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Abstract. Cartographic geoinformatics mapping is useful  for environmental scanning and project planning which uses GIS, GPS, remote sensing, and the  internet. The outputs of the project are needed not only for the design and implementation of rationalization measures but also for the conceptualization of financial/resource management reforms in higher education, including the introduction of normative financing in the Philippines. Thus, a commissioned study was conducted to develop a geoinformatics-based decision support system (DSS) to establish geo-referenced data and information of higher education institutions (HEIs) and programs in the Philippines that incorporates and builds upon current understanding of ubiquitous and internet  mapping for other subsequent spatial analysis; and operationalize such DSS  for policy research and  development on HEIs. 

The cartographic, GIS-based DSS called map analysis program (MAP) was developed to build wealth of geo-referenced data and information of the Philippine’s HEIs and programs for policy research development. Geo-referenced database  and thematic maps using major outputs of MAP showed various indicators on access and relevance, quality and efficiency thrusts that are useful for higher education research, planning and policy options for rationalization and resource management of HEI required under the medium-term higher education development and investment plan by the Philippine Commission on Higher Education. The use of GIS and GPS-based survey databases among HEIs are emerging dynamic mapping tools to share statistical data, information and knowledge among stakeholders on geographic areas and related policy issues which could be easily uploaded in the internet or intranet.

 A graphic user interface visual programming linked with ArcView  GIS, as well as thin and fat client internet mapping architecture will be discussed.  A case study is presented to demonstrate the use of MAP for policy options among HEIs in the Philippines. Other similar applications conducted such as risk  mapping of groundwater nitrate-nitrogen contamination from 1992-2002, parcellary mapping of  rice paddy cultivar test sites in 2002-2003, and inventory of  renewable energy systems in 2004-present.  Such methodological framework on ubiquitous and internet mapping of MAP can be replicated elsewhere to promote exchange of knowledge and information in the third wave generation in cartographic modeling for ICA. Efforts to create a cadre of geoinformatics professionals, conduct of advance research studies, symposia and partnerships with local and international levels  in the Philippines will also be presented.
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1. Introduction

Basic and vital to the detailing and implementation of rationalization projects and activities among higher education institutions (HEIs) are data on the programs, campuses and facilities within each community of geographic areas. Such database could be gathered and compiled under the profiling and typologies of public HEIs projects. However, the data elements for HEIs were initially established by the Commission on Higher Education or CHED (CHED, 1996), and such important database need to be fully operationalized and lacks geo-referencing for spatial analysis.  Moreover, the spatial distribution of HEIs, programs and facilities cannot be fully appreciated without visual representation of said database. Maps would enable planners to relate such data and information to the geographic, physical characteristics, infrastructures, feeder population and education needs of the service area of the HEIs.  Often researchers are interested in identifying areas where certain thresholds of population, income, or other demographics within a specific proximity are present.  For example, many franchises require a certain level of population before they consider opening a branch in a particular area.  This effort commonly uses geographic information system (GIS) or related ubiquitous, mobile mapping technology to display the demographic data and to generate summaries or reports based on the proximity measures and demographics of interest any time and any where. Mapping is a useful tool for environmental scanning and planning. The outputs of the project are needed not only for the design and implementation of rationalization measures but also for the conceptualization and projectization of financial/resource management reforms in higher education, including the introduction of normative financing (CHED, 2001). To manage such voluminous database, systematic tools can be used and assembled as a decision support system (DSS). A DSS is a computer-based of integrating database and analytical modeling methods such as artificial intelligence, decision analysis, optimization, modeling, etc. to support decision making (Aldeman, 1991). Walker & Zhu (2000) listed four reasons that would justify the development of research-based DSS for rural planning and resource management, such as: 1) increase of available information; 2) increase of complex decision making; 3) professionalization of resource management systems; and 4) increase of requirements to demonstrate “due process”. However, such DSS had been applied mostly on agricultural land use planning options, crop suitability using GIS and natural resources management (Lansigan, et al., 2000; Pascual, 1994), and being considered just lately in higher education and policy researches.
This study aimed to: 1) develop a geoinformatics-based decision support system (DSS) to establish geo-referenced data and information of HEIs and programs that incorporates and builds upon current understanding of ubiquitous and internet  mapping for other subsequent spatial analysis; and 2) operationalize such DSS for policy research development on HEIs. Case studies were conducted to demonstrate the use of such DSS methodology. Similar applications such as risk mapping of groundwater nitrate-nitrogen contamination, parcellary mapping of  rice paddy cultivar test sites, and inventory of  renewable energy systems and related activities in the Philippines will also be presented.
1.1  Geoinformatics and Mobile Mapping System

