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ABSTRACT


This paper presents the design of a new type of search engine. The specification for this engine was defined so that it was simple enough to be completed by individual students within two eight-week teaching blocks. It is also sufficiently complex and robust to provide an initial research topic for a computer tutor or a computer scientist with a research interest in search engines. During terms three and four of the 2002 academic year, the modules (web pages) of this engine were issued as four separate assignments for students enrolled in the PR115 and PR255 courses. The students successfully completed several implementations of this particular engine proving that the design was feasible and practical. Apart from the design of this engine, the paper also presented major programming problems, which needed to be pre-solved and included in teaching handouts, before the project could be issued to students. This paper also presents important observations collected during the student completion of the search engine. An example of such an observation is that involving students in such a high-status software project as a search engine, seems to increase their motivation for learning. Finally the paper presents conclusions on the essential findings established at the present stage of research, completed on this particular type of search engine.
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1. INTRODUCTION


Universities have a long tradition of involving students in research. This may be because the value of academic staff members there is determined largely by their ability to carry out research and attract external funding. I have taught at six universities in four different countries. Practically all of them involved students in research in some way. In fact, some universities so perfected student involvement in research that the teaching process revolves entirely around it.


The Polytechnic/Institute of Technology sector in New Zealand still needs to develop such a tradition or capability. This is especially important in the light of recent developments where research outcomes are increasingly being factored in the appraisal of academic staff. Unfortunately the circumstances of academic staff in this sector make both research, and the involvement of students in research, much more difficult than at universities. There are several important reasons for this situation. The first of these are heavy teaching loads. For example, at the time of writing this paper, my teaching load amounted to 18 direct contact hours of quite intensive teaching per week (out of a contractual maximum of 24 hours per week). This leaved me with only 22 hours per week (or 1.2 hours per each contact hour) for preparation, assessment, marking, students’ consultations, etc. Practically no time for research is left during a working week. By comparison, at the time when I was a university professor, my weekly load ranged from three to eight direct contact hours per week. Another important reason why involving students in research in our sector is difficult, is the lack of flexibility in NACCQ module prescriptions. The prescriptions define the content leaving no room for any extensions or changes to incorporate research. A further difficulty in involving students in research is the high speed of changes in computing areas. The pace of change is so constant that around every two years our teaching material and course content must be rewritten. Computing lecturers need to constantly stay abreast of emerging developments and incorporate updates in their subject area. It is an additional constraint on our ability to carry out research. It is also difficult to involve students in research in the user-paid environment we teach in. Involving students who pay for their studies into any research typically introduces an element of dissatisfaction with the teacher. After all, teaching via research usually induces psychologically different perceptions than standard approach to teaching, especially in students with a lower level of tolerance. In extreme cases such dissatisfaction may in turn lead to complaints and even to job losses. A further reason for not involving students in research, is the instability of specialisation area and shifting of teaching loads. This instability arises from the ongoing re-allocation of subjects being taught from one lecturer to another. After all, the teaching area for the academic staff in our sector usually is not protected by the barriers of narrow specialisations, as is the case with university academics. There is no guarantee that teaching load of a staff member engaged in the preparation of any research project that is based on students, will not have been allocated to another staff member before the project has been completed. A next reason for not involving students in research at such user-paid institutes, is the lack of research infrastructure. In a significant number of universities such a research infrastructure includes facilities dedicated exclusively to research, technical staff support of research, technical support of publications’ editing, publishing, and cataloguing, etc. For example, the majority of universities have dedicated staff members just to support publishing. They carry out language proof reading, final editing of publications, type these publications, publish them in internal periodicals, etc. But no such support exists at user-paid institutes of technology. Practically every problem connected with research must be solved by a given researcher. Finally present legal environment and existing ambiguities do not encourage involving students in research. For example, it is not clear who owns the product of students’ work, who can hold copyrights for publications that are based on students’ research, when the lecturer’s intellectual property over products of his/her research finishes if students are involved, etc.


In spite of all these difficulties, I decided to trial the involvement of students into research on “search engines” that I am carrying out currently. The main reason for this decision was, that between 1988 and 1990 I carried out a similar research at Otago University in Dunedin, in which I tested the benefits and losses of carrying out a complex research project on natural language processing with students’ involvement. Outcomes of this previous research project are outlined in my paper [Pajak, 1990] listed in references section. For the testing of involvement of my current students into research on search engines, I developed a research project, the essence of which can be expressed with the following working thesis of this research:


“It is feasible to involve students at New Zealand Institutes of Technology /Polytechnics in research on search engines and the academic benefits of this involvement outweighs the losses”.

