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Abstract: A university represents the ultimate knowledge organization. However, many researchers are not aware of the research activities within their own universities. This often leads to redundancy in areas of research as well as reduced innovation and productivity since they are not aware of the available expertise and resources that could greatly contribute to their own research endeavors. Knowledge management represents a systematic means of acquiring, sharing and using knowledge effectively within an organization. This paper explores web-based systems to connect researchers using knowledge management methodologies via a web-based portal. A team of graduate students and a professor of MIS (Management Information Systems) followed a systems analysis and design process as a learning experience for the students to understand the information and knowledge needs of university faculty. Based on these explorations, a university knowledge portal was developed to fill a perceived gap in knowledge sharing and accessibility within the University.
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Developing a University Research Web-Based Knowledge Portal

1   Introduction
Web portals can serve as powerful tools to help knowledge organizations such as Universities improve their collaborative activities. They can facilitate knowledge acquisition, sharing and discovery by allowing people to publish documents, share ideas, work collaboratively and store information and knowledge in easily searchable repositories. Portals are becoming an increasingly important part of the information technology infrastructure of universities as they seek to integrate the vast intellectual resources within a central virtual space that is easily accessible via a web interface.


This paper explores the process of understanding university knowledge needs in the research arena and transforming those needs into a web-based research knowledge portal. The paper describes the development process, lessons learned from the experience and future directions to make this portal a valuable knowledge management tool for the university.

2   Literature review
Web portals in higher education


What is a portal? An Internet portal is “a single integrated, ubiquitous, and useful [point of] access to information (data), applications, and people” (IBM, 2000). More than simply an archive of information, portals facilitate a dynamic exchange of knowledge, data and information. By compiling content from multiple sources, they limit redundancy and efficiently increase the dissemination of information. 


Daigle & Cuocco (2002) believe that a major reason for deploying portals is “to improve productivity by increasing the speed and customizing the content of information provided to internal and external constituencies.” They also suggest that portals serve a knowledge management function by “dealing with information glut in an organized fashion.”


Web portals have been used to streamline and automate administrative functions in higher education. The most recent application of portals in higher education has been to create a point of access for administrative functions for students, such as registration, financial aid and academic records, or for staff, such as timesheets, leave balances and the like (Olsen, 2002). In this way, use of portals maximizes efficient use of staff and students’ time (Pickett, 2002). 


A university portal potentially offers other stakeholders a vital link into the university. Parents are eager to see what their children are experiencing. Citizens and state legislators are very interested in what their tax dollars are being used for and how the university can contribute to the state’s well-being and economic improvement. Katz et al (2000) contend, “The new, wonderful, and challenging aspect of Web management posed by portals is the idea of creating and managing information systems whose primary purpose is to sustain positive relationships between an institution’s stakeholders and the institution. That’s new.” They further suggest that portals represent new strategic means of increasing a university’s competitive position by fostering innovation and research activities that can lead to greater acquisition of grants and improved prestige for the university. By harnessing the ability of portals to create learning and research communities, portals can further leverage the huge intellectual capital based contained within the organization via collaborative, synergistic activities. 


Portals also serve to empower individuals within a more broadly defined university community. By providing easy accessibility to both explicit and tacit knowledge as well as communities of practice, people are not constrained by geographic or other physical barriers in terms of communicating and exploring new knowledge. “The portal will improve the efficiency of knowledge exchange and deliver a set of shared business objectives that include communications around best practices, a gateway to research on the use of teaching and learning through technology, professional development, policy development and review and resource development” (Kidwell, 2000). Portals facilitate knowledge transfer through the inclusion of multiple communication channels, such as message boards and directories; moving beyond the one-sided information exchange found in traditional web sites.
The role of knowledge management in higher education


While the concept of knowledge management may be new, institutions of higher education have been creating and disseminating knowledge as long as they’ve existed, through research and teaching (Metaxiotis, 2003).  Faculty participate in knowledge transfer internally, within their respective departments, and externally, through their communities of practice. 


