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1 ABSTRACT 

This research investigates the feasibility of web technology as a means of collaborative method to integrate 
rural buildings with their surroundings. The conceptual design of a GIS enabled web-based application this 
paper proposes supports public participations to the current business processes’ limitations and increases the 
efficiency of these processes by means of web-based technologies. The prototype is dealing with a multi-
criteria spatial decision-making borrowed from a geographical information system (GIS), a design criteria to 
predict and measure users’ perceived impression as the tool of environmental assessment, and an 
interoperable knowledge map as sharing, documenting, and reusing practical information. The approach 
employs three-tier architecture in a server/client system programmed by active server pages (ASP), and 
consists of Map Server and MySQL relational database. ASP is a server-side script to create dynamic web 
pages that are able to retrieve and display database data and modify data records. The application developed 
ASP can be deployed on any web browsers, since it is server-side application. Map Server presents a quality 
output of GIS data including raster and vector graphics, labeling/annotation, multiple data layer support, and 
spatial analysis functionality between layers. MySQL is a multi-user structured query language (SQL) 
database management system (DBMS), which code and data will be held on a centrally located server where 
it could be accessed from any broadband-connected computer. Using the proposed prototype for integrating 
rural buildings with their landscapes, the ideas and theories discussed in this paper clarifies the contribution 
of the interface and helps to create a coherent and practical application that is transparent and collaborative. 

2 INTRODUCTION 

Some landscapes are still preserved to have a close relationship and harmonious balance with natural 
resources, farming, and human settlement carefully sited and oriented (Di Facio, 1989). However, the 
changes of the past few decades as agriculture and tourism have experienced an important transformation 
have proliferated in many other cases an abrupt and a discordant in the relation between man-made 
constructions and their landscapes (Montero et al., 2005). It is important that these new buildings should be 
designed and sited respecting their environmental emplacement (Tandy, 1979). For that reason, the 
professionals such as designers and developers should keep integration and functionality in mind and also 
consider traditional construction styles and materials and modern constructional needs to new buildings 
(Bell, 1995). Thus, human appreciation is another important criterion to preserve and improve the 
relationship of buildings and landscape (Brunson and Reiter, 1996) and collaborative process is an 
application to solve problems while making decision due to multiple stakeholders involve to the integration 
process (Renger et al., 2008). 

Decision making is complex when multiple stakeholders involve doing spatial planning (Fountas et al., 
2006). Due to the number of factors involved, decision-making cannot be the enterprise of a sole person. 
Instead, it must result from a collaborative process, whereby a range of stakeholders with different level of 
individual experiences as some authors have recently proposed (Lynam et al., 2007; Daniell, 2008; Renger et 
al., 2008) are able to share their knowledge on a compromise solution to yield conflicting views about 
desirable planning outcomes (Simão et al., 2009). During the last decade, efforts have been made to develop 
an integrative tool, capable of dealing with analytical and communicative side of spatial planning within a 
unique framework (Jankowski et al., 1997; Voss et al., 2004; Hernández et al., 2004a; 2004b). The definition 
of such a framework assumes critical importance because the internet appears to provide the primary 
mechanism for granting interested stakeholders the opportunity to participate in the planning process using 
asynchronous and distributed collaboration (Davison and Cotten, 2003; Voinov and Bousquet, 2010).  
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The use of web-based information system which has significant potential offers users to different channels, a 
part of information technology, for better decision-making and knowledge-sharing across geographical 
distributed teams (Thysen, 2000). The information management practices, however, are profoundly based on 
traditional ways of information collaboration and communication such as face-to-face meetings with the 
exchange of paper documents printed out from own computer. The need to increase the competence of these 
processes through exchanging massive information volumes at high speed and at relatively low cost has been 
long recognized by the industry (Deng et al., 2001). 

