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Abstract. This paper examines the issue of User Experience (UX) as applied to 
immersive Virtual Reality from the standpoint of environmental psychology 
and related fields as a complement to principles from the fields of product de-
sign, psychology of emotion, formal aesthetics etc. Partly on account of its ge-
nerality, multidisciplinary nature, and broad applicability, UX continues to defy 
a single commonly accepted definition, a fact which necessitates a holistic 
treatment of the subject of spatial interaction design. Various approaches and 
models of environmental psychology, as well as approaches to usability and UX 
are outlined in light of the need to highlight the influence and effects of particu-
lar spatial designs to particular dimensions of UX. Additionally, the concept 
and constituent dimensions of environmental appraisal are similarly defined and 
analysed, and indicative experimental designs currently under development are 
briefly described. 

Keywords: User Experience, spatial cognition, virtual environments, environ-
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1 Introduction 

Humans use spatial organizing principles in their daily lives; they are used to navigat-
ing space and communicating easily within space. Using information technology is 
often an abstract and complex experience due to lack of appropriate affordances [18]. 
Metaphors can create affordances for information technology by mapping affordances 
which already exist in relevant source domains [24]. Appropriately designed spatia-
lized user interfaces may structure the domains of ICT applications through spatial 
metaphors. It could then be suggested that graphical interactive environments, created 
by following these principles, may enhance communication between humans and 
computers. Spatial metaphors have long been used for aiding navigation within in-
formation sets. The term “spatial interaction” refers to an interaction paradigm in 
which the perception and utilization of space by the user is of primary importance  
and resembles that of actual, physical space to a significant degree. Traditional 
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WIMP-based interfaces (e.g. Windows) make use of spatial analogies and metaphors, 
but they do not provide an experience that is perceptually similar to that of physical 
space. The use of a graphical, (3D) spatial context for visualizing information may 
exploit the intrinsic skills that humans have for navigating in 3D space and for detect-
ing visual patterns there. A virtual environment, being a 3D graphical representational 
context, is an intrinsically spatial type of communication interface. Ellis [15] has em-
phasized the role of virtual reality (VR) as a communication technology or a medium 
of communication. Virtual reality (VR) could then be considered as the predominant 
manifestation of spatial interaction to date; virtual environments (VEs) – in the form 
of first-person computer games – are currently the most widespread applications in 
which users routinely navigate and act within 3D synthetic spaces. This paper aims to 
provide some insights into the way theoretical approaches of environmental percep-
tion, cognition, and appraisal can be interrelated with dimensions of User Experience 
in the context of spatial interaction, and primarily immersive virtual reality. In the 
sections that follow, aspects of usability and User Experience are discussed as essen-
tial parts of the process of environmental appraisal geared toward virtual space, and 
relevant experimental designs are outlined. 

2 The Concept of User Experience in the Context of Spatial 
Interaction 

Spatial interaction is accompanied by an enrichment of traditional usability and user 
experience (UX) indicators via the increased relevance of factors pertaining to envi-
ronment design. 3D spaces may be seen as alternate but potentially persistent settings 
of human activity, as evidenced by online multiplayer games. The technological ad-
vances that make such a transition to true 3D spatial experiences possible also raise 
the issue of expanding the theoretical models, approaches, and frameworks that may 
be used for the design of spatial experiences. To date, the majority of VR-related 
research has focused on advancing the technological aspects that make these experi-
ences possible, while comparatively fewer attempts have been made to investigate  
the impact of these experiences in relation to the design of perceptible form and  
interaction from a psychological aesthetic, design and communicative perspective. 

2.1 Aspects of Usability in the Case of Spatial Interaction 

In the context of spatial interaction, the notion of usability is augmented by the addi-
tion of constructs related to performance in spatial tasks, e.g. wayfinding, orientation, 
and various forms of spatial knowledge acquisition (e.g. landmark, route, and survey 
knowledge). For instance, Nash et al. [31] provide a number of performance indica-
tors per sensory modality that are more suited to spatial interfaces, such as the ability 
to distinguish different colours and shapes, recognition of signs and symbols, estima-
tion of distances and sizes, wayfinding and search, perception of auditory stimuli, 
response to kinaesthetic cues, object manipulation ability, effective locomotion 
through or around openings, corridors etc. To the extent that usability is influenced by 
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user performance, factors such as spatial knowledge acquisition and performance in 
the context of spatial tasks become important in its assessment, as they are a manifes-
tation of learnability and controllability. Regarding spatial knowledge acquisition, the 
environmental information that is acquired is stored in the form of spatial networks 
called cognitive maps. Cognitive maps provide a snapshot of an individual’s percep-
tion and conception of spatial structures, which consists of spatial knowledge that has 
already been acquired, and continues to be extended and enriched. A cognitive map 
can represent several types of knowledge, e.g. topological, metric, route descriptions, 
fixed features, and sensory images with varying degrees of accuracy [19]. 

