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ABSTRACT 
Many academic  institutions  require  the  exam papers  to  contain  a  significant  share  of  descriptive 
questions. These exam papers generally have a fixed (for a given program in a given university) and 
complex structure consisting of sections,  sub-sections, optional  question sections, etc.  Maintaining 
such paper patterns and setting up a question paper based on a specific pattern is a tedious task in 
absence of a proper setup. Evaluation of answer-sheets of such question papers is also a non-trivial 
task and often error-prone as the entire task of allocating the marks, calculation of marks in optional 
sections,  calculation  of  total  marks,  etc  is  done  manually.  Complexity  involved  in  various  tasks 
involved in managing such exams can reduce substantially if online testing concepts are brought in 
providing  automation  and  assistance  for  these  tasks.  They offer  useful  utilities  such  as  question 
banking,  automated evaluation of objective-type  questions,  generation of question paper using the 
bank, report generation, etc. Even in an online setup, evaluation of exams consisting of subjective-type 
questions has to be done manually and inherit the problems faced in the offline setup. Very few testing 
systems available today deal with subjective exams and the related issues. 

In this paper, we describe an open-source, web-based testing system to address the above mentioned 
problems. The system provides various levels of automation and assistance for exam related tasks such 
as paper pattern creation and reuse, question paper creation, conduction of the exam online, evaluation 
of the questions online (manually). It is particularly useful for organizations conducting exams based 
on complex paper structure and mainly consisting of subjective type questions.  Such a framework 
offers  a  number  of  benefits  such  as  reuse  of  data,  reduced  time,  effort  and  paper  work,  useful 
assistance in - question paper creation, answering the question paper online, answer-sheet evaluation; 
reduction in human errors during evaluation,  etc,  even though the  assessment  of  answers is  done 
manually. 
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1 INTRODUCTION
Assessments are integral part of any educational organization's course curriculum. Typical assessment 
mechanisms in a course comprise written and practical examinations, presentations, etc [1]. In this 
paper  we  will  focus  on  university/school  type  written  examinations  only.  Most  of  the  Indian 
universities  require  the  written  exam  papers  to  contain  a  significant  share  of  descriptive  type 
questions. 

These exams are on a specific subject/topic and are scheduled in a specific time period. Each exam 
consists of a pre-defined question paper that has to be answered by the student. The question paper 
usually has a complex structure and predominantly consists of subjective type questions and a few 
objective type questions such as fill in the blanks, match the following, etc. Following subsections 
give a brief description of structure of a typical  university type exam paper,  and then discuss the 
challenges/difficulties in creating/conducting/evaluating such examinations. 
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1.1 Structure of Question Paper
The question paper starts with some useful general information such as set of instructions, duration, 
total marks, name of subject, exam etc. This general information is followed by a set of questions to be 
answered,  each  carrying  some  weightage (marks).  These  questions  are  organized  in  one or  more 
sections (sometimes called parts). A section can contain of one or more sections too. All these sections 
along with the instructions together make up a question paper.  Figure 1 illustrates semantics of  a 
typical university exam paper. 

Figure 1 Semantics of a university exam paper

Question and Section Types
Each question belongs to a specific category such as descriptive type, fill in the blanks, comprehension 
type, essay, etc. The various sections of a paper may be mandatory or optional – at question level and 
question group (sub-section) level.  
A section that is optional at question level usually belongs to one of the following types:
• Any N out of M – any N questions out of total M questions have to be answered. Each question 

carries same weightage here.
• A or B – Either A or B has to be answered, here A and B are two separate questions, each 

carrying the same weightage
• Max M marks – From the given set of questions any number of questions which total upto M 

marks have to be answered. Each question may carry different weightage here.
A section that is optional at question group (sub-section) level usually belongs to one of the following 
types:
• Any N out of M – N subsections out of the total M sub-sections are mandatory
• A or B – Either section A or section B has to be answered each carrying the same weightage
• Maximum M marks - From the given subsections any number of questions, belonging to any 

sub-section, which total upto M marks have to be answered.
• Any Nques out of Msec - Any N questions belonging to any of the given Msec have to be 

answered
The inherent complex nature of a typical university question paper structure has its impact on various 
exam related tasks such as question paper setting, appearing for exam, evaluating answer sheets, etc. 
We  will  now discuss  briefly  the  complications  involved  the  various  sub-tasks  in  managing  such 
exams.

