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Abstract. This paper examines service cognition from the perspective of the 
design of public or semi-public spaces. Results are presented from a workshop 
with students using an approach and system we developed to engage users with 
the design of their communal space. The paper ends with a brief discussion of 
these results, which suggest that multi-party service cognition has features that 
must be addressed in the design of systems, particularly in the context of spatial 
design. 
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1   Introduction 

Many changes happened in engineering and industry during the end of the 20th 
century, with the greatest of these continuing globally to the present day. Broadly 
speaking, industrialized nations moved from heavy manufacturing as a base to 
knowledge economies [1], coinciding with, and supported by, ever-increasing 
computing power. While developing economies took up the role of being producers of 
basic goods in their main industries, the ‘post-industrial’ economies focused on 
developing their service sectors [2]. With the rise of ‘manufactured risk’ [3] comes an 
urgent need to understand and improve the management and control of highly 
sophisticated technical systems [4]. In concert with this area of research, studies of the 
cognition of those involved in service in other areas, and of cognition in organizations 
more generally have continued. “Service cognition” as a research field is potentially 
very broad and can therefore denote the cognition of individuals providing services in 
many varied fields. In this paper we emphasize the other part of service systems—the 
users of services—and particularly focus on the interrelated nature of providers and 
consumers/users. Additionally, while research has been done on various systems and 
settings, there is still a need to more fully understand service cognition in the realm of 
architecture and design. This paper consequently aims to partly fulfill this need. The 
paper is organized as follows. In the rest of this section we briefly explore the 
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relationship between service cognition and spatial design. In section 2 we introduce a 
system we have developed to aid the participatory design of semi-public spaces. In 
section 3 we present some results and conclude with a discussion in section 4. 

1.1   Spatial Design as Service 

Although not a new development in theory, in practice the commercial desire to 
create spaces that can be used for multiple purposes, or “flexible spaces”, has 
developed into a prominent aspect of architecture only in recent years [5]. This can 
take the form of movable walls and furniture, which allow the use of the space to be 
changed according to different needs of clients, and may even enable changes to be 
made within the course of a week or day. Architects are usually involved only in the 
initial construction of buildings, leaving decisions about use to be done by owners. 
Hence, with the ability to transform spaces after their construction, if buildings are to 
be used by people other than themselves, the managers and administrators of those 
spaces take on an additional role of designers—or, rather, ‘re-designers’. It is in  
this sense that the management of a space and reworking of layout is clearly a service. 
If the space is public or semi-public, such as a gallery, university campus or office, 
the providers and managers of the space are part of a complex system of provision 
and use. 

1.2   Cognition, Service and Participatory Design 

We can note that while traditionally architects and designers of spaces may be 
separated from the users—the architects and interior designers working prior to users 
being in the space—administrators of buildings necessarily need to engage with users 
at some level. However, their evaluations of spatial use might typically take the form 
of surveys [6]. While this process may be iterative, it does not involve the users 
directly with the re-designing of the space and may struggle to fully manage to 
comprehend the multiple layers of spatial use [7]. A participatory design [8] approach 
may be a way to more fully involved users in the provision of appropriate spatial 
design. We assert that involving the users in the (re-)designing of the spaces they use 
will be a useful way to create functional, flexible spaces that ‘fit’ with changing 
needs. However, the potential mis-match of cognition between professionals and non-
professionals and between users and other users could create difficulties. The 
appropriate inclusion of digital technologies in this process may benefit the 
administrators, users, and professional designers. 

Studies that use mobile or pervasive technologies to understand spatial use are 
multiple [9, 10]. Unfortunately, while the data produced is useful and may be 
generalised, it is difficult to gain access to the actual beliefs or desires of users at the 
time of use. It should also be recognised that people involved in the service system—
designers, administrators and users—will be unlikely to have matching cognition. 
Indeed, the differences in the beliefs or assumptions about use of original architects 
and eventual users may be fundamental to why spaces are unused or under-used. In a 
multi-party process of redesigning space, a system is needed that allows all 
participants to work together and to somehow ‘see’ each others’ cognition. 
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In the rest of this paper we therefore do not intend to present a model of service 
cognition in spatial design, but instead hope to illuminate one way of determining this 
cognition. We demonstrate a system where members—users or designers of space—
can work together in a participatory framework to create new ways of use. 

