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Abstract

Domagalski, James, J., “Exam Generator”, Mast&affware Engineering,

December 2010, (Dr. Kenny Hunt, Dr. Kasi Periyasamy

The UW-La Crosse Exam Generator is an online weligtion that was
created to aid faculty members of educationaltimstins with creating and
maintaining exams. With the Exam Generator faculgmbers can create and
maintain a repository of questions. Questions withe system can be used by
faculty members to manually or automatically geteeexams. The Exam
Generator also provides students of these edudastitutions the opportunity to
prepare for a course by taking online practice exasing exams and questions
that have been shared with the student.

This manuscript describes the development of the ld/Crosse Exam

Generator as well as the challenges and issuearthsd during its development.
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Glossary

Application Framework
A software framework used by developers to implenties standard structure of
an application for a specific development environtr{such as an operating

system or a web application)

GUI
Graphical User Interface (GUI) is the part of tipplecation that the user sees and

interacts with

Hibernate
An object-relational mapping (ORM) library for tdava language, providing a
framework for mapping an object-oriented domain elad a traditional

relational database

|EEE
The Institute of Electrical and Electronics Engirseis a professional organization
that establishes some standards, publishes ayafigiurnals, and sponsors

conferences.

iText
A free and open source Java library written by tT®aftware Corp that allows

developers to easily create and manipulate PDFrdents.

PDF
Portable Document Format (PDF) is a file formaated by Adobe Systems in

1993 for document exchange. PDF is used for reptegetwo-dimensional
3



documents in a manner independent of the applitaoftware, hardware, and

operating system.

Seam Framework
A web application framework developed by JBossysidn of Red Hat, that
combines the features of Enterprise JavaBeans (El&BJavaServer Faces (JSF)

together.

RichFaces

An open source Ajax enabled component library &mMa$erver Faces host by
JBoss.org that allows easy integration of Ajax talpees into enterprise
application development.

UML

Unified Modeling Language (UML) is a collection mietalanguages that is used
for specifying, visualizing, constructing, and doeenting the artifacts of
software. The types of UML diagrams included irsttiocument include Use

Case Diagrams, Class Diagrams, and Entity Reldtip(iSR) Diagrams.



1. Background Information

Each year teachers and faculty members at edudasttutions across the
world are searching for ways to properly evaluhtgrtstudents' understanding of
course content. A proven method for doing thi®itest a student’s knowledge
through the use of multiple choice quizzes or exarmbe use of multiple choice
exams as a way of evaluating knowledge comes Wweéhisk of a student
cheating. This certainly becomes the case whee tkea high volume of
students taking the same exam in one area. Thimgoereates the possibility of
a student looking at a neighboring student’s exaeetto copy answers.

One popular method for discouraging cheating oaxamination is to create
multiple versions and distribute them so studettti®ig near each other complete
different exam forms. Multiple exam versions maitekfficult for students to
copy answers but puts strain on the faculty mem&iace multiple versions of
the same exam must be created and graded.

The Exam Generator is an application that has besated to aid faculty
members in creating exams as well as to aid stademireparing for exams. The
Exam Generator provides the tools for a faculty inento create and categorize
guestions. Questions created with the system @nlib included in exams.
Exams can be randomized and printed, along witin #mswer sheets. This
functionality allows faculty members to focus oe ttontent of the exam instead
of the layout. Exams can then be shared with ddwity members or with
students. Students have the ability to log intoapelication and take a shared

exam.



2. Lifecycle modd

Many development models exist for developing soféyaach containing their
own advantages and disadvantages. The developnuel@l chosen for the Exam
Generator was an iterative development model. rogyis of this model is
described below.

The iterative development model defines a procédgweloping an
application in a cyclical fashion. Such an engimegecycle starts with the
developer gathering a subset of the user requirenfiem the customer. The
requirement subset is then designed, coded, atetitefter testing is complete
for an iteration, the developer starts the nexatten. This process continues until
the project has been fully developed. Following tigpproach allows the
developer to spot potential design and coding weses earlier.

If the application being developed is GUI intensithe iterative development
model may be extended to include a demo. Withenddmo, a prototype of the
application is shown to the customer. Providingeend allows the customer to
see progress of the application and allows theooust request changes in the
GUI design or functionality in earlier stages ofdl®pment.

One concern for the iterative development mod#ias the developer does not
have a complete understanding of all requiremesifisré starting the design.
Major design decisions made in an earlier iterati@y not be valid in future
iterations, causing modification to design and cdaeoffset this concern, the
developer modified the iterative development madeéhclude gathering all
requirements for the application within the firsige of the development process.
Gathering all of the requirements before beginnirggdevelopment iterations
allowed the developer to gain oversight on all thatld be required in the
application. This encompassing view would helpdbeeloper make appropriate
design decisions and lower any risk of design aucewrites.

6



The diagram in Figure 1 illustrates the iteratieselopment model used for
developing the Exam Generator.

'aniun

Demo to Test Final
Customer Application

=
| -

Figure 1: Exam Generator Development Model

Design Code Test




3. Requirements Phase

The gathering requirements phase consisted ofust®mer and the developer

discussing the functionality of the Exam Generaitwe customer for the Exam

Generator was an UW-L Faculty Member named Dr. kefiant. Discussions of

the requirements were performed through email and-fo-face meetings

between the customer and the developer. This catdinroughout the Spring of

2008. A total of thirteen face-to-face meetingsemeeld which lasted thirty

minutes to an hour each meeting. A total twentyikntlaat were exchanged.