Main Types of Spatial Knowledge. Among various models of spatial knowledge 
acquisition, the most widely adopted is the one proposed by Siegel & White [38], 
according to which mental representations of space consist of three types of knowl-
edge structures, which largely describe the process of transitioning from egocentric to 
allocentric frames of reference, as proposed by Piaget & Inhelder [33]: 

1. Landmark knowledge. Certain elements of the environment acquire landmark 
status by virtue of their morphological characteristics (e.g. size, prominence / dif-
ference from surroundings) or socially or culturally-derived meaning (e.g.; town 
hall, church etc.). 

2. Route knowledge. At this stage, the individual has been familiarized with land-
marks and is able to form connections between them. The progression from point 
A to point B is still perceived from an egocentric perspective, but the spatial rela-
tions between landmarks are becoming more solidified. 

3. Survey knowledge. At this stage, the individual perceives an environment from a 
global frame of reference disconnected from actual experience of the environment 
(e.g. navigation). 

It is assumed that spatial knowledge acquisition begins at landmark knowledge and 
then progresses sequentially through the other two types of spatial knowledge. This 
assumption is valid only when the individual begins acquiring spatial knowledge by 
actual navigation in a heretofore unknown environment. However, the opposite pro-
gression may ensue if the individual’s initial experience of the environment in ques-
tion comes not from personal experience, but through spatial representations such as 
maps, which tend to offer a survey perspective of the environment ([2], [23]). 

Landmark knowledge. The distinctiveness of landmarks is the result of differences in 
form, function, and / or symbolic meaning from their surrounding elements [27]. This 
distinctiveness may be due to physical form (e.g. landmark is taller / wider than sur-
rounding elements), colour, lighting, texture, or other parameters that may be physi-
cally perceptible. Additionally, landmarks may have acquired such a status on account 
of the function they serve or due to their association with past events or commonly 
shared sociocultural values (e.g. the place of residence of a famous historical figure). 
It is also worth noting that landmark distinctiveness may not be limited to the visual 
modality [11]. The user’s body, through its movement, can also accomplish a  
function similar to that of landmarks if the latter are sparse or do not exist (e.g. path 
integration) [36].  
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Lack of differentiation between landmarks can result in confusion and navigational 
errors ([29], [40]). Therefore, distinctiveness is not evaluated only against a land-
mark’s surrounding elements, but also against other landmarks located at a relative 
distance, and thus can be said to correlate with its “usability”, and more specifically 
with its effectiveness in supporting navigation. 

An additional criterion for categorizing landmarks is whether they rely on the per-
ceptible properties of their form (“object landmarks”) or their placement – i.e. the 
spatial relationship between them and other elements – for obtaining their landmark 
status (“geometric landmarks”) [26]. Sometimes an efficient way to turn an object 
into a landmark is to place it at a central and clearly visible location, or even slightly 
further from other objects, even if they have the same morphological characteristics. 
In this manner, the ‘load’ of endowing an object with landmark status is partially or 
entirely borne by spatial relations. Incidentally, this strategy aids the acquisition of 
route knowledge, because routes with adjacent landmarks tend to be encoded more 
accurately in memory because of the increased attention these landmarks receive. In 
this case, the congruence between the orientation of the landmark and the orientation 
of the route can lead to better understanding of spatial structure as opposed to a con-
figuration in which these two orientations differ [40].  

In the case of spatial interaction, the concept of landmark can be said to correspond 
to elements of the system which are more prominent by virtue of their importance or 
morphology – e.g. in a typical ‘smart room’ setting, a specific area which has been 
allocated to a specific task may attain landmark status. In VEs, to the extent that they 
provide an experience that is close to that of navigating a physical environment, the 
concept of landmarks is much closer to its original meaning. 

