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Abstract. In the last years the emotional impact of artifacts became more and 
more interesting to the field of human-computer interaction research. Despite 
many models that describe factors of user experience (UX), most of them are of 
a descriptive nature. In contrast, we propose a theoretical approach, the model 
of user experience (MUX) that offers an explanation for the emergence of UX 
starting from the very first interaction steps. Additionally, we present empirical 
results that support these assumptions of our theoretical approach that were un-
der investigation. In detail we found that affordances as well as standard signals 
foster users performance on a small time scale (up to 3 sec.). However, these 
small changes affected peoples UX. Hence we conclude that it is a fruitful  
approach to start investigating UX on a keystroke level. 

Keywords: user experience, theoretical model of user experience, user  
experience design. 

1 Introduction 

The research focus of human-computer interaction (HCI) has shifted from usability 
research towards user experience (UX) in the recent decade (e.g. [1]). However, the 
concept of (UX) is still hard to capture (e.g. [1], [2]). Literature presents numerous 
theoretical models that consider many aspects of UX like instrumental as well as non-
instrumental interaction aspects [3], hedonic and pragmatic qualities of products [4], 
levels of interactions [5] or stages of HCI [6]. However, most of these models are 
quite abstract when it comes to processes that yield UX. They rather describe drivers, 
factors, contexts etc. that might contribute to an understanding of the construct. In 
contrast to these approaches, we suggest that studying UX does not need to exclusive-
ly focus on high-level descriptions. Numerous well-known psychological concepts 
from different domains can be deployed to describe how features of the environment 
relate to user behavior and experience. The Model of User Experience (MUX)  
integrates such concepts into one comprehensive framework. Moreover, it defines 
whether its constructs are applied to the environment or the person. In addition, the 
model proposes possible measures for each of the implemented concepts. Focusing on 
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the instrumental qualities of an artifact, the MUX emphasizes the relation between 
system properties and two central aspects of UX, Ease of Use [7] and Joy of Use (e.g. 
[8]). In fact, the MUX is based on the assumption that there are features of a technical 
artifact like affordances (e.g. [9], [10]), constraints [10], the attraction of attention 
[11] or mappings [10] that trigger cognitive processes which in turn evoke Immediate 
Interactive Behavior [12] and Ease of Induction [13], both yielding positive UX. Inte-
grated in the MUX, these single concepts connect to a theoretical chain that attaches 
the design of technical devices on one hand with important aspects of UX on the oth-
er. Thereby, the MUX proposes that the very first interaction steps (i.e. actions of 
about 300ms to 3 sec.) already elicit UX. So far, several empirical investigations have 
shown support for the theoretical assumptions of the Model of User Experience (e.g. 
[13-15], [11]). However for one aspect of the MUX (i.e. affordances) no clear state-
ment about the model assumptions was reached (cf. [15]). Therefore, the present re-
search addresses this concept and investigates whether affordances elicit Immediate 
Interactive Behavior (IIB) as proposed by the MUX. In turn, if more IIB is observable 
subjects should report more positive user experience. 