Why is knowledge management important to higher education? Kidwell emphasizes, “Using knowledge management techniques and technologies in higher education is as vital as it is the corporate sector. If done effectively, it can lead to better decision-making capabilities, reduced “product” development cycle time (for example, curriculum development and research), improved academic and administrative services and reduced costs” (2000).  The same factors, such as competition for students and resources, which have led higher education institutions to implement knowledge management systems in their administrative functions, make the case for expanding knowledge management practices to teaching and research as well.


The creation of knowledge management systems which tap into these existing pockets of knowledge is still in its infancy. Kidwell states, “Knowledge management is a new field, and experiments are just beginning in higher education. We believe there is tremendous value to higher education institutions that develop initiatives to share knowledge to achieve business objectives” (2000). Institutions face increasing competition for students and resources. One important factor in attracting students and obtaining resources is the caliber of an institutions’ faculty and the quality of their research. Milam provides the following example, “Two universities with identical numbers of faculty, degree programs, expenditures and enrollment may vary widely in how successful they are in rankings such as those conducted by US News and World Report. The difference is often intangible value that is added by effective knowledge management” (2001). Further, Rowley asserts, “The roles of teacher and researcher demand that staff pose as the expert, and that their security and credibility with students and colleagues is dependent upon their knowledge base” (2000). This is important because, as Steyn notes, “To excel in the future, higher education institutions have to manage explicitly, systematically and comprehensively from a knowledge perspective” (2002).


Knowledge management facilitates the transfer of existing knowledge and the creation of new knowledge, including interdisciplinary collaborations. Cronin suggests that potential uses for knowledge management in higher education include, “building publicly accessible repositories of scholarly expertise and interest, to promote transparency and information exchange” (2001). Using knowledge management to systematically create channels and opportunities for knowledge transfer will help preserve and disseminate tacit knowledge within the institution. According to Steyn, “Many faculty members possess institutional knowledge. “It is a challenge to convert the information and skills currently residing in individuals and make them widely and easily accessible to all faculty members” (2002).

3   Methods
This project was undertaken by a professor of MIS (Management Information Systems) and two MSIS (Master of Science in Information Systems) graduate students over a two month summer session. 


In order to create an effective learning experience, the project was based on fundamental system analysis and design principles (Figure 1) with some deviations to accommodate the unique aspects of the project. Table 1 shows a summary of activities for this project in the development of the university research knowledge portal framework. Appendix 1 shows an example of the survey instrument from one of the respondents. Approximately 15 faculty members across the University were interviewed using this form. 

Figure 1: Systems analysis & design life cycle


Table 1: Summary of project activities

	Task
	Description
	Timeline

	Benchmark against research portals of excellence
	Surfed the Web to find research portals throughout the world and saved those that were excellent in terms of organization, content, and navigability. 
	Approx. 2 weeks

	Marketing research
	Interviewed faculty members from different disciplines across the university to determine their needs / user requirements for the portal
	Approx. 3 weeks

	Develop conceptual model of portal
	· Developed an entity relationship diagram to show how the parts of the portal are interrelated. 

· Developed a flowchart to reflect the user requirements and organization of the site.
	Approx. 2 weeks

	Build portal prototype
	· Developed a storyboard for site development.

· Downloaded the content management system (CMS) to use as functional shell for portal

· Customized CMS to reflect needs of users.
	Approx. one month.

	Portal demonstration
	Presented portal prototype to top management for organizational buy-in.
	Last week of project



The research team met once per week to discuss user requirements, review research sites of excellence and work on the conceptual model development. Once the benchmarking and interviews were complete, the user requirements and design elements were used to first develop an entity relationship diagram (Figure 2) in order to understand how the entities within the information system would work together. This information was later used in the development of the dynamic databases. A flowchart was then developed (Figure 3) to depict the organization for the site. Given the potential complexity of the portal, a clean, simple, user-friendly organizational design was critical to the project’s success.