Route knowledge. Route knowledge may be seen as a specific series of landmarks that 
occur at specific intervals [40]. This type of spatial knowledge is often not accompa-
nied by knowledge of other spatial elements that lie along the route [21] – e.g. a 
driver may have expert knowledge of a given route but not of other elements along 
the road. Also not surprisingly, however, route knowledge is inflexible, as it is orien-
tation-specific. Additionally, route knowledge acquired directly is more accurate that 
route knowledge acquired indirectly, leading to significant differences in performance 
[30]. The shape of the route itself is the element that changes as a function of the sub-
ject’s active or passive role during the acquisition period [17]. In the context of a 
virtual environment, therefore, it can be assumed that more embodied forms of loco-
motion (e.g. simulated walking, treadmill-based movement, etc.) can be regarded as 
more active than arbitrarily defined methods (e.g. pressing keys). Therefore, the obvi-
ous recommendation is to design locomotion with embodied action in mind. 

Signage can also reinforce the learning of particular routes [16]. An indicative ex-
ample is colour coding, which points toward the “correct” direction. However, it 
could be argued that such schemes can limit the subject’s exposure to the environment 
by promoting certain routes over others, thus potentially limiting the subject’s  
exploratory tendencies and, ultimately, affecting spatial knowledge acquisition. 
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Complex routes are generally more difficult to remember than simple ones. Typi-
cally, the complexity of a route is related to the number of segments it consists of, 
determined by the number of intersections or decision points located along that route. 

Survey knowledge. When survey knowledge actually forms the initial stage of spatial 
learning, distance estimation tends to be easier because in the case of direct expe-
rience more cognitive processing is required due to factors such as orientation speci-
ficity. Some elements are deemed more significant and thus serve as points around 
which primary networks of spatial relations are formed. Other networks near or 
around the primary ones are given secondary or tertiary importance [12]. Survey 
knowledge acquisition is also influenced by the environment’s complexity; in excee-
dingly complex environments, the acquisition of survey knowledge without the aid of 
representations such as maps may be very difficult or impossible. On the other hand, 
in simple environments, the survey knowledge acquired from direct experience tends 
to be similar to that acquired indirectly [30]. 

It is possible to create virtual spatial experiences that are radically different to what 
the user is used to, to the point of being completely alien if so desired, given that there 
are intrinsic characteristics that space within a VE may possess and which significant-
ly differentiate the experience afforded from a VE to the experience of physical space. 
For instance, a VE may comprise abstract and not iconic representational forms, may 
not have gravity, or teleportation points may exist, allowing users to move from point 
A to point B without covering the intervening distance. Space in a VE may be non-
contiguous; the principles of real space may be violated; no physical constraints exist 
to dictate the dynamic, spatio-temporal nature of a VE; a VE does not necessarily 
have scale consistency [5]. 

A wide field of view (FOV) facilitates the acquisition of survey knowledge – it ac-
celerates the whole learning process by allowing the subject to perceive a greater 
number of environmental stimuli [3]. This observation is directly translatable to Vir-
tual Reality; the use of displays with wide FOV can be expected to result in faster and 
more efficient survey knowledge acquisition. 

Alternative Approaches. Other approaches (for a review see [19]) highlight the 
qualitative changes in spatial knowledge as a result of increased experience and  
familiarity with an environment, thus disputing the essentially sequential nature of 
spatial knowledge acquisition as per the approach described above. According to 
approaches of this category, existing knowledge, which spans all stages proposed by 
Siegel & White at varying degrees, is enriched so that its quality (e.g. level of detail, 
precision etc.) is improved. Some approaches (e.g. anchorpoint theory) blur the line 
between landmarks and routes, suggesting that the most important parameter for  
spatial learning is the significance attributed to each environmental element by the 
subject [23]. According to approaches of this category, individuals tend to form  
a hierarchy of spatial networks, each containing all types of spatial elements  
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(e.g. landmarks, paths, etc.)1. Montello et al. [30] suggest that what is initially en-
coded in mental spatial representations is topological (as opposed to metric) relations 
between elements, and that the primary alteration in spatial mental representations 
that results from learning is the addition of metric knowledge. 

