using the system, I could re-
cover easily and quickly. 

1 2 3 4 5 6 7 NA

The information (such as on-line help, on-screen messages 
and other docu- 
mentation) provided with this system was clear. 

The information (such as on-line help, on-screen messages 
and other docu- 
mentation) provided with this system was clear. 

The information (such as on-line help, on-screen messages 
and other docu- 
mentation) provided with this system was clear. 

The information (such as on-line help, on-screen messages 
and other docu- 
mentation) provided with this system was clear. 

The information (such as on-line help, on-screen messages 
and other docu- 
mentation) provided with this system was clear. 

The information (such as on-line help, on-screen messages 
and other docu- 
mentation) provided with this system was clear. 

The information (such as on-line help, on-screen messages 
and other docu- 
mentation) provided with this system was clear. 

1 2 3 4 5 6 7 NA

The information was effective in helping me complete the 
tasks and scenarios.
The information was effective in helping me complete the 
tasks and scenarios.
The information was effective in helping me complete the 
tasks and scenarios.
The information was effective in helping me complete the 
tasks and scenarios.
The information was effective in helping me complete the 
tasks and scenarios.
The information was effective in helping me complete the 
tasks and scenarios.
The information was effective in helping me complete the 
tasks and scenarios.

1 2 3 4 5 6 7 NA

The organization of information on the system screens was 
clear. 
The organization of information on the system screens was 
clear. 
The organization of information on the system screens was 
clear. 
The organization of information on the system screens was 
clear. 
The organization of information on the system screens was 
clear. 
The organization of information on the system screens was 
clear. 
The organization of information on the system screens was 
clear. 

1 2 3 4 5 6 7 NA



The interface of this system was pleasant. The interface of this system was pleasant. The interface of this system was pleasant. The interface of this system was pleasant. The interface of this system was pleasant. The interface of this system was pleasant. The interface of this system was pleasant. 

1 2 3 4 5 6 7 NA

I liked using the interface of this system. I liked using the interface of this system. I liked using the interface of this system. I liked using the interface of this system. I liked using the interface of this system. I liked using the interface of this system. I liked using the interface of this system. 

1 2 3 4 5 6 7 NA

This system has all the functions and capabilities I expect it 
to have. 
This system has all the functions and capabilities I expect it 
to have. 
This system has all the functions and capabilities I expect it 
to have. 
This system has all the functions and capabilities I expect it 
to have. 
This system has all the functions and capabilities I expect it 
to have. 
This system has all the functions and capabilities I expect it 
to have. 
This system has all the functions and capabilities I expect it 
to have. 

1 2 3 4 5 6 7 NA

Overall, I am satisfied with this system. Overall, I am satisfied with this system. Overall, I am satisfied with this system. Overall, I am satisfied with this system. Overall, I am satisfied with this system. Overall, I am satisfied with this system. Overall, I am satisfied with this system. 

1 2 3 4 5 6 7 NA
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