
A. Marcus (Ed.): DUXU 2014, Part III, LNCS 8519, pp. 265–272, 2014. 
© Springer International Publishing Switzerland 2014 

Enhance User Experience Moving in Campus  
through Understanding Human Spatial Cognition 

Szu-Miao Chen1, Yi-Shin Deng2, Sheng-Fen Chien3, and Hsiao-Chen You4  

1 Institue of Creative Industries Design, National Cheng Kung University 
2 iNSIGHT Center, National Taiwan University 

3 Department of Architecture, National Cheng Kung University 
4 Department of Multimedia Design, National Taichung University of Science and Technology 
{mszu.2003,yishin.deng,hcyous}@mail.com, schien@mail.ncku.edu.tw 

Abstract. There are always interactions between people and environment 
involved in our daily activities. People gather different kinds of information 
from their surroundings; after interpreting by mental models, they give 
responses to environment. Among all the information, spatial information is the 
one which played an important role in supporting our living activities such as 
traveling or commuting. Besides, people in the same environment will form 
cognitive map differently owing to their mental model, which process perceived 
information, and purpose of activities. Therefore, to construct better 
information architecture for providing needed information, the understanding of 
differences of spatial cognitions between individuals is essential. This paper 
explored different kinds of users’ spatial representations about a specified 
semipublic space, university campus; and through applying user interview as 
well as living lab concept, the findings can be referred for future study to build 
an customized, comprehensive spatial information providing system.   
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1 Introduction 

As one of the most significant parts in living activities, the interaction between people 
and environment has great influences on our daily experience. Through the continuous 
interactions with surrounding environments, people learn and build their own 
knowledge about the space. Furthermore, they can form cognitive map of that place [1]. 

However, people learn spatial knowledge differently according to their mental 
models, purposes of activities, and cultural backgrounds, which leads to the 
differences of spatial representations between individuals. Besides, context changes 
while people are moving within places. Which means that even with the same goal, 
the information needed will be different based on their location.  

Therefore, spatial information should be customized provided in order to support 
activities and enhance user experience in an environment. To reach this target, the 
understanding of how different people learn a certain environment based on their 
purposes and backgrounds is essential. What’s more, the findings of those spatial 
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representational differences between individuals could be further analyzed to build 
comprehensive information architecture. 

This paper, as part of a large holistic study on spatial cognition and information, 
explored different kinds of users’ spatial representations about a specified semipublic 
space, university campus, which is seldom being discussed before. As a semipublic 
space, campus is generally open to public; however, unlike parks, campus was built 
for certain purposes such as lecturing, administrations with specific target audiences, 
students and faculties, within a time period. In other words, it includes both public 
and private functions. For this purpose, taking advantages of its convenience as well 
as flexibility, an online web application was built after conducting some user studies 
as a method to collect various perspectives of how people understand the place. 

2 Theoretical Background 

In our everyday life, we use mental models to process surrounding information and 
figure out ways to solve problems. Accordingly, mental model basically governs our 
behaviors; it influences how we respond to external world. In other words, when we 
see and perceive descriptions from a world, we can construct a similar, yet less rich, 
representation—a mental model of the world based on the meaning of the description 
and on our knowledge [2]. 

Mental model creates the lens through which we see the world, however in most 
situations we merely notice its existence. Besides, because mental model is formed by 
learning and experiences, it may differ from person to person. Yet the diversity of ways 
how people see descriptions from the same world is valuable. Multiple mental models 
bring multiple perspectives to bear. Through the understanding of how different people 
see a same world, and how they interpret perceived spatial information based on their 
mental model, the differences as well as the patterns can be found to help construct more 
comprehensive information architecture for environmental learning. 

Spatial representation is a process through which people gather spatial information 
from surrounding environment and form an internal mental understanding of that 
spaces which can be expressed by symbols or texts. In other words, the 
representations of space show how people interpret spatial information, and in which 
way they express the information (Fig. 1). 

 

Fig. 1. The process of spatial representation 
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What’s more, spatial information exists in many forms in our living environments. 
For example, in the famous book, The Image of the City (1960)[3], Lynch has 
contributed five identified features of environment that are assumed mostly likely to 
be perceived— edges, paths, nodes, districts and landmarks— by asking people to 
describe cities they lived in. 