The goal of this paper is to present a report from testing this thesis. To accomplish this goal (1) I explain the design of the search engine on which I tested this thesis, (2) I present my observations from the completion of this search engine, and (3) I share my findings and experience regarding this entire research project.

2.SEARCH ENGINE


I involved students in my research project on the design of a search engine. The research objective was to design a universal type of a search engine, to complete such an engine, to implement it on a server, and to research the behaviour of such a search engine during its experimental use. In order to be able to involve students in this research, this search engine had to be characterised by several unique attributes. The most most important of these were:


1.It had to have a modular structure. This meant that it needed to be composed of several independent modules. These modules could later be issued separately from each other, and be completed by students as their assignment projects.


2.It needed to be simple enough to incorporate only these programming features, which are taught to my students within their subject areas. (I selected two subjects to support the development of this search engine, namely PR515 (formerly PR115), and PR655 (former PR255), which deal with client-side and server-side scripting respectively in JavaScript.)


3.The final product had to be implemented on the computer hardware that is used by my students – in this case  a Dell “Power Edge 500 SC”, that hosts a Microsoft IIS Server for teaching courses on Cyber-Technology.


The final design of the search engine that met the above attributes was comprised from 7 separate modules, which take the form of separate web pages. It also includes a database file. The modules are subdivided into two cascades, namely into the search engine itself (composed of four modules: engine.htm, DB_search.asp, web_search.asp, and outcome.htm), and the search engine submission forms (composed of two modules, namely: URL_submit.htm, and URL_confirm.asp). All these web pages are operationally linked together into a working system of the search engine. Their linking can be illustrated graphically in the following manner – see Figure 1:
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Figure 1. Modular structure of the Internet search engine discussed here. It illustrates the basic components of this engine and mutual linking of these components.


Each one of the web pages that constitutes the skeleton of the search engine,  fulfils the functions outlined for them below. Together they work in series, meaning that each one of them, after it completes the tasks assigned to it, passes the control to a next web page, which is linked to it, or it does whatever the user directs it to do. Here are the functions of subsequent modules (web pages) of this search engine:

- Default.asp (server side). This is a default/starting page (server-side). The only function of this page is to run the homepage of the search engine (client-side) named engine.htm.


- Engine.htm page (client side). It has a general appearance of a typical search engine main window, with three input objects to be filled up by the user (named “language”, “keywords”, and “search_option”). The information typed into the first two of these input objects is validated (for not empty, and for the length not less than 2 characters). The radio button (or a check box) for setting the search option (i.e. to select between the search for presence of keywords or the selective/logical search) is to be set to ON or to OFF. The input from these three objects is then to be submitted to the DB_search.asp page, to which also the control is to be shifted, after the user clicks at the “search” button. The engine.htm should also have an additional option/button “Submit a new URL” (that is going to display the form/page named “URL_submit.htm” designed for PR515 – former PR115 assignment). It also should have a menu, that allows a client to choose and to run any of options of this search engine, namely to run either: engine.htm, DB_search.asp, web_search.asp, outcome.htm, URL_DB.txt display, or found.txt display.

- DB_search.asp. This is a server-side DB searching web page. In the first stage of completion of this research project it performs the following functions: (1) it confirms the receipt of information posted by the engine.htm page, and (2) it runs another web page named web_search.asp. In the second stage of this research project DB_search.asp web page is make to search through the URL_DB to find web sites, which contain the key words listed by the user. Both stages (first and second, are issued to students as separate assignments).

- Web_search.asp. This is a server-side web page for “spidering” (searching) through the Internet. After the completion of the first stage of the project it performs the following functions: (1) analyse the content of the found.txt file, (2) orderly insert the information that is contained in the found.txt file to the outcome.htm page (to forward it to the user), and (3) run the outcome.htm page. In the second stage (i.e. during a next assignment) it is extended with the capability to spider/search through the Internet. Note that in order to forward the required information to the user, web_search.asp needs to generate the outcome.htm page.