3.1.Requirements Document

A segment of the requirements document can bewitleim Figure 2. Each

functional requirement is defined with the followifields.

an index ( a unique code for the functional requizat)

a descriptive name

a purpose (a short description of the requirement)

input parameters

output parameters

actions ( a set of tasks or activities that mugbdxéormed in order to
satisfy this requirement)

exceptions (set of conditions that indicate a sidman which the function
will stop)

remarks that explain more about the functionality

cross-references to other functional requiremtnasare related to the

current function



3.3.1 Create User

Index: A-Create User
Name: Create User
Purpose: Allows an Administrator to create a user account.
Input parameters:
* User Name
+ Account Type
« First Name
» Last Name
+ Email Address
+ Password
+ Confirm Password
Actions:
« Ensure user is logged in and has account type of Administrator
Ensure all fields contain valid data.
» Ensure user name is not already used within the application.
+ Ensure password meets minimal requirements
+ Ensure password and confirm password match.
+ Have system generate a unique User ID for the user.
+ Addthe user to the application.
Qutput parameters:
« None
Exceptions:|
« Useris not logged in or does not have account type of Administrator.
+ One or more fields do not contain valid data.
» UUser name is already used within the application.
» Password does not meet minimal requirements.
+ Password and confirm password do not match.
Remarks: None
Cross-references:None

Figure 2: Section of Exam Generator Requirementubent

The completed requirements document contains bhabthirty-nine
requirements that follow the same format as showfigure 2. Thirty-four
requirements define the functionality of the apgien, while the remaining four
define the nonfunctional requirements. Three UaseGliagrams were included
in the requirements document to augment the reqeings.

Nonfunctional requirements within the requiremeddgsument did not follow
any specific format. The four nonfunctional reqments discussed in the
requirements document were performance, safetyrisgcand software quality.

Some bullet points from each section are listedwel



Performance
e The application must perform well at all times.
¢ Response time must be must remain under a minutdl fimansactions

within the application.

Safety
e Data stored within the application will be backexan a weekly basis in

order to prevent data loss.

Security
e Users that do not have privileges to access costenild not be allowed
to view that content.
e Application must be coded in order to prevent aipetof attack (SQL
injection, XSS attack, etc) by any user.

Softwar e Quality Attributes
e Application should be designed in a way that praaa@asy
maintainability.
e The design must be easy to understand and must falceasy

modification.

3.2.User Groups

The requirements for the Exam Generator rely upogettypes of user groups.
The three user groups, short descriptions of tlegjuirements, and Use Case

diagrams for each are described below.
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Faculty Members

Faculty members have the ability to manage categoreferences, questions,

and exams within the system. The following is &g of some of their

functionality within the Exam Generator.

Faculty members can ...

log in and out of the system.

create/edit/delete categories.

assign zero or more categories to multiple refezgenguestions, or exams.
create/edit/delete references.

can add an image or text references to a question

create/edit/delete multiple choice and true falsestjons.
create/edit/delete exams using questions stordteiapplication.
automatically generate an exam using user-acdesgilestions.
randomize the questions of an exam.

generate the exam and the exam's answer she&is. a

11



package Data[ [%y] Faculty_Use_Case ]J

" Create/Edit
\._ Reference

Add ChDII:E Q\R_ETEEE—)

T t CreateJEdllExam
‘-1\‘ -

Sean:h Elams

\\N&Ie{ Exal
( Randﬂmlzeexam

e CreatelEdlt
Cateuﬂry
“search
Categories

¢ Delete Category

Figure 3: Faculty Use Case Diagram

Students
Functionality for the student users is limited éaching for exams, randomly
generating exams, and taking an exam online asdige exam. The following is

a listing of some of the student’s functionality.

Students can...
¢ log in and out of the system.
e search for exams shared with the student.
e generate exams using student-accessible questions.
e can take online practice exams. Students recesveramary after
completing online exams; such a summary displag®iam score and

identifies which questions have been answered cdyrand incorrectly.
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package Datal @ Stucent_Use_Case ]J

/fg;-—flﬂ:—‘;zx\

. ~Search Questions _;"_“

—— e —_—

- = —
H""H-\. -~
T

T
S = Database

~ Take Online Exam

Figure 4: Student Use Case Diagram

Administrator
Administrators manage all user accounts. Theefig is a listing of an
administrator’'s capabilities.

Administers can...
¢ log in and out of the system.

e create/edit/delete/search system users.

13



package Datal @Administrator_Use_Case ]J

“Create/Edit User %
\ Search Users / Database

" Delete User

Administrator

Figure 5: Administrator Use Case Diagram
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4. Development Phase

4.1.Development Tools

Research on tools and packages used for buildilgapplications was
performed before starting the design. Familianith the Java programming
language led the developer to build the applicaitiodava. Doing so allowed the
developer to focus on the application itself ars$len learning a new
programming language. Ease of future maintenaaea additional benefit to
Java.

As requested by the customer, the Exam Genera®designed as a web-
based application capable of being hosted on a abwmeb server. At the time of
this paper many application frameworks existeddreloping web applications
in Java, all of which had strengths and weaknesSe® of these web
applications was the Seam Framework, which wasldpegd by the JBoss team.
Seam Framework has features that aided the develdple creating the Exam
Generator. Below are some of the features thahledleveloper to choose Seam
for this project.

e The Seam Framework contained libraries that wenéigared to work well
with each other. The inclusion of the iText PDm@&mtion library was
useful for producing exams in PDF format. Theusan of JPA and
Hibernate was as a database. The RichFaces lipravided many of the
GUI components used by the application’s frontend.

e The Seam Framework includes many custom classesethzced
redundant code that is normally required when dgiely a web based
application. Some include:

o0 The EntityHome class used for CRUD operations dities found

in the database using a persistence manager.

15



o Classes providing compression and resizing of JREGGIF
images, used for storing and displaying image esfegs within the
GUI as well as generated PDF’s.
o Classes providing data encryption used for enangptiser’s
passwords stored within the database.
The Seam Framework applications include tools fhentication.
The JBoss team developed a set of plugins for &sliPE that allow easy
creation and editing of applications using Seanmiesaork. Most helpful is
the Seam Generator which generates an Eclipsecpagataining all of the
files and configurations required for a basic Sé&aamework web
application.
The Seam Framework provides support for deployeggipplication to any
Java Application Web Server.
The Seam Framework includes many examples demtngtteow to
properly use the framework.
The Seam Framework’s home web page includes a radrfagum where
developers could post questions about the frameadkreceive support

from the creators and power users of the framework.

4.2.Design Document

At the start of each development iteration the tper created and updated a

design document for the Exam Generator. The dekigoment contains object-

oriented design for what was implemented in previberations as well as what

was to be implemented within the subsequent i@matirhe design document

includes the entity and session designs (descabatiass diagrams and class

definitions) and a Database Design (described &néty Relationship

Diagram). These diagrams and key features in dasign will be discussed in

the following sections of this paper.
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In addition to the entity and session diagrams esign was described using
a collection of class definitions. Class defimisadescribe the structural and
behavioral properties for a class. Within the lfisb@velopment iteration of the
Exam Generator the design document contained leotfof@arty-six of these class
definitions.