Cognitive Map Inaccuracies. The most common errors in cognitive maps, ascertain-
able through methods such as sketch mapping, are omissions (when parts of the envi-
ronment do not appear on the sketch), distortions (when parts of the environment 
appear distorted on the sketch), and additions (when elements that appear on the 
sketches do not exist in the environment) ([2], [32]). Inaccuracies often function as 
heuristics aiding encoding and recall through simplification – e.g. intersection angles 
rounded to the nearest multiple of 90 or 45, slightly converging lines perceived as 
parallel, ellipsoids encoded as circles, etc. among spatial elements involve misjudging 
positions and distances, resulting in spatial configurations that resemble “tectonic 
plates” (where spatial elements are grouped together and moved as a single unit), 
“fisheye lens” (where distances between elements are overestimated), or “magnet” 
(where distances between elements are underestimated) ([19, [23]). Generally, lack of 
substantial inaccuracies can be an indicator of high environmental “usability”. 

2.2 Extending Usability: The Concept of User Experience 

On a rudimentary level, hedonic factors were part of early definitions of usability 
offered by Shackel [37] and Stanton & Baker [39], which consisted of eight compo-
nents: effectiveness, learnability, flexibility, attitude, perceived usefulness, task 
match, task characteristics, and user characteristics. Of these components, attitude 
refers to the system’s ability to retain its use within acceptable margins of comfort 
and required effort while also increasing user satisfaction and hence the probability of 
future use. Perceived usefulness and task match were also indirectly related to he-
donic quality, in the form of satisfaction resulting from the compatibility between 
system functionality and user goals. The ISO 9241-11 definition of usability refers to 
effectiveness, efficiency, and satisfaction within a specific context of use (which is 
further analyzed in users, tasks, equipment, and environment). An interesting implica-
tion of this definition is the important role of contextual factors (including the envi-
ronment) in the perception of usability. Typical inaccuracies pertaining to the rela-
tions considers usability as the absence of negatively evaluated elements which, in 
turn, negatively impact the perceived “worth” of a system – even though the term 
“worth” is not explained in great detail. The main tenet of this family of approaches is 
that satisfaction is equated with the absence of problems rather than the generation of 
added value. 

Hertzum [20] refers to “hedonic usability”, i.e. the subjective evaluation of system 
use aspects that are not directly related to productivity. It can be further subdivided 

                                                           
1 Typically, a person’s primary spatial network is anchored on the home, or on the transition be-

tween home and workplace. Around the primary network, secondary and tertiary networks are 
formed. When navigating, individuals tend to employ these hierarchical levels in succession. 
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into relief, which refers to the minimization of negative affect resulting from system 
use, and hedonic quality, which refers to the system’s ability to elicit positive affec-
tive reactions. Hertzum also refers to “perceived usability”, the subjective perception 
of effectiveness, efficiency, and other mostly pragmatic aspects of system use. 
Alonso-Ríos et al. [1] refer, among others, to subjective satisfaction as the system’s 
ability to provide users with pleasurable stimuli (perceptual aspect) and pique their 
interest (cognitive – symbolic aspect). 

As evident from the above, the constant expansion of the traditional conception of 
usability is necessary so that various aspects of system use not directly related to effi-
ciency, productivity, utility, and other pragmatically-oriented concepts are accounted 
for. This process of expansion leads to the wider concept of User Experience (UX), 
which has come to involve three broad classes of factors: the user, the object being 
used (i.e. the system), and the context of use, which includes ‘tangible’ (environ-
mental stimuli) as well as ‘intangible’ (sociocultural norms, subjective values etc.) 
elements. As interaction design paradigms evolve and encompass elements that deviate 
from conventional contexts (e.g. as computation and interaction expands onto physical 
and virtual space), the focus inevitably shifts toward aspects that are more hedonically-
oriented and would have been considered extraneous up to that point [28]. 

Some Indicative Conceptualizations of User Experience. The most fundamental 
distinction in UX is the one between pragmatic and hedonic aspects (e.g. [22]). The 
former refers to the system’s ability to effectively support the user’s basic, more pro-
ductively-oriented needs, whereas the latter points to the system’s ability to excite the 
user’s interest and attention and encourage him/her to adopt its use as part of his/her 
identity. 