- Outcome.htm. This is a client-side web page, which is to be very similar to the page named engine.htm (actually it supposed to be almost a duplicate of the engine.htm). But it is supplemented with the additional information that represents the reply of the search engine to an user’s inquiry. This additional reply information, which is to be contained on the outcome.htm web page, is to include a list of typical items provided to clients of search engines (e.g. URLs of web sites containing a given key words, samples of web sites’ text with this key word highlighted, vital statistics of a given web site, and more).


Apart from the web pages, the search engine presented here is also composed of a database (or a file), named URL_DB, which stores all submissions, and a transitory object named “found.txt”. For testing purposes this object is presented as a disk file, while in operational versions of the search engine, it is to be a transitory (hidden) web page.


In addition to the above “search engine” cascade of web pages, there is also the “URL submission” cascade of web pages. The main function of this cascade is to create, via user submissions, the URL_DB from which the search engine draws later its replies. The “URL submission” cascade is composed of two web pages. The first of these is the URL_submit.htm page, which allows users to submit their web sites to this particular search engine. The second is URL_confirm.asp page, which is confirming the completion of the submission procedure. At this stage of the development, the URL submission cascade does not include a web spidering facilities (although these are included into the search engine itself – see the web_search.asp page).


After the search engine described above was designed, it was comprehensively described in exercise handouts and in assignment topics issued to students. These handouts, together with samples of the first completed search engines, are available for all interested via two web pages with my unofficial lecture notes [Pajak, 1999].

3.PROCEDURE OF SEARCH ENGINE COMPLETION


After the search engine was designed and described in course materials, it was issued for completion to students of two courses of Cyber-Technology. The introductory programming course, PR515, was to prepare the URL submission cascade of web pages. This cascade was subdivided into two assignments, each one of which was completing a single page and extended for 4 weeks. In the result, during this introductory completion, students of PR515 (PR115) course familiarised themselves with the problem area of search engines, grasped initial concepts of search engines, and produced two modules of the final search engine. In the advanced stage, which was carried out within PR655 courses, students completed the remaining four modules, also subdivided into two stages/assignments. In the result, during second semester of 2002 academic year, several prototypes of the search engine described here were completed by students.

The completion of these first prototypes, as was to be expected, turned out to be rather clumsy products. These typically lacked the finesse and user friendliness which would make it possible to use them for further research. Therefore, the next task in this research project was to improve on these first prototypes, and to produce more refined search engines. In order to accomplish this task, I prepared a web site, available for the next groups of students, which displayed the best search engines prepared by the previous group of students. The assumption was, that by issuing the same tasks again, but this time making available to students outcomes from the work of previous group, the quality level of the final product would improve. Unfortunately, I had no opportunity to test fully this assumption before writing this paper.

4.OBSERVATIONS


I made various observations during the course of the completion of this research project to date which may be useful in the further development of this approach to research. 


(A) The importance of students’ success in New Zealand institutes of technology. In circumstances of present universities, where the main emphases seem to be placed on the ability of a given staff member to complete research and to attract research funding, university lecturers have the flexibility of arranging their teaching around their research projects. This creates the appropriate climate in which research can be carried out without major setbacks. The situation is almost completely reversed in New Zealand Polytechnic/Institute of Technology environment. The main emphasis in them at present seems to be the ability to attract students to courses and to keep a high retention ratio. This in turn means that everything, including possible research projects, must be arranged around teaching. A consequence of this situation is, that if our students are involved in carrying out any research projects, these projects must be “organised” for them into a chain of successes. After all, any failure in the completion of such a research project would have an adverse effect for a student, and thus could finish e.g. with this student prematurely interrupting his/her studies. Thus, a failure in the research project could decrease the retention ratio, and as such could threaten the job security of a given academic staff member.


(B) The necessity to pre-verify the feasibility of the componential tasks given to students. In order to reassure that the part of research to be completed by students finishes with successes, it is crucial that the staff member anticipates and solves all tricky or doubtful problems that may wait on the path of students. Therefore, for the search engine project described in this paper, all potential programming problems, which are necessary to successfully complete such a search engine, needed to be solved beforehand, and solutions needed to be provided to students, as described before. These solutions were provided and explained in course materials issued to students – see [Pajak, 1999].


