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1. Problem Identification and Motivation

Exam database management system is widely used nowadays, it can manage various kinds of exam questions, and produce exam papers using the questions in the database automatically. All of these characteristics make the exam database management system an efficient way to realize operation automation and to elevate the educational management to a higher level.

However, although the system can generate the exam papers by randomly picking up questions from the database, there would still be the problem that every single question has been used at least one time in the past exams and the students can easily keep the answers in mind by reviewing the past exam papers. Once this happens, the exam would not satisfyingly finish its mission to evaluate the study effect of the students.

There are two factors that make this problem happen:

The first one is the finite number of questions in the database. If there are very few questions in the database, the questions would be used up very soon after several exams. Obviously, one way to relieve that is to feed huge amount of questions into the database, but producing and inputting huge amount of questions is not easy to do, maintaining a very big database is also laborious and may not be necessary especially for a single course in low level schools like elementary school and middle school.

The second one is the static nature of the questions in the database. Although one question may not appear in every exam, it is identical every time it appears, thus it can be easily identified as "used question" and remembered by the students. One way to deal with this factor is to eliminate their static natures and make the questions "dynamic", that is to say, change the question every time it was picked up by an exam.

My project is to implement an Exam Database Management System that treats the questions dynamically.

2. Develop Environment Selection
This system uses Visual Basic (VBA in reality) as forestage programming language and Microsoft Access as backstage database software.
Because of the normal scale of this project, big, complex and very powerful (also means very expensive) database software is not necessary for the implementation while small, easy-to-obtain database software such as Access and MySQL can satisfy the functional requirements. Small database software also holds the advantage that it is quite easy to be developed and maintained.
I found that the Access database has following characteristics: maximum 32768 database objects, name of each object should be no more than 64 characters; maximum 1024 modules; maximum 14 characters for password; maximum 255 users in parallel; maximum 4GB size of one database file (.mdb). These limitations shows that the Access is enough and suitable for this project.

Another advantage of Access is that it provides users with an embedded Visual Basic develop environment VBE (Visual Basic Editor) and users can develop a customized application by using the form (window) object of Access behind which some Visual Basic for Application (VBA) codes are hided. VBA not only has the convenience to connect and manipulate the Access database, it will also provide a short path to communicate with other Office applications since Microsoft uses VBA as a general interface among the entire Office suite.
3. Basic Objects Design
(1) Tables

Table object is the main object of the database, all table objects are defined as two dimensional tables and all the data are stored in the data fields of the table with specified format and constraint. They are also the operation objects of any database manipulations.

For the exam management, I created 4 tables in which three of them are used to store three types of question separately, the other table is used to store the chapter number and name and it is related to the three question tables. Their relation is shown in Fig.1.
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Fig.1

Fig.1 shows that the “Chapter” data fields of all the three question tables are mapped to the “Number” data field of the Chapter table, this relationship is the key to manage the questions by chapters and it means all the chapter fields in the question tables are synchronous. Also, it enables the ability of simultaneous multi-table operation which can boost efficiency and reduce errors cause by data input or edit.
(2) Forms

Forms (windows) are the most flexible object in Access, their main function is to provide a graphic user interface which has the ability of manipulation transfer and data display and edit. Forms hided the data tables in the back to make the complex table operations more intuitive, friendlier and easier. The isolation between data tables and users also provides much more convenience to limit the user control, eliminate wrong data and wrong operations, and thus make the database safer from errors.
Forms are the place where the majority efforts were spent. To implement various kinds of database manipulations is to create different kinds of widgets, and then design, write, test and combine the event driving functions for each widget in Visual Basic codes. I created one form for each kind of question, and also some forms to create and display the exam papers.

4. Functions and Implementations

Main functions:

a. Adding, editing, deleting and viewing the questions in the database 

b. Producing exam papers based on user defined parameters (number of questions, scores per question, etc.) by randomly picking up questions from the database 

c. Producing solutions simultaneously with the exam papers 

d. Producing 2 exam papers (Paper A & Paper B) at one time, they can have some overlaps (use same questions), the overlap ratio can be set by the user 
Special function:

Slightly change the questions used in an exam and then update the database with the modified questions 

Other functions:
a. Student basic information management

b. Attendance and grades management

c. Grades statistics
The main procedure is shown in Fig.2.
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Fig.2
(1) ADO (ActiveX Data Object) Technique

ADO was developed by Microsoft to replace Data Access Object (DAO) and Remote Data Object (RDO), it uses a bottom level programming interface OLE DB to access different source of data like databases, e-mails and text files.