Figure 5 contains the class definition for the Aantticator class. The class
definition contains a class box and a listing otmoes. The box contains the
class’ name, attributes, purpose, and any additiootas that would be helpful to
the developer. Following the class box is a It methods (minus the generic
setter and getter methods for class attributesaaued within the class. To
ensure that the figure fits on one page only thbeemiicate method is shown from
the Authenticator class.

17



Class name: Authenticator

Attributes:
private  User currentUser /** Current User logged into the system.**/
private  Identity identity /** Seam class that stores a login status **/
private  Credentials credentials /** Seam class that provides the login
credentials when authenticating. **/
private  EntityManager entityManager /##% Class that provides access to the db.
private  boolean conversationStarted /** Boolean flag representing if a
conversation has been started. **/
Purpose:

Aids in the Authentication of users in and out of the system.

Notes:

® currentUser, identity, and credentials are all injected into this class from the Session class.

® conversationStarted is used to keep information about the logged in users conversation with the
application.

® [f the conversation times out, the conversationStarted boolean will be switched. This is used so if the
main page is refreshed manually by the user, a new conversation is not started.

## (Getter method only provided for conversationStarted boolean.

Methods:

3.4.2.1 authenticate

Name: authenticate
Synopsis: void <- authenticate()
Purpose: Allows a user to log into the system.
Visibility: public
Input parameters: None
Output parameter: None
Local variables: None
Pseudocode:
I/l Retrieve the credentials of the login from credentials object.
/1 Using entityManager, ensure there exists a user stored within the database that matches the
I/t credentials provided within the credentials object.
/1 If authentication successful, raise event that notifies the controller that successful login has
/" occurred and mark the conversationStarted boolean to true. Otherwise throw error.
Exceptions:
* Username and/or password does not match an entry within the database
Remarks:
* None

Figure 6: Authenticator Class Definition Example

18




4.3. Core Design

The design for the Exam Generator can be dividedassentially three parts:
the Entity Layer Design, Database Design, and 8edsayer Design. Sections
4.3.1 through 4.3.3 describe what is incorporatédimthe each design as well as

each of the design’s key features.

4.3.1. Entity Layer Design

Entity layer classes are Java classes that suipplsttucture of all the objects
in the Exam Generator. Figure 7 shows the entdgsctiagram for Exam
Generator. Described in this section are sombetiecisions made by the

developer while creating the structure of the gréiyer classes.
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<<enumeration >
Difficulty TypeEnum

+HVERY_EASY
HEASY

+HVERY_HARD

< <enumeration>>
AccountTypeEnum

+Student
+Faculty

+Administrator

Category

+d: long
~owner: User
-name: String

<<enumeration>>
ReferenceTypeEnum

Please Note: All of entity dasses displayed in this
diagram extend BaseEntity

<<abstract dass> >

AccountType

-id: Long
~accountTypeEnum: AccountTypeEnum

~reatedDate: Date
1] ke e

< <abstract dass>>

+ 0: void
+updateAuditinfaQ: void

1
= |4d:Long
~owner: User

description: String

+IMAGE
HHTML

<<enumeration»>
QuestionTypeEnum

+HMULTIPLE_CHOICE
+TRUE_AND_FALSE

Question

-id: long
-onner: User
-accountz\WithAccess: List<AccountType>
-usersWiithAccess: List <User>
~categories: List<Category>
~questionType: QuestiorType

String
difficulty: DifficuityType
-sAmbiguous: boolean
~choices: List <QuestionChoice>
~eference: Reference
-notes: String

onner,

user

id: long
-username: String
-password: String

wner 0.
sl -tie: Siring
57| deseription: String
1

usersiithAccess

~accountTypes\WithAccess: List<AccountType >
-usersWiithAccess: List<User >

~categories: List<Category >

~questionGroups: List<ExamQuestionGroup’

diffcuity: DifficuityType

-accountType: AccountTypeEnum 0.* b
~firstiame: String
JastName: String
~emalAddress: String ExamQuestionGroup
~categories: List<Category >
-id: Long
~=xam; Exam
o |1 1 :E
0% -questions: List<ExamQuestion >
DifficultyType HocationInExam: int
-id: Long i
ifficulty TypeEnum: Difficulty TypeEnum
sersWithAccess ~description: String
1| atings int
owner
i
W uestionType
usersiithhccegs > P T,
-id: Leng
-questionTypeEnum: questiorTypeEnum 4d: long
1| | -description: String -examQuestionGroup: ExamQuestionGroup
~assodiatedQuestion: Question

1

2=

QuestionChoice

id: long
-text: String
-isRandamizable; boolean
-isCorrect: boolean
Hocation: int

~questionType: QuestiorType
~text: Strin

-questionChoices: List<ExamQuestionChoice >
eference: ExamQuestionReference
~difficultyType: DifficultyType

nates: Strin

-id: Long

~desaription: String

~referenceTypeEnum: ReferenceTypeEnum

Figure 7: Final Entity Class Diagram

0.3 HocationnQuestionGroup: int
[} n i
Reference ExamQuestionReference L
1
-id: lon -id: long
ke -assodiatedReference: Reference "
~categories: List<Category> ;:ﬂe‘ Szmg L 2.
~title: Strin iescription: String = =
Sescripton: Strng 1 = ~data: Byteln] ExamQuestionChoice
-type: ReferenceTypeEnum ype: ReferenceTypeEnum i long
~data: byte[r] -mage Width ~examQuestion: ExamQuestion
-mageWidth: int -mageHeight “text: Siring
-mageHeight: int -sRandomizable: boolean
-sCorrect: boolean
HecationInExamQuestion: int
ReferenceType

Within Figure 7, it can be seen that classes Questhoice, and Reference
are not directly associated with an Exam. Quest@urestionChoice, and

