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ABSTRACT

Web Based Testing System (WBTYS) is gaining popularity all around the world due to its
diversified application and dynamic nature. Still there is a valid requirement of research
in many areas for implementing a WBTS. While almost all commercial testing systems
provide the ability to build multiple choice questions (MCQ), very few of them
implement hot spot or selection/association type questions. Each of the question
categories evaluates different types of knowledge. This obviously imposes the
requirement of a testing system that provides the widest range of question types available
since different learning outcomes assessed within different courses.

Current status of the existing WBTS like Blackboard, WebCT, Castle, WebMCQ
and CQuest Net is analyzed and a customized solution for different tests to be conducted
at different campuses of NUST is developed. The solution inherits all the functionalities
of existing WBTS and adds novel methodologies by implementing question types such as
multiple choice, multiple response, true/false, selection/association, visual identification/
hot spot and short answer. It promises to unravel the problem of assessment and
automated examination management, by utilizing latest tools and methods.

An application, Web Based Examination System (WBES) is developed after
applying all the concepts presently under discussion by researchers and carefully
analyzing potentials, benefits, and limitations of implementing Web-based assessment in
education and training. System has a user friendly interface for online developing,
administering and delivery of assessments tests. Unit testing and system performance

testing ensures its reliability and consistency.
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Chapter 1

Introduction

1.1 Introduction
Testing and evaluation plays an important role in present instructional system.

Students often seem too anxious and feel unknown fear for the exam. On the other
hand teachers spend a major portion of their professional time to prepare, grade and
analyze exam. In order to transform this powerful educational tool into more
meaningful form, the tests should be designed and implemented in a way that these
can be used as a proper instrument for evaluation of student understanding of subject
matter. In addition to that, these can also be used as a motivation force for students
self evaluation. Appropriately designed tests could reinforce learning by providing a
clear indication of strengths and weaknesses of student in particular area of subject.
This will definitely provide a better ground for students in defining future learning
objectives and concepts which require their concentration. Traditional summative
assessment technique is not very helpful in fulfilling this goal. There is a need of more
interactive and formative assessment methods to provide students a better feedback of
their progress. The advent of computer provides a better ground for developing an
interactive assessment system, in which the assessment process can be as often as
desired and taking corrective actions becomes easy. New technology to use computer
in assessment is a relatively new venture in which both teachers and researchers are
exploring the effects and impacts of test authorizing software on educational
environment [1].

Computer-assisted assessment (CAA) refers to the use of computers in

assessment. The term encompasses the use of computers to design, deliver, mark and



analyze assignments or examinations. CAA is often referred to as Computer-Based
Assessment (CBA) [2].

Although Web Based Testing started in the form of multiple choice questions
stored in the database on the internet with secured access, but at present attempts are
on the way to use a wide variety of test questions in online assessments [3]. These
include: Checklists, Calculation Questions, Classification Questions, Interpretive
Exercises, Multiple Choice Questions, Multiple Answer Questions, Locate Answer
Questions, True-False Questions, Masked Answer Completion Questions, Numeric
Answer Completion Questions, Drop-Down Completion Questions, Extended
Response Essay Questions, Restricted Response Essay Questions, Matching
Questions, Drag and Drop Questions, Likert Scale Questions, Rank Order/Sequencing
Questions, Quick Reaction Questions, Reconstitute Sentence Questions, Crossword
Puzzle Questions, Multi-part Questions [3].

Today’s available tools include user-friendly advances in computer
technology, including advanced programming architecture and web-based delivery
tools that offer instructors a high degree of customization and individualization in test
preparation and management. However, computer aided testing/ assessment, while
introduced for fixed-item testing in traditional applications, has not been exploited as
an enabler of new assessment methods employing feedback, peer review, creation of
student ownership of learning and computer adaptive testing (CAT) capabilities for
wide spread educational use [1].

Current studies indicate that computerized testing offers numerous advantages
for test administrators in terms of consistency, flexibility of test management, self-

pacing, security and adaptability [1].



New studies and research shed new light on numerous claims [1]. Interactive
technology combined with clear measurable learning objectives, frequent feedback,
and other key factors, increased student time on task, increased student motivation

and in turn, increased student achievement [1].

1.2 Web-Based Testing

Generally speaking, a computer-based test is taken at a computer. An online test is a
type of computer-based test. Questions or test items are viewed on a computer
monitor and answered using a keyboard and mouse instead of pencil and paper. A
web-based test is a computer-based test delivered via Internet. The test is located as a
website on the tester's server where it can be accessed by the test-taker's computer, the
client. The client's browser software (Netscape Navigator, MS Internet Explorer)
displays the test, the test-taker completes it and—if so desired—sends his/ her

answers back to the server, from which the tester can download and score them.

1.3 Web-Based Testing Merits
Computer/ web based testing have several merits over traditional paper and pencil

tests. Examination of variety of areas broadens the test scope. Frequent assessments
helps monitoring of student progress and taking corrective actions in learning process.
Variety of question types can be constructed using graphics and multimedia.
Automated scoring saves teachers time and gives prompt feedback. More students can
be tested in less time. Reports and analysis of student performance can be obtained in
number of formats. Automated result storage and quick availability of result can be
possible. Self assessment using mock up tests enable students monitor their progress
and prepare for final assessment. Automated testing helps student to learn computer
skills. Learning can be enhanced with the utilization of formative methods. Clues can

be provided to students and marking can be done accordingly. Testing can be



designed to gauge student ability by utilizing adaptive testing. Instant feedback is

provided to students at completion of test and saved for future reference [2].

1.4 Limitations of Web-Based Testing
Computer technology is evolving with time and the limitations in the technology are

taken care of. For future evolvement of CBT/ WBT, problems with human factor are
more concerning than technological shortcomings. Students are very comfortable with
the technology and adapt to its usage very rapidly. However, the technology is not
perfectly reliable and this leads to insecurity for both the student and the instructor.
Instructors seek technology that enhances learning. This enhancement is most useful
if it comes with modest increases in time and effort and with technology that is user-
friendly. Computerized classrooms in which each student has a computer with access
to all necessary software are required.

Unfortunately, computers occasionally fail and all networks have downtime.
Further, computer programs occasionally lockup and many have errors that can
produce spurious results. Loss of files during an exam can be stressful and claims of
computer difficulties can be used to cover a lack of preparation. Course policies, such
as replacement of an exam score with the final exam score and/ or giving exams when
additional time can be granted to reproduce any lost work, are necessary. These
policies alleviate some anxiety in students. Effectively, there is no partial credit (part
scores for matching and multiple guess types of questions are awarded) for machine
graded problems. Essay questions may be posed but require manual grading off-line
[4].

Designing of proper objective tests is very time consuming and requires
substantial experience. Testing of higher order skills is not easy. Improper designed

objective tests can cause misunderstanding. Implementation of CAA is costly and



time-consuming. Good system maintenance is required to avoid downtime during
examinations. Students’ liberty of scanning questions to choose which to answer as in
pencil and paper test cannot be attained. In order to take test students require the know
how of computer and its usage. Assessors and invigilators need training in assessment
design, IT skills and examinations management. A high level of organization is
required across all parties involved in assessment. Overuse may promote surface
learning. Large bank of questions required to prevent banding and hence loss of
discrimination. [2]

1.5 Literature Review

Web based testing is relatively new technique for conducting student evaluation. All
over the world teachers and researchers are exploring different aspects of WBT.
Before this technology can be used for masses, there are many issues which are
required to be addressed and settled [1].

Indirect measures of knowledge and learning based on observations of what a
person says and does are used. Based on these observations judgments about the level
of a person’s knowledge or progress in learning are made. This process is formally
known as “assessment and evaluation”. Traditional assessment is seen by many
educators as inadequate in that a small amount of data is used to describe and
summarize a person’s total learning and knowledge. There is now a movement in
education towards “authentic assessment”, an effort to have a more holistic approach
to assessment and evaluation. Authentic assessment is a move away from traditional
multiple-choice, standardized achievement tests to the inclusion of direct observations
of learner performance on meaningful tasks that are relevant to the learner [3].

As well, assessment often needs to go beyond the simple reporting of numbers

to the identification of various educational, psychological, sociological and neuro-



physiological constructs. Assessment constructs include such ideas as 1Q, personality
traits, medical and psychological diagnoses, performance levels, and attainment of
specific competencies. These constructs are often identified by specific answers, or a
particular combination of answers, to test questions or performance indicators [3].

Online examination can be used for three purposes self evaluation, teacher
feedback and automated testing. First type can be used by students to evaluate their
knowledge and understanding, second type provides teachers a feedback about
students’ knowledge and the teachers can adapt the content of the course according to
results. The third type is used for student evaluation as a part of exam [5].

Assessment can be formative or summative. Summative assessment is
assessment in which the testing of the ability to reproduce information — or “how
much we know” is measured. This is the traditional view of assessment in schools,
where the ability to recall “facts” is of paramount importance [3].

Formative assessment provides feedback to teachers and student so that they
can carry out adjustment in teaching and learning process. There are number of areas,
where assessment is difficult using traditional methods, like assessment of practical
work by running it. Computer-based simulation provides solution for this problem.
When testing a skill, i.e. Word, Excel, Access or PowerPoint, students perform better
when using the assessment software over the traditional multiple-choice, true/false
exam. Formative assessment provides a feel of involvement to student in learning
process, to evaluate their progress and to practice for summative assessment.

Three factors that can cause problem in formative assessment implementation
are time to construct the assessments and support materials; the availability of easy to

use software tools; and support by the institution [6].



Software tools that have a steep ‘learning curve’ or are difficult to use can be
seen as contributing to the construction time factor. Similarly, software that generates
materials that cannot easily be re-used in alternative ways increases the time to
produce interrelated materials and revised versions of a project. Commercial software
provided by an institution may not be readily available to staff due to cost or licensing
arrangements. The institution may provide support for the delivery of assessments but
this may be directed at summative rather than formative assessments. Software that is
complex to use requires support for its implementation. An institution may not
provide support or support may not be readily available [6].

To date there is still a notable lack of a definitive tool for CAA that meets all
of the technical requirements, has sufficient developer backing, and is intuitive,
powerful, and usable enough to gain widespread acceptance [7]. Convenient and
interactive teaching tools, such as electronic whiteboards, test-taking applications and
note-taking tools running on an IT infrastructure, can provide for real time exchange
of information between instructors and students [8].

There are two types of presentation of items in a test, first is linear and the
other is adaptive. In linear testing, order of the presentation of items is constant. In
adaptive testing, process of testing continues according to examinee’s performance.
Computers permit adaptive testing to be conducted in a rapid and sophisticated
manner. Item response theory (IRT) to estimate examinee proficiency is used in
current CAT. The duration of test may be pre estimated or vary along with examinee
response. In later type of CAT the test ends when examinee reaches at pre defined
competency level [9].

In recent time most of the CAT systems use multiple choice questions also

termed as selected response items. These are most suitable type for computer



administrated tests and also cost effected in large scale testing. Many large-scale
testing programs that traditionally have relied on selected-response items are now
exploring the use of items that require examinees to generate their own answers—
these are called constructed response items. Computers can accommodate a wide
variety of such items. For example, students may be asked to move or organize
objects on the screen (e.g., on a history test, put events in the order in which they
occurred). Other tests may involve students using the computer to prepare essay
answers or other products. Some constructed-response items may be machine scored,
particularly if the responses are brief and straightforward (e.g., a numerical response
to a math problem). Researchers are exploring the use of computerized essay scoring,
and it is likely that future generations of examinees will take tests that involve
automatic scoring of extended responses. Currently, however, most constructed
responses must be scored by trained readers [9].

It has been experienced that question items construction requires much greater
efforts and time in CAT as compared to paper-based assessments. Unfortunately, the
increase in construction time can be greater than the reduction in grading time. With
the current technology, it is extremely difficult to develop large, multi-step problems
requiring problem analysis and solution synthesis skills without leading the student to
the answer [4].