This study describes an investigation into how web-based application can be a unique and cohesive 
framework to support the integration of rural buildings and their surroundings as to support decision-making, 
predict and measure users’ perceived impact and document and share personal knowledge. In this paper, it 
consists of 6 parts. Part 3 describes the problem statement which provides the motivation why this research 
needs to be conducted. The review of the previous literatures gives more strength to probe this research in 
Part 4: we examine the process of rural buildings and their integration in landscapes and argue that it is a 
collaborative spatial decision support system to support siting selection and visual elements evaluation; then 
review web-based GIS applications, looking specifically into the interoperability of web technologies 
combined with other considerations and, finally, consider knowledge mapping in the whole decision making 
process, which represents knowledge map as the final resource to share and reuse among users. These 
elements are then woven together in Part 5, the proposed conceptual framework and system architecture. 
Finally, Part 6 summarizes this paper’s objective and stances the suggestion of future researches. 

3 PROBLEM STATEMENT 

Current studies as Orr mentioned (2004) indicate that there are over 260 web-based collaboration systems 
(WBCS) available on the market. The appearance of these technologies gives new chances for users (experts 
and non-experts) to implement this to their own purposes. However, in the current industries, many 
practitioners are still hesitant using the web-based applications and even grant little recognition to their 
potentials. Practitioners’ concerns are that WBCS do not enable them to achieve successful projects or may 
even waste more time (Laiserin, 2002).  

A few research endeavors have only been carried out on diverse sides of GIS-enabled web collaboration 
systems to integrate rural buildings and their surroundings. These studies have rarely focused on the impact 
of decision supporting, users’ perception, and knowledge mapping together. There is no research that 
provides empirical advice on how to implement these technologies to integrate rural buildings with their 
surroundings. Also, the usability of this system has rarely demonstrated empirically. Hence, it has a need to 
completely research the potential and understanding of these technologies for empirical studies of how users 
can use them for the specific use. This study may guide the development of an appropriate use to integrate 
rural buildings and their surroundings to evaluate decision supporting, users’ perception and knowledge 
mapping. 

4 REVIEW OF PREVIOUS RESEARCHES 

4.1 Rural Buildings and Their Integration in Landscapes 

In recent and contemporary rural architecture, several causes of the poor landscape impact are described as 
the following; first, they are not considered of the distinct characteristics of surroundings and have the 
uniform conception of little design consideration, second, they are mainly relied on standardized design 
solutions and prefabricated building components to fulfill functional requirements with limited design and 
construction costs, and third, they only have little consideration for the relations between buildings and their 
surroundings making the failure to involve expertise design professionals (Schmitt, 2003). 

The main factors of general design criteria to improve the visual impact of rural buildings on the landscape 
have been referred by several researchers as the following sentence. There are characteristics to be 
considered correct sitting in relation to the natural contours of the landscape including couples of elements 
such as shape and form, materials, colors, textures, and subdivision of volumes. This process has a 
relationship with existing buildings and groupings of the space surroundings the building linking 
construction details and finishing elements (Di Facio, 1988; Schmitt, 2003). Additionally, a collaborative 
process is the right way to reconcile a large number of decision-makers with different backgrounds, interests, 
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authorities and interpretations of some of their issues and to solve the problem of spatial planning satisfying 
all or most participants. For fair, rational and efficient decision making procedures, the well-tried interaction 
of decision-makers with geographical information systems (GISs) has to be integrated with a framework 
(Gordon et al., 1997). 

Geographic information systems (GIS) have emerged over the last 20 years as an effective tool not only for 
analyzing spatial data but also for evaluating resource management alternatives (Hermann and Osinski, 
1999; Kangas et al., 2000; Appleton et al., 2002; Seppelt and Voinov, 2002). In reality, in many cases data 
are simply stored and processed in a GIS centered on the patterns of land cover and land use, and of social, 
economic, and demographic characteristics. Planners and decision makers need to know not only the current 
state of affairs but also require some idea of future conditions. Ideally they would like to be able to see the 
possible consequences of the plans and policies they may have under consideration (Blaschke, 2006). 