Tiger (in [4], p. 497) refers to four different types of pleasure that may be derived 
from using a product: (i) physio-pleasure, resulting from the perception of sensory 
stimuli and bodily actions that provide kinaesthetic feedback, (ii) socio-pleasure, 
resulting from social interaction, as well as social identification processes provided or 
supported by the product in question, (iii) psycho-pleasure, which entails the subject’s 
cognitive and emotional processes and responses during the use of the product, and 
(iv) ideo-pleasure, the product’s symbolic or artistic value and its compatibility with 
the subject’s self-identity. 

Norman [41] suggests that users interact with the system on three distinct but inter-
connected levels: (i) visceral or reactive level (automatically executed actions largely 
dictated by biological factors; a typical example is direct sensory feedback, which can 
be in itself a pleasurable stimulus), (ii) behavioral level (actions that are automatically 
executed due to habituation; this is the level that most closely corresponds to ‘tradi-
tional’ usability), and (iii) reflective / contemplative level (the interpretation of a 
stimulus by the user based on intra-individually derived or sociocultural values and 
concepts, such as self-image, roles, identity etc.). Crilly et al. [10] provide a categori-
zation similar to Norman’s: (i) aesthetic impression, the interplay between novelty 
and order in the perception of the product, (ii) semantic interpretation, the way the 
product’s functionality and mode of operation is communicated to the user (this  
dimension resembles ‘traditional’ usability), and (iii) symbolic association, the  
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importance and meaning of the product in terms of desired and/or projected identity. 
Also similar is the categorization by Desmet & Hekkert [13], which consists of three 
types of pleasure: (i) aesthetic pleasure, (ii) attribution of [sociocultural or symbolic] 
meaning, and (iii) emotional response. Similarly, Rafaeli & Vilnai-Yavetz [34] mention 
three basic dimensions of the experience of using physical artefacts: (i) instrumentality 
(functional aspects), (ii) aesthetics, and (iii) symbolism. Kuniavsky [25] refers to iden-
tity as a UX dimension, construed as a combination of functionality and symbolism with 
respect to the user’s self-image. Kuniavsky considers identity design to be the most 
important parameter that shapes the user’s affective response toward a product. 

Costello & Edmonds [7] synthesized a number of approaches of the concept of 
pleasure and ended up with thirteen different dimensions, some of which (i.e. explora-
tion and discovery) have clear applications in spatial settings, while others (competi-
tion, sympathy, camaraderie) have clear social connotations. Pleasure from sensory 
feedback and symbolic meaning and identification is also present in this framework. 
The concept of value has also been analysed into a number of constituent dimensions 
[9] that include aesthetic, symbolic, functional, and ergonomic value, as well as  
categorization and attention-drawing ability. 

With respect to interaction scale, three levels may be distinguished. On a macro-
scopic level, the user interacts with the system in its entirety (as one unit). The micro-
scopic level, on the other hand, refers to the user’s interactions with specific objects 
or subcomponents of the system, often in the context of larger activities. An interme-
diary level can also be envisioned, on which the user interacts with collections of 
subcomponents with shared functionality that constitute a single system component 
which supports a specific user activity. Furthermore, it is evident from the literature 
cited above that the broadest and most inclusive categorization of UX variables con-
sists of four main dimensions: physical / sensory, cognitive, symbolic, and social. 
These dimensions can also be interpreted in terms of their intra-individual or social 
focus, ranging from the purely individual to the collectively determined. 

3 Environmental Preference and UX 

Environmental appraisal refers to the process of assigning an affective quality to envi-
ronments and stimuli originating from them, and is closely linked with an array of 
cognitive, affective, and behavioural responses [8]. Essentially, it translates to assign-
ing affective responses to environments. 

As is the case with UX, environmental appraisal can occur on several levels. Four 
such broad levels are the physical or perceptual, the social, the cognitive, and the 
symbolic. The physical or perceptual level refers to the way objectively defined pa-
rameters are perceived through the appropriate sensory subsystems (e.g. lighting, 
colour) prior to cognitive processing. The social level entails evaluating an environ-
ment in terms of the social entities found therein and the possibilities for social (or 
parasocial) interaction it offers. The cognitive level refers to the impact of environ-
mental elements on cognitive processes and is the level that most closely corresponds 
to ‘traditional’ usability. The symbolic level deals with the way environmental  
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elements become part of the subject’s self-identity. With the exception of the social 
level, which refers to elements that are in a way extraneous to the environment itself, 
the other three levels signify a progression from the more concrete to the more ab-
stract in terms of environmental appraisal properties. Additionally, elements under 
appraisal can pertain to different aspects of the environment, such as the space itself 
(e.g. geometry, size, etc.), the objects or actors it contains (e.g. layout, presence of 
embodied agents etc.), and environmental circumstances (e.g. light, colour, noise 
level, temperature etc.). A review of relevant literature (see [35]) highlights some 
indicative dimensions of environmental appraisal, listed below (expanded and adapted 
from [35]): 