A well-formed spatial representation contains enough and clear information which 
is all what users need. As many psychologists claimed, too much information may 
cause cognitive overload and may therefore make situation even worse. 

In addition, while conducting activities especially navigation activities within an 
environment, there are three forms of knowledge being involved in the perception of 
spatial information: Landmark knowledge, route knowledge, and survey (i.e., map) 
knowledge [4]. Both of the landmark and route knowledge are egocentric, which 
means we measure the information such as distance and height of a landmark or a 
route according to where we are. Yet the survey knowledge is allocentric. It is 
objective and irrelevant to our position. That is, we can acquire survey knowledge of 
a place even we are not in there. 

3 Methodology 

In the past, spatial cognition research in spatial activities such as navigation mainly 
focuses on the discussion of linguistic representations. Whereas, the purpose of this study 
is to explore different kinds of users’ spatial representations about a semipublic 
university campus, National Cheng Kung University, through applying Living Lab 
concept. 

As mentioned before, after a certain time of learning, the environmental familiarity 
increased. The familiarity to an environment is formed by two components: specific 
experience of given locality and global experience of city structure, hierarchy of 
roads, traffics and directing signs. Both of these two components are forming directly 
yet only representing part of individual’s total spatial knowledge. There is other part 
 

   

Fig. 2. Components of spatial knowledge and its change according to familiarity 
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of information acquired from external sources, such as maps, navigation media, street 
signs, people, and so on. The illustration (Fig. 2, without colored highlight) below 
made by Eliahu Stern & Juval Portugali (1999) [5] well expresses the three main 
components of forming spatial information and the change according the familiarity. 

The red-colored, highlighted part in the illustration above shows the focus this study is 
going to explore. The global experience will be less considered than specific experience, 
because we assumed that all subjects participated in the experiments are sharing certain 
degree of the same cultural background and knowledge living in this country. 

3.1 Living Lab Approach  

Living lab concept originates from MIT, Boston, professor William Mithchell, 
MediaLab and School of Architecture and city planning. According to Schumacher 
(2007) [6], this new research method has many characteristics. With its “users as 
innovators” approach, Living Lab needs users’ involvement in the all R&D and 
evaluation cycle, instead of joining at the end phase of development as trail testers. In 
addition, in order to get access to the users’ ideas and their knowledge, the researchers 
need to build multi-contextual sphere in which an interactive and co-creative 
approach can be applied between developers and users over the whole process. 
Besides, with the use of ICT (Information and communication technology), the 
interactivity of Living lab can therefore reach a bigger community than traditional 
method. The comparison between Living Lab and traditional research method is 
illustrated by Schumacher A.J. and Feurstein B.K. (2007) as below. (Fig. 3) 

 

 

Fig. 3. Participation and Context of innovations according to Schumacher (2007) 

This paper mainly focuses on the research question: What kinds of spatial cognitions 
will be formed by people with various purposes of activities in the campus? 

3.2 Designing Experiments  

The exploration was divided into two parts: user interview and online data collecting. 
In the user interview session, five subjects who have experiences either studying or 
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visiting NCKU were interviewed for their image about the environment of the 
campus. Any way to describe the image such as by talking, by drawing, or by sharing 
photos is allowed for the purpose of maximizing the diversity of possible spatial 
cognition. 

According to the findings from user interviews, we built an online application 
which combines both the questionnaire and a map-based painting board. The 
questionnaire is designed to collect basic user information which may be considered 
relevant to the differences of their spatial cognition, for example, their background 
knowledge about selected place, their reasons and experiences of being in the campus; 
whereas the online painting board (Fig. 4) is designed to widely collect spatial 
understandings about the place from as many people as possible. Compared to 
traditional ways of user data collection such as Probe [7], the reasons to use web-
based application to collect data is because it can gather much information in a short 
time, without considering time and weather constraints. And when the amount of 
collected data becomes larger, the analysis after data collecting is more likely to be 
holistic. These advantages are corresponding to the characteristics of Big Data: 
volume, variety, and velocity. Besides, through online application, updates and 
adjustments can easily be made, which ensure the flexibility of data collecting. 