When these two major steps were completed, the students decided to use an open source content management system called PHPNuke (http://phpnuke.org). One definition of a CMS (content management system) is as follows:

A content management system (CMS) is a system used to manage the content of a Web site. Typically, a CMS consists of two elements: the content management application (CMA) and the content delivery application (CDA). The CMA element allows the content manager or author, who may not know Hypertext Markup Language (HTML), to manage the creation, modification, and removal of content from a Web site without needing the expertise of a Webmaster. The CDA element uses and compiles that information to update the Web site. The features of a CMS system vary, but most include Web-based publishing, format management, revision control, and indexing, search, and retrieval. 

The Web-based publishing feature allows individuals to use a template or a set of templates approved by the organization, as well as wizards and other tools to create or modify Web content. The format management feature allows documents including legacy electronic documents and scanned paper documents to be formatted into HTML or Portable Document Format (PDF) for the Web site. The revision control feature allows content to be updated to a newer version or restored to a previous version. Revision control also tracks any changes made to files by individuals. An additional feature is indexing, search, and retrieval. A CMS system indexes all data within an organization. Individuals can then search for data using keywords, which the CMS system retrieves (Svarre, 2002, ¶1).

The research team evaluated the decision to build an open source site from scratch using HTML, PHP and MySQL verses  using the open source CMS. While the team believed that creating the site from the beginning provided greater creative freedom, it would also have been much more time consuming. Since time was a limiting factor, the team decided to use the CMS because it had built-in functionality needed that would cut development time dramatically. By using the CMS, the team was able to adapt the design and look of PHPNuke, but did not have to “reinvent the wheel” and build basic functional modules such as discussion forums, calendars, or content upload sections among others. Figure 3 shows the home page for the final deliverable, the University knowledge research portal.

4   Results

As documented in Table 1, the students were able to complete the basic conceptual model for this research portal. Table 2 shows a summary of the web sites identified as the best of class among the approximately 100 evaluated of universities and colleges around the world.

Table 2: Best research web sites identified

	Web Site Name
	URL

	Research labs, centers & programs: MIT
	http://www.mit.edu/research/ 

	Research matters at Harvard University
	http://www.researchmatters.harvard.edu/ 

	University of Pennsylvania Research
	http://www.upenn.edu/researchdir/
http://www.upenn.edu/researchatpenn/ 

	Columbia University Research
	http://www.columbia.edu/research/ 

	Penn State Research
	http://www.psu.edu/ur/vpresearch.html 

	University of North Carolina 
	http://research.unc.edu/services/


Table 3 shows a summary of the major user requirements identified through the faculty interviews.

Table 3: Major user requirements

	Criteria
	Description

	Simplicity
	Site should be simple & intuitive. No extraneous data.  This should allow for quick page loading.

	Search capability
	Site should have a user-friendly, effective search tool to access research.

	Site Map
	Intuitive and well organized

	Discussion forums
	Relevant discussion forums and communities of practice for different fields and interests.

	Links
	Links to relevant information such as:

· Library resources

· Government research agencies

· Funding opportunities

· Research at other universities

	Knowledge map
	A “yellow pages”: guide to expertise across the university that would include:

· Faculty, staff and student CV’s, research interests, expertise.

· Ability to search for expertise by department or by topic.

	Research Repository
	An easily searchable database of research including abstracts and full text; input by researchers.

	Security Issues
	Site would need two areas:

· Available to world: General information on departments, the university, etc.

· Secure area that would require user authentication (log-on) for access to knowledge map (expertise) and research (copyrighted).

· Publishers may have an issue with articles being made available via the web.

· Should draft articles be made available?  This could interfere with review process when author tries to get published.


Figure 2 shows the results of the design process in developing an entity relationship diagram to establish relationships in support of the database design for the project.

Figure 2: Entity relationship diagram for the research knowledge portal
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Figure 3 shows the flowchart depicting the organizational design for the web site. Again, this represented a critical element in the design and navigability of the site.