1.2 Question Paper Setting
The question paper is based on a template viz. the paper pattern. Paper pattern is often specified by a 
university  or  academic  board  and  is  normally  followed  for  all  the  papers  within  its  purview. 
Universities generally repeat the paper patterns for certain exams over a period of time. Paper patterns 
can vary in the depth of detail from almost full freedom to high degree of specification. Usually along 
with the structure of the question paper, distribution of various types of questions across the question 
paper,  is also defined by the paper pattern. Some paper patterns also specify the overall difficulty 
level, distribution of questions with varying difficulty level, etc. 

We have already seen the complex nature of the question paper. The complexity involved in paper 
pattern creation lies in creating, validating and maintaining this structure. It needs to be ensured that 
marks of all top level sections total up exactly to the total marks of the question paper. Similar checks 
apply for questions/nested sections contained within a section. The total of their individual marks need 
to match up to the total marks of the parent section. Also the contents of a section must adhere to the 
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specifications  of  that  section  (i.e.  mandatory or  specific  type  of  optional  section).  If  a  section  is 
optional at question group level (Any N out of M type), all the questions contained within it need to 
have same marks.

Question paper creation comprises identifying appropriate questions as per the specification in the 
paper pattern and then associating it with the paper pattern to form the actual question paper. The 
subject faculty generally maintains a set of questions topic-wise and uses this bank while creating the 
question paper. However, these questions are maintained by subject faculty individually and there is 
no systematic mechanism for centralized storage of all questions related to a subject/topic along with 
various parameters such as marks,  difficulty level,  type of question, etc.  This makes  searching of 
question as per the constraints given in the paper pattern very difficult. Also there is no way to track 
other  information  about  a  question  such  that  how many  times  it  was  asked  in  previous  exams, 
suggestions for revision given by the examiners, etc. 

1.3 Appearing for the exam
Students answer these question papers in a proctored environment  within a restricted time frame. 
Students may crosscheck all the answers after completely answering the question paper.

After  initially scan of the question paper,  the student  may want to choose to answer some set  of 
questions first – may be the ones which are easy or the ones he knows well. Once this set answered, 
the student may want to look at the difficult questions. Sometimes the student may want to revisit 
certain answers again. This is in case of question that is difficult or if the answer is still incomplete or 
it is a question the student wants to revise later. Also during the exam the student may want to cancel 
an answer text. Cancelling or revising may be required during the final rechecking too.

In traditional setup there is no smooth mechanism to facilitate – choosing a question sequence to be 
answered first, revisiting an answer, completing an answer later, cancelling and rewriting, etc. In case 
the  students  answer  the  question in  sequence of  their  choice  they may miss  out  answering some 
questions. For revisiting an answer to revise or complete it, the student has to leave some space for the 
question in the answer sheet and then track it later and answer it. Canceling an answer/or revises an 
answer – requires cutting the original answer and then entering the revised one in the given space or 
writing  the  revised/remaining  text  at  the  end  of  the  answer  sheet  along  with  proper  reference 
information. This can give rise to untidiness in the answer sheet,  which may affect marks for the 
student too. 

The unordered answering of answers,  and disconnected answer pieces can introduce errors during 
grading. Also when the students fiddle around with the order of the questions, they have to manually 
keep track of questions answered, unanswered, to be revisited – this consumes lot of their valuable 
time. 

1.4 Evaluation of exam
Evaluation of the student answer sheets is another critical and time consuming task. The process of 
grading  an  answersheet  comprises  assigning  marks  to  individual  questions,  totaling  of  marks  of 
various sections, verifying the calculation of marks, etc. Evaluation is done by authorized examiners.

Examiners are given the question paper, answer-sheets and a master key. This key usually includes 
model answers to all the questions in the question paper. The examiner has to assign marks for all 
questions as per the key. Moderators are appointed in some examinations to verify/revise (if required) 
the marks assigned by the examiners. 