Geoinformatics is the scientific discipline dealing with the collection, dissemination, storage, analysis, processing and presentation of geographic data or geographic information. It is an integrated spatial research tool combining informatics and earth science. The term geoinformatics originated in the last few decades of the 20th century, as the result of the integration of three disciplines; photogrammetry, remote sensing, and geographic information systems, and now the internet. GIS architectures have traditionally focused on a static environment in which users sit at workstations to perform spatial analysis. Emerging technologies such as the internet, wireless communication and mobile computing devices are changing the way GIS is being used by moving GIS from the desktop into field user’s hands. These technologies are making GIS mobile and the operations on the fly. A Mobile Mapping System (MMS) is an information technology that has been developed since late 1980s with the advance and progress in mobile positioning technology, modern communication technology, spatial information technology and embedded technology, etc.. Integrating diversiform advanced technologies above-mentioned, MMS is capable of real time data accessing, mapping, and spatial data visualization. MMS not only collects dynamic data about some object in moving, but also manipulates these data in order to make decision efficiently, and make these data be downloaded into a desktop GIS simultaneously by wireless or wire communication as you like. Now MMS  has been applied in many fields, such as intelligent transport, precision agriculture, field surveying and environment engineering and so on for outstanding real time supply is very essential in these fields and MMS can do (Fig.1). For example, in precision farming, information technologies are so essential that MMS is important or beneficial. Equipped with mapping sensors and navigation sensors, MMS can collect field data anytime, anywhere, in any manner. At the same time, MMS can be connected with a GIS or combine GIS software in its mobile terminals directly. Thus, MMS for precision agriculture can monitor planting process all along. Moreover it can contrast multi-temporal data collected or stored in database and find what changes occurred, where, when and how, then give an efficient plant plan (Rasher, 2001).
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Fig. 1 Conceptual framework of a mobile mapping system.
All the data acquisition devices can get plenty useful attribute information. The information will be edited and geo-referenced, then stored in the Spatial Database. Geo-reference process is very necessary because these data will be integrated with other information from multi-sources. Field data collection is always a difficulty for cartographers, surveyors and researchers. The tools available for mapping applications have been bulky in size and weight, expensive, and difficult to learn for a long time. Fortunately, the advances of remote sensing, GPS technology, GIS and some data edit and analysis software drive the field data collection. The advance refers not only precision has been improved, but also the hardware has become smaller, lighter, and cheaper. The software has become easier to learn, and more inexpensive;  so the data collection task becomes easier, more economical and faster to complete. 
2. Methodology

Structured questionnaire which contained major data elements profile of an HEI was used by enumerators during field surveys. All available public and private HEIs as well as feeder high schools within each province or geographic area of coverage were surveyed by assigned enumerator per province. A global positioning system (GPS) receiver was used by the enumerators to  locate the latitude and longitude coordinates taken at each HEI, which represent the geo-reference point data of a HEI as an input database collectively in the geographic information system software. 