Reference associate with classes ExamQuestion, Eaite, and

ExamQuestionReference. ExamQuestion, ExamQuedimn€& and

ExamQuestionReference are then directly assocwatécan Exam. Creating the

class association in this manner allowed an Exajecolo contain copies of

Question, Choice, and Reference objects. SincExhen object only maintains a

copy of the Question, Choice, and Reference ohjdwsowner can make

changes to them without the changes being reflemetie Exam. If the owner of

the Exam wants an ExamQuestion to reflect the rfeamges, the user must

manually update the exam.
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One of the requirements stated by the customéaisithen an exam is viewed
by a user, questions can be grouped together loastair reference. The
ExamQuestionGroup class was created to fulfill tacguirement. With this
design an Exam can contain a list of ExamQuestion@s. Each
ExamQuestionGroup contains both ExamReferenceathtite ExamQuestions
refer to as well as a list of ExamQuestions th&trigpto that group. If an
ExamQuestion did not refer to an ExamReferencea tihat ExamQuestion would
be the only ExamQuestion found in that group. TBoisition made the
complexity of grouping questions relatively simple. addition, the solution
worked well with Seam’s use of RichFaces to disglaytent onto the webpage,
allowing no need to create a custom view for digpigthe data to the user.

While developing the application, the developecadi®red that saving creation
and update dates is beneficial for application te@mance, as well as providing
more advanced search queries within future enhaactsnof the application. The
creation of two abstract classes named AuditabdeBaseEntity provided these
fields for all entities. The Auditable class cansatwo date fields - one for when
the entity is created and one for when it is updlat®aseEntity was created as a
parent to all entity classes. BaseEntity extendditable, providing all entity
classes that extend BaseEntity date fields. Tpsaach also provides a means
of adding fields to all entities in future iteratg

4.3.2. Database Design

The database design is for data within the Exame@@¢or. Figure 8 shows the
database design for the Exam Generator using &g egiationship (ER)
diagram.

If the reader compares Figure 8 with the clasgrdia found in Figure 7, it can
be seen that each entity class (minus the enuroeratid abstract classes) contain
their own table within the database. Tables shawtinin Figure 8 that do not
have an underscore inside of their name can betljirmapped to an entity layer
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class from Figure 7. The word "mapped" denotesdheah value within an entity
class can be found as a column within a databa$e t&or example, the Exam
class within Figure 7 can be mapped to the exathe taibhin figure 8.

Tables shown within figure 8 that have an undeeseathin their name
represent one-to-many or many-to-many relationsbgbaeen entities. For
example, within the entity layer class diagram@heestion class contains a list of
Category classes. The question category tablegept®this association within
the database. The question_category table cordaims for each question
category association that exists. If a Categorgathis added to the categories list
inside of a Question object, then a new row wilkdeled to the
guestion_category table with the category id argktjan id that has the
relationship. Similarly, if the category is remadvieom the list, then that row
within the question_category table is then removed.

Designing the database so that it resembles theyEtdss structure has two
main benefits. The first benefit was to have théti Layer and Database layer
contain a relational mapping between each othée classes found in Figure 7
each have a Hibernate or JPA annotation that niegos to the appropriate
database tables. This relational mapping is tise by the entity manager
within the session layer of the Exam Generator.réMd how entity manager is
used is described in the Session Layer Designoseofithis paper.

The second benefit for designing the databaskatattresembles the Entity
class structure is that it keeps the database iaeda Normalization within a
database means removing redundant data from vitikidatabase and making
sure that the dependencies within the data malses&lormalization allows the
database to be better managed, while providingieffi performance for
searching, sorting, and creating indexes. Thisgtdseeps the database
normalized by removing duplicate columns within aene table, grouping
related data into its own separate tables, anchgddprimary key to every table

within the database.
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created_dt DATETIME
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Figure 8: Final ER Diagram

reference_type_enum VARCHAR(255)

4.3.3. Session Layer Design

Session classes provide functionality to the appibn. These classes manage
both the basic functionality that a user findsyipi¢al web applications, as well as
the functionality that is unique to the Exam GetmraFigure 9 shows the
session layer class diagram for the Exam Generdtois section will discuss the
following features of the Exam Generator and hogythre implemented using
the classes presented in Figure 9.

e Database Interaction
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e Page Navigation
e Randomizing an Exam

¢ Randomly Creating an Exam

Enstyriome class provided by
‘Seam Framework provides GRLD
operatons for chjects. Wat i provided
4

and methods used by the sppication,

Entitytome
enbtyMansger: Entiyldanager
restelretance): ved

vod

spersist(): String
supdate(): Strmg
~delate(): Strng

Figure 9: Final Session Class Diagram

Database I nteraction

The Exam Generator interacts with the databaseghrthe use of a
persistence manager. A persistence manager i®athat is used for performing
core database operations. As mentioned in seétihB, the persistence manager
uses Hibernate and JPA annotations placed witlertiity classes to understand
what classes are entity classes and which datadlles the entity classes are
mapped to. By using the persistence manager, tiennaf a database does not
exist within the application. The application oglyntains methods for saving

and retrieving objects from the entity manager<laghin the system.
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The major benefit to using the entity manager fmeasing the database was
that all SQL code was handled by the entity managez developer was able to
spend less time debugging SQL and more time writanga code. An added
benefit was the additional focus on security. Thity manager took care of
gualifying the data that was inserted inside of Sfdtements that was generated,
removing any chances of accidental or malicious $(Hction.

The classes UserList, QuestionList, Referenceaist, ExamList within Figure
9 are the classes that provide the functionalityeafrching the database for
objects. Each of these classes contains their efenence to the entity manager.
The classes that provide searching functionalitylmaseen in more detail within

Figure 10.
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UserList

-entityManager: EntityManager
-currentUser: User
-userSearchForm: UserSearchForm
results: List<User >

+refresh(): void

+reset(): void

+search(]: void

-buildCriteria{userSearchForm: UserSearchForm): Criteria
~validateUserSearchForm{usersearchForm: UserSearchForm): boalean

UserSearchForm

-username: String
-firstMame: String
{astiame: String

+reset(): void

QuestionList

-entityManager: EntityManager
-currentUser: User
-QuestionSearchForm: UserSearchForm
results: List<Question>