In the case of the integration of rural buildings and their surroundings in landscape management, two 
methods are to select the proper location for new rural buildings based on GIS (Gómez Orea, 1994; 
Hernández et al., 2001; 2004a; 2004b) and to stance the visual element evaluation of man-made 
constructions and other landscape components on photographic management (Cañas et al., 1996; García et 
al., 2003; 2006; 2010), which are depicted in Fig. 1. 

 

Fig. 1: The integration process of rural buildings and their surroundings. 

4.2 Collaborative Web-based GIS Applications 

Web application is an application that is accessed over a network such as the internet or an intranet (Shklar 
and Rosen, 2009). Web applications are popular because of the ubiquity of web browsers and the 
convenience of using a web browser as a client, sometimes called a thin client (Peng and Tsou, 2003). A key 
reason for their popularity is the ability to update and maintain web applications without distributing and 
installing software on potentially thousands of client computers and is the inherent support for cross-platform 
compatibility (Fowler and Stanwick, 2004). 

The number of web-based applications that use techniques derived from geographic information system 
(GIS) have seen an enormous increase (Haklay et al., 2008). Through a web interface, GIS equipped tools 
can provide a wide range of planning activities. At the same time, they are able to assist the coordination 
between the planning authorities and public. In the planning processes, these tools, hence, can be a simple 
map to front-ending complex spatial analysis ranging from day-to-day to future planning which make more 
effective processes. To give users’ expected results of real time GIS analysis, the proper tool requirements 
are important with the choice of mapping, database, and development technologies and standards. This 
further presents an assessment involving different technologies and thier value in order to achieve in a range 
of circumstances (Grunwald et al., 2003). 

Web-based GIS is a GIS distributed across a computer network to integrate, disseminate, and communicate 
geographic information on the world wide web (WWW) (Peng and Tsou, 2003). Also it provides end-users a 
cost-saving solution to access up-to-date spatial datasets and information comparing to other GIS systems 
(Horanont et al., 2002; Painho et al., 2001). Hence, an important part of every web-based GIS application is 
its mapping or visualization technology, which makes it possible to show data in the form of maps. 
Visualization of data as maps has become increasingly popular, with hundreds of websites presenting 
geographic data. The popularity of web-based mapping applications arises in large part through the wide 
dissemination of software that makes it easy for users and developers to publish map data. Improvements in 
usability through improved user interfaces also account for the increased popularity of visualization 
techniques (Aoidh et al., 2008). In similar vein, the growing interest in visualization and analysis of social 
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networks has led to the development of several methods of structural analysis in order to analyze individual 
and group behavior. This visualization is not limited to the display of raw data in maps but is increasingly 
widely applied in the representation of large spatial databases (Bishop and Lange, 2005). 

4.3 Knowledge Mapping 

In today’s information centric world, people deal with a great amount of information every day. Many 
different kinds of information systems are interpreting data and transforming it into some kind of information 
(Dave and Koskela, 2009). As discussed by many researchers, knowledge management (KM) cannot be 
implement using technology alone even though technology has an important role to play (Anumba et al., 
2003; Davenport and Prusak, 1998; Ruikar et al., 2007). They have mentioned that information and 
communication technologies (ICTs) have been implemented to support KM. Thus, KM oriented non-
information technology is quite effective within organizations. Some knowledge management technologies 
use pretty expensive information technology (IT) infrastructure. These technologies, however, are difficult to 
implement and also highlight on explicit knowledge (Al-Ghassani, 2002). The negative impact of these tools 
is causing information overload because of unorganized and ad-hoc information exchange on KM 
capabilities of organizations. 