• Pleasantness. The most fundamental dimension of environmental appraisal.  
Pleasant environments tend to be perceived as beneficial, safe, enjoyable, and  
aesthetically pleasing. 

• Size, extent, and visibility. Whether an environment is visible in its entirety with-
out the user having to move. There are also social connotations to size and extent 
(e.g. crowding). 

• Complexity. The number of separate elements an environment consists of, the 
variability in their form or texture, and the number of sensory modalities involved 
in the perception of stimuli. 

• Coherence / unity. The extent to which elements of an environment are similar or 
complementary, constituting a single overarching unit. 

• Modularity. The extent to which an environment is segmented, i.e. consists of 
several interconnected parts.. 

• Legibility. A legible environment offers cues as to its functions, its constituent 
elements, and its properties (see Lynch 1960). 

• Utility. The degree to which the environment can support the subject’s goals. 
• Familiarity. In a productive activity (i.e. an activity with clear goals and specific 

positive and negative outcomes associated with its successful or unsuccessful  
execution), lack of familiarity is usually interpreted as negative. 

• Predictability / clarity. The inhabitant’s ability to anticipate the form and function 
of environmental elements. 

• Novelty. The extent to which an environment contains new elements or elements 
that had not been perceived by the individual. Novelty can be seen as the inverse of 
familiarity and tends to induce exploratory behavior. 

• Safety / privacy. The extent to which the environment can provide the user with 
the opportunity of voluntary inaccessibility (e.g. hiding) and encourage informal 
behavior. 

• Malleability. The ability of the environment to be configured by the inhabitants in 
accordance with their needs and goals; malleability is an aspect of personalization. 

• Natural elements. The extent to which an environment contains natural elements 
or related connotations. 

1. Representational and interactional fidelity. The extent to which sensory stimuli 
and behaviors that resemble those found in the real world are featured in a VE. 
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4 Concluding Remarks and Future Work 

Interrelating UX and environmental preference variables is expected to result in a 
detailed categorization of the impact of elements of spatial design on the users’ per-
ception and evaluation of spatial interfaces in general and immersive VEs in particu-
lar. Such a framework will assist the design and evaluation of such interfaces from a 
more theoretically informed position. As a means of producing conclusive evidence 
of the interrelationships among the concepts outlined in the previous sections, a series 
of experiments are currently being designed. Among others, these experiments  
attempt to address the following issues: 

• Assessing the impact of various degrees of embodied action within immersive VEs 
on the functional and emotional aspects of UX. 

• Assessing the impact of environments as social entities that promote parasocial 
interaction with the users by appropriate changes in form, colour, lighting, and  
other parameters. 

• Ascertaining the influence of factors related to representational and interactional 
realism on user performance and enjoyment. 

• Investigating the correlation between stable subjective variables such as personali-
ty and spatial ability, and performance in spatial tasks or environmental preference. 

• The degree to which the aforementioned relationships fluctuate as a function of 
immersion and presence. 

These experiments are considered steps toward the formulation of a theoretical 
framework and a set of guiding principles for the design or synthetic spatial  
experiences. 

References 

1. Alonso-Ríos, D., Vázquez-García, A., Mosqueira-Rey, E., Moret-Bonillo, V.: Usability: A 
Critical Analysis and a Taxonomy. International Journal of Human-Computer Interaction, 
26, 53-74 (2010).  