QuestionSearchForm

-searchingdwned(uesitons: boolean
-text: String
-ownerName: String

+refresh(): void

+reset(): void

+search(]: void

-buildCriteria{questionSearchFarm: QuestionSearchForm): Criteria

-validateQuestionSearchForm(guestionSearchFarm: QuestionrSearchFaorm): boolean

-difficultyType: String
-questionType: QuestionType
-categoryMame: String

+reset(): void

ReferenceList

-entityManager: EntityManager

-currentUser: User

+eferenceSearchForm: ReferenceSearchForm
“esults: List<Reference:

ReferenceSearchForm

-title: String
-description: String
|| referenceType: ReferenceType

+refresh(): void

+reset(): void

+search(]: void

-buildCriteria{referenceSearchForm: ReferenceSearchForm): Criteria

-validateReferenceSearchForm{referenceSearchForm: ReferenceSearchForm): boolean

-ownerMame: String
-categoryMame: String

+reset(): void

ExamlList

-entityManager: EntityManager
-currentUser: User
-examSearchForm: examSearchForm
“esults: List<Exam>

ExamSearchForm

S

+refresh(): void

+reset(): void

+search(]: woid

-buildCriteria{examSearchForm: examSearchForm): Criteria
-validateExamSearchForm{examSearchForm: ExamSearchForm): boolean

-searchingDwnedExams: boolean
-title: String

-ownerMame: String

~difficulty: DifficultyType
-categoryMame: String

+reset(): void

Figure 10 : Portion of Session Layer Class Diagr&fasses That Provide

Search Functionality

returns any results back to the user.
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When a user wants to search for an entity, thepresides input parameters to
the search. These search values are then storeid wiform object. (All of the

classes that end in __Form are form classes.) Whesabmit button on the
search page is pressed, the search criteria igdihested to the entity manager
reference. The entity manager then generates the g@forms the query, and

For viewing and managing entities, the Seam Framemmvides a class

named the EntityHome class to aid the developez.HiftityHome class is a



generic class that comes packaged with the Spriagéwork. EntityHome class
manages entity instances by caching them and proy(@reate, Read, Update,
and Delete (CRUD) operations on them with the geFace manager [1]. The
classes UserHome, ReferenceHome, QuestionHomésxarmHome all extend
the EntityHome class. By using this, the develapeémot need to worry about
caching any of the data manually. The classespttoaide CRUD operations on
entities can be seen in more detail within Figute 1

UserHome

Hnstance: User
-currentUser: User

+persist(): String
+update(): String
+revert(): String

EntityHome dass provided by

Seam Framework that provides CRUD
operations for entities. What is provided
is only the most common attributes

and methods used by the application.

ReferenceHome

-nstance: Reference
-currentlser: User

+persist(): String
' +update(): String
5 +revert(): String
EntityH
miitytome +uploadImage(event: UploadEvent): void
-getBytesFromFile(file: File): void

-entityManager: EntityManager b i (cl bvtel) ’
eckAndResizelmage{data: byte[]}: voi
+createlnstance(): void 4<

+setlnstance(instance: Object): void
+persist(): String

+update(): String -nstance: Question
+delete(): String -currentUser: User

QuestionHome

“+addiewChoice(}: void

+remaveChoice{choice: QuestionChaice): void
+addUserToAccesslist{user: User): void
+changeReference({reference: Reference): void
+persist{): String

+update(); String

+revert(): void

-deleteOrphandedChaices(): String
-guestionMeetsR equirements(): boolean

ExamHome

4nstance: Exam
-currentUser: User

+addQuestion{guestion: Question): void
+addUserToAccessList{user: User): void

L +persist(): String

+update(): String

+revert(): void

-examMeetsRequirements(): boolean
+randomizeQuestionOrder(): void

+randomizeChoiceCOrder {examQuestion: ExamQuestion): void
+generateAnswerSheet(): void

+dizplayExamInPOF(): void

Figure 11: Portion of Session Layer Class Diagrdftasses That Provide
CRUD Operations on Entities
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Page Navigation

The developer designed the Exam Generator so tigatlass would handle all
page navigation. This class is named the Controléess.

The Controller class contains a method for each-aseessible page. The
Controller class also contains a PageHandler eladshe NavagationEnum class.
The PageHandler class maintains the page asigptagied. The
NavagationEnum class contains enumerations theesmond to pages that can be
displayed to the user. When the user wants tayaswito a different page, the
corresponding method within the Controller classaléed. The method first
validates user authorization for the page. If au#fation is confirmed, the
Controller class changes the currentPage valuenitite PageHandler class to
the appropriate page enumeration. The browséeis tefreshed and the new
content is displayed to the user. The classegtio®ide page navigation can be

seen in more detail within Figure 12.
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< <enumeration>>
MNavigationEnum

+HOME
+LOGIN

+QUESTION_LIST
+QUESTION_VIEW
+QUESITON_EDIT
+USER_SEARCH

+USER_VIEW

+USER_EDIT

+MAMAGE _CATEGORIES
+REFERENCE_EDIT

+REFERENCE _VIEW
+REFERENCE_SEARCH
+EXAM_LIST

+EXAM_EDIT

+EXAM_VIEW

+GENERATE_EXAM
+GENERATE_EXAM_OPTION_EDIT
+EXAM_TAKER_HOME
+EXAM_TAKER_QUESTION_ASK
+EXAM_TAKER_RESULT

Controller

-currentlser: User

-model: PageHandler

-userList: UserList

-questionList: QuestionList
referencelist: Referencelist
-examlist: ExamList

-userHome: UserHome
-questionHome: QuestionHome
referenceHome: ReferenceHome
-examHome: ExamHome
-examGenerator: ExamGenerator
-examGeneratorOptionHome: ExamGeneratorCOptionHome

+viewMainPage(): void

+onAuthenticate(): void
+viewPreviousPage(): void
+viewSearchiser(): void
+viewSelectUser {user: User): void
+viewUser{user: User): void
+viewCreatelser(): void

+viewEditUser (user: User); void
HinishCreateEditUser(): void
HinishDeleteUser(); void
+viewSearchQuestions(): void
+viewSelectQuestions(): vaid
+viewQuestion(question: Question): void
+viewQuestionBasic(guestion: Question): void
+viewCreateQuestion(): void
+viewEditQuestion{guestion: Question): void
HinishCreateEditQuestion(); void
HinishDeleteQuestion(): void
+viewManageCategories(); void
+createCategory(): void
+viewSearchReference(): void
+viewSelectReference(): void
+viewReference(reference: Reference): void
+viewCreateReference(): vaid
+viewEditReference(reference: Reference): void
HinishDeleteReference(): void
HinishCreateEditReference(): void
HinishReferenceSelection(): void
+viewSearchExams(): void