CAT does not allow partial credits and this feature also not liked by a number
of students. The insecurity associated with working in a virtual environment also
creates negative perspectives in student [4].

The major problem of many existing computerized training systems is
“reusability”. Most of them store questions in a proprietary format with different

storage set ups, such as relational databases, object-oriented databases or even flat



files. Unlike text or image editors, training systems do not have any agreed format,
and thus there are difficulties to transfer data from one system to another. Therefore, a
standard format for communication among different training systems is necessary
[10].

The recent approach of the Quality Assurance Agency to improve quality in
higher education has been to focus on learning outcomes and their assessment, on the
specification of standards and on the role of external examiners to assure these
standards. Where institutional learning and teaching strategies focus on assessment
they are nearly always about aligning learning outcomes with assessment and about
specifying assessment criteria. All of this focus, of the media, of quality assurance and
of institutions, is on assessment as measurement [11].

Number of projects is in a way for standardization of CAA and to resolve the
main technological issues. The CAA Centre, funded by the higher education funding
councils of England, Wales and Northern Ireland under phase three of the Teaching
and Learning Technology Program (TLTP3) project on the implementation and
evaluation of CAA. The Center aimed to assist staff in higher education with the
development and implementation of CAA. Ultimately the Center will act as a focus
for CAA in higher education. The Center already offers the services listed in Table 1-
1[12].

Council of the International Test Commission formally adopted the guidelines at
its July 2005 meeting in Granada, Spain. The aim is to produce a set of internationally
developed and recognized guidelines that highlight good practice issues in computer-
based and Internet-delivered testing and to raise awareness among all stakeholders in

the testing process of what constitutes good practice [13].



Table 1-1: Services Offered by CAA Center

1. | Up to date knowledge of CAA activities

2. | Strategic advice on the implementation of CAA

3. | Guidance on the evaluation of both cost and learning effectiveness of CAA

4. | Consultancy on the implementation and evaluation of CAA

5. | Generic and subject-specific workshops

6. | Models for the implementation of CAA

7. | Staff development and training materials

1.6 Objective of Thesis
With the application of emerging technologies, computers have become standard and

pervasive tools that significantly changed the ways in which tests and assessments are
developed and administered. They offer alternative option of creating, storing,
accessing, and distributing the shared distance-learning environment. Assessment is a
systematic method of obtaining evidence from tests, examination for specific purpose.
In order to deploy a Computer/ Web Based Testing System in an institute, there is a
need of software that suits the requirements of the institute. To fulfill these
requirements the institute either has to purchase off the shelf available systems or
develop it on its own. Off the shelf available systems have disadvantage that it may
not meet the exact requirements of the institute, so it has to be got tailored according
to organization requirements which is a costly option. The other option that
organization develops its own software is a viable solution.

The theme of this project is to conceive, design and implement a system for
developing, administering and delivery of assessments tests via web, in which items
reside on a server packaged with some technology tools, which can be easily adopted

in NUST.
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An application, Web Based Examination System (WBES) is developed to
prove the concepts presented in this thesis. It provides a user-friendly interface and an
easy navigation tool to test takers for moving back and forth through test sheet easily.
It allows them to change answers, fill in unanswered questions or simply review their
own responses. It allows test maker to create exams quickly and easily. It allows test
administrator to electronically distribute exams to computer-assisted testing centers
and save test results to the system’s databank for future needs. The system provides
an extremely high level of exam security by verifying test-taker’s identification, test-
version control based on the dimensions of time and location, real-time test generation
by randomly selecting a specified number of questions from the items bank, and
randomly ordering the chosen questions and automated scoring. The multiple-choice
options (A, B, C, D) are also randomly ordered. Exam items accommodates varied
formats including, multiple-choices, true/false, fill in the blanks. Teachers have the
facility to insert questions into the system databank online. It records and time-stamps
the student’s answer for every test item visited, in sequence, during the test session in
order to automatically recover from catastrophes such as power failures or machine

crashes.

1.7 Organization of Thesis
This thesis is organized into six chapters. The first chapter provides the introduction

and overview of literature on the Computer/ Web based Assessment. The second
chapter discusses the question item types and formats used in the WBES. The third
chapter provides an introduction to the architecture of WBES and describes the tools
and techniques used for each phase of the project. The fifth chapter gives the
explanation of the requirements analysis phase, designing phase and implementation

phase of WBES. The sixth chapter covers testing phase. The last chapter gives the
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conclusion of the overall discussion in a brief manner. It involves applications of the
system in different areas. It also gives some recommendations for improvement of

system’s features in future. The last section contains the appendices.

1.8 Conclusion
Computer based assessment provides a lot of incentives for educational institution. In

order to provide their students a better interactive environment, institutions have to
shift on CAA. There is also a requirement of research on the limitations of CAA, so

that a more reliable infrastructure can be built for WBT.
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Chapter 2

WBES Question Item Formats

2.1 Introduction
Modern computer software tools allow the use of advanced question formats. A brief

description of these questions types is presented in this chapter. These question types
have been identified in the present research work. These are the outcome of an

extensive study of the present CBTS and the formal paper based tests.

2.2 Question Types
Effectiveness of educational institution depends on the evaluation process they adopt.

The evaluation process has number of purposes which focuses on the achievement of
student. It helps teachers to determine the ability of student; shows student progress;
creates better leaning experience; evaluate quality of educational program; points out
the strengths of students and programs; and identify the areas of difficulty.
Consequently, tests are highly stressful and anxiety-producing events for most people.
Because of this, students should never be measured on the basis of one test alone and
test constructors must be careful to develop quality tests [14].

Keeping in view the importance of test, the test constructor needs to consider
all the elements that create any impact to reliability and validity on the examination.
He should be very clear about the objectives of the test and what abilities of the
student he has to test. Next, he has to be very certain that how much emphasis he has
to give on each objective and its associated test item. Now he should know that at
how much level of learning, he wants student to perform for each objective. Finally,
he has to choose that how many and what type of questions should be included in a

test. To adequately sample the objectives and the content, he needs to consider what
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type question is best suited to address the required level of learning. He must also
consider the amount of training emphasis and time (value) given to each objective.
Increasing the number of questions increases the probability that he will be able to
adequately assess what the student knows and can do [14].

There are two broader types of questions, subjective and objective. Subjective
questions can also be termed as open-ended questions since in these questions student
has to formulate his own answer. This type includes sentence completion, short
answer and essay type questions. The other type of questions are objective questions
which can also be termed as limited-choice questions, which includes multiple-choice,
true/false and matching type questions in which student has to choose answer. The
decision of using either type of items depends on circumstances and goal of the test
[15].

The most common types of questions are multiple choice, multiple response,
true/false, selection/association, short answer, visual identification/hot spot and essay.
Each of the question categories may be used to evaluate different types of knowledge.
Therefore, the selection of a Test Management System (TMS) may be driven by the
ability to be assessed, according to the class of questions made available. Many
universities are adopting the same tool for all courses in order to reduce costs and to
allow students to interact in the same way throughout their evaluation process. This
obviously imposes the requirement of selecting a TMS that provides the widest range
of question types available since different learning outcomes may be assessed within
different courses. While almost all commercial TMS provide the ability to build
multiple choice questions (MCQ), very few of them implement Hot Spot or
Selection/Association type questions. An even smaller subset of TMS claims to

implement Essay type questions. Although there are some research efforts on the
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automatic scoring of essay type questions, mainly in the area of natural language
understanding, the assessment of this class of questions relies on the manual

intervention of the teacher for the commercial products on the market [15].

2.3 Multiple Choice Questions (MCQ)
This class of questions is organized into three parts: a stem, a key and some

distracters. The problem part is known as stem. Suggested solutions may include
words, numbers, symbols or phrases are called alternatives, choices or options. The
student is asked to read the stem and to select the alternative that is believed to be
correct. The correct alternative which must be one, and only one, is simply called the
key, whilst the remaining choices are called distracters, since their intended function
is to divert students from the correct one [16].

MCQs are most often used and most versatile type of questions. They are used
to test student’s ability to recall facts, understanding and ability to apply learning.
Unfortunately, well designed MCQs are difficult and time consuming to construct,
especially in which alternatives are well constructed and open to misinterpretations.
Normally, four to five choices are an optimum size of alternatives for MCQs [15].

Each class of available questions may support different scoring schemes. The
simplest way to assign a score to a MCQ is to mark 1 for the correct answer and 0 for
the other options, but that option allows students to make blind guesses or random
responses. Other option is to go for negative marking, assigns 1 for the correct
response, 0 for no response and -1 for an incorrect response, or any other combination
[16].

An additional piece of information that is presented to the student after posing
a question and before he answers it is termed as hint. Hints may provide an

explanation of the stem, clues for rejecting one or more answers, indications on how
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to proceed, etc. Hints can be invoked in two different ways: a) active, in which the
examinee asks for the hint by clicking a button or b) passive, in which the hint is
triggered as a consequence of his/her behavior while answering the question that
indicates that the student has reached an impasse (for example, too much time
waiting). If student uses the hint option then fraction of his marks may be deducted
from his score [17].

In WBES interface, a student enters into the after login session. The test starts.
Suppose he/she selects a question type (e.g. MCQs) from the Interface. A list of
MCQs is displayed in front of the student and he starts checking the corresponding
answer using the Interface. He/she can change the option selected anytime before
finishing the time of the question. This option may be either wrong or right. There
will be a predefined grading scheme for this type of question. An example of MCQ is

presented in Figure 2-1.

What is the result of the expression: 1/8 + 1/4?
A. 3/4 C.3/8
B. 2/4 D. 2/8
Possible hints may be:
Hint 1 1/4 can be also represented as 2/8
Hint 2 First, find equivalent fractions so they have the same denominator.

Hint 3 Once, fractions have the same denominator, sum up numerators [17].

Figure 2-1: MSQ Type Question Example

2.4 Multiple Selection Questions (MSQ)
Multiple selection questions or multiple response questions (MRQ) are a variation of

multiple choice in which the student is allowed to choose more than one choice [18].

MSQ can be chosen so that the answer choices are presented in random order.
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Presenting the answer items in random order helps to eliminate order effect. Order
effect is the bias that is introduced as a result of the fixed ordering of questions or
response choices. In other words, order effect can occur if the same response choices
are always presented in the same order [19].

The popularity of MSQ comes from its ability to capture as many of the
possible pre-formatted answers to a question as possible. Its use is convenient for
surveys [20].

WBES specifies different grading criteria for this kind of questions. For
example, the question is graded fully correct if the student chooses all the correct
responses (no incorrect responses). Students receive partial credit on multiple
selection questions based on the number of correct selections and non-selections they
submit.

In WBES interface, a student enters after login session. The test starts.
Suppose he/she selects a question (e.g. MSQs) from the interface. A list of MSQs is
displayed in front of the student and he starts checking the corresponding answers
using the interface. He/she can change the option selected before finishing the time of

the question. An example of MSQ is presented in Figure 2-2.

Select the cities of Pakistan from the following list,

V| Tslamnabad
New Tork

V| Farachi

V| Lahore
London
Tokys

Figure 2-2: MSQ Type Question Example
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2.5 Ordering Questions (OQ)
Ordering or Ranking type of question provides student with a list of steps, which

he/she can rearrange into the appropriate order. These types of questions require the
student to relate items in a column to one another and can be used to test the
knowledge of sequences, order of events, and level of gradation [18]. In WBES
students will be prompted with multiple fields of questions, which are to be
rearranged. When the information is presented to the student, the answers are
randomized in these fields.

In WBES interface, a student enters after the login session. The test starts.
Suppose he/she selects a question (e.g. Ordering Questions) from the Interface. A list
of Ordering Questions is displayed in front of student and he starts ordering the
questions by selecting the appropriate answer. He/she can change the option selected
before finishing the time of the question. Example of ordering questions is given in

Figure 2-3.