2. Bell, P.A., Greene, T.G., Fisher, J.D., Baum, A.: Environmental Psychology, 4th edn.  
Harcourt Brace, Orlando (1996) 

3. Billinghurst, M., Weghorst, S.: The Use of Sketch Maps to Measure Cognitive Maps of 
Virtual Environments. In: Proceedings of the Virtual Reality Annual International Sympo-
sium 1995, March 11-15, pp. 40–47. IEEE, Triangle Research Park (1995) 

4. Buccini, M., Padovani, S.: Typology of the Experiences. In: Proceedings of “Designing 
Pleasurable Products and Interfaces”, Helsinki, Finland, August 22-25, pp. 495–504. ACM 
Press, Helsinki (2007) 

5. Charitos, D.: Communicating Environmental Meaning through Designing Space in Virtual 
Environments. In: Ylä-Kotola, M.Y., Inkinen, S., Isomaki, H. (eds.) The Integrated Media 
Machine: Aspects of Future Interfaces and Cross-Media Culture, Integrated Media  
Machine, vol. III, pp. 13–35. European Institute of Sustainable Information Society,  
Rovaniemi (2005) 



390 C. Rizopoulos and D. Charitos 

 

6. Cockton, G.: Usability Evaluation. In: Soegaard, M., Dam, R.F. (eds.) Encyclopedia of 
Human-Computer Interaction, The Interaction-Design.org Foundation, Aarhus (2012), 
http://www.interaction-design.org/encyclopedia/ 
usability_evaluation.html (accessed June 4, 2012) 

7. Costello, B., Edmonds, E.: A Study in Play, Pleasure and Interaction Design. In:  
Proceedings of the 2007 Conference on Designing Pleasurable Products and Interfaces 
(DPPI 2007), Helsinki, Finland, August 22-25, pp. 76–91. ACM Press, New York (2007) 

8. Craik, K.H., Feimer, N.R.: Environmental Assessment. In: Stokols, D., Altman, I. (eds.) 
Handbook of Environmental Psychology, 1st edn., pp. 891–918. John Wiley & Sons,  
New York (1987) 

9. Creusen, M.E.H., Schoormans, J.P.L.: The Different Roles of Product Appearance in  
Consumer Choice. Journal of Product Innovation Management 22, 63–81 (2005) 

10. Crilly, N., Moultrie, J., Clarkson, P.J.: Seeing Things: Consumer Response to the Visual 
Domain in Product Design. Design Studies 25, 547–577 (2004) 

11. Darken, R.P., Sibert, J.L.: A Toolset for Navigation in Virtual Environments. In: Proceed-
ings of ACM User Interface Software & Technology, pp. 157–165 (1993) 

12. Darken, R.P., Sibert, J.L.: Wayfinding Strategies and Behaviors in Large Virtual Worlds. 
In: Proceedings of CHI 1996, Vancouver, BC, April 13-18, pp. 142–149. ACM Press,  
New York (1996) 

13. Desmet, P., Hekkert, P.: Framework of Product Experience. International Journal of  
Design 1, 57–66 (2007) 

14. Dieberger, A., Tromp, J.: The Information City Project: A virtual reality user interface  
for navigation in information spaces. In: Proceedings of the Vienna Virtual Reality 1993 
Conference, Vienna, Austria (1993) 

15. Ellis, S.R.: Nature and origins of virtual environments: A bibliographical essay. Compu-
ting Systems in Engineering 2, 321–347 (1991) 

16. Evans, G.W.: Environmental Cognition. Psychological Bulettin 88, 259–287 (1980) 
17. Gaunet, F., Vidal, M., Kemeny, A., Berthoz, A.: Active, Passive and Snapshot Exploration 

in a Virtual Environment: Influence on Scene Memory, Reorientation and Path Memory. 
Cognitive Brain Research 11, 409–420 (2001) 

18. Gibson, J.J.: The ecological approach to visual perception. Lawrence Erlbaum Associates, 
Hillsdale (1986) 

19. Golledge, R.G., Stimson, R.J.: Spatial Behavior: A Geographic Perspective. The Guilford 
Press, New York (1997) 

20. Hertzum, M.: Images od Usability. International Journal of Human-Computer Interac-
tion 20, 567–600 (2010) 

21. Hirtle, S.C., Hudson, J.: Acquisition of Spatial Knowledge for Routes. Journal of  
Environmental Psychology 11, 335–345 (1991) 

22. Karapanos, E., Zimmerman, J., Forlizzi, J., Martens, J.B.: User Experience Over Time:  
An Initial Framework. In: Proceedings of CHI 2009, Boston, MA, USA, April 4-9,  
pp. 729–738. ACM Press, New York 