1.1 Affordances and Signals 

Gibson suggested that we do not focus on single object properties when perceiving 
an object in real life [9]. Instead, one perceives what the object affords to oneself. 
Following Gibson “An affordance is an invariant combination of variables […]” 
like color, surface structure or shape ([9], p.134). To specify affordances one needs 
to consider specifications of the environment and the observer (e.g. background 
knowledge). Hence an affordance relates properties of the environment to perceived 
action possibilities for the observer [9]. Based on Gibsons work, Norman trans-
ferred the concept of affordances to the human-computer interaction domain  
(cf. [10]). In line with Gibson, Norman proposed that affordances provide know-
ledge to the operation of things. However in contrast to Gibson, Norman stated that 
affordances are on hand if users of technical artifacts are enabled to apply their 
previously gained knowledge to the current interaction [10]. Maybe the most prom-
inent examples for the role of affordances in interface design are Norman doors. 
Using different types of door handles, Norman pointed out that the ease of use  
regarding the operation of doors mainly depends on the application of affordances 
[10]. For example, in case the door needs to be pushed and the door handle affords 
pushing, people could easily operate the door. In line with Norman, we think of 
affordances as pointed out by Greeno: “In any interaction involving an agent with 
some other system, conditions that enable that interaction include some properties 
of the agent along with some properties of the other system. [...] The Term affor-
dance refers to whatever is about the environment that contributes to the kind of 
interaction that occurs.” ([16], pp. 338). In line with the Gibsonian idea of affor-
dances [9], we assume that affordance congruent behavior is fast and unconscious.  
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Till now, affordances have been intensively studied and successfully implemented 
in design (e.g. [17]). For example, based on the Model of User Experience (MUX) 
Vogel et al. varied the affording character of a graphical user interface (high vs. low 
affording in terms of the goal of the task) and quantified subjective experience, 
usability (subjective, objective), utility and acceptance regarding two systems [11]. 
They found that an interface that strongly afforded behavior, which was leading to 
the goal accomplishment, resulted in higher ratings of subjective usability and utili-
ty as well as a more positive mood. In contrast to affordances, artificial indicators 
are conveyed culturally and their symbolic meanings have to be learned explicitly. 
Artificial visual indicators are often described as signs or symbols [18]. Following 
Petocz, signs are arbitrary cues that convey a pre-defined message [18]. Thus, signs 
and symbols are not affordances [19]. “They are examples of the use of a shared 
and visible conceptual model, appropriate feedback, and shared, cultural conven-
tions.” ([19], p. 41). Arrows are one type of symbols, defined as a line with one end 
marked, inducing an asymmetry (cf. [20]). Arrows have a diversity of semantic 
roles, e.g. moving direction, physical change, labeling, focusing attention, which 
have to be learned and distinguished in a given situation [20].  

1.2 Immediate Interactive Behavior (IIB) 

The concept of IIB "[…] entails all adaptive activities of agents that routinely and 
dynamically use their embodied and environmentally embedded nature to support and 
augment cognitive processes." ([21], p.33). That means the users’ interaction with the 
environment utilizes simple interaction routines (i.e. tapping or pressing) which are 
fast (1/3 to 1 second), interaction-intensive and without cognitive effort [21]. Their 
application alters the cognitive system as well as the environment the agents are act-
ing in [21]. Hence, the occurrence of IIB shows the expansion of cognition in real 
time. Its application impacts subjects' motivation due to the experience of their ability 
to make progress. Furthermore people have feelings of competence based on the  
successful application of their knowledge [14]. Empirical evidence from cognitive 
psychology and cognitive ergonomics support the assumptions of Neth et al. [21] with 
respect to IIB [12]. For example Neth and Payne investigated whether interaction 
fostered the resolution of counting tasks (i.e. counting coins) [12]. Subjects that were 
able to touch and move the coins were faster and more accurate in solving the count-
ing task, compared to subjects that were only allowed to look at the arrangement of 
coins. In cognitive ergonomics Drewitz and Brandenburg published the Model of 
User Experience (MUX), embedding IIB as key concept [14]. This model lists factors 
that structure the environment in a way that it is likely to afford IIB. As shown in 
figure 1, the MUX proposes that the ideal environment is structured to support IIB, 
which conceptually captures the interaction of people with their environment on a 
very small time scale (see also [14]). However, the ideally structured environment 
always depends on the interaction goal. 
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Fig. 1. The model of user experience (MUX) 

1.3 Research Objectives 

So far, empirical investigations did not yet deliver clear evidence for the aspect of 
affordances (see [15]). Therefore the present study investigates the role of affordances 
for the emergence of UX on a multi-touch table. Based on the MUX it can be as-
sumed that the presence of affordances does facilitate subjects’ performance and lead 
to more positive UX compared to their absence. To demonstrate that affordances do 
affect IIB and UX more than standard signals, we included the presence or absence of 
arrows as standard signals in the experiment as well (see also [15]). Since arrows are 
a somewhat well learned signal, their presence should increase IIB and thus elicit a 
more positive UX compared to their absence. However, the positive effect of affor-
dances should be larger than the effect of signals. Including both factors in a 2x2 be-
tween subjects design, it was possible to test the single and joint effects of both types 
of information on subjects’ performance and experience. 