Rank following officers of Army:

4

Maj General

Brigadier -

Cal -

rdaj -

Capt

taj General
Brigadier
Col

tdaj

Capt

4

Figure 2-3: Ordering Questions Type Question Example

18



2.6 Fill in the Blanks (FIB)
In fill in the blank or completion items type of questions, the reader is given an

incomplete statement or a phrase. WBES would mark incomplete portion with a long
or small dashed line (e.g. using the text area). Completion items are especially useful
in assessing mastery of factual information when a specific word or phrase is
important to know. They are used for judge application, synthesis, analysis, and

evaluation levels. They are easy to construct, good for "who," what," where," "when"
content, minimizes guessing and encourages more intensive study-student must know
the answer vs. recognizing the answer. They preclude the kind of guessing that is
possible on limited-choice items since they require a definite response rather than
simple recognition of the correct answer. Because only a short answer is required,
their use on a test can enable a wide sampling of content [15].

Completion items, however, tend to test only repetitive responses, and they
may encourage a fragmented study style since memorization of bits and pieces of
information can result in higher test scores. They are more difficult to score than
forced-choice items, and scoring often must be done by the test writer since more than
one answer may have to be considered correct [15].

A student enters into the test environment of WBES after login session. The
test starts. Suppose he/she selects a question (e.g. Fill in Blanks) from the Interface. A
list of Fill in Blanks is displayed in front of the student and he starts entering text
(answer) into the text areas using the system Interface. He/she can change the text
entered anytime before finishing the time of this question type. Example of fill in the

blanks is as follows.

SSL stands for
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2.7 True/False (TF)
A true-false question is a specialized form of the multiple-choice format in which

there are only two possible alternatives. These questions can be used when the test-
designer wishes to measure a student’s ability to identify whether statements of fact
are accurate or not. True-false questions offer lecturers a very efficient method of
testing a wide range of material in a short period of time. They can also be combined
within a multiple-choice to create the more complex assertion-reason item [18].

Such questions, however, have certain disadvantages. They are quite difficult
to construct flawlessly—the statements have to be defensibly true or absolutely false.
Teachers must be taught thoroughly how to construct these question types. When a
student answers a “false” question correctly, only that can be concluded that the
student knew the statement was false, not that he or she knew the correct fact [21]. A
student has a 1 in 2 chance of guessing the correct answer of a question. The format
does not discriminate among students of different abilities as well as other question
types [18].

A student enters into the test environment of WBES after login session.
Suppose he/she selects a question (e.g. True/False) from the interface. A list of
True/False displays is displayed in front of the student and he starts checking either of
two options using the system interface. He/she can change the two options anytime
before finishing the time of this question type. Example of True/False is as follows.

Fast Ethernet has transmission speed of 10Mbps. [T/F]

2.8 Short Matching Pairs Questions (SMPQ)
Matching questions are really a variation of the multiple choice format. MCQs which

share the same answer choices can be grouped into a matching item. Matching items
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require students to match a series of stems or premises to a response or principle.
They consist of a set of directions, a column of statements and a column of responses.

Matching questions are particularly good at assessing a student's
understanding of relationships. They can test recall by requiring a student to match,
definitions to terms; historical events to dates; achievements to people; statements to
postulates and descriptions to principles. They can also assess a student's ability to
apply knowledge by requiring a test-taker to match, examples to terms; functions to
parts; classifications to structures; applications to postulates and problems to
principles [18].

Matching items are generally quite brief and are especially suitable for who,
what, when, and where questions. They can, however, be used to have students
discriminate among, and to apply concepts. They permit efficient use of space when
there are a number of similar types of information to be tested. They are easy to score
accurately and quickly [15].

Among the drawbacks of matching items are that they are difficult to use to
measure learning beyond recognition of basic factual knowledge, and they are usually
poor for diagnosing student strengths and weaknesses. Matching items are appropriate
in only a limited number of situations, and they are difficult to construct since parallel
information is required [15]. Short matching item questions requires matching of
small pair of words or symbols.

A student enters into the test environment of WBES after login session.
Suppose he/she selects a question (e.g. Short Matching Pairs Questions) from the
Interface. A table of two columns is displayed in front of the student. The Student is
asked to match the first column with the corresponding item in the second column.

He/she reads the instructions before solving this kind of question carefully. He starts
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selecting the matching answer before the corresponding first column item. He/she can
change the selected answer anytime before finishing the time of this question type.
Examples of paper based version and computer based version of SMPQ are given in

Figure 2-4 and Figure 2-5.

*n Mot Equal To
== Equals To

I Fointer

1= Ok

Figure 2-4: Paper Based Version of SMPQ

* _ y[ChooseMeich 5]
0 — »[Choose Metch 7]
! , [Grosss e 5

[Choose Match #]

Figure 2-5: Computer Based Version of SMPQ

2.9 Long Matching Pairs Questions (LMPQ)
Long matching pairs questions is an extension of short matching pairs questions. In

this type of question usually a sentence is matched with other sentence or word or
symbol. Examples of paper based version and computer based version of LMPQ are

given in Figure 2-6 and Figure 2-7.

Flash Plug-in a. allows youn 1o see graphics i almost any format.
Anthoware Plug-in b, allowrs you w0 view documents with pdl extensions
Cuick Time Plug-in c. allows vou 1o listen to mmsic and watch videos,

Adobe Acrobat Reader | d. allows you to creaie interactive web exercises,

Figure 2-6: Paper Based Version of LMPQ
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Flash Plug-in
Awithenware Flug-in
Craieck Time FPlug-in
Adebe Acrobai Reader

Figure 2-7: Computer Based Version of LMPQ

2.10  Pointing Answers to Questions Using Images (PAUI)
These questions are also termed as Hot Spot Questions. In these types of questions,

the Students have to point on one or several areas on the image to give the specific
answer. For hotspot questions it is also possible to associate different scores to
different areas of the image containing the information to be identified [16]. Example
of pointing answers to questions using images is given in Figure 2-8.

A student enters into the test environment of WBES after login session.
Suppose he/she selects a question (e.g. Pointing Questions) from the Interface. A
graphical image and associated text is displayed in front of the student and he points
to a specific area of the image according to the question. When the student clicks on
one image, he/she cannot move back to that image again. Rather he moves towards

the next image question part.

Tou are the administrator Hr ABC. A user needs their screen area changed to a different
setting. Click the tab o fthe Dusplay Properties that will allow vou to make this change.

Dizplay Properties

Backaround \Sjaen Saver .ﬁ.ppearancel Effeu:tsJ\l'v"Hh Settingsi
A B 'S D gE F |

Figure 2-8: Pointing Answers to Questions Using Images (PAUI)
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2.11  Short Answer Questions (SAQ)
Short-answer items, those limited to fewer than five full sentences, are

interchangeable with completion items. A possible advantage of this question type is
that the student must supply the correct answer rather than identify or choose it. The
likelihood that the candidate will guess the correct answer is lower than that of a
multiple choice question. However, the short answer response questions can be
difficult to phrase in such a way that only a single correct answer is possible.
Additionally, if you are marking the assessments with computers, spelling errors may
disadvantage students who know the right answer. However, with some software, the
test designer can identify numerous permutations of the correct answer for which the
student will be awarded full marks. For example if "United States" were the correct
response to a short answer question, the author of the test could designate full marks
to be awarded for all of the following: "United States”, "US", "USA™ and "United
States of America" [18].

Short Answer Questions impose certain problems when considering
their implementation details. In order to add such type of questions, WBES has to
produce a list of all possible answers from the single correct answer entered by the
teacher. Then teacher would validate correct version of answers. It increases the
complexity. In some cases presence of keywords can be checked. But in worst cases
the sequence of key words matters and may change or invert the overall meanings as
well as implications of the statement(s). The Students have to give one to two lines
short answer for the given question. Examples of short answer questions are given in
Figure 2-9 and Figure 2-10.

In example 2 shown in Figure 2-10, the keywords sequence matters. None of
the other sequences is correct except {12345} and {1235}. The presence of keywords

1,2,3 and 5 are mandatory. If we automate the answers, the systems will generate
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number of other sequences which are not correct. The other option is that the teacher
enters all the correct sequences and system will just compare the answer with these

sequences. This option will create extra amount of work for the teacher.

Question: What is a Web Application?

Correct Answer entered by Teacher:

A web application uses a web site as the front end to a more typical application.
Possible Answers Generated by System

Keywords: 1. web application 2. web site 3. frontend 4. typical application.

A web application uses a web site as the front end to a more typical application.
{1234}

web application uses web site as front end to typical application. {1234}

Typical application using web site as front end is called a web application. {4231}
Typical application is a web application if it uses web site as front end. {4123}
Typical application is a web application if it implements front end as a web site.
{4132}

If one implements front end of a typical application as a web site then it is a web
application. {3421}

If one implements a typical application with front end as a web site then it is a web

application. {4321}

Figure 2-9: Example 1 of Short Answer Questions
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Question: Write the SQL statement for retrieving all data in Authors Table in
Publications (Pubs) database?

Correct Answer entered by the Teacher:

SELECT * FROM Pubs. Authors

Possible Answers Generated by WBES:

Keywords: 1. SELECT 2.*  3.FROM 4. Pubs 5. Authors
SELECT * FROM Pubs.Authors {12345}

SELECT * FROM Authors {1235}

Figure 2-10: Example 2 of Short Answer Questions

2.12  Questions with Audio Narration
The test taker would listen to the recorded audio narration. After completion of the

audio narration, a question statement would be posed in audio form. In front of the
listener several possible answer options would be displayed. The Student selects one
of these, the one on which he trusts. Complex graphics and interactive features may
reduce software running speed or increase download time. Items should be designed
to fit the test purpose and objectives of assessment, and advanced multimedia features

should be used only where justified by validity.

2.13 Questions with Audio Narration and an Illustration
The test taker would be presented a graphical illustration with or without textual

description. An audio is narrated to explain the complete scenario. After completion
of the audio narration a question statement may be narrated in audio form or it could

be displayed in textual form depending on the choice of the designer of the question.

2.14  Conclusion
In this chapter an over view of different question types is presented. Today’s students

are more informed and demanding. They need the application and practicing of
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interactive learning and assessment, the learning and assessment that can be helpful
for them to assess their strengths and weaknesses. The types of questions discussed in
this chapter and the amount of research undergoing on the psychological and
institutional learning aspects of each question type gives us enough ground to use
these questions for assessment of group of students and then compare the results of
the outcome with the traditional assessment methods. New assessment methods and

question items are need of the time.
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Chapter 3

WBES Architecture

3.1 Introduction
In this chapter the architecture of WBES is described. This includes the technology

used, users’ description and features of the systems.

A 3-Tier Web Application uses the client/server computing model. With three
tiers or parts, each part can be developed concurrently by different team of
programmers coding in different languages from the other tier developers. Because
the programming for a tier can be changed or relocated without affecting the other
tiers, the 3-tier model makes it easier for an enterprise or software packager to
continually evolve an application as new needs and opportunities arise. Existing
applications or critical parts can be permanently or temporarily retained and
encapsulated within the new tier of which it becomes a component [5].

An overview of tools which are used for various phases of whole system
development process is presented in this chapter. These phases include analysis,
design and implementation phase. Tools to create this product are software packages
including Microsoft .NET Framework, that allows one to develop interactive
applications with a variety of static and dynamic content. SQL Server 2000 is a
database tool for storing and retrieving the information. The product uses IS server as
a web server for providing the services to the web application. Microsoft Internet

Explorer™ 6 is used as web browsers to test the system.

3.2 WBES Architecture
WABES is based on the Three-Tier architecture [22]. Front end (Presentation Layer) is

for user’s interaction with the system. On client side this system gives a user-friendly

28



interface and an easy navigation tool for the test takers for moving back and forth
through the Test Sheet easily. Client fulfills the requests of individual users. More
than one user on different client machines can access WBES simultaneously. There is
a huge database management system for data management capabilities. It comprises
the Data Layer. On the server side, the system runs the Application Tier. It provides
capabilities to retrieve and store tests and results from the back end database. Server
will provide instructional and communicational information and services as well as it

coordinate all essential features of the system.