Figure 3: Flowchart for the university research knowledge portal
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Figure 4 shows the content management system site developed from PHPNuke. Because of time limitations, the organization of the site did not include the secondary or tertiary levels shown in the flow chart. The model site can be viewed at http://river.asap.um.maine.edu/~kapoora/portal/ but simply represents the starting point in the development of this research portal.

Figure 4: Home page for the university research knowledge portal
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5   Discussion & conclusions

The need for knowledge acquisition and knowledge sharing is readily acknowledged across the university. In meetings with faculty and administrators, the sentiment is echoed that a web-based knowledge system is greatly needed to facilitate collaboration and synergistic efforts across and within the different academic areas. While the faculty interviews focused primarily on web site usability issues, most of the faculty did mention the advantage of having a virtual collaborative space available. This research represented a starting point in knowledge management implementation.


Perhaps the most difficult challenge was in the translation of user requirements, gleaned from interviews, into a simple, easy-to-understand site organization that could easily navigate through the complexities of different departments and research areas. The process of translation proved to be quite difficult. However, an interesting result of this project was the elegance of the design created by the graduate students. Perhaps because they did not have preconceived notions about relationships, political connections, and organizational history, they were able to look at the situation logically and simply. It was interesting to see the relational connections developed in the organizational flowchart that balanced user needs with usable navigation. By internalizing the tacit knowledge gleaned from talking with faculty, the graduate students developed conceptual models of what a knowledge research portal should look like and what it should accomplish. As shown in Table 3, the users wanted a site that was clean, simple and user friendly. They wanted a site that was well organized so that they could intuitively understand where knowledge was located for easy access and retrieval. A knowledge map serving as a guide to knowledge and expertise within the university was seen as a valuable pointer to tacit knowledge. 


While this project ended during the development part of the cycle, it would have been interesting to do some beta testing with users to see how well the site matched the actual requirements of the users and whether they would adopt and use the system routinely. As mentioned in the literature review, we believe that a research knowledge portal can provide the University of Maine with a sustainable vehicle for interdisciplinary collaborative activities. By providing an easy to use web-based portal, faculty and graduate students can potentially find sources of knowledge and expertise necessary to improve their research activities. Research faculty within the University of Maine have occasionally found collaborative partners outside this University for NSF (National Science Foundation) grant research; being completely unaware that the expertise they needed was available within their own university walls!  Virtual collaborations via communities of practice can also potentially improve knowledge creation, the transfer of valuable knowledge, and improved innovative activities, necessary for creative research. 

6   Future research
This project represented the beginning of a long term knowledge management research effort at this university. As noted, the site has much work to be done in terms of completing the functionality required by the users. Beta testing will reveal organizational and functional areas that may need to be modified to make the site useful and relevant to the target audiences. While outside the scope of this project, the issues of culture; rewards/incentives and the relative advantage of using the system should also be explored. At the time of this writing, a new team of graduate and undergraduate students has taken over this project after the initial graduate student team graduated. The new team is expanding the role and scope of this project to integrate it with an initiative to create a research repository within Fogler library. The team is also working with the Office of Research and the Office of Sponsored Programs to integrate grant-related research activities into the portal as well as the centralized use of complex, expensive research equipment throughout the university. The idea of information and knowledge availability and easy access remains the major goal of this project.


As of this writing, there is much interest across the university in developing a comprehensive web-based system that will integrate intellectual capital, administrative systems, functional requirements, and other stakeholder interests via a comprehensive data warehouse system. Our part will be to capture some of the intellectual capital via a user-friendly distributed system where researchers can upload their work and contact information. The collaborative spirit throughout the university represents the most exciting part of the project and will hopefully create a system against which others throughout the world can benchmark as a site of excellence.
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Table 1: Summary of project activities

Table 2: Best Research Web Sites Identified

Table 3: Major User Requirements

 Appendix 1: Example of Survey Instrument Used to Determine User Requirements

The purpose of this survey is to determine user requirements for a knowledge portal at the University of Maine. The goal of the knowledge portal is to provide a virtual space that is easily accessible and searchable that will facilitate synergy through collaboration in research, innovation and the creation of new knowledge. The other goal is to create an awareness of knowledge, expertise, research and events within the University. This may create new collaborative efforts, possibly reduce duplication of efforts and increase a sense of community within the university.