+viewExam(exam: Exam): void
+viewCreateExam(): void
+viewEditExam{exam: Exam): void
+viiewEditExamasMew(exam: Exam): void
HinishDeleteExam(): void
HinishCreateEditExam(): void
+viewGenerateExam(): void
+generateExamComplete(): void
+viewCreateExamGeneratorOption(): void
-canViewQuestion{question: Question): boolean
-canEditQuestion{question: Question): boolean
-canEditReference(reference: Reference): boolean
-canViewExam{exam: Exam): boalean
-canEditExam{exam: Exam): boolean
-canEditlJser (user; User): boolean

|

PageHandler

-currentPage: MavigationEnum
-previousPage: MavigationEnum

Figure 12: Portion of Session Layer Class Diagrdftasses That Controls

+setCurrentPage(page: NavigationEnum): void
+setPreviousPage{page: MNavigationEnum): void

Page Navigation
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This approach for page navigation provides the ld@ee more control in
prohibiting invalid users from accessing restrigb@gies which helps the Exam
Generator be less acceptable to security attatke disadvantage is that if more
pages are added to the Exam Generator, the Cantotdiss continues to grow.

Randomizing Examination Questions
One of the requirements of the Exam Generatoraisalfaculty member must
have the ability to randomize the order of examamaguestions, allowing a
faculty member to conveniently create multiple i@rs of the same exam.
The Entity Class Diagram in Figure 7 points ow fibllowing structure:
e Exam contains a list of ExamQuestionGroup
¢ ExamQuestionGroup contains a list of ExamQuestion
e ExamQuestion contains a list of ExamQuestionChoice
To provide randomization for an Exam, three metheese created. Those
methods were randomizeExamQuestion (which randoedsders the list of
ExamQuestionChoice), randomizeExamQuestionGroujcfwiandomly reorders
the list of ExamQuestion), and randomizeExam (wihedrders the list of
ExamQuestionGroup). The randomizeExam methodlisdcto randomize an
Exam. This method in turn calls the shuffle metfrodh java.util.Collections.
After the list order shuffled randomizeExamQuesBooup is applied to each
ExamQuestionGroup within the ExamQuestionGroup 8snilarly, the
randomizeQuestionGroup method first shuffles thiedf ExamQuestion and then
calls randomizeQuestion on each question withidigteWhen randomizing an
ExamQuestion, only the choices markeda®lomizable are shuffled. To ensure
nonrandomizable choices are not shuffled, the esaileat are flagged as
randomizable are copied into a new list. The new list is thendomized using the
same previously-mentioned shuffle method. The $ifhoices are then copied

back to the original list, replacing the randomieathoices.
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Randomly Creating an Exam

Randomly creating exams follows an approach thegmdles searching for
other entities within the Exam Generator. An examandomized by first first
searching for questions and then displaying theltras an Exam.

Searching for questions in the generated examcisnaglished by creating a
list of search queries. Each search query findgoaet of questions that the user
would like to see in the exam.. The ExamGeneratbo@porm holds the search
criteria for one search query. The list of ExamGatweOptionForm is stored as a
value named generatorOptions of the ExamGenerktss.cThese classes and

values can be viewed in more detail within Figuge 1

ExamGenerator ExamGeneratorOptionForm

-entityManager: EntityManager

-currentlser: CurrentUser 1 P e P
+generatorOptions: List<ExamGeneratorOptionForm = b m::flﬁﬁﬂm%?ﬁﬂmgﬁse
+generateRandomExam(): void +numberOfQuestions: int
+addiewOption{optionToAdd: ExamGeneratorOption): void
+removeOption{index: int); vaid

-desiredCategories: List<Category

+reset(): void

1

ExamGeneratorOptionHome

-examGeneratorOptionForm: ExamGeneratorOptionForm

+optionMeetsR equirements(examGeneratorOptionForm: ExamGeneratorOptionForm): boolean

Figure 13: Portion of Session Layer Class Diagradasses That Generate
Exams

When the list of search criteria is created, theegateRandomExam method
within the ExamGenerator class is called. Wheredallhe method iterates over
each ExamGeneratorOptionForm within the generatbo@® list, using the entity
manager to create the search query, run the sqaesly, and add the results of
the search query to one big list of questions $bates as the combined result list.
To simplify things, each search query returns @édnumber of results. The
search query also contains a shuffle method thdfleh the results into a random

order.
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When all of the search queries are completed, yisies calls the
createlnstance method to create a new Exam oBjach item of the result list is
then processed by addQuestion. The addQuestionbleteates the question as
an ExamQuestion and adds the new ExamQuestior tapibropriate
ExamQuestionGroup, creating a new group if one doéslready exist. When
all questions have been added to the exam, thed@lentclass is then notified
that a new Exam has been created. This notificatamses the current page to
change. The user can then edit and/or save thesram.

4.4 User Interface

The Exam Generator user interface was developexd alith the core
functionality of the application. Using xhtml paginat contained RichFaces
components, the developer was able to effectivisiplaly pages. Each prototype
demonstrated contained the user interface foruhetionality designed for that
iteration.

Figure 14 depicts the user interface of the facséigrch questions page. This
figure gives includes the key parts of the page:

e a menu bar that contains links to different pageslable to the user
e alink to the user’s profile
e alink to log off from the system

e a page title that identifies the page being dispday

The buttons and links within the page state thimastavailable to the user.
This layout allows the user to know exactly whaggae or she is currently on
while providing both a simple way to navigatingrfrmne portion of the
application to another. Providing this type of laybelps the application to be
easy to navigate and user friendly.
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a' Exa&n
enerator '
Signed In As: A Faculty | Logout |
Home Manage Categories Search References Search Questions Search Exams Generate an Exam

Question Search Filter «

Text Example

Difficulty — Select - [+

Question Types — Any Question Type — |z|

Category Hame

Is Ambiguous Ambiguous orUnamb\guuus

Search Clear Search Create Question

Question Search Results (1)

Question Type ¢ Question Text & Is Ambiguous & Difficulty ¢ Categories Action
Multiple Choice Example Question false Easy No Categories.