3.3 User Characteristics of WBES
There are three categories of users accessing this system (Students, Teachers and

Administrator). These users are differentiated on the basis of education level and
technical expertise.

Students can take tests using the system interface. Students may be of different
levels (e.g. graduate or post graduate level). To use this system, students must know
how to use computer and how to navigate through browser.

Teachers can create exams quickly and easily using the system interface. They
will have a facility to insert questions and their answers into the system database
through an easy to use interface. So they must have an educational experience and
also some computer related knowledge.

Administrator can distribute the exams to the testing centers and manage the
results. He will manage and administrate the overall system. So he/ she must have
sufficient knowledge about the computer hardware and software. Further he must

have privileges to be able to use the system.
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3.4 Main Features of WBES
The WBES has user-friendly graphical interface. All the logic and programming is

hidden from the user. This system is easy to use and easy to understand. The system is
basically divided into three major modules; Admin Section, Student Section and
Teacher Section. Only an authenticated user of that particular module accesses each
module. Each module provides following features to users. (Administrator, Teacher,
Student)

System provides an easy to use interface to teachers for developing test items.
Teachers can add and remove the items from the database. Similarly teachers can
modify existing items.

Administrator can set the accounts for teachers and students. Administrator
can manage different types of questions using administration section. Finally
administrator can add or remove exam/test settings.

WBES provides an interface for users (students, teachers, and administrator)
for authentication. User enters his User ID and password before entering into the
particular section. This functionality enhances system security feature.

When student enters into system Interface and selects a particular category of
test, there is an algorithm that will be operating in the web server. The algorithm
selects different questions from database randomly. Then it will order questions
randomly. This feature is used for preventing from cheating. Every student will get a
unique paper at delivery stage of test.

There are different difficulty levels of questions for different categories of
students. Teachers will go into the development section. They can add questions with
additional information pointing out their different difficulty levels. Corresponding

difficulty levels would be cross verified by others.
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WABES provides an automatic facility to control specific version of test. When
a test is conducted at a specific location, WBES would identify exact version of that
test by storing the information about location and specific time of the test.

WBES has inherited basic question types already used in CBTS and
introduces new and innovative styles of questions. Some of these are quite appealing
ones for future assessment developers as well as these will enrich experience to
students. The numerous formats inherited and newly discovered are accommodated in
WABES in the varied forms.

Administrator can set a timing limit of exam by entering time in hours by
using administration section. When student starts specific question, timer will be
running. Timing for exam is controlled dynamically on runtime by the system.

WBES would display results immediately to students. In addition a final
printed Test Report would be sent to them both by post mail and/or by electronic
means like email. Immediate Test Report will contain information about all questions
showing correct answer, respondent answer, and a percentage score or grade at the
end. There would be different grading scheme for each type of question type
evaluated by the teacher, which will be discussed later.

System would store all the results of students into the System Databank
permanently for future needs. The system would also provide a capability for students

to search their results/reports by entering test information through their interface.

35 Techniques and Tools Used in WBES
Analysis of major requirements of the system is done using the techniques of unified

modeling language. ldentification of actors, use cases and finally development of

interaction diagrams are completed using the UML modeling. Whole process of UML
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modeling is done using the Rational Rose 2000. It provides an easy to use interface
for creating use case diagrams and interaction diagrams.

Design phase of project starts by identification of classes. System’s design
phase is divided into two types design levels. Abstract level defines the classes.
Message passing between the classes is shown at this level. Attributes and functions
definition is modeled in detailed design level. Interaction and relationship among
various classes is shown at this stage which provides a lot of help in the
implementation phase. Rational Rose 2000 provides an easy to use interface for
development of class diagrams. This tool provides an easy pick and drop facility for
creating the relationships among the classes.

As WBES is 3-tier architecture, so for implementing three layers of the
system, various techniques and tools are used. Markup language, scripting languages
and programming languages are used for whole process of implementation. Whole
system is developed using major tool, Microsoft .NET Framework, which provides a
sophisticated interface for database connectivity.

The system is developed using the .NET Framework. It provides all the
services for developing and managing various files. It provides a drag and drop
facility for the developer for designing the web forms. The intelliSense facility of
NET presents statement completion for recognized objects, and automatically lists
information such as function parameters in helpful ToolTips. On the whole, the
different modules of the system are developed with the support of .Net interface in an
efficient and well-organized way.

The implementation code of the system is written in VB.NET language. It

provides a true object oriented programming environment to the programmer. The
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codes behind files of the system are written in VB.NET. .Net Framework provides a
method of linking the ASP.NET web controls with the VB.NET language.

Client side interface of WBES is developed using HTML which is embedded
in the .Net Framework. .NET Framework provides an HTML editor for creating any
html files.

.NET framework provides a general CSS class for project to format the overall
files. The WBES uses the CSS class.

All the web forms use the facility of HTML Server Controls and Web
Controls. The Data Grid, a rich ASP.NET Web Control, is used for displaying the
information retrieved from the database, e.g. the question items are displayed using
the Data Grid.

Sometimes some requests to the server are not required. So to prevent from
sending the requests again and again, the WBES uses JavaScript on client side. It
provides a better performance in speed. .NET framework provides a facility for
embedding the JavaScript in ASP.NET applications. So there is no problem for
controlling client side and server side processing using this platform.

IIS (Internet Information Server) is installed on computer system. All the
ASP.NET pages of WBES are accessed through the ASP.NET services provided by
ASP.NET run time engine.

Most of the data access in WBES is done by using the data reader because it
provides a live connection to that datasource. The fast forward-only and read-only
nature of datareader makes it better than the dataset. However, sometimes dataset is
used in WBES for handling large amount of data accessed by a number of students
during the exam session. Furthermore, ADO.NET objects provide an easy method for

manipulating SQL statements and stored procedures.
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SQL queries are not used mostly because of slow processing and less
efficiency. Because the queries are sent from the client side to the server over the
network, it adds up a lot of network traffic, which can cause congestion. SQL queries
are not pre-compiled. This deficiency of queries shows less performance as compared
with the stored procedures. To relieve congestion and keep low traffic on network,
there is a need to lessen code that is sent from client machine to database server. For
this purpose, code is stored on server, by turning SQL query into the stored procedure.

Microsoft SQL Server 2000 is used as a database server for WBES. SQL
Server 2000 works with Microsoft Windows® 2000 Server and Microsoft Windows

NT® Server security and encryption facilities to implement secure data storage.

3.6 Conclusion

WBES is an object oriented system, based on Three-Tier Architecture. Latest
techniques and tools are used to develop this system. This assures the quality and
reliability of the system, which can be comparable to any of the other Test
Management System. Object oriented design and Three-Tier Architecture assure that

the system will be flexible enough to cater for the future changes.
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Chapter 4

WBES Design and Implementation

4.1 Introduction
WABES is designed on object oriented basis. Whole project is completed in different

phases of software development starting with the requirement analysis and ending at
the testing phase. This chapter and next chapter give detailed information about the
phases of the system. This chapter presents overview to the requirement analysis

phase, design phase and implementation.

4.2 Requirements Analysis Phase
Requirement analysis is an essential step before starting design phase, as it is basic

key in understanding details of the proposed system. Main objective of requirement
analysis is to clearly identify requirements of the proposed system. Requirements of

the system are posted in a document known as SRS.

4.2.1 Actors
Analysis phase starts with identification of major users of system which are called

actors of the system. An actor is anyone or anything that interacts with system being
built. Actors are outside system scope. WBES has three actors named as

Administrator, Teacher and Student.

4.2.2 Use Case Diagram
A use case diagram shows interaction between actors and use cases. It is used for

communication purposes. Use case diagram of WBES is divided into different levels,
which are encapsulated into use case packages. Use case packages used for the
analysis of the system are shown in Figure 4-1. Details of each use case package are

described in preceding section.
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Figure 4-1: Use Case Packages

4.2.3 Use Case Diagram: Question Items
Teacher can add, modify and delete question items by interacting with this use case

package. Before doing this, a teacher must be authenticated. Use case diagram for

Question Items use case package is shown in Figure 4-2.

4.2.4 Use Case Diagram: Exam/Test Settings
Administrator can add, modify and delete exam settings. These settings are used to

generate a unique test for students. Use case diagram for Exam/Test Settings use case
package is shown in Figure 4-3.

This use case diagram provides the facility for administrator to add new exam
settings into the database. An administrator can also delete the existing exam/test
information from the database. Similarly administrator can modify the existing

exam/test information.
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Figure 4-3: Use Case Diagram for Exam/Test Settings
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4.2.5 Use Case Diagram: User Accounts
An administrator can set accounts for users of system by interaction with this use case

package. The use case diagram for User Accounts use case package is shown in
Figure 4-4.

This use case diagram provides facility for administrator to add new user
accounts into the database. An administrator can also delete existing account
information from database. Similarly administrator can modify existing user account

by interacting with a use case.

O Level 1.0: User Accounts
Luthenticate/Tdentfy User c<includess
(o Tsting Mo Q ______ O

Add Mew Tser Save Account Information
SN . T mepcndess
A dministrator Moddy User T s
from Use Case Vi
( =<inchuders— 7 z

—_

O____ —_— Fetrewe Account Information

Eemove User

Figure 4-4: Use Case Diagram for User Accounts

4.2.6 Use Case Diagram: Student Module
Students can take tests by the interaction with this module. Student Module consists

of two use case packages, Testing Module and Student Reports. Use case diagram of

Testing Module is shown in Figure 4-5.
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Use case diagram of Testing Module provides facility for student to take the
test. System automatically generates a unique paper for students. The most important
functionality that is shown in this use case diagram is automatic scoring of tests

during the exam/test session. Results are automatically saved into the database.

Level 2.0: Testing o dule

Authenticate/Tdentify User O

%/ <<jnc11;de‘>'5 Generate P aper
Student O Save Results in Database

(from Use Case Vi.. Testing ‘<_\<‘m911‘1<_313>> <<mclud;§>

REEN

C e
Control Scoring <€e£téi1'd>f= O

Show Student's Performance
Graph

Figure 4-5: Use Case Diagram for Testing Module

4.2.7 Interaction Diagrams
Interaction diagrams show relationship among objects, which are identified, in use

case diagrams. Each use case has one or more than one sequence diagrams. Messages
are shown on the sequence diagrams. There are a number of sequence diagrams in
WBES, which are developed using Rational Rose. Details of some important ones are
described in following section.

4.2.7.1 Sequence Diagram: Add Multiple Choice Questions

Suppose a teacher wants to add the MCQ into the database. He can add the question
items by entering into his/her development section. System provides an easy to use
interface for entering question items into database. Interaction diagram is show in

Figure 4-6.
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Figure 4-6: Sequence Diagram for Add Multiple Choice Questions
4.2.7.2 Sequence Diagram: Add User Accounts
Suppose an administrator wants to add new user account in database. He can add
information of the new user by using the administration section interface. System
provides an easy to use interface for entering the question items into the database. The

interaction diagram is show in Figure 4-7.
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Figure 4-7: Sequence Diagram for Add User Accounts
4.2.7.3 Generate Unique Paper
This is the most important sequence diagram for the use case “Generate Paper”. There
is an algorithm, which generates a unique paper for each student. Sequence diagram
identifies objects, which are involved in development of this functionality. Random
generator picks question items randomly and displays them to students. The diagram
is shown in Figure 4-8.
4.2.7.4 Control Scoring
This is another important functionality of the system. System automatically checks
paper of students during the exam/test session. There are different criteria for
checking various types of questions. Sequence diagram of this functionality is shown

in Figure 4-9.
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4.2.7.5 Control Format of Question Types
When test/exam is delivered, there is a controller that formats all the question types

on demand. There is a different format style for each type of question. For example,
Multiple Choice Questions have options, which are displayed using the radio buttons.
Similarly, for ordering questions, system will show a drop down list to the students
for selecting a particular order. Sequence diagram of this functionality is shown in

Figure 4-10.