One of the most important resources in any organization is knowledge (Ofek and Sarvary, 2001; Smith, 
2001). The success or even the survival of any organization depends on how effectively it manages the 
knowledge present internally and externally (Switzer, 2008). Organizational knowledge is recognized as a 
key resource and a variety of perspectives suggest that the ability to marshal and deploy knowledge 
dispersed across the organization is an important source of organizational advantage (Teece, 1998; Tsai and 
Ghoshal, 1998). Significant efforts have been made by industries to develop and implement systems to 
manage capturing, storing and retrieval of explicit project related information. Traditional organizations are 
beginning to comprehend that knowledge and its inter-organizational management, as well as individual and 
organizational capability building, is becoming crucial factors for gaining and sustaining competitive 
advantages (Preiss et al., 1996). However, not enough attention has been paid towards managing tacit 
knowledge (Lin et al., 2006; Newell et al., 2006).  

What is knowledge map? It can be defined as a knowledge “yellow pages” or a cleverly constructed database 
that point to knowledge but does not contain it (Davenport and Prusak, 1998). Generally, knowledge map 
points out people, documents and databases which make possible a single person to find a proper knowledge 
source. A person needs to investigate what kind of knowledge work will be used as different solutions for 
different types for an organization prior to implement any kind of KM (Ruikar et al., 2007).  

In the knowledge management context, collaboration work is the most difficult to address, which is very 
iterative and improvisational and also is mostly done by workers who are experts in their roles and who may 
have a certain degree of experience or education behind them (Anumba et al., 2003; Davenport, 2005). 
Hence, organizations need to put workers in more knowledge available to them to improve this type of 
knowledge work. The static nature of most knowledge maps, however, is an obstacle of disseminate 
knowledge just-in-time (Mertins et al., 2001). A method of web-based technologies can enhance a static 
knowledge map as using easy additions and modification to the map. Many tools and techniques of KM 
within organizations have been discussed over the years. Among these ICT, they have prompted workers and 
organizations to utilize platforms for collaborative knowledge sharing (Hearn et al., 2002; Newell et al., 
2006). In more recent, the knowledge mapping concept has evolved to expert locator and/or the searching 
capability via a set of biographies for an expert in a particular knowledge domain (Davenport and Prusak, 
1998). 

5 CONCEPTUAL DESIGN 

5.1 Proposed conceptual framework 

The conceptual framework of the interoperable web-based GIS application to integrate rural buildings and 
their surroundings consists of a general overview area, a visual evaluation and assessment area using multi-
criteria spatial decision supporting system and building envelopes design criteria, and a knowledge map area 
in the consistent approach of a single user interface via the internet. The purpose of the general overview 
area provides some introductory information, case description, user manual, and registration form to fully 
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access the system, and facilitates access to other resources but with limited functions. The overall functions 
are illustrated in Fig. 2 as the conceptual framework of the proposed system. 

 

Fig. 2: The conceptual framework of the interoperable web-based GIS prototype. 

The visual evaluation and assessment area consists of two major parts: location and building components 
analysis. For the location selection, multi-criteria spatial decision support systems assist the processes of 
complicated spatial issues by presenting an application. Through the framework generating alternative 
solutions, users can search and find out their preferences to make a decision. In the selected location, users 
can use building design criteria such as form, size, height, material, and color from the defaulted viewpoints. 
Thus, each step has own function to document their knowledge through comment transcript. However, this 
study is limited to use only color option of building envelopes and other options are already set to use. 

A single person might not be possible to have the entire view and in-depth knowledge of visual integration 
and its individual implication. Thus, participating in the visual integration process is a learning experience, 
and should be considered from the point of view of a learning theory (Hamilton et al., 2001). These 
processes enhance users to make sense of their own experiences and tacit knowledge. Therefore, all parts of 
application using comment transcripts absorb personal tacit knowledge and represent a knowledge map as 
the final resource of this application for sharing and reusing these among users. 

5.2 System architecture 

The architecture of a prototype, an interoperable web-based GIS system, was constructed as a multi-criteria 
decision support system, an environmental assessment to measure users’ perception, and a knowledge 
documentation medium. This system is a channel to collaborate and communicate to integrate rural buildings 
and their surroundings for users the specific and practical purposes by using web-based GIS technologies. 