 

 

Fig. 4. Template of web-based painting board 

4 Discussion 

The findings from the user interviews with five subjects who have been staying in the 
campus, either for long-term studying or for short-term visiting, confirmed that 
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individuals learned and formed their own spatial cognitive maps according to both 
experience gained in the place and internal mental models. Besides, the context in 
which people acquire spatial knowledge is quite influential on their forming of spatial 
cognitive maps. 

In other words, they are two factors we found based on the interviews that can be 
seen as variables during the forming process of spatial cognitive map: time and 
purpose of activities. As Tolman(1948) [1] mentioned, cognitive map of a space can 
be formed after a period time of learning about that environment; however we found 
that people start build and organize acquired spatial knowledge as soon as they get 
into the place. Some people may present poor spatial understanding due to less 
information noticed and perceived, or it is just because ignored information is 
relatively not important while considering their purpose of activities.  

4.1 Results and Findings  

As you can see in the figures below (Fig. 5), both of the two figure (a) and (b) are 
drawn by 20s-year-old male master students respectively. The only difference 
between them is how much time they have spent in this environment. The subject who 
drew figure (a) visit campus only for meeting friends, he stayed for only three hours 
in the campus; whereas the subject who drew (b) has lived and studied in NCKU for 
over five years.  

 

  
          (a)              (b) 

Fig. 5. Spatial understanding of NCKU drawn by two subjects in user interviews. (a) Drawn by 
a NCKU visitor after his second-time visiting the university and stay for approximately three 
hours in the campuses. (b) Drawn by a second-year master student studying at NCKU. The 
drawn part is the one of nine campuses of NCKU where his department is located. 

Hence, as what we can expect, there are some obvious differences between the two 
drawn illustrations (a) and (b): 
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Firstly, the scale is different. This shows that subject who is familiar with certain 
area will tend to describe it in details compared to subject who is a foreigner in the 
environment. Those details come from the accumulation of spatial knowledge by 
actively living and learning about a place.  

Secondly, in addition to more details can be described by subject who is familiar 
with the place, the location accuracy of those provided spatial information is also 
higher than subject who is unfamiliar with the campus. 

Thirdly, though people with higher familiarity with the environment can provide 
more detailed description with more accurate location, the two subjects are just 
holding different perspectives toward the same place. Not only the ways they 
described a place are different, but what they’ve noticed, and what kind of 
information they’ve perceived are also varied. In summary, a tourist may see 
something a resident has never noticed; and vice versa. 

Based on those findings, a web-based quantitative user study was therefore 
conducted. In order to collect as diverse as possible more spatial cognitions from 
people with different mental models in different context, we allowed users to paint, to 
add notes, and to attach images, as long as it can well represent their understanding 
about the place. Additionally, after carefully considerations, two scales (which are 
mode1, mode 2) with relative locations of buildings are provided as references to 
assist users’ to draw their spatial descriptions. (Refer to Fig. 4) 

4.2 Future Work 

In future work, we plan to bring the implementation of the web-based survey 
application to more quantitative study with at least 50 data collected for further 
analysis. Besides, the concept of GIS (Geographic Information System), which is 
highly involved in our daily life, and its operational and transactional characteristics 
are all considerable extension. 

Due to time constraints, only some areas of the campuses can be covered in the 
research; yet the findings as well as the designed method of how to efficiently collect 
individual’s spatial understanding can be referred in the future study. In addition, the 
user experience in city mobility, which has larger area and more complex contexts, 
may also be discussed in the future. 

5 Conclusion 

In order to explore different kinds of users’ spatial representations about a specified 
semipublic space, university campus, which is seldom being discussed before, we 
taking advantages of the convenience as well as flexibility of technology: an online 
web application was built after conducting user interviews as a method to collect 
various perspectives of how people understand the certain place. 

Considering there are little studies discussing about the diversities of human spatial 
cognition according to the two factor: time and context, in campus environment, this 
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study contributed to the relevant literature by providing findings to improve user 
experience moving in university campus.  
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