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ABSTRACT
Databases have been widely used in various kinds of information systems. The database course is one of the important courses in
computer science (and related) departments. SQL is a standard language for accessing and manipulating relational databases which
are the most common type of databases used today. Relational algebra is the theoretical basis for SQL. Learning relational algebra
not only helps students learn SQL well, but also provides benefits in understanding the operation of query optimization. With the
increasing popularity of higher education, more and more students will encounter great difficulties in learning lessons. In the past,
many students who had been studying the database course felt that the concept was too abstract to comprehend. Besides insufficient
abilities of abstract thinking and logical reasoning, the lack of practical exercises is usually the most important cause. If they want to
strengthen the exercises, it must have a sufficient number of items available for practice. In addition, they may need immediate and
adequate hints or guidelines to help in problem solving when they meet difficulty or get wrong during self-practice. However, to
achieve such a demand, the burden in time and effort for a teacher is too heavy to afford. In this research, a relational algebra
tutoring system with the capabilities of automatically generating items and diagnosing answers is implemented. By contrast, the early
related systems need to build items and answers manually. In our system, items with different types and difficulties are automatically
generated from the imported databases for students’ self-practice. Since the relational algebraic expression for a query can vary in
many forms, the early related systems only compare the query results with the system’ s answers. However, although the result were
the same, it wasn’ t necessarily correct. Such kind of error is a crucial blind spot that cannot revealed in the diagnosis process. Our
system uses relational algebra’ s transformation rules to transform students’  expression into a canonical form and then pass
through a comparing process with the pre-generated canonical forms to check whether their answers are correct or not. This process
can give an appropriate message to guide students to finish the questions. Not only the students can take advantage of our system to
enhance the effectiveness of learning by doing sufficient exercise, but also it can significantly reduce the burden on teachers.

Keywords : Relational Algebrald Intelligent Tutoring System Automatic Item Generation Databases
Table of Contents

goooboooboooobooboooob oooboboboob 0bbooobobooobboOobOoooob O
oo obooogooboboobo b0 ooooboi10obo boboobobo0oobbobDoobOoobOoon
ogoobobooboooboobooobobobobobooboboboobo oo oboobo boobo oD o
ooobobooboooooboobo oo obobobooobooob oo

REFERENCES

[1]Appel, A. P. and Traina, C. Jr., “ iDFQL :A query-based tool to help the teaching process of the relational algebra,” World Congress on
Engineering and Technology Education, 2004.00

[2]Beynon, M., Bhalerao, A., Roe, C. and Ward, A., “ A Computer-based environment for the study of relational query languages,” LTSN:
Teaching, Learning and Assessment of Databases, pp. 104— 108, 2003.0J

[3]Bloom, B., “ Taxonomy of Educational Objectives: The Classification of Educational Goals,” London: Longman Group United Kingdom,
1969.0

[4]Codd, E.F.,“ A Relational Model of Data for Large Shared Data Banks,” Communications of the ACM, 1970.0

[5]Database Place, http://www.aw-bc.com/databaseplace/.(]

[6]David, R. and Lorin, W., “ Taxonomies of Educational Objectives - The First Taxonomy of Educational Objectives: Cognitive Domain,” The
Affective Domain, Revision of the Taxonomy.O

[7]1Davis, M. and Fitzpatrick, M., “ Virtura - A virtual tutor for relational algebra,” LTSN: Teaching, Learning and Assessment of Databases, pp.
25— 29, 2003.0

[8]Dietrich, S. W., Eckert, E. and Piscator, K., “* WinRDBI - a Windows-based Relational Database Educational Tool,” 28th ACM SIGCSE
Technical Symposium on Computer Science Education, pp. 126— 130, 1997.0



[9]Galitz, W. O., “ The essential guide to user interface design,” New York: John Wiley and Sons, 2002.00

[10]Harris, W. S., RAIN Relational Algebra Interface,
http://www.cs.stir.ac.uk/courses/it/projects/PastDissertations/Abstracts/2005-2006/Harris. RTF.[J

[11]Mandel, T.,“ The elements of user interface design,” NY: John Wiley & Sons, 1997.01

[12]Mayer, R. E., “ Multimedia Learning: Are We Asking the Right Questions? ,” Educational Psychologist, 1997.00

[13]Mayer, R. E. and Moreno, R., “ A Split-Attention Effect in Multimedia Learning: Evidence for Dual Processing Systems in Working Memory,
" Educational Psychology, 1998.00

[14]McMaster, K., Anderson, N. and Blake, A., “ Teaching Relational Algebra and Relational Calculus: A Programming Approach,”
Information Systems Education Journal, 2008.00

[15]McMaster, K., Sambasivam, S. and Anderson, N., “ A Relational Algebra Query Language For Programming Relational Databases,”
Information Systems Educators Conference, 2010.00

[16]McMaster, K., Sambasivam, S. and Anderson, N., “ Relational Algebra Programming With Microsoft Access Databases,” Interdisciplinary
Journal of Information, Knowledge, and Management, 2011.01

[17]Mitra, P., “ Relational Algebra Learning Tool,” Technical Report, Imperial College London, 2009.00

[18]Mitrovic, A., “ The ICTG team Large-Scale Deployment of Three Intelligent Web-based Database Tutors, Computing and Information
Technology — CIT,” Vol. 14, No. 4, pp. 275- 281, 2006.00

[19]Pass, F., Renkl, A. and Sweller, J., “ Cognitive load theory and instructional design : recent development,” Educational Psychology, 2002.00
[20]Robbert, M. and Ricardo, C., “ Trends in the evolution of the database curriculum,” Proceedings of the 8th Annual Conference on
Innovation and Technology in Computer Science Education, Greece, 2003.0

[21]Soler, J., Boada, I., Prados, F. and Poch, J., “ An automatic correction tool for relational Algebra Queries,” Proceedings of International
Conference on Computational Science and its Applications (ICCSA), Kuala Lumpur, Malaysia, LNCS 4706, pp. 861-872, 2007.00
[22l0000* 0000000e0D0O00O0OOOOOOOO" ,200900

[23j0C000" DO0O0OO00OQ0” DOOoOoUoOooooooo, 200000

[24000000000000" 0000000000000 00" 00000000000 000000201100

[25]10 0000000 0000000000000 00000000000000" OO00000000200800
[26[0000" O0O0OD0O0O0O0O0OO0O0O0OOOO” DODDOOOO200300

[2710 000 O0O0O0O0O00O00NACOO00O0O000000000" 0000000000000 00000d200200

[28]0 000" O0ODOD--000000" OO0OOD0OD0ODO200300

[290 0000000 00000000000 DO00D00O00O0" OOo0ooDooOoOOoe200300

[30]0 000" OMayerD 00 DODDOO0OOD0OOO0ODODOO0DOOOOODOOODDOOO?200900

[0 0000000noOoodod http://www.cs.nchu.edu.tw/~fileman/notepad/db05.htmO O

[3210 000" 000000000 D0OO000D0O000O0O00O0ODO” 000000 o0OoOo20110