1. How would you characterize your computer skills?

Novice  FORMCHECKBOX 
 
Intermediate x FORMCHECKBOX 

Expert  FORMCHECKBOX 

2. Are there any websites you use regularly that help you gain knowledge or collaborate with colleagues effectively?  Yes x FORMCHECKBOX 
 
No  FORMCHECKBOX 

If yes, are there any characteristics of those sites that are particularly valuable that you can share with us?

Literature lists, job lists, events and conferences, ideas for forwarding the field are shared. Links can be useful, but not always.

3. Are you satisfied with the availability and accessibility of research projects throughout the University of Maine? Not sure what you mean?
4.  If not, what is missing or what types of research information would you like to see? Research information such as access at the library to important journals? That is what is important to me and not adequate at this time.
5. Similarly, what sources of information would be helpful to you in your research endeavors? Again, journals with full text. Help with negotiating NIH and NSF opportunities. Help with the technical aspects of submitting grant (Cliff Webber has been great, but we need more secretarial support –waste of time for the researcher to spend so much time on the administrative part of grant submission. Many universities have AAs helping actively and taking over this work which is extremely time consuming. Should be at the department level—as in Johns Hopkins.
6. Do you know everyone in the university research community who may have similar or related research interests? 

For the most part. You can always expand connections creatively and we try to do that—we also collaborate inter-institututionally with Hopkins, UConn, EMMC, Maine Med and with colleagues at the Univ. of Florence and Haifa University.

If “No”, would you like an easy way to find expertise within the university? Yes  FORMCHECKBOX 
 
No  FORMCHECKBOX 

If “yes”, what specific information would be useful to you in terms of expertise and knowledge within the university? (For example, name, e-mail, phone #, skills, expertise, current and/or past research projects, etc.)

For the last 3 of questions, please refer to the following list of websites as examples of possible websites we might benchmark with. Also, please indicate the website(s) whose format or features would be most useful to you:

· Research at Harvard University http://www.researchmatters.harvard.edu/
· MIT Research http://web.mit.edu/research/index.html
· University of Pennsylvania http://www.upenn.edu/researchdir
· University of North Carolina http://research.unc.edu/services/
· Technology studies in Education http://lrs.ed.uiuc.edu/tse-portal/index.html
Looked at MIT and Penn: both are great. But we should look for sister institutions too. We are not in their league and comparisons are not reasonable, to me anyways.

7. For a research knowledge portal, what major categories do you think should be on the home page?  

a. Examples: search capability for entire site, knowledge map to find expertise or research interests throughout the university, communities of practice that allow interaction between individuals with shared interests, repositories/databases of current and past research projects, etc.  

b. Other required tools such as funding sources, research directories, etc. 

8. Do you have any recommendations to how the portal should be organized or classified? It is always useful to have an excellent search function. Most don’t.
9. What features do you find helpful when navigating web sites? Not too many links with weak info at them. Organization that is not esoteric (many are). Search function that is comprehensive.
10. Do you have a preference for using a web-based knowledge portal or one that is based on our current First Class system? If “Yes”, please elaborate.

                          Don’t understand the question

11. Do you have suggestions for other pages within the portal that would be useful to you? you mean links? Do you mean departments?
12. Other comments or suggestions?

Thank you for your help with this survey. Your responses will be valuable in helping us to develop a portal to meet your research and collaboration efforts.

Kiddingly, I suggest you contact a Psych professor for how to write a questionnaire to get at what you want. I am not sure I helped. M. H.

N. J., Assistant Professor, MIS

A., K.: Masters student; Information Systems

D. P.: Masters student; Information Systems
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