Wigw

m
=
=

Figure 14: Search Questions Page Print Screen
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5. Testing

A dynamic test plan was followed for testing theaBxGenerator. The first
test plan was created after completing the codaatjan within the first
development iteration. The test plan was then mo@d upon future development
iterations, adding tests for new functionality. ll&wing this approach allowed
the developer to ensure that new functionality pr@aperly tested and that
functionality added in previous iterations had been altered. If an issue was
spotted while following the test plan, testing wibbk stopped and the issue
would be fixed. When the issue had been resobesting would be restarted.

Figure 15 displays a segment of the test

Requirements Purpose Steps To Test Expected Result

Login — Correct Credentials Ensure that a valid user can log into the 1. Click the login link on top right of screen Proper home page should be displayed, based
system. Ensure that proper homepage is 2. Enter in valid username and password on users Account Type. Top right of screen
displayed 3. Click the login button should show a link to the user's profile

Login — Incorrect Username Ensure user is unable to log in if username | 1. Click on login link on top right of screen Warning message should be displayed stating
provided is incorrect 2. Enter a invalid username and any string for password  |the username and or password is incorrect.

3. Click the login button

Login —Incorrect Password Ensure user is unable to log in if password  |1. Click on login link on top right of screen Warning message should be displayed stating
provided is incorrect 2. Enter a valid username and an incorrect password the username and or password is incorrect.
3. Click the login button

Logout Ensuring that when the logout button is | 1. Ensure that faculty member is currently logzed in Application home page is displayed after
pressed, the faculty memberis logged |2 Click on logout link in top right of screen logout.

appropriately.

Figure 15: Basic Functionality Test Plan Segment

After the developer finished walking through thsttglan, the prototype was
uploaded to a web server on the Internet. Attime the customer was able to
access the prototype and perform his own tesfifige customer's testing
consisted of walking through the new functionadityd ensuring that the quality

and flow was as desired.
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6. Continuing Work

One limitation of the Exam Generator is the in&pilo dynamically update
guestions on exams. The application was designé¢llas if changes are made to
a question and the question is currently associatégdan Exam, the exam would
not reflect the changes. If the user desires v llae updated question in the
exam, the user must remove the old question amdatie the question with the
new content. A future use case for the Exam Gémevnaould be to notify the
owner of an exam if a question within it has bepdaied. The owner of the exam
could then proceed to view the changes made tqubstion. If desired, the
changes to the question can then be reflectedeoaxtéim, removing the need for
the owner to remove the old question and add theame.

Another limitation of the Exam Generator is thatuly members currently do
not receive any notification that a student hasmeted an a practice exam. A
future feature may include configuring the Exam &ator to use an email server
to send out an email to users. Email could regadent scores and question
analysis. Faculty could use this to gain a betteterstanding of how well the
students understand the material of the class.

One more limitation of the Exam Generator is thak laf encryption between
the client's web browser and the server. The la@noryption allows for
someone to intercept another user's messagegéhagiag sent between his or
her web browser and the Exam Generator applicagover. Once intercepted,
this person can view the data that should othertgsdenied. Future work for
the Exam Generator is to have the web applicatsenS5L encryption for all data
sent between the two pages. This would ensurathamessages intercepted
between a user's web browser and the Exam Geneggtbcation server would

not be easily understood.
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7. Conclusion

The Exam Generator is a tool for creating, maimtgnand administering
exams. The Exam Generator provides the mean®afiieg easily searchable
guestions. These questions can then be used toathaoreate exams;
alternately, the system can automatically generatexam. Exams and associated
answer sheets can be printed in a format thaeanchnd easy to understand. |If
so desired, questions and exams can be sharegtwitents so that they can use
the questions to take online practice exams.

In conclusion, the Exam Generator promises to tastasimple, and effective

tool that many faculty members can use to crealen@aintain their exams.
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9. Appendices

9.1. Page Flow Diagrams

The following figures describe the page flow of #pplication.

Diagram Key

= HTML Page displaying content to user
—————————— = Redirect and show content in new window/tab
———m»= Redirect and show content in same page

Public
Home
Page

Search
References
View

N

4

View

View Create/Edit
Reference <« Reference

View

S

Reference
PDF Example
View

g || pan e | [,
<P .
View Generator Generator Option View View
View Create/Edit Create Create/Edit View
Exam |«» Exam |«——p(Categories-¢—— = Question «—» Question
View View View View View
ux’ Ve
Exam PDF Question PDF
View View
v
Select Select
Question Sel\e/ci:;thser Reference
View View
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Figure 16. Faculty application navigation diagram.




= HTML Page displaying content to user

—————————— = Redirect and show content in new window/tab
———m= Redirect and show content in same page

Diagram Key

Public
Home
Page

4

y

Home

Student
Logged in

2N

Search Exam Create Exam
Shared -t > .
- Generator Generator Option
Exams View
View Online Exam Current
Exam Question -« Question
View Listing Being Asked
Exam PDF
View

Figure 17. Student application navigation diagram.

Diagram Key

= HTML Page displaying content to user

»= Redirect and show content in new window/tab

——— = Redirect and show content in same page

Public
Home
Page

A

Y

Admin
Logged
In Home

A

/

Search
Users

£

Create/Edit

-

User

View
User

Figure 18: Administrator application navigationglam.
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9.2. Application Screen Shots

= Exam
Generator

Home

Are you ready for the ultimate teacher aid?
Here are some of the features this project provides:

= Adding questions in an easy fashion.
= Creating Exams from added questions.

Figure 19: Application Home

% Exam
Generator

Home Manage Categories Search References Search Questions Search Exams

@ welcome, faculty!

Welcome to the Exam Generator.

This is whare you can crsats and manage References, Questions, and Exams

Generate an Exam

Figure 20: Faculty Home
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Home  Manage Categories  Search References

@ The catgory " Moms " has been deleted.