Test-Senerator Format-C ontr oller Paper-Interface

1: format questions

2 get format setting s

3: get gquestions

4: set gquestions (in sequende)

5: set answer format

B: paper

Figure 4-10: Sequence Diagram for Use Case: Control Format of Question Type

4.2.7.6 Authenticate Users
This is a basic functionality for accessing different sections of system. There is login

functionality for the users, who enters their ID’s and passwords before entering into

their respective section. Sequence diagram is shown in Figure 4-11.
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Figure 4-11: Sequence Diagram for Use Case: Authenticate Users

4.3 Design Phase of WBES
Design phase of system is divided into two parts. First one is abstract design level, in

which different classes are identified as objects in the sequence diagrams. The
specific names are assigned to the different classes. The detailed design of the system
involves the relationships among the various classes. This section provides an

overview to design phase of the system.

4.3.1 Classes
Class diagram is a combination of classes which are identified in sequence diagrams.

A class has three parts, its name, attributes and functions. Description of some
important classes is follows and UML diagrams for these classes are shown in

Appendix A.
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4.3.1.1 Class: Authenticate Users
This class has the responsibility of validating user. When user tries to enter in any of

the three sections i.e., Administration section, Teacher section and Student section of
WBES, he is prompted for his identity. When he supplies his user name and password
this class verifies his credentials with the help of security manager. If his both
identities are fulfilled, then he will be allowed to enter in his authorized section.
Otherwise a message will be displayed for invalid user name and/or password by the
system. He will be prompted for two more times and if he does not supply correct
user name and/or password then the system will intimate the system administrator that
some unknown person is trying to enter in the system.

4.3.1.2 Class: Add User Account

It controls all operations for adding the user account information into the database.
The System Administrator is authorized to add new user and this functionality is only
available to the person who login as an administrator. During this process the
administrator can enter the user personal information, his security status and set user
name and password for him. System administrator can also modify or delete the User
Account information.

4.3.1.3 Class Diagram: Add Question Items

This class provides an interface for adding the question items into the database.
Teacher can add new questions. He has to enter question type, subject name, question
text, answer choices, correct answer, difficulty level, format style and verification
either this question is ready to be included into test. Teacher can also modify and
delete any question.

4.3.1.4 Add Exam Settings

This class provides an interface for adding new Test/Exam settings into database.

Administrator has to enter examination title, instructions and maximum time for the
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Exam. He also has to identify number of question items, question types, maximum
marks, difficulty level, marking criteria and randomization to be done or not.

4.3.1.5 Class Diagram: Save Question Items.

All the logic for saving the question items into the database is controlled by this class.
The information enters by administrator is saved in the database by this class. It
means that database interface is handled by this class.

4.3.1.6 Class Diagram: Control Scoring

All the logic for the evaluation of the various parts of the test is encapsulated by using
this class. The class accepts input of student ID, exam ID, score and performance
graph to be shown to the student after exam or not. Its methods are evaluate paper,
match answers, mark question types, get score, show graph and save result. The
scoring is done according to question type and as per predetermined marking system
which is required to be given by test administrator.

4.3.1.7 Class Diagram: Test Generator

All the logic for generating a unique paper with all formatted question types is
controlled by using this class. It accepts exam settings, and then retrieves question
items, get these formatted according to settings. The class diagram is shown in Figure

4-12.

4.4 Database Designing
Information used in WBES needs to be stored into the database permanently. This

information contains Student accounts (IDs and passwords), Teacher accounts (IDs
and passwords), Question Types, Question Items of different question types and

Student’s Results.
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Figure 4-12: Class Diagram-Unique Paper Generation

An E-R model consists of entities. An entity is any object that exists and is

attributes and relationships.

An E-R Model (E-R Diagram) can be created for providing a graphical

4.4.1 User Account Information
To store the account information of a student or a teacher, two tables are used in the

module is shown in Figure 4-13.
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distinguishable from other objects. Entities are described by their attributes and these
are connected by relationships. E-R model also allows expressing constraints or

restrictions on the entities or relationships. E-R diagrams contain symbols for entities,

method for depicting the logical structure of the database. In WBES, E-R diagrams

are developed for different modules in which the information is stored or retrieved.

database. Each of these tables is known as an entity set. The E-R diagram for this
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Figure 4-13: E-R Model for User Accounts Module
Rectangles show entity set and ellipses show attributes of an entity. There is a
one-to-one relationship between two entities. Referential dependency exists between
the two entities. It means that one entity (UserPersonallnfo) contains a foreign key,
which is a primary key in other entity. Designation attributes helps in identifying a
particular user (Student or Teacher). Equivalent E-R diagram drawn by SQL Server

2000 is shown in Figure 4-14.
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Figure 4-14: E-R Diagram in SQL Server 2000
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4.4.2 Question Types
Administrator enters question types into database, which is supported by WBES.

There is a table for storing question types with their abbreviation names. Graphical
structure of table is shown in Figure 4-15.

Question type name is stored in first column, e.g. Multiple Choice Questions,
Multiple Selection Questions etc. Short name of each question type is used as primary
key for this table, e.g. MCQ (for multiple choice questions) and MSQ (for Multiple

Selection Questions).

estionTypes
Column Mame | Condensed Type Mublable -
b | SIS archar(25) MJLL
E QuestionID char{10) MOT RIJLL

Figure 4-15: E-R Model-Question Types

4.4.3 Question Items
Teacher stores question items of different categories into database. There is a

common table, which stores some common information for every type of question.
Detailed information for every type of question is stored in separate tables. E-R
diagram for this particular case is drawn in SQL Server 2000 as shown in Figure 4-16.
There is a table for every type of question, which has a foreign key relationship with a
common table.

Figure 4-16 illustrates that there is a relationship of generalization between the
tables. The concept of generalization is to create a separate table, having the common
attributes e.g. The higher level entity (commonT) has the common attributes (qlD,
gShort, Level, SubjName, SubjCode, format and techerID) of different specialized

entities (e.g. MCQ, MSQ, FIB etc), and separate tables for each of specialized entities
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with their own descriptive attributes and only primary key attributes of the higher

level entity.
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Figure 4-16: E-R Diagram for Question Items Module

4.4.4 Exam Settings
Administrator adds new exam/test settings into the database. Information required for

this purpose is stored in the form of tables. There are two tables involved in this case,
ExamSettings Table and Exams Table. ExamSettings table contains common
information for each new exam/test. Primary key which is used in this table is
examID. Exams Table is used to store further detailed information about the new
exam/test. There is a foreign key relationship between these two tables. The E-R

model for this module is shown in Figure 4-17.
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The Figure 4-17 illustrates that there is a relationship of generalization
between the tables. The concept of generalization is to create a separate table, having
the common attributes e.g. Higher level entity (ExamSettings) has common attributes
(examID, examTitle, examlInstructions, maxTime), and separate tables for each of the
specialized entities (e.g. Exams) with their own descriptive attributes and only

primary key attributes of higher level entity.

Exams

examlD
sectionID
sectionMame
questionType
noCy
DiffLevel
marks

seq
QperPage
SubjectMame
SubjectCode

Fk_Exams_ExamSettings

ExamSettings
7 |examID
examTitle
examInstructions
maxTime

Figure 4-17: E-R Module for Exam Settings

4.5 WBES Implementation
When detailed design with database design of proposed system is available,

implementation phase starts. In the implementation phase, design is converted into
actual source code. This process is completed by using various programming
languages and scripting languages. In case of WBES, VB.NET is used as a source
language for writing code. .NET platform is used as a tool for writing the code. In this
chapter, implementation of different modules of system is discussed. Screen shots of

functionalities are displayed in Annexure B.

51



4.6 Database Connectivity
As mentioned earlier that this is the project of web technologies, so database

connectivity with ASP.NET was the critical step. ADO.NET objects are used for
connection establishment, data access and other operations on data source. In this
section, an overview to the ADO.NET objects, which are used in the source code of
project, is given.

ADO.NET objects are provided by using two methods. First method is
provided by OLE DB Providers and second method is provided by standard SQL
Server. Both methods work almost exactly same way; the only difference is that
classes designed for SQL Server bypass the OLE DB layer, and provide better
performance. In project implementation, the objects provided by OLE DB are used for
the database operations.

Before accessing data from the data source, a connection is established with
data source. An ADO.NET object, OleDbConnection, is used for this purpose. A
connection string property of this object is specified [23]. Connection string is a series
of distinct pieces of information, separated by semicolons.

After establishing connection, various operations are performed. Data is
inserted, fetched, deleted or updated into database. ADO.NET provides a command
object to execute a SQL Statement. This object represents a SQL Statement. Before
executing command object, SQL statement is specified.

To retrieve information in a set of rows, DataReader is used. It is an
ADO.NET object that quickly retrieves all information. It uses a live connection.
After using DataReader, it must be closed. DataSet and DataAdapter are the core
objects of ADO.NET. DataSet class stores disconnection information drawn from a
database and allows a programmer to manipulate it as a single, neatly packaged

object. DataAdapter is a bridge between command object and DataSet Object.
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DataAdapter retrieves information from data source and fills DataSet with that
information. DataSet is used in project in some cases where a large amount of
information is used by a large number of users e.g. in case of unique paper generation,
a dataset is created for test, which is accessed by the student.

In next section, important functionalities of WBES are described.

4.7 Add User Account
This is an important functionality. Administrator enters account information and

personal information of a user (Student and Teacher) into the database. WBES
provides a user friendly interface to the administrator.
Important point in this functionality is that password is stored in an encrypted

form into database.

4.8 Remove User Account
Administrator selects an option Remove User Account from Admin Section. A new

web form is displayed to administrator.

Administrator can remove existing user account information from database.
Administrator selects a designation and selects a search option. When administrator
clicks on Search Button, a Combo List and a detailed information chart about the user
is displayed. Administrator selects a user from list box and presses delete button. All

information of selected user is deleted from database.

4.9 Add Question Type
Administrator can add the question type into the database. These question types will

be available to teachers at the development time. The WBES displays a List of
supported question types. Administrator selects a question type from list and presses

Save Button. When administrator presses save button, a static list of entering question
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types will be displayed. Similarly, administrator can remove a question type from the

database.

410  User Login
It is the most basic functionality for authentication of users. User enters user ID and

the password to execute this functionality. User ID and password are matched with
information placed in database. If the user ID and password are confirmed from the
database, the system will allow user to enter in his requested section. Otherwise, a
message will be displayed informing user that either his user ID and/or password are
incorrect. User will be given two more chances for entering the correct user ID and
password. If user enters incorrect information three times, the system will send

message to administrator for an unauthorized person trying to enter in the system.

411  Question Items Addition and Modification
Teacher can add question items into test bank easily. WBES provides an easy to use

interface to teachers for this purpose. Teacher selects an option Add Question Items
from development section. System browses user to page. Teacher selects a question
type from Combo list. System will open another page corresponding to selected
question type. Teacher enters information of a question item into form and submits
form. There are different editors for each type of question. Suppose teacher selects
Multiple Choice Questions (MCS), then MCQ editor will be opened. Similarly
teacher can enter other question types into their respective forms.

Teacher can also modify existing question items from database. Teacher must
follow following steps before modifying existing question items.

When teacher clicks on an option Modify Question Items, a new web page
will be opened with searching options. Teacher selects question type, difficulty level

and subject name from Combo lists available. Question Items Viewer will be opened.
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Teacher selects a particular question item and clicks on the “Details” Button to see the
details of question item. Teacher can view 10 question items per page. Question editor
will be opened again. All the fields in form are filled with existing information of that

particular question item. Teacher can change required information and submits form.

4.12  Unique Paper Generation
Most important and difficult functionality of system is delivery of exam/test. The

paper or test is unique for each student. It means that difficulty level of question types
is same for each student but order of questions numbering is random. System informs
student about latest exam that is going to be started on that day. Student selects a test.
System browses student to login page. Student enters his ID and password.
Instructions page of exam/test will be opened. Student starts test by clicking on button
at the given time. Student reads exam instructions before starting exam. Exam title
and student name are displayed in this interface. When student starts test, first section
will be displayed to him. Student starts test and selects appropriate correct answers.
After finishing this section, system will show next section to student. During this

period, system evaluates all answers of first section attempted by the student.