The conceptual framework as shown in Fig. 3 describes the relationships among the five major system 
components, the user’s web browser, the web server, the application server, the map server, and the database 
server. Arrows and numbers explain the starting and ending points of an information processing procedure. 
The web browser with users’ inputs starts the interaction between the web and users. The web server 
receives users’ requests, specified parameters of a query, and then the application server programmed by 
active server pages (ASP) gets these parameters and parses them as a structured query language (SQL) query 
to the database server, MySQL. The database management system (DBMS) then returns its results to the 
ASP program, which processes the result and output. In the case of map files, Map Server can render these 
files including the information of spatial objects, classification method, symbology and labeling method. The 
client JavaScript program gets parameters of the data which a user has requested before. By now, the whole 
information processing procedure numbered 1 to 10 in Fig. 3 finishes and users can repeat the same 
procedure according to their preferences. The following paragraph present some of factors and reasoning that 
were considered as the prototype was designed. 
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Fig. 3: The integration process of rural buildings and their surroundings. 

The general structure of this prototype application is a client/server system. The client/server model defines 
the communication between clients and servers (Umar, 1997). A web browser such as Microsoft Internet 
Explorer or Mozilla Firefox is common browser products, clients, on common system platforms such as 
Windows and Linux but service providers, servers, have more diversified types. A basic server is web server 
software, which is providing for efficient process and memory management for responding to hypertext 
transfer protocol (HTTP) requests. Including this basic HTTP response, the web server could delegate the 
generation of a dynamic response to some other programs and serve-side technologies. JavaScript is 
necessary for dynamic programs and has an essential role with accessible forms of web application 
programming interfaces (APIs) to bridge client and server side communication. ASP is a server-side script to 
create dynamic web pages that are able to retrieve and display database data and modify data records. ASP is 
performed an embedded text script rather than a complied program. This method of processing request is 
frequently used in today’s web application. Besides web server, application servers and database servers 
need to deploy and delegate the prototype application. Application server provides for common 
programming and/or scripting languages, which provide adequate documentation and communication 
between the web server and the database server. To design an interoperable web-based GIS application, map 
server needs to be a part of the application server. Map server presents outputs such as raster and vector 
graphics, multiple data layer support, spatial analysis between layers, annotation/labeling, and etc. MySQL is 
a multi-user SQL DBMS, which is a database server to enforce data integrity, security and reliability and to 
provide adequate documentation. Also, code and data can be held on a centrally located server where it could 
be accessed from any broadband-connected computer. 

6 CONCLUSION 

The ideas and theories discussed in this paper are an introduction to issue and facilitate the conceptual 
framework of an interoperable web-based GIS application to integrate of rural buildings with their 
surroundings. The prototype of this application is dealing with three types; individually, first, a multi-criteria 
spatial decision support system typically borrowed from a geographical information system (GIS) which is 
an information system used to input, store, retrieve, manipulate, analyze and output geographically 
referenced data, second, a design criteria to predict and measure users’ impression as the tool of 
environmental assessment and third, an interoperable knowledge mapping as being capable of tackling 
different facets of design and planning processes to provide a better way.  

The future studies will be conducted in order to implement and test the suitability of web-based interface. 
Also, it will determine whether this system improves stakeholders’ learning in the whole process. The 
research also will identify appropriate directions for the use of knowledge management system in the 
industry. A software usability engineering approach (Nielsen, 1994) will be considered during prototype 
application testing for evaluating both computational capability and a graphical user interface (GUI). After 
establishing a web application prototype, a set of survey and interview will provide numerical data about 
participants’ performance using this system as the part of the future research. The research results will clarify 
the benefits to stakeholders of using web interface, the impact of users’ perception and the knowledge 
mapping into business processes. 
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