2   The Pingpong Project and Platform 

Participants involved in services, whether on the receiving end—in this case the users 
of a space—or the other side, as designers, architects or administrators, necessarily 
plan and evaluate at different levels. It has been shown that visualisation, whether in 
the form of sketches [11] or more elaborate diagrams, is a significant part of design 
[12]. This visualisation may be considered to be a way to ‘externalise’ cognition, a 
practical cognitive map which can be utilised by others in the design process. Our 
project, known as ‘pingpong’1 aims to structure design processes using multi-
disciplinary research related to computer science, and technologies such as web-
mining, natural language processing and semantic web. We have developed a 
platform and set of tools to facilitate this aim, and have to date explored its use in 
several design workshops held at different university campuses.  

2.1   Pingmap Application 

For the users, the system consists of a mobile application installed on mobile phones 
and a web-based browser visualization. The platform itself is the application, a human 
behavior extraction engine and a visualization map. Upon launching the application, 
users see a start screen and then a screen with a map of the university campus (or 
space that will be studied), seen in Fig.1 (a and b).  

The user touches the screen to locate themselves on the map, after which an input 
box is displayed where they insert some text (Fig. 1c). The text is then uploaded to the 
Web using Twitter, the micro-blogging service2. Because we used Twitter as an  
 

 

Fig. 1. The Pingmap application 

                                                           
1 http://www.pingpong.ne.jp/ 
2 http://twitter.com 
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underpinning infrastructure to collect the data, the number of characters is limited to 
140. This data is collected along with user’s account name, posted text, a hash-tag, X-
axis of the map, Y-axis of the map, and the floor number of the space. As an example, 
if a user with an account name of miz oka posts a text ”Coffee now”, the location 
information of the map (X-axis, Y-axis, and the floor number) along with the hash-tag 
specified for the workshop are automatically attached and will produce the following 
post: 

Miz_oka, coffee now, #ppfun, 283, 142, 5. 2010-02-15 10:35:33 JST 

2.2   Pingpong Engine 

The pingpong engine, a human behavior extraction engine, analyses each post from 
the pingmap application and extracts human actions. For analysis, we define ‘human 
behavior’ in terms of three linguistic elements (subject, verb and object). Each user’s 
posted text (referred to as tweet from herein) is collected using the API and natural 
language processing techniques are applied to extract these three elements as one 
human action. Specifically for example, from a tweet “I read a book”, the engine 
extracts “I”, “read”, “a book”. Further details of the natural language processing 
applied and specifically the methods of dealing with ungrammatical and fragmented 
text in tweets can be found in [13]. 

2.3   Pingpong Map 

The pingpong map visualizes the collected data in a web-based browser. The 
visualization is provided in the form of a map in which the verb is extracted from 
each post and plotted using its location information. This visualization is intended to 
enable collaboration between users, provided so as to facilitate the sharing of 
information among workshop participants. Fig. 2 shows a snapshot of the pingpong 
Map developed for a workshop described below. The left part of the screen shows the 
tweets in a timeline, but the right side is a map of the space showing only the verbs 
plotted in the location where the tweets were posted. The reason for showing only 
verbs is to allow the user to grasp the general content of the tweet and location 
without needing to read the entire text. Verbs rather than nouns allow the grasping of 
content in sentences [14]. Clicking on a verb on the map prompts the appearance of 
its original tweet in the timeline, and clicking on the timeline tweets highlight them in 
the map for easy reference. 

 

Fig. 2. Screenshot of the Pingpong Map 
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2.4   Workshop Study 

To evaluate the tools in a real-world system, a series of workshops were conducted in 
university campuses. Here we report on one, held to examine the use of a campus of a 
university in the north of Japan. 

The workshop was conducted with a total of 15 people consisting of 12 
undergraduate and graduate students from the university under study and three 
students from other universities. Students were recruited via an introductory lecture 
we gave at the university, the mailing lists of the staff and the students, and 
advertising it on our project website as well as the website of the public relations 
department of the university. Most of the participants majored in either computer 
science or information science. The participants were divided into three groups with 
each group consisting of five students. We also made the set of tools developed for 
the workshop available for the people who have internal access to the university local 
network to access, allowing anyone to download the software. This was advertised a 
month in advance and posted on our blogs as well as the university’s website.  