413  Report Generation
At the end of the exam, system will show final report to the student. Report provides

student total marks obtained, percentage and grade. When student clicks on button
“Exam Details”, a new table will be displayed to student. This new table shows

detailed information about sections (parts) of test.

4.14  Conclusion
This chapter describes requirement analysis and design phase of WBES. The

complete picture of the system is depicted in this phase. Using UML diagrams,

system’s functionality is described. Class diagrams, their relationships and ER
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diagrams present foundation for the implementation. A brief preview of WBES
implementation is then presented. The basic functionality of the system is described.
The system interface is user friendly and any person who can operate computer can

easily performed his desired task.
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Chapter 5

System Testing

5.1 Introduction
This chapter explains testing process applied to proposed system and outcomes of this

process. System testing is an essential step for development of a reliable and error-
free system. Testing is process of executing a program with explicit intention of
finding errors i.e., test cases are devised with this purpose in mind. A test case is a set
of data items that system processes as normal input. A successful test is one that does
find an error. There are two main parts covered in this chapter. First section of this
chapter covers the introduction to the testing process. Second part covers the two
types of testing, which are performed on WBES. Module testing involves the testing
of few important system functionalities. System performance testing shows

performance of the application on increasing load of users.

5.2 Testing
Testing is the process of exercising or evaluating a system or system component by

manual or automated means to verify that it satisfies specified requirements or to
identify differences between expected and actual results. Testing is exposure of a

system to trial input to see whether it produces correct output [24].

5.2.1 Purpose of Testing
It reduces cost of developing the program. Minimal savings that might occur in early

stages of development cycle by delaying testing efforts are almost certainly bound to
increase development costs later. Common estimates indicate that a problem that goes
undetected and unfixed until a program is actually in operation can be 40 — 100 times

more expensive to resolve than resolving the problem early in the development cycle.
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It ensures that application behaves exactly it is explained to user. For vast
majority of programs, unpredictability is least desirable consequence of using an
application. It reduces total cost of ownership. It develops customer loyalty and word-
of-mouth market share. Finding success with a program that offers kind of quality that
only thorough testing can provide is much easier than trying to build a customer base

on buggy and defect-riddled code [24].

5.3 Testing Process
The Testing Process can obtain a valid value from the functional domain (or invalid

one from outside the functional domain). Determine the expected behavior. Execute
the program. Observe its behavior. Compare obtained and expected behavior. If the
expected and the actual behavior agree, then the test case has succeeded, else the test

case has uncovered an error.

54 Unit Testing
The primary goal of unit testing is to take the smallest piece of testable software in the

application, isolate it from the remainder of the code, and determine whether it
behaves exactly as it is expected. Each unit is tested separately before integrating
them into modules to test the interfaces between modules. Unit testing has proven its
value in that a large percentage of defects are identified during its use [25].

The most common approach to unit testing requires drivers and stubs to be
written. The driver simulates a calling unit and the stub simulates a called unit. Even
though the drivers and stubs cost time and money, unit testing provides some
undeniable advantages. It allows for automation of the testing process, reduces
difficulties of discovering errors contained in more complex pieces of the application,

and test coverage is often enhanced because attention is given to each unit.
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For example, there are two units and it is decided that there would be more cost
effective to glue them together and initially test them as an integrated unit, an error
could occur in a variety of places, error due to a defect in unit 1; error due to a defect
in unit 2; error due to defects in both units; error due to a defect in the interface
between the units or the error due to a defect in the test.

Finding the error (or errors) in the integrated module is much more complicated

than first isolating the units, testing each, then integrating them and testing the whole.

5.5 Test Cases
Following are some important test cases, which were prepared for testing the system.

Purpose of each test case, steps involved in performing each test case and some useful

comments about each test case are given.

5.5.1 Test Case: For Login User
It is used to verify the login name and password of the user for the User Login Page.

These steps are involved in the testing, enter the user name; enter the password,;
verifying user name and password from the database relation and entering user
account main page.

If user name does not match with the name present in the database, there will be
message displayed to the user, “Invalid User Name! Try Again”.

If password does not match with the password present in the database, there will

be message displayed to the user, “Invalid Password! Try Again™.

5.5.2 Test Cases: Add User Account
There are few test cases for this functionality. A web form is displayed to the

administrator. The administrator enters different input values into the text fields.

55.2.1 Test Case 1: User ID
This test case is used to verify the whether the user ID input is correct or incorrect.
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Steps involved in the testing are to enter the User ID into the text field and system
checks the User ID. If the User ID contains letters, numbers or underscore, it is valid
otherwise the system will show an error message, “User ID contains only letters,
numbers or underscore”.
5.5.2.2 Test Case 2: Password Length
It is used to check the password length. (It must be less or equal to the length of 15
characters). Steps involved in the testing are to enter the Password into the Password
field and system checks the Password length. If the Password length exceeds the
required limit, the system will show an error message, “Password must be less than or
equal to the length of 15 characters”.
5.5.2.3 Test Case 3: Password Matching
It is used to match the passwords from two password fields. Steps involved in the
testing are to enter the Password into the Password field, to enter the password into
the Re-Type Password field and the system matches both passwords. If the first
password does not match with the second password, the system will show an error
message, “Your Password does not match”.
5.5.2.4 Test Case 4: Phone Format
It is used to check the format of user phone number. Steps involved in the testing are
to enter the phone number; system checks the phone number against the given format
(092-051-2290180). If the phone number does not match with the given phone format
the system will show an error message, “Invalid phone format™.
5.5.2.5 Test Case 5: Email Format
It is used to check the format of user an Email address. Steps involved in the testing

are to enter the Phone number and system checks the phone number against the given
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format (emaillD@domain.com). If the email address does not match with the given
email format the system will show an error message, “Invalid Email format™.

5.5.2.6 Test Case 6: Blank Fields

It is used to check the blank fields of the form. There are two types of fields in the
form. The administrator must fill the required fields. The optional fields are not
necessary to fill. If the administrator leaves any required field blank, the system will
show an error message to the administrator. Suppose the administrator leaves all the

required fields blank, then the system response is shown in Figure 5-1.

You must enter the First Name

You must enter the Last Name

You must enter the User ID

You must enter the Password

You must re-enter the Password

Figure 5-1: Systems Response for Blank Fields

5.5.3 Test Case: Search Users
It is used to check whether the user(s) exits in the database. Steps involved in the

testing are administrator selects an option from the Combo list and presses the Search
button; system searches the user(s) into the database against the selected option. If the
system does not find any user(s) against the selected option, the system will show a

message to the administrator, “No User(s) Found™.

5.5.4 Test Case: For Add Question Items
There are few test cases for this functionality. A web form is displayed to the teacher

for entering the information about a specific question type.
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5.5.4.1 Test Case 1: Range of Difficulty Level
It is used to check whether difficulty level in the range (1-3). Steps involved in the

testing are, teacher enters the difficulty level into the given text field; system checks
the range of the input difficulty level against the specified range. If the difficulty level
does not in the specified range, the system will show an error message to the teacher,
“Difficulty Level is not in the range”™.

5.5.4.2 Test Case 2: Subject Code

It is use to check whether the subject code is correct or not. Steps involved in the
testing are, teacher enters the subject code into the given text field; system checks the
input subject code. If the subject code contains any value other than a letter, the
system will show an error message to the teacher, “Subject Code must be in letters
(not in digit)”.

5.5.4.3 Test Case 3: Select Coordinates of Image for PAUI

It is used to count the number of coordinates for a specific shape of the area on image.
Steps involved in the testing are, system displays the image to the teacher; teacher
selects a specific shape (Rectangle or Circle) for the area of correct answer; system
counts the number coordinates selected by the teacher. Suppose the teacher selects the
Rectangle Shape for the area. If the teacher selects more than two coordinates for a
rectangular area, the system will show an error message to the teacher, “Alert! You

must select only 2 points for a rectangular shape. ! Select Again™.

5.5.,5 Test Case: Unique Paper for Each Student
The system generates a unique a paper for each student. Suppose there are 10 students

taking the exam/test of Computer Fundamentals on different client machines. When
the students start the test, the system will display the same first section (question type)
to the students but the question items order will be different for each student. This test

works well on increasing the load of students from 10 to 50 or more.
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5.6 Performance Testing
Performance testing is a process of measuring and understanding how the application

responds under different user load conditions. Besides getting a qualitative analysis of
application performance, it is also important to get quantitative measurements. These
measurements help to analyze problem and even determine how to fix them properly.

During the performance testing process, it is important to monitor the appli-
cation for certain errors or performance issues that may occur only under user loads.
This helps to identify subtle bugs within the application that might not otherwise be
detected until the application is deployed. Monitoring also helps to identify the effects
of application changes during the process.

An important step in the performance testing process is identifying the tar-
geted user load. Also, the load variance in the testing must be accounted for. Most
applications do not have a constant load. In these cases, the performance test must
simulate the peak user load rather than the average user load.

The performance of an ASP.NET application can be measured by its latency,
throughput, and utilization metrics. All performance metrics (measures of per-
formance) are based on system behavior over time.

Latency is the delay between the start and end of an operation (or between the
request and the response). An application that exhibits a lower latency is always
desired. In many Web performance tools, latency is represented by the metric Time to
Last Byte (TTLB), which measures the delay between sending out a page request and
receiving the last be of the page response. Another important metric is the Time to
First Byte (TTFB), which measures the delay between sending a page request and
receiving the first byte of the response. Both the size of the page response and the

network latency affect TTFB.
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Throughput, or capacity, measures the amount of work done per unit time, or
the rate at which responses arrive. Throughput is the rate at which requests can be
serviced. Throughput metrics can be measured in units of inverse time. In ASP.NET
applications, throughput is the number of GET or POST requests per second, or
simply the requests per second (RPS). Throughput is one of the more useful metrics,
playing an important role in helping to identify performance bottlenecks.

Resource utilization, or simply utilization, is a measure of the percentage of
available resources (system components, such as the CPU, memory, or data link)
consumed by the application. Utilization is a percentile between 0 and 100 percent.
When a system component reaches 100-percent utilization, it can no longer perform
any additional tasks and will therefore become the performance bottleneck for the
system. As a practical matter, latency increases rapidly as utilization approaches 100
percent so that many systems are designed to keep utilization below some threshold
such as 70 percent or 80 percent. If a system components utilization becomes the
performance bottleneck, then an option to improving performance is to upgrade the
system component to a higher capacity.

There are different tests for measuring the performance of a web application.
Most basics tests use a dedicated server, a set of dedicated client machines that are
interacting with the web server over a fast isolated network, and a load generating
tool, that runs on the client machine. The load generating tool automatically requests
the steady stream of pages, simulating a heavy load. There are different tools used for
performance testing. The two most important tools are Application Center Test (It is
included in Visual Studio .NET) and Web Service Applications Stress Tool (WAST).

These tools generate the text summaries of the tests.
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The load or stress test is the most common performance test because it is the
most versatile. The load test measures the latency, throughput, and resource utilization
at varying user loads. The goal of load testing is not only to gather metrics to describe
the performance characteristics of the application but also to determine the limit of its
performance. In essence, the goal is to crash the application by increasing the user
load past performance degradation until the application begins to fail because of
resource utilization or the occurrence of errors. Analyzing the results of the stress test
will help to uncover bugs that would otherwise go undetected until the application
was deployed. Because performance bugs are typically the result of design flaws,
stress testing should begin early in the development phase on each area of the
application.

Microsofts stress testing tool is Application Center Test (ACT). ACT is
included in the Visual Studio .NET Enterprise Developer and Architect Editions.
ACT tests Web servers and analyzes performance and scalability problems with Web
applications. ACT is a successor to the original Web Application Stress Tool (WAS),
informally referred to as Homer. ACT supports many of the features left out of WAS
by providing greater control in the test scripting interface and a more robust feature

list.