23. Kitchin, R., Blades, M.: The Cognition of Geographic Space. Tauris, London (2002) 
24. Kuhn, W.: Handling data spatially: Spatializating user interfaces. In: Kraak, M.J.,  

Molenaar, M. (eds.) Advances in GIS research II: Proceedings of the 7th International 
Symposium on Spatial Data Handling, vol. 2, pp. 13B.1–13B.23. IGU, Delft (1996) 

25. Kuniavsky, M.: Smart Things: Ubiquitous Computing User Experience Design. Morgan 
Kaufmann, Burlington (2010) 



 The Experience of Spatial Interaction 391 

 

26. Lin, C.T., Huang, T.Y., Lin, W.J., Chang, S.Y., Lin, Y.H., Ko, L.W., Hung, D.L., Chang, 
E.C.: Gender Differences in Wayfinding in Virtual Environments with Global or Local 
Landmarks. Journal of Environmental Psychology 32, 89–96 (2012) 

27. Lynch, K.: The Image of the City. The MIT Press, Cambridge (1960) 
28. McCullough, M.: Digital Ground: Architecture, Pervasive Computing, and Environmental 

Knowing. MIT Press, Cambridge (2004) 
29. Montello, D.R.: Navigation. In: Shah, P., Miyake, A. (eds.) The Cambridge Handbook of 

Visuospatial Thinking, pp. 257–294. Cambridge University Press, New York (2005) 
30. Montello, D.R., Hegarty, M., Richardson, A.E., Waller, D.: Spatial Memory of Real Envi-

ronments, Virtual Environments, and Maps. In: Allen, G.L. (ed.) Human Spatial Memory: 
Remembering Where, pp. 251–285. Lawrence Erlbaum Associates, Mahwah (2004) 

31. Nash, E.B., Edwards, G.W., Thompson, J.A., Barfield, W.: A Review of Presence and  
Performance in Virtual Environments. International Journal of Human-Computer Interac-
tion 12, 1–41 (2000) 

32. Oliver, K.: Psychology in Practice: Environment. Hodder Arnold, London (2002) 
33. Piaget, J., Inhelder, B.: The Child’s Conception of Space. Norton, New York (1967) 
34. Rafaeli, A., Vilnai-Yavetz, I.: Instrumentality, Aesthetics and Symbolism of Physical Arti-

facts as Triggers of Emotion. International Symposium on Theoretical Programming 5(1), 
91–112 (2004) 

35. Rizopoulos, C., Charitos, D.: Implications of Theories of Communication and Spatial  
Behavior for the Design of Interactive Environments. In: Proceedings of the 7th Interna-
tional Conference on Intelligent Environments, Nottingham, UK (2011) 

36. Ruddle, R.A., Volkova, E., Bülthoff, H.H.: Walking Improves Your Cognitive Map in  
Environments that Are Large-Scale and Large in Extent. ACM Transactions on Computer-
Human Interaction 18, article 10 (2011) 

37. Shackel, B.: Usability – Context, Framework, Definition, Design and Evaluation. In: 
Shackel, B., Richardson, S. (eds.) Human Factors for Informatics Usability, pp. 21–37. 
Cambridge University Press, New York (1991) 

38. Siegel, A.W., White, S.H.: The Development of Spatial Representations of Large-Scale 
Spatial Environments. In: Reese, H.W. (ed.) Advances in Child Development and Beha-
vior, vol. 10, pp. 9–55. Academic Press, New York (1975) 

39. Stanton, N.A., Baber, C.: Usability and EC Directive 90/270. Displays 13(3), 151–160 
(1992) 

40. Vinson, N.G.: Design Guidelines for Landmarks to Support Navigation in Virtual  
Environments. In: Proceedings of CHI 1999, Pittsburgh, PA, pp. 278–285. ACM Press, 
New York (1999) 

41. Norman, D.A.: Emotional Design: Why We Love (or Hate) Everyday Things. Basic 
Books, New York (2004) 


	The Experience of Spatial Interaction: Conceptualizing the User Experience of Virtual Environments
	1 Introduction
	2 The Concept of User Experience in the Context of Spatial Interaction
	2.1 Aspects of Usability in the Case of Spatial Interaction
	2.2 Extending Usability: The Concept of User Experience

	3 Environmental Preference and UX
	4 Concluding Remarks and Future Work
	References