Other primary and secondary database were gathered and digitized as follows: a) digital base map - the municipal boundary at 1:50,000 scale, provincial boundary at 1:150,000 scale, road network and river system in electronic format were digitized. 
2.1 Framework
A set of geoinformatics tools such as geographic information systems (GIS), GPS and database management systems (DBMS) was assembled to gather, store, easy retrieval and analyze spatial geo-reference data/information and generate/disseminate information about HEIs (Pascual et al., 2004). The methodological framework of the study is presented in Fig. 2 showing the  input database, process or analysis and the expected outcomes of the analysis.  The Visual Basic Version 6 language was used as “front-end” to develop and shell the geo-referenced database for the various input and outcomes, as well as linkages on display at will various indicators defined by each thrusts as required by Office of Planning Policy Research and Information (OPPRI) of CHED. There were three thrusts considered, namely, the access and relevance, efficiency and quality thrusts. Likewise, a web-based architecture to upload any specific data and information for wide dissemination with quality control and security was considered.  Such DBMS and GIS interface serve as a decision support systems (DSS) tool to build wealth of data and information of HEIs and other physical attributes and programs in the geographic areas, as well as the feeder high schools near those HEIs. Special emphasis was paid to the step from geo-referenced point  data to spatial analysis that is tailored to the type and quality of readily available attribute data gathered. Initial modules in GIS software such as spatial query (theme-on-theme selection), 50-km radius of influence of an HEI to generate a buffer zone for proximity analysis indicators to identify of homogeneous micro regions, overlaying tools of map themes based on a specific data elements or attributes were employed based on criteria and various indicators for each thrust required by the commission (MMSU, 2003). Buffering is a fundamental spatial analysis operation in GIS (ESRI, 1999). A buffer defines an area of inclusion or exclusion around a geographic feature, like HEI. Once the various data entry, GIS query modules, report generation and other pertinent documents were assembled and  fined-tuned, a graphic user interface and ArcView GIS software was applied to automate such DSS tool.  Moreover, the DSS methodology developed was presented to planners and staff of CHED-OPPRI and other researchers for interactive process of DSS development. This makes the DSS  dynamic, reusable, ubiquitous, ease in encoding, and shareable to others.
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Fig. 2 Conceptual framework of the map analysis program.
3. Results and Discussion

3.1 Development of DSS Methodology

The entity relationship consists of six entities namely the HEI Program (program/course offerings for each HEI), Region, Province,  Municipal (the municipalities under the different provinces) and the feeder high schools. For every municipality, there are HEIs that belong to a municipality. Its relationship with the municipal is there are several higher education institutions that belong to that municipality (many to one).  The higher education institutions offer programs or courses.  Different HEIs offers the same program or courses thus the relationship is many to many.  Feeder high schools also belong to a municipal. There are several feeder schools that belong to the municipal thus the relationship is one to many. A municipal belongs to a province and there are several municipalities for every province. The relationship between the two is there are several municipalities for every province (many to one).  Every province as well belongs to a region and there are several provinces for every region (many to one). With this input-output relationship, the data entry modules were constructed using Visual Basic 6 as “front-end” where MS Excel files (initial data entry and files given by CHED-OPPRI) were extracted, for ease in data encoding. Such DSS methodology on its on-going development was presented to major stakeholders, such as the heads and staff of MIS division of CHED-OPPRI, other researchers and colleagues in the academe and other research institutions, as well as to planners in the government and private agencies. Their comments and suggestions were considered in the final development. Such productive interactive process development of such DSS to other stakeholders also brought interest for similar thinking and policy option research and development.

3.2 The Feature of MAP
The hierarchy structure of the data entry, modules, GIS query, report generation and documents. From the data entered into the system, the specific features and attributes were used in the GIS software to produce the desired thematic maps, tables and other attributes, as required. Using GIS software, all database required by CHED were integrated to produce thematic maps that show spatial distribution of HEIs, among others, for a certain geographic area (region or province). Such decision thematic maps provide planners an integrated information for better decision-making process.  Thematic maps in digital format would allow production of hard copy for regional/provincial need analysis by intended users. The MAP can accommodate a nationwide spatial database on HEIs and academic programs in the country as well as feeder high school’s profile and other geographic features of an area. From these database and geographic features, regional maps (1:250,000) and provincial maps (1:50,000) were generated to show the following: 1) location and spatial distribution of HEIs, including campuses; 2) distribution/density of programs (SUCs programs as basis for querying); 3) density and distribution of feeder schools and populations; and 4) relevant regional and provincial as well as municipal features and characteristics.

3.3 Application of MAP for HEIs Policy Option
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The total number of HEIs as of May 8 2003 is 1,479, of which 1,305 are private while 174 are public (CHED, 2003).  Low quality degree programs are those with zero-low percentage passing in professional licensure examinations and maritime programs not meeting STCW’95 requirements.  Potential savings in the closure/phase out of SUCs programs with 5% and below passing could be used in upgrading other programs that are more relevant and have greater potential significance. But one important consideration for such phasing out/closing program strategy is the possible displacement of students enrolled in those affected programs. Hence, in order to ensure that student access would not be adversely affected by the closure/phase out of programs, the availability of alternative programs – within 50 km of the affected HEI and at varying tuition fee level can be explored and opted such as in Figure 3. The MAP DSS could  show such alternative programs and HEIs where students affected by phase-out/closure could go to.