(C) The capability to motivate students by involving them into such a high-status software project as a search engine. My other observation is that for some students, the participation in this research project on the development of search engine, significantly increased their motivation to learn. Probably the reason for this increase was that these students realised the commercial potential of being able to produce a search engine and then capitalise on this ability. Unfortunately, this increase in motivation does not work for all students. For example in my evening classes I had several students who actually got discouraged (not motivated) by the high status of this project, and thus for whom the project needed to be scaled down.


(D) The gambling factor involved in relaying in research on students and on continuity of teaching given subjects. It is extremely difficult, if not almost impossible, to design a research project that is sufficiently small to be completed in the duration of one term (8 weeks). Typically only the preparation time for a research project, like the search engine described here, exceeds one term. Therefore it is a kind of gambling to undertake a complex research project, as the one described here, in which the outcome is not solely depended on the staff member who completes it. After all, the teaching circumstances, subjects taught, and the research suitability of students, are continually changing, thus introducing a high risk that the research may need to be interrupted a half way through.

5.CONCLUSIONS


In testing the working thesis proposed in introduction to this paper, a wide range of interesting conclusions could be derived. Most of them extend and complement the facts commonly known regarding the “pros” and “cons” of involving students in research in circumstances of our institutes of technology. The most important conclusions, which directly relate to the working thesis of this research, can be expressed as follows:


(1) Gains of involving students into research on search engines. The completion of several search engines by students of my 2002 classes indicate, that gains of involving students can vary. In order to list here most important of these, they include:



(1a) Large variety of results obtained. If the researcher would relay solely on his/her own research of search engines described here, he/she would be able to accomplish one outcome only, namely he would produce a single search engine. Thus this outcome would not allow for any comparisons or estimates. But if the same project is given to numerous students, then several search engines are produced, which differ from each other, thus which later can be compared with each other.



(1b) Higher objectivity during testing and in further stages of research. In the majority of research completed on software, the design and production stages are only the initial steps, which lead to further research. In turn this further research usually involves objective testing, assessment, comparison, analyses, etc. But psychologically it is difficult to be completely objective about software which we prepared ourselves – especially when comes to revealing disadvantages of this software. Therefore, psychologically it is much more objective to assess software produced by students.



(1c) The capability to raise standards. If we repeat the same research project with a next group of students, while making the best outcomes from the previous group available, then each subsequent repetition of the same project must raise the quality standards.



(1d) Universal character of such software research projects. As it turns out, all projects involving students, independently from their topic, have the same course, and require the same preparation procedure. This practically means, that experience gathered e.g. during the completion of search engines described in this paper, is going to be valid for the majority of other research projects in computing. Therefore, if someone completes one such a research project, this completion provides him/her with the experience, which later allows for the completion of many further similar projects. Furthermore, the scientific experiment that is described here, actually opens doors for anyone who would like to apply the same approach for a different software project. (This repetitiveness of the approach is additionally facilitated by the Internet nature of the project on search engines. For example, all materials concerning this research project, including all handouts, all assessments, and even samples of outcomes, are available through web sites listed in references to this paper. Thus whoever wishes to try this approach, may start from repeating the path that is already passed through, by drawing from the materials available on web sites [Pajak, 1999]. This also means that after retracing of what already is done, this research could be extended into an inter-institutional, student-based research project.)


(2) Disadvantages of involving students into research. Herewith the most important disadvantages: 



(2a) The contribution of labour required. The preparation of research support for students who carry out a given project, consumes much more time from a staff member, than actually would consume the doing of this research ourselves. For example, every key problem of completion such a research project must be checked, solved, and described in course materials, prior to issuing it to students.



(2b) Instability of teaching load. It manifests itself in the lack of certainty that a given staff member is going to teach the some subject again. This instability actually discourages any longer-term planning of research, and thus also raises psychological difficulties regarding investing of our time into involving students in research.


In spite that gains listed above have slightly different nature from disadvantages displayed by this approach to research, it still can be established empirically, that the significance of gains outweighs significance of disadvantages. This in turn allows us to draw a final conclusion from the research project discussed here, that the working thesis stated in introduction to this paper is proven true. Thus, in spite of the many unfavourable circumstances faced by academic staff members of institutes of technology, it is possible to carry out successful research with the participation of students in such a manner that academic gains outweigh academic losses.
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