5.6.1 Test 1: Interaction of Teachers with System
This test is used to determine the performance of the application, when a group of

teachers interact with the application. This test is developed using the Application
Center Test. The results are taken after getting 3 tests with the different number of
browser connections.

The test is repeated for three times by changing the number of teachers from 5

to 15. At first time 5 teachers interact with the application. At the second time, 10
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teachers interact with the application and similarly at the 3rd time 15 teachers interact
with the applications. The General Report, which is generated using 3 tests by ACT,
is shown in Table 5-1.
5.6.1.1 Description of Table
Table 7-1 provides some of the performance data of the test run, such as the requests
per second that the Web server was able to handle, as well as the duration of the test
and the total number of requests sent. Poorly formed URLSs or invalid server names or
port numbers can cause connection problems and other network errors. Under periods
of intense load, the Web server will often begin to reject a portion of the new
connections clients attempt to create. Under heavy loads, the Time to serve the Last
Byte (TTLB) value will increase, often to the point where connection time-outs may
occur for slower web applications.

Response codes should all be in the 200 range. Response codes in the 400
range indicate client errors, while numbers in the 500 range indicate server errors. 404

response codes could be due to missing content on the Web server or errors in the test

requests.
Table 5-1: General Report of Teacher Test
Properties
(1) ) (©)
Test type: Dynamic  Dynamic  Dynamic
Simultaneous browser connections: 15 10 5
Warm up time (secs): 0 0 0
Test duration: 00:00:02:00 00:00:02:00 00:00:02:00
Test iterations: 4,695 4,754 4,779
Detailed test results generated: Yes Yes Yes
Summary
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Total number of requests:

Total number of connections:

Average requests per second:
Average time to first byte (msecs):

Average time to last byte (msecs):

(1)
4,321
4,434

36.01
71.63
71.84

Average time to last byte per iteration
66.11

(msecs):

Number of unique requests made in test:

Number of unigue response codes:

Errors Counts

HTTP:

DNS:
Socket:

Additional Network Statistics

Average bandwidth (bytes/sec):

Number of bytes sent (bytes):
Number of bytes received (bytes):

Average rate of sent bytes (bytes/sec):

Average rate of received bytes (bytes/sec):

Number of connection errors:
Number of send errors:
Number of receive errors:

Number of timeout errors:
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1)

376

(1)
127,280.16

5,266,346
10,007,273

43,886.22
83,393.94

261
2
113

(2)
4,635
4,752

38.62

65.87
66.03

64.38

(2)

119

(2)

136,614.94

5,650,416
10,743,377

47,086.80
89,528.14

117

©)
4,708
4,779

39.23

36.16
36.33

35.79

©)
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3)

138,693.43

5,740,808
10,902,404

47,840.07
90,853.37
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Response Codes

1) ) ®)
Response Code: 403 - The server understood the request, but is refusing to fulfill it.
Count: - 4 -
Percent (%): - 0.09 -

Response Code: 200 - The request completed successfully.

Count: 4,321 4,631 4,708
Percent (%): 100.00 99.91 100.00
5.6.2 Graphs

The ACT helps in generating the graphs for the tests. Here, few graphs are shown for
the multiple reports generated for the test.

5.6.3 Graphl: Connections versus Requests per Second

This graph will be useful when trying to determine the maximum number of requests
per second that the Web server can handle. When all test runs are completed, a graph
is created with the number of simultaneous connections plotted on the horizontal axis,

and Request per Seconds (RPS) on the vertical axis. Graph is shown in Figure 5-2.

Requestsizec {avg) vs. Browsers Connections
40 &
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0
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Connections

Figure 5-2: Graph b/w Connections and Request/secs
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Many web applications will experience increased RPS values up to a certain
point, and will then begin to show lower RPS values as the number of connections
increases beyond the number that the web server is able to handle. From this, one will
be able to determine the number of simultaneous browser connections that produces
the optimum number of requests per second. As the number of simultaneous
connections increases above this optimum value, one can expect the web site to

process fewer requests per second.

5.6.4 Graph2: Connections versus Time to Serve the Last Byte (TTLB)
This graph is useful when trying to quantify how much the performance decreases

when the number of simultaneous connections increases. The data for this graph is
also created by running a series of tests using an increasing number of simultaneous

connections for each test run. The graph is shown in Figure 5-3.

Tune to Last Byte - TTLE {awg) vs. Browser Connections

0 e
/e>_____,_,_~—————-'
50
50 /
= //
(&)
o 40
H -
E 30
20
10
i}
4 5 & 7 8 9 10 1 12 13 14 15

Connections

Figure 5-3: Graph of TTLB v/s Number of Connections
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As the number of connections increases, the TTLB values will usually show a
gradual increase. It means that as the number of teachers and simultaneous
connections increases, the web server takes longer to complete each response.

The time to serve the last byte (TTLB) value for a page measures how long it
takes for the last part of a Web server's response stream to reach the user's Web
browser. As the TTLB increases, the site will seem slower and less responsive to

users.

5.7 Interaction of Students with System
This test is the most important one. The system is tested by increasing the number of

students which are ready to take the exam/test simultaneously. This test is completed
by taking 3 reports. The first report is generated using 50 students. The second report
is generated using 100 students and the third report is generated using 150 students.

The general report of this test has the same format as discussed in the last test.

5.7.1 Graphl: Requests per Second versus Connections
Throughput tends to increase at a linear rate as the user load increases. However, at a

certain user load, the maximum throughput for the system will be reached. Additional
users on the system will decrease the number of requests serviced, resulting in a
decreased throughput. An application must support the maximum number of users
serviced while still providing adequate performance to meet the business
requirements. The graph is shown in Figure 5-4.

Throughput metrics are highly dependent on the complexities of an appli-
cation. A highly dynamic Web application would have different throughput metrics
than a Web application serving static Hypertext Markup Language (HTML) pages. As
such, comparing throughput metrics between different Web applications does not

provide much information. However, comparing throughput metrics for the same
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application will provide valuable information about how changes in the application
have affected its performance.
Reruestafzec (avg) vs. Browser Conhections
3
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Figure 5-4: Requests per Second versus Connections

5.7.2 Graph2: Time to Last Byte versus Connections
In most applications, latency is linearly proportional to the user load within a

range of user loads. In this range, as the user load increases, the latency will pro-
portionally increase. This occurs when the application is in a steady-state, where
performance techniques such as connection pooling and caching are in full swing with
a set of multiple users. Typically, the sudden increase in latency is an indication of the
system meeting a performance limit on one of its resources. Web servers commonly
encounter this scenario when the number of requests exceeds the maximum number of
concurrent sessions available. When this maximum is met, any additional requests
will be placed in a queue and handled as sessions become available. The time spent in

the queue contributes to the increase in latency. The graph is shown in Figure 5-5.
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Figure 5-5: TTLB versus Connections

5.8 Conclusion
In this chapter different steps involved in testing of WBES are discussed. Module

testing and performance testing of the application on increasing load of users is
carried out. Performance testing is a necessary task to understand the limits of an
application. Latency, throughput, and utilization help to quantify the performance of
an application. Analysis of the metrics behind these concepts helps to draw
conclusions about the software and hardware performance bottlenecks. The ACT tool
provides a means to test, capture, and analyze performance metrics of an ASP.NET
application. Its statistical and graphical features help summarize and organize the test

run results.
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Chapter 6

Conclusion

6.1 Introduction
Latest concepts and studies undergoing in the field of evaluation and assessment are

explored and then these are used to identify and select the question items to be
implemented. Each of the question categories evaluates different types of knowledge.
WABES is developed after carefully analyzing potentials, benefits, and limitations of
implementing Web-based assessment in education and training. The system is
designed and implemented in Object Oriented paradigm. The system Graphical user
interface provides an easy way for users to interact with system. Authentication
feature gives an efficient way for identification of users. System identifies question
items, which are inserted by an individual teacher separately. Feature of unique paper
generation is quite satisfactory in case of a large number of students. Every student
gets a unique paper on demand. The automatic checking of different question types
gives the accurate results in the end. The automatic generation of final report provides
a better feedback to the students.

Aside from the features, which have been implemented, there are few features,
which have not been implemented so far. Research on these features is required to be

carried out in future projects in order to implement these features into the system.

6.2 Problems with Incomplete Features
There are few features, which have not implemented currently. In documentation,

there are 12 question types, which were proposed to be developed in the system. But
at this stage, there are 8 question types, which are available in the system. System

provides an interface for teachers to insert questions using audio narrations (QWAN)
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and questions using audio narration and illustrations (QWANI). But the system does
not provide a way to display these types of questions at the delivery time to the
students. Short answers questions are not difficult to implement for the teachers for
inserting them into the database, but these impose certain problems when one
considers their implementation details at the evaluation stage.

There may be another problem on the performance of the system. System has
been tested on LAN or local PC with web server so far. When system is put into
actual use, however, dozens of students will be accessing the system simultaneously,

which may cause problems that have not been revealed thus far.

6.3 System Applications
Features of WBES like user accounts management, question items management,

unique paper generation, automatic scoring and student reports enhance the
applications of system. WBES provides a useful tool for the universities to conduct
exams online due to vast availability of Internet these days. This system can be
implanted in NUST, by creating a central database server and conducting exams at
distant test centers. Virtual university (VU), a recent venture in the public sector,
delivers the content via the television broadcast, and the reverse interaction is
accomplished with the help of Internet. WBES will provide a good solution to
develop an automated and highly organized examination management system for such
an institution. Similarly, Allama Igbal Open University (AIOU) has a large campus
and a network of regional centers all over the country to provide the Distance
Education Mode of instruction for skill oriented courses and programs. This system
can be applied, in order to get fruitful results in the near future in the field of Distance

Education.
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WABES can also be used for general entry tests held by Medical Colleges or
Engineering Universities. Finally, it can be used for general-purpose exams
conducting in community colleges, trade schools, driving schools, computer skills

training and certification companies.

6.4 Future Work
Number of follow-up projects can be undertaken. Before system is extended,

however, more testing should be done. Testing which has done so far is exclusively
on a single PC running the system, both locally and through a web server. So testing
should be performed on a large scale. Since, system has not been tested with a huge
question pool (e.g. with 1000 question items) in place. So, there will be a mechanism
for a huge question pool management. In either case, performance should be tracked
on the system once it contains thousands of questions in it.

As far as further additions to this project, there is much that can be done. A
more advanced user interface can certainly improve the appearance and usability of
the system. Another feature which would be an improvement to the system would be
to have list of topics presented to user at the start of the test, where he or she can
check off the topics they would like to be tested on.

Making additional types of questions (e.g. Short Answers, Questions using
Audio Narration and Questions using audio narration and an illustration) available to
the test system is a logical step in making the system more advanced. Implementation
of evaluation of the short answers is more difficult. But there exists some useful
research ideas for implementing this type of questions. One method can be made by
producing a list of all possible answers from the single correct answer entered by the
teacher. Then the teacher would validate the correct version of answers. Existing

computer based testing systems do not check the short answers automatically rather
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they provide a mechanism for sending an email to the concerned teachers
automatically. So, there should be a complex algorithm for checking these types of

questions in an efficient manner.

6.5 Conclusion
Web based testing and especially adaptive version of it, will soon be competing with

and possibly replacing the paper-and pencil tests. A system in which adaptive
assessments are delivered to students over internet has several advantages, including
decreased testing time, enhanced security, novel item types, and rapid reporting.
However, before this system can be put in place, a number of issues need to be
considered, such as the psychometric quality of the measures, methods for
maintaining item banks, infrastructure, human capital, costs, and comparability with
paper-and-pencil measures across subject matter areas, and reporting strategies.
Research is needed in all of these and other related areas to provide the foundation for
a smooth and effective transition to web-based testing.