ADO consists of 7 objects in which three of them are independent while other four are dependent on them. The diagram is shown in Fig.3.
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Fig.3
The connection object is used to create a data source connection before other data operations can begin. The command object is used to execute the queries by using the SQL language. The recordset object is used to store the results returned from the data tables or the command objects, it can use field object to obtain the information of every data fields in the table, it can also change the information it obtained by editing its property object.
Since the recordset object can provide more and more flexible functions than SQL language by using its sub-objects, I only used recordset to execute the data operations and the command object was not used. Also, since it is quite easy to connect database and forms with VB codes, I did not use the connection object and it’s no longer necessary to specify the name and path of the database file.
The follow codes show how to create a recordset object and how to use its property to initialize it and connect to data table.
Dim objInfo As ADODB.Recordset

Set objInfo = New ADODB.Recordset

    objInfo.LockType = adLockOptimistic

    objInfo.CursorType = adOpenDynamic

    objInfo.CursorLocation = adUseClient

    objInfo.Open "StudentInfo", CurrentProject.Connection

The following codes show how to use the field object to quote data fields of a record, how to assign such data fields with the values from the form widgets and how to update the data table.
    objXZ.AddNew

    objXZ!Chapter = cboChapter.ListIndex + 1

    objXZ!Question = txtQuestion

    objXZ!answer = frmAnswer.Value

    objXZ.Update

The basic database operations are done based on such manners.
(2) Creating Exam Papers

The first step of creating an exam paper is to setup the parameters. When the creating begins, the form will first check the parameter setup, if no errors found, it will do some calculations and assign some variables which are used as constraints like maximum number of questions in each chapter. After that, the system will enter the paper creating loop shown in Fig.4.
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Fig.4
This loop is responsible for generating one type of question, to create one entire paper, the same loop will be ran three times. 
This system also has a function of creating two papers with some percentage of overlap at one time. The motivation of this function is the idea that the instructor may want to distribute different papers to the students sit next to each other to prevent cheating during an exam. To generate the second paper, the system will go through the same process as the first paper except that it will first subtract certain numbers (calculated based on the overlap percentage set by the user) from the variable recorded which questions were used, then use such variable again to record the used questions in the creating process of the second paper.
(3) Modifying Records and Updating Database

The idea of modifying the records is to combine different types of question with different patterns which define what kind of modification should be done with such questions. Actually, different types of question can share the same pattern while use different implementation of such pattern. The following pattern is shared among the three types of question.
Context:

During an exam paper composition, a multi-choice / true-or-false / calculation question was used in one paper.
Problem:

Need to modify such question so that it would have a different answer from the original one
Solution:

Reordering all of the questions / Reverse the judgment keyword / Generate new operands within the given range

Let’s take the multi-choice questions as example, the choices reordering procedure is shown in Fig.5
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Fig.5

During the reordering, the original choices will be saved, then each new choice will be assigned the content of one original choice which is picked up randomly, the answer will also be checked during every assignment to guarantee that it is still attached to the correct choice.

For the true-or-false questions, the modification procedure will recognize the judgment keyword, and then invert it together with the corresponding answer. For the calculation questions, the modification procedure will generate two random numbers within the ranges set by users, and then replace the two original operands. In this report I will not cover these two procedures in detail.
5. Conclusion
This application accomplished the initial requirements, the tests also showed that this application is fast, stable and reliable. In the VB codes, I added a lot of format checks to make sure the correctness of the input data and to limit user operations, thus this application also guaranteed the safety of the backstage database. Third, this application maintained a friendly user interface which makes it quite easy to use and the user manual is not necessary.
6. Future Work

a. Improve for more complex questions

b. Communicate with other Office applications

c. Multi-user support
d. Move to other databases like SQL Server
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