2 Method 

2.1 Subjects and Material 

A total of N = 48 multi-touch table novices (age: M = 30.5, SD = 9.2, 27 female/21 
male) voluntarily participated in the experiment. The multi-touch interface consisted of 
a text box presenting the actual task, a working environment and three blue squares on 
the right hand side (see Fig.2). These three objects had to be manipulated using differ-
ent gestures. Subjects’ task was to execute the right gestures for rotating, scaling and 
cutting a blue square (see Fig.3). In the experiment, all subjects saw (light) touch areas 
indicating where they had to place their fingers. The arrows were presented to the  
subjects in the corresponding group, only. Affordances were defined as an initial 
movement of the object into the direction of gesture execution. For example, for  
scaling a blue object, subjects put their fingers in the lighted corners of the blue square. 
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special gesture. For each manipulation of a square, participants dragged one of them 
into the middle of the working space. Then, they read the current task in the interfaces 
text box. If participants felt that they understood the task, they pressed the start button 
and initiated the gesture execution. At the end of each trial all participants filled in the 
NASA-TLX [22]. After finishing the experiment they were also asked to complete a 
general questionnaire gathering demographic variables and the QUESI [23]. The en-
tire experiment took about 30 minutes. Subjects were randomly assigned to one of the 
four experimental groups. 

In total, two independent variables with two steps each were manipulated in a be-
tween-subjects design: affordances (present and absent) and signals (present and ab-
sent). Moreover three gestures (rotate, scale, cut) as well as three trials (T1, T2, T3) 
were manipulated as within-subjects factors. Objective (Time to First Click, TFC and 
Total Task Time, TTT) as well as subjective (NASA-TLX and QUESI) data was as-
sessed. Time to first click was defined as period between subjects pressing of the 
start-button and the recognition of both fingers in the respective highlighted areas of 
the object (see Fig.3). Total task time was operationalized as time between partici-
pants pressing of the start-button and the automatic disappearance of the object after 
task completion. 

3 Results 

3.1 Objective Data 

For the analysis of the behavioral data a mixed effects MANOVA with repeated 
measures was computed. The three gestures (cut, rotate, scale) entered the analysis as 
within-subjects factor. Affordances (present or absent) and signals (present or absent) 
were between-subjects factors. The three time points (T1, T2 and T3) were included 
as repeated measures. Both sources of behavioral data (Total Task Time, TTT and 
Time to First Click, TFC) were dependent variables. Bonferroni adjusted post-hoc 
tests and effect sizes (f) after Cohen are reported if applicable [24]. Effects with the 
size of 0.10 < f < 0.25 are regarded as small, 0.25 < f < 0.40 as medium and 0.40 < f 
as large. Due to limitations of space, the presentation of results will focus on most 
important effects only.  

Regarding the results of the analysis, we found medium and large main effects of 
gesture (TFC: (2,88) = 3.81, p = 0.02, f = 0.29; TTT: F(2, 88) = 7.91, p < 0.001, f = 
0.42) and time (TFC: F(2,88) = 46.33, p < 0.001, f = 1.02; TTT: F(2, 88) = 9.69, p < 
0.001, f = 0.46) on both measures. With respect to the gestures, subjects showed a 
tendency to be slower in executing the cutting gesture compared to the other two ges-
tures (TFC & TTT: ps < 0.10). Times did not differ for rotate and scale (TFC: p = 
1.00; TTT: p = 0.93). In addition, participants significantly decreased in TTT and 
TFC for the first to the second trial (TFC & TTT: ps < 0.01). Further improvement 
from trial two to trial three was only significant for TFC (p < 0.01). With respect to 
the hypothesis, analysis revealed no main effects for affordances and signals (TFC & 
TTT: Fs < 1.52, ps > 0.22). However, the joined effect of both factors significantly 
impacted TFC (F(1, 44) = 7.19), p < 0.01, f = 0.40) and showed a tendency for TTT 
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To sum up, the results partially support the assumptions of the Model of User Ex-
perience (MUX, [14]). As expected, affordances did enhance performance and fos-
tered positive UX. However their effect was dependent of signals being present. The 
persistent interaction of both factors replicates results of Zinn and Brandenburg [15]. 
In their study subjects also indicated most positive UX if affordances and signals were 
presented at the same time. In addition, some limitations of the current experiment 
might have contributed to the results. Firstly we used a very simplistic experimental 
setting. Executing simple gestures with blue squares does not resemble real world 
tasks and might have channeled subjects’ attention to the few things that were visible 
to them. Secondly large effects of gesture and time indicate that peoples’ performance 
strongly changes over time and gesture familiarity (see also [15]). Of course ANOVA 
analysis revealed the effects across the experiment. Still, results might become clear-
er, if subjects gather more experience with the device. Thus upcoming experiments 
should go on to more realistic settings and tasks. 
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