WBES presents a workable model for formative assessment. It provides
overall solution to the examination system. It provides a user friendly platform of
various question types to be used in assessments. The system is developed using latest
analysis and design techniques. It is an object oriented design, which can be enhanced
or extended in future according to requirement. It presents a concept of student
evaluation by applying number of question types. All these question types measures
different aspects of student knowledge and understanding. This type of interactive

assessment is the demand of changing world.
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Appendices

A. Class Diagrams of WBES
UML diagrams for some classes of WBES are shown in section.
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Figure A-1: Class Diagram: Authenticate User
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Figure A-3: Class Diagram: Add Questions
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— “Tntialize )
“TnitializePage ; S Ao eptInput()
addSettings
=<lhinle==

=<Client Page=>=
Sethings Screen

'%questionl\]'a.tne : string
l@?quest:ionT‘j,r}:)E D String
@NO_Of_QuESt{[OnIthS : Integer
Ehdarks Integer
‘%dﬂﬁctﬂtyl,evel : Integer
%mbllgSystem D String

E5Fandomiration : Boolean

0C)p i)
<>_.-ﬁu:u::EI:>t_It1I:>1.1t|:]|
SSaved ettings)

Figure A-4: Class Diagram: Add Exam Settings
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==Client Page=>
Cuestion Editor

‘%questionText D String
‘%questionT},rpe C Btring
S nswrers String
‘%djﬂictﬂtyLevel : Integer
‘%subjectlﬂ'a.tne D String
E T erfication : Boclean
‘%fortnatStyle C Btring

Class Diagram: Sawe_ (Juestions

=<=zubsrit=>

==control= =
Cneston-FP ool Manager

QC)p e}
Shcc ept Tnpuat()
S ave_Information)

S=Zave Tnformaticn)
SR etriewe Questons)

==entity=>=>
TnestonP ool

‘%questionText D String
‘%questionType D String
&t nswrers String
Q?di.ﬂiculty]'_,evel : Integer
'%subjectlﬂ'arme D String
E i erification : Boclean
‘%fomlatStyle D String

QC)p =11}
g etuesticon-Tterms
¢getQue sticns -Ttermns ()

Figure A-5: Class Diagram: Save Questions

Test-Interface
Batd ID - String
EexzamTitle ; String
'%)IS_S core : Boolean
l%ﬁ[s_(}raph Boolean

Class Diagram: Score Controller

STnif alize )

Chee eptiput])
Q’Prompt(]
Q'DisI:ﬂE;Lj,.*Scr:)re =1

O

Test-Evaluator

Bt Larks cInteger
@hnarkmgs:fstem D Btring
S ores - Integer

YEvahateP aper()
SrnatchAnswers ]
<::’mE;l.rl-cQu,e stonTypes()
Q}ShOWG'raphCl
<bgetS cores()
SraveRe sults ()

Figure A-6: Class Diagram: Score Controller
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B. WBES Interfaces

In next section, screen shots of important functionalities of WBES are displayed.

Enter the Stadent Account Information:

Select Designation: ™ @ Teacher
" Student

*Uger ID; | t1001

(All letters, numbers, or underscore)
*Password; (eeee8

“He-type Password: |eeees
Student Personal Informmation:
*First Namg: | Mmuafar

*Last Name: Al
*Address: | Military College of Signals
*City; Rawalpindi
*Phone: |0092-333-5256980

. muzafarl 05ggmail.com
*Email; _ ©

(Example:emalll D@ domain.com)

Subrmit

Figure B-7: Add User Account Interface
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Bearch Ophons:

1 Select Designation: Teacher
& Stadent

2. Felectan optisn & Al

Urer List:

Figure B-8: User Account

Figure B-9: Question Type
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Select a Question Type from the List

Question Type Information

Ouestion Name

Multple Chotee Questions

Short Name

MO

Figure B-10: Remove Question Type Interface

Login User
User ID |s1002
Password  |ess

Figure B-11: Login User Interface

Select |Multiple Choice Questions(MCQ )

Lang Matching Pairs Cluestions{LMP
Multinle Choice Cluestions(hCE
Crdering Questions(00 )

=hort Matching Pairs Questions(SMMPC)
True-False Questions(TF )

Figure B-12: Select Question Type Interface
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Basic Question Information

Title: Iweh technologies

find & scripting language from j
the availshle list

Question Statement: B
No. of Answers: I‘i ]
8 Ijava
o |C++
8 |vh script
o |ASP.NET

Additional Information:

Difficulty Level |2_

Subject Mame: Icumputerﬂndamental

Subject Code: ICF (at least 2 characters Code)
(e.g. CF for Computer Fundamertal)

Verfled Item: W
Format Style:

@ CheckBox

' BadioButton

Figure B-13: MCQ Editor

Search Options
Question Type |Multiple Choice Questions(MCQ) j

Difficulty Level I edium 'I

Subject Name ICDmputer Fundamentals{CFjj

oK

Figure B-14: Search Options
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CQuestion l[tems Viewer

Select an Item amd See Thetails Details
Ouestion Question Question Ouestin RS
m Top Title Ouestion State
[ mcgq 16880 Fundamentals |which is a temporary storage device?
Find the basic markup languags for
o mecg24650 | MCQ Basic Web developing the web pages from the
tollowmng List
[ mcg29111 | MMCO Basic Web CSS stands for?

Which 15 basic undt of storage for

- )
meq30465 | MCQ Avchlitecture | o bec.memocyT

Web which is the default scripting language

o meq3Nedd | MCQ for the internet explorer?

Basic
-
(e meg30663 | MICO Ietwrorki LAN stands for?
Basic
?
mcq31755 | MCO Metworki OSI Stands for?
meg33463 | BCO Fundamentals | ThE equals to _ Bytes?
find one of the senal dewice from the
[
mcg3ad52 | MCQ Fundamentals v 1o list.
(e megdS696 | MOCO Web HTTP protocol is use for?
12

Figure B-15: Question Items Viewer

Modify Question Items

Basic uestion Information

Title: |Fundamenla|s

which is a Ccemporary Storadge —
dewvice?

Ouestion Statement: B
No. of Answers: |4 vI
= [RAm
= [Hard Disk
L ICDmpact Diist
o oD

Additional Information:

Difficulty Lewvel: IQ

Subject Mame: |Computer Fundarmentals

Subject Code: ICF (at least 2 characters Code)
te.g. OF for Computer Fundamental)

Werified Itermn: I~
Format Style:

& CheckBox
~ RadicButten

Figure B-16: MCQ Editor for modifying the question information
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The Examination Section

Weclame

Exam Title Computer Fundamentals
Exam Instructions

This exam consists of two parts. Part 118 a multiple choice questions and consists
of 10 items and second part contains 10 fill in the blanks questions. Both parts
have equal marks each. The student must attempt both questions. Each question
ttem carries one mark on correctness.

I Start I

Figure B-17: Exam Instructions Interface

Alter Selecting Ail Correct Answers Click on Finish Button
Section Multiple Choice Questions
QNo.l 1ME equals to  Bytes?
 1000bytes
0 512hytes
 1024bytes
 2048bytes
(QNo.2 HTTF protocel is use for?
 transfer web pages

 for communication
 writing the code for web pages
 all of the above
QNo.3 Which 15 basic unit of storage for computer memory?
O bit
 byte
 mega
 tera
QNo.4 which is the default scripting language for the internet explorer?
' wh script
 java script
 java
 pearl
QNo.5 Find the basic matkup language for developing the web pages from the
following list.
CCss
C HTML
CIAVA
CCH

Figure B-18: Unique MCQ Paper
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After Selecting Ali Correct Answers Click on Finish Butfon
QNo.1 IT= runs on the chent mackhne.
" True
i~ False
QNo.2 BEAN contains data permanently.
" True
i~ False
QNo.3 C++ iz a case sesibive language
" True
i~ False
QNo.4 one character consumes 2 bytes of memory space
" True
i~ False
QNo.5 ITF S file system provides less protection than that of FAT systern.
i True
i~ False
QNo.6 Java iz a scripting language.
" True
i~ False
QNo.7 EAN bus speed iz more than hard disk speed
" True
" Falzse
QNo.8 javascript 13 not a case sensitive language
" True
i~ False
QNo0.9 Classz 1z not a data tyvpe like other data types

Figure B-19: True False Unique Paper

Final Student Report

Student Name: Kamran
Sindent ID: s1002
Exam Title: Computer Fundamentals
Total Marks 20
Obtamed NMarks: 15
Percentage (o) T5%
Graide: A
Exam Dretals
Exam Details
stons Secticn Mame Marks Obta Corr
1 Muliple Chedee Questions 10 3 8 2
2 True False 10 7 7 3

Figure B-20: Student Final Report
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C. Existing Computer-Based Testing Systems
Most of today’s automated test systems are part of so called Computer-Based Testing

Systems (CBTS). These systems provide the ease of presentation software coupled
with branching and interactive capabilities, integrating text, sound, graphics,
animation, and video with good performance [22]. The following section gives an
overview to the existing computer based testing systems.

C.1 Blackboard
Blackboard is a course management system that contains many online tools such as

discussion boards, chat rooms, online testing, survey tools, grade books, and content
areas. Materials placed in Blackboard are password protected and available only to
authorized users. Blackboard works well for web courses, hybrid courses, online
communities, committees and collaborative projects, clubs/organizations and training.
C.1.1 Features

C.1.1.1 Kind of Assessment

Blackboard provides a number of different kinds of evaluation or assessment. There
are two basic kinds: the Survey and the Quiz/Test.

Surveys record answers anonymously: they do not indicate which student
answered. They are typically used for course evaluations and opinion polls.
The Quiz/ Test format allows the instructor (1) to assign points to questions, (2) to
have the questions graded, and (3) have the results for each student added into the
grade book.

C.1.1.2 Assessment Pools

Assessment Pools are groups of questions that are stored for repeated use. Although a
Pool is attached to a particular course/subject, Pools can be imported or exported to
other courses. Following are the question types, which are used in Blackboard.

Multiple Choice Questions
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Multiple Selection Questions

Fill In the Blanks

Short Answers Questions

C.1.1.3 Management of Grade Book

The Online Grade book posts the grades of all Blackboard assessments. All grades are
automatically added to come up with a total. The Online Grade book can be used to
post the grades in a timely manner and in a way that students can easily access.
Student access is limited to the individual's own grades [26].

C.2 CASTLE
The CASTLE toolkit has been developed so that Tutors and Course managers can

create on-line interactive assessments quickly and easily without any prior knowledge
of HTML, cgi, or similar scripting languages. They are freely available to institutions
and they are now part of the Talent project which aims to enhance teaching and
learning through the use of web technology [27].

C.3 CQuest Net
CQuest Net delivers tests through the web browser. Developed for managed Intranet

and Internet web servers, CQuest Net delivers tests which are generated using
Microsoft Internet Explorer 5.x or higher and Netscape 6 or higher [28].

C.3.1 Features
Program-Generated HTML (No HTML or web programming knowledge required.)

Multiple Question Types

Multiple Selection Types

Multi-Media support with each question.
Immediate/Automatic scoring and recording

Display Correct Answer
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C4 WebCT
WebCT is a suite of educational tools that allows an instructor/designer to create a

web-based interactive learning environment. The learning environment includes:

Educational tools to facilitate learning, communication, collaboration and
evaluation of learning administrative tools for managing students and the course
design tools for constructing the course (color schemes, page layout, etc). WebCT can
be used to create entire on-line courses, or to enhance learning in classroom-based
courses.

C.4.1 Grade Management
The course facilitator (and designated markers) can enter grades for each student.

Grades are also automatically entered when on-line quizzes are marked.

C.4.2 Student Self-Evaluation
This tool allows the addition of automatically graded multiple-choice questions to any

page of course content. Questions and answers can have multimedia content. When an
answer is selected, WebCT displays an indication of whether the choice was correct,
along with an explanation of why that choice was correct or incorrect [29].

C5 WebMCQ
WebMCQ provides corporate trainers and educators with an easy-to-use system for

presenting and managing questions on the World Wide Web [30].

The software provides clients, employees, and students with flexibility in
terms of time and place, as they can log in to complete practice questions from home,
school, university or work, confidence and ability to work independently and at their
own pace when answering exams and quizzes increased motivation as they have the
opportunity to receive and respond to individualized material presented in an

interactive format.
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