A Faculty's Categories

Name ¢

Cs-220

Test 01

Test D2

Test 03

Test D4

Test D5

Test D6

Search Questions Search Exams Generate an Exam

Add Category

Action Name

Add Catgory

* required fields

XX X X X X XX

Figure 21: Faculty Manage Categories

Signed In As: A Faculty | Logout |
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Home  Manage Categories  Search References

Reference Search Filter

Title

Description

Search Questions Search Exams Generate an Exam

Reference Type -- Any Reference Type - E

Category Name

Search ClearSearch  Create Reference
Reference Search Results (0)

Mo References were found

Done

Figure 22: Faculty Search References
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Logout |

Home Manage Categories Search References Search Questions Search Exams Generate an Exam

Add Reference

Reference Info
Title * Reference
Description* Example Reference

Reference Type *

Select 1= |

Image
HTML
«

* required fields

Content

Categories

Categories Associated with this Reference.

5120 A
cs-220 Wi Copy al
Test 01
Test02
Test03
Test04
Test0s
Test 08

Create Calgories

n

Figure 23: Faculty Create Reference
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Eit Rafarence
Rafarence info .
Titia* Test Rmfarance
Deecription= Test Befezanca

Catagorizs

Catagories Assoclated with this Refarence.

we Copy al

Figure 24: Faculty Edit Reference
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Home Manage Categories Search References Search Questions Search Exams. Generate an Exam

‘Question Search Filter «
Text
Difficulty - Select — [+]
Question Types -- Any Question Type —

Category Name
Is Ambiguous Ambiguous or Unambiguous [+ |
Search  ClearSearch  Create Question

Question Search Results (0)

The question search returned no results.

Done

Figure 25: Faculty Search Questions

"~ Exam

Generator Signed In As: A Faculty | Logout |

Home Manage Categories Search References Search Questions Search Exams Generate an Exam

Add Question

Reference «
‘Select Reference

Question and Choices «
Text:
Question type * - Select - [=]

* required fields
Difficulty ~ User Access Rights  Account Typs Access Rights | Categories  Notes

Difficulty © - Select - =]

Sounds Ambiguous®  [[]

Figure 26: Faculty Create Question
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Guestion type Multiple Choloe
Quasticn Cholcag
# Taxt Ia Randomizabia Iz Correct Actions
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~ ’_‘
v
Had {\
B O x
¥
Goean &
& [ x
3
RIAs
&
o [ x
Addd News Chioicey
- raquired fiaids

OiMculy | UserAccassRights | Account Type.Accees Rights | Calagories | hotes
Difficulty * Very Ezsy [ ]

Spunts Amblguous* D

Updsir  Deietm  Caeced

Figure 27: Faculty Edit Question
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Signed In As: A Facu

Home Manage Categories Search References Search Questions Search Exams: Generate an Exam

Exam Search Filter «
Text
Difficulty - Any Difficulty - [=]
Category Name

Search  ClearSearch  Create New Exam

Exam Search Results (1)

Exam Title + Exam Description + Difficulty + Owner # Categories Action

Take Exam

Test exam this is an test exam Essy AFaculty No Categoriss.

Generats

Generste Answer PDF

Figure 28: Faculty Search Exams
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Signed In As; AFa ogout |

Home Manage Categories Search References Search Questions Search Exams Generate an Exam

Add Exam
Header «
Title*

Description *

* required fislds

Generate Exam PDF Gene: nswer PDF

Exam Questions @

Find Quesions ToAdd ~ Randomize Exam Questions

No questions have bsen added to the exam
Difficulty | User Access Rights | Account Type Access Rights | Categories

Difficulty - Select - [+]

Figure 29: Faculty Created Exam
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Search References  Search Questions  Search Exams

Signed In As: & Faculty | Logout |

Home  Manage Categories Generate an Exam

Edit Exam
Header #
Title* Test exam
Description* thi= is an test exam.
* required fields
Generate n PDF Generate Answer PDF
Exam Questions ®

Find Qusestions ToAdd  Randomize Bam Ouestions
Group Actions

Reference Questions
" e Text Difficulty Actions
What i= the answer to Z+2
x
Mo Reference Multiple £y :
1 Choice == o \_b
" Type Text Difficulty Actions
What color i= the =ky
&
Mo Reference . Multiple hstf . *x
- Choice == o

Dificalty User Access Rights: Account Type Access Rights ‘Categories

Difficulty * Vary Easy El

Updste  Delete  Cancel

Figure 30: Faculty Edit Exam

Exam
Generator Signed In As: A Faculty | Logout |
Search Exams Generate an Exam

Home Manage Categories Search References Search Questions

Exam Generator Options
Desired Categories Min Difficulty Max Difficulty Number of Questions Action

= CS-120 Very Easy Very Hard 1

Done  Create Bxam Option ~ Generate An Exam

Figure 31: Faculty Generate Exam
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Home Manage Categories Search References Search Questions Search Exams Generate an Exam

Create a New Generator Option™

Categories Selection Sy Gategaries |
Type*

Categories to Questions being Shared Currently Selectad Categories:

Category # Action Gs-120

cs-
Cs-120
C3-220
Test D1

Test D2
Test 03
Test D4
Test 05
Test D&

Min Difficulty * Very Easy [+]
Max Difficulty * Very Hard [+]

0

There are no questions that match your current sslected options. Flease go back and resslect options

Cancel  Clear Input

Signed In As: A Faculty

Figure 32: Faculty Create Exam Generator Option
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Home: Search Users

This is where the Admin content will go. Need to decide what content will be displayed

Figure 33: Admin Home
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Home  Search Users!

User Search Filter

Username
First name

Last name

Search  Reset

User Search Results (6]

User Name 2

faculty
admin
student
hunt
idomagalski

cmiller

Faculty
Administrator
Student
Fatulty
Faulty

Faculty

Done  Create New User
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Generator

Home Search Users

Add User

Account type*
Username *
Password *
First name *
Last name "

Email Address

Save  Cancel

gt

Account Type =

First Name =
A

Aministrative

A

Kenny

James

Cliff

Faculty
User
Student
Hunt
Domagalski

Miller

Signed In As: Aministra

Last Name #+ Action

View Edit

View Edit

View Edit

Figure 34: Admin Search Users

Figure 35: Admin Add User
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Signed In As: Aministrative User | Logout |
Home  Search Users

Edit User
Account type Faculty
Username faculty
Password Change Pessword
First name * A
Last name* Faculty
Email Address * temp@email.com

Update  Delete  Cancel

Figure 36: Admin Edit User
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