3.4  Other DSS Mapping Applications
A parcellary mapping was implemented in a number of rice ecosystems in the Philippines. Given the geo-referenced maps and its attribute files, such can be populated with other as time series of rice yield trials data and any features or metadata for subsequent spatial analysis and strategic planning. All parcellary maps should have its own metadata (Fig. 4). Such comprehensive metadata allow management, control and protection of the data investment as well as use and re-use for present and future activities. Thus, a GIS environment lends to support socioeconomic survey data and can implement to integrate other data and information. This allows one for spatial integration of data within a coherent framework with spatial consistency of the entire set of data.
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Likewise, a time series of monthly from 1992-2002 of elevated nitrate-nitrogen groundwater contamination from ten shallow wells in 265 ha watershed was mapped which served as decision/risk maps useful for planning and extension works of researchers and extensionist to advise farmers to reduce inorganic nitrogen fertilizers in their intensive cropping as shown in Fig. 5. The WHO set the maximum contamination level of NO3-N at 10 ppm. As shown in Fig. 5, there is an eminent danger of using groundwater for irrigation and household uses (Pascual, et al., 2004).
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Moreover, with the long-term of the Philippines to promote renewable energy resources and systems, wealth of data and information on renewable energy systems were developed following the methodology of MAP (Fig. 6). It is on-going study and ubiquitous and internet mapping shall be employed in the whole country in partnerships with other universities (ANEC, 2006). Notwithstanding the DSS methodology development of MAP, it is of utmost importance to involve stakeholders and end users from the beginning in the system design and frequent  interactions between policy researchers and other stakeholders during development is important. The DSS MAP developed served as a tool to share information and knowledge as well as policy issues and concerns to rationalize HEIs. There is a need to transfer the knowledge of the DSS methodology to regional CHED MIS and HEIs for full operationalization of CHED HEMIS incorporating MAP.

3.5  Thin Client and Fat Client Approaches
In the “thin client” architecture (Fig. 7), most of the processing load is on the server, which may consist of a single central computer or a cluster of inter-connected computers (Trinidad, 2000). The client side is limited to rendering of html files and processing of Java-script commands.
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Fig.7 Thin client architecture (Trinidad, 2000).
In server-side Internet GIS, complex GIS software, as well as the GIS databases, resides on a server that is administered by the deploying organization. 

The ISMAP attribute in an image element (as in <IMG> tag) identifies an image as an image map. Image maps are graphics in which certain regions are mapped to other documents. By clicking on different regions, different resources can be accessed. For example; <a href=…><img src="map.jpg" ismap></a>. To be able to employ this type of image maps in HTML documents, the HTTP server that will be controlling document access must have the correct cgi-bin software installed to control the image map behavior. That is the document must have access to an image map handling script and the map file defining the graphic ’hot-spots’.A simpler form of image map, called client-side image maps are also possible. Currently, this type of map is a proposed extension to HTML. The CGI scripts, also called gateway scripts are external programs that run on the Web server. Gateway scripts are use to create interactive Web publications. The standard that defines how external programs are used on Web servers and how they interact with other applications is called the “common gateway interface”. Common languages used in writing scripts are; Bourne Shell, C Shell, C/C++, Perl, Python, Tcl, Visual Basic, JavaScript and VBScript. In the “fat client” architecture as shown in Fig. 8, most of the geo-processing is performed on the client side. The server is limited to data retrieval operations. Unlike in the case of the “thin client” architecture where rendered maps are transmitted as image files, the geo-data in the “fat client” approach are transmitted in the form of the more compact vector data structure (Trinidad, 2000).
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Fig. 8  Fat client architecture (Trinidad, 2000).

In client-side Internet GIS, the client is enhanced to support GIS operations by moving some GIS functionality to the client. Client-side solutions typically are implemented by augmenting the Web browser with Java, ActiveX or plug-ins. Some client-side solutions require users to install a complete client application. The primary advantages of client-side solutions are the abilities to enhance user interfaces and implement solutions using vector data. When client-side solutions use vector data structures, a large set of graphic and GIS operations can be performed locally. Window display changes can happen without re-transmitting a request to the server that can result to s significant performance advantage. Core GIS operations like editing, buffering, overlay analysis and route tracing are examples of operations that are enhanced by exploiting vector data structures on the client side. The disadvantages associated with client-side solutions relate to distributing software and data. Distributing software (Java, ActiveX or any other type) is problematic. 