The workshop consisted of six phases, namely observation, analysis, idea 
generation, prototyping, implementation and use. These phases were held on different 
days, depicted in Fig. 3. 

 

Fig. 3. Day 1: data collection, Day 2: analysis, Day 3: idea generation, Day 4 implementation 

On the first day, students used the pingpong application on mobile phones walking 
around the building. They were told to post tweets freely. This data was collected by 
the system and used on the second day where workshop participants were provided 
with the pingpong map visualization tool. Using the tool, the students attempted to 
understand the current and desired use of the campus space. On the following two 
days, ideas about new ways of using the space were generated based on the earlier 
analysis, and finally prototyped to see if they were workable. The workshop 
participants presented their ideas and prototypes to each other on this last day. 
Throughout the workshop, hand-held video was captured of student interactions with 
the system, along with separate audio data during the second and third days of group 
discussion in order to give observational data for analysis.  

3   Results 

The workshop proved to be an effective way to see use of the system in a real-world 
setting.  Firstly, the video of the students while collecting data (tweeting) showed that 
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data on spatial usage could be collected in a short time with minimum instruction. It 
was initially noticeable that the tweets produced by students around the space could 
apparently be categorized into whether they were about a static observation about the 
physical space, or whether students—most of whom were regular users of the 
campus—noticed some change in the space since a previous visit (described more 
fully in [14]. This is significant as it is information that could not be gained easily by 
an external designer, but that could prompt users to think of a possible way to 
redesign the space. 

 

Fig. 4. Students preparing their implementation 

The second day was initially frustrating for some of the students, as the pingpong 
map did not function according to how they desired it to. Initial interest was on the 
data that they had produced themselves and which would have been the topic of their 
discussion and design. But the way the tweets had been processed by the system made 
it very difficult to simply find one’s own posts without seeing those of other people. 
In effect the system pushed workshop participants toward comprehending other users’ 
experience and desire for the space. The freedom that students had been given about 
their posting of tweets with the system also highlighted the necessity to recognize the 
different levels of spatiality, namely that in addition to physical environmental 
observations, social interactions between students led to posting – much as we may 
expect in non-workshop ‘real’ settings.  This can be seen in Extract 1, which shows 
two tweets, with the latter one prompted by the sight of the first. 

 
[Extract: Social Interaction Tweets]  
Student A  
Waving at a person who got off from the elevator. 2010-02-16 13:42:45 JST  
Student B  
This may be useful for finding a person. 2010-02-16 13:43:27 JST  
 
The beliefs held about the usage of the space were therefore shown to emerge from 

interactions with others in the same building. While it would not be impossible for 
individual administrators and designers to gain access to this data, pingong and the 
workshop format facilitated this easily. 
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Students used the visualization to generate ideas about redesigning the space to 
more effectively represent desired use and all were able to decide an implementation 
to prototype on the final day. These included ways to improve navigation information 
displayed in the building and to more fully utilize unused areas. 

4   Discussion 

This study briefly introduced a system to aid in the redesigning of semi-public spaces. 
Though the study at this stage did not involve professional designers, the workshop 
participants found the system useful in their development of a new spatial designs. It 
is envisaged that the logical extension of a system such as pingpong would be the 
ability to collect data naturalistically, such as that produced in users’ daily lives 
through micro-blogging or other mobile-online behavior. This will be a next stage of 
our future work. Nevertheless, the workshop itself provided a significant benefit that 
data could be collected in a short time and the producers of that data were then able to 
join and collaborate around a representation of their use and desire for use of the 
space. As such, a workshop format with a system like pingpong may be beneficial to 
administrators of buildings in the short term at least. 

The study illustrates that service cognition in the context of participatory design is 
complicated by the involvement of multiple parties, each with differing 
understandings of present and desired use. While the workshop this time included one 
type of user—the students—the system prompted their recognition of beliefs and 
desires in the other groups. This would only be emphasized more with the addition of 
professional architects and administrators. Although the pingpong system has been 
developed from an emphasis in participatory spatial design, we believe that it may 
have use in other types of multi-party service, as it can enable, even strongly prompt, 
participants to visualize and discuss their cognitive maps. 
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