3.6.  Other Geoinformatics Initiatives at MMSU

In February 2004, a partnership with Dr. Kiyoshi Honda of AIT-STAR concluded to a 5-day training on advances on geoinformatics where 60 professionals all over the Philippines and 50 senior students from MMSU attended the said training. An agreement was signed among professional to form a cadre of geoinformatics professionals to continue and promote the use of geoinformatics. Thus, the first geoinformatics symposium was held at MMSU on November 10-12, 2004 where 75 professionals (with 2 Malaysians and 1 German nationals) and 150 senior students attended such forum.  Just recently, Dr. Makoto Kimura of IIO, Kyoto University, Japan conducted a lecture visit on July 31, 2006 at MMSU and we drafted a collaborative project to apply the do-nou technology on some access roads at the campus where ubiquitous mapping is an important tool to show synoptic view of the area at MMSU Batac Main Campus (Fig. 9).

Fig. 9  Land satellite  imagery showing the proposed access roads using do-nou 
technology at MMSU, Batac Campus, Ilocos Norte, Philippines.

Thus, with the continuing effort to promote the use and commercialization of ubiquitous and internet mapping in the academe and the industry, Morita (2004) concluded that the research agenda for generation of personalized maps according to the objective and spatial context are: (1) mapping system development considering participation, collaboration, and partnership of users; (2) cross-cultural comparative studies to clarify similarities and differences between ubiquitous mapping implementations; and (3) consider information security and privacy. It is further recommended that ubiquitous mapping should aim to realize technical solutions for map creation and use, and to predict the effect on society, and ubiquitous mapping accelerates, facilitates, and stimulates the universal nature of map creation and using through the application of advanced information technologies.
4. Conclusion

The user-friendly and dynamic DSS called MAP developed by the Mariano Marcos State University used indispensable geoinformatics tool. Such software can be coined as a DSS tool for statistical database banking for subsequent analyses of HEIs and their respective programs. Such DSS have provided users with the quantitative information as presented on various indicators on major performance thrusts in higher education, providing users to examine various scenarios for decision making in rationalizing HEIs within a given geographic area of interest. Such database must be accessible and available to users when and where needed, and in a form that is understandable by the user. Thus, there’s a need for more strategic planning for rationalizing HEIs to identify the best location and help stem the uncontrolled growth in the number of HEIs and programs. Utmost is a need to institutionalize the use of CHED Higher Education Management Information Systems (CHED HEMIS) to include MAP to explicitly indicate point coordinates (latitude and longitude) and other spatial data elements in each HEI, among other physical and/or socioeconomic features in the area for geospatial analysis.  The DSS development of MAP provides an opportunity to establish links between researchers and planners/policymakers. It is important to present the DSS to users and other experts from early stage and continues to refine based on their new ideas for improvement. With ever increasing challenges in spatially-related managing and decision making applications, wired GIS cannot meet the demands of users for easy access to spatial data and spatial analysis. For faster and timely analysis, data needs to be uploaded and retrieved from the field to minimize acquisition time frames, and remove intermediate processes that are typically required to get geographic information from the field into an application anytime and anywhere. This fosters faster processing and real time data updating. The explosive growth of the wireless telecommunications market has taken mobile computing to another level: wireless GIS and is offering new ways of accessing and analyzing geo-spatial information on handheld devices.

Geoinformatics and mobile mapping system is never a concept. Many applied mobile mapping systems have been studying in many counties, and some have been used in practice. It is clear that mobile mapping system can be used in many fields. There are many such samples. With the development of spatial information technology and modern communication, as well as the advance in computer hardware and software technologies, mobile mapping system will explore new areas of applications and become more intelligent, efficient and steady. It may run online geoinformatics module for an unmanned aerial vehicle, motion innovative intelligent traffic management and service,  among other ubiquitous and internet mapping in the near future. This need an investment before synergies in ubiquitous and internet mapping methodology development comes to the forefront. 
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Fig. 3 50-km buffer of overlapping of course in B.S. in Agricultural Engineering. 





 Phase II – Data and Information Integration for Ubiquitous and Internet Mapping
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Fig. 4 Parcellary mapping of NCT and MAT sites.





Fig. 6  Splash menu of MAP RE program.
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Fig. 5 Risk map of NO3-N in January and October 2001.
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