In a traditional setup complete answer sheet of a student is evaluated at a time. However, grading 
answers  of  some  questions  such  as  essays,  short  stories,  letters,  etc  requires  comparison  of  the 
performance of all the students in these questions and accordingly awarding the marks. In traditional 
setup to do so the examiner is required to go through all the answersheets, locate the specific answer 
and then do evaluation. This can be tedious if the number of students is large.
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Sometimes more than one faculty are involved in correcting a single answer sheet. These faculty are 
responsible for correcting specific sections as per their expertise. In traditional set up simultaneous 
checking of an answer sheet is not possible and there are also possibilities that some answeres are left 
unevaluated since none of the assigned examiners see them. The total mark calculation process can be 
done only after all faculty are done with evaluation.

Once the individual  questions are assigned marks,  the marks  need to be calculated for  the  entire 
question paper. This process requires the calculation of marks for all sections and nested sections and 
then totaling up these marks. Marks calculation at section level can be non trivial if the section is of 
special type such as optional at question level or question group (subsection) level.  In the optional 
type of sections (Any N out M type) if the student answers more than N questions/sections, generally 
marks for the best scored N questions/sections are considered for total grading. Some exams may also 
have a policy of selecting scores of first N questions/sections answered. 

The  total  calculation done  here  can  be  error-prone:  if  assigning grade  to  a  particular  question is 
missed, a section’s marks are calculated incorrectly, a question is allotted marks more than the max 
marks/less the minimum, etc. All this can result in erroneous calculation of the total grade obtained by 
the student. 

Generally the examiner verifies the allocation of marks, calculation of marks after the evaluation is 
complete. When multiple examiners are involved, rectifying errors (if any) involves the concerned 
faculty to fix the error – for each answersheet, one faculty at a time. Thus multiple faculty handling 
answer sheets makes the evaluation process more time consuming and error prone. Moderators also do 
a second level check. However this crosschecking process is very expensive if the number of students 
is high. Also since the validation checks post evaluation are also done manually, it may leave some 
errors unresolved. 

2 ONLINE SUPPORT FOR DESCRIPTIVE TYPE EXAMS
In the previous section we looked at the complexities involved in managing descriptive type exams. 
This  complexity  can  reduce  substantially  if  online  testing  concepts  are  brought  in  providing 
automation and assistance for these tasks. This can be done by using technology to provide various 
level of automation and assistance for complex tasks such as question structure creation, question 
paper creation, maintaining question bank, etc. 

Storing  the  questions  in  an  online  question  bank  can  facilitate  ease  in  search  based  on  various 
parameters [2]. It will be useful if some statistics are available with a question such as number of times 
it was asked previously, suggestions for revision on the question by examiners, etc. to avoid including 
a question asked many times before and revising the question as per the suggestion given by the 
examiners. Exams can be conducted online to obtain the exam data in digital format. 

Once the exam data is available in digital format, the evaluation can also be done online by the faculty. 
Automatic evaluation of descriptive type questions is a separate research topic [3] and [4].  In this 
paper we restrict our discussion to manual evaluation of descriptive type questions using online tools. 
The process of correcting the answer sheet online can be simplified by providing relevant assistance 
such as tracking progress of evaluation, performing relevant checks while allotting the marks for a 
question, etc. It will be useful if there is some mechanism which facilitates evaluation of one question 
for all  the students,  to ensure uniformity in evaluation of such questions. The reliability of marks 
calculation can also be increased by automating the marks calculation task to some extent. 

Thus using technology for  assistance in  such examinations  has  a  number  of  benefits  –  increased 
reliability of results,  reduced time and effort,  ease in analysis  post evaluation, reduced burden on 
faculty,  efficient  reuse  of  resources  such  as  questions,  question  papers,  etc.  Many  educational 
organizations already have the infrastructure required to support online tests and have also started 
experimenting with such tools in their teaching learning activities. 
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Next section covers study of some online testing tools. Section 3 describes our approach. The design 
and implementation of the system is discussed in Section 4. In Section 5 we talk about the current 
status of  the system,  discuss the implementation challenges and current  limitations of our system. 
Section 5 looks at future directions, and concludes the paper

2.1 RELATED TOOLS
There are many online tools that support managing of online assessments [5]. We have studied two 
popular  testing  Tools  –  Moodle  [6]  and  Zoho  Challenge  [7].  We  evaluate  these  against  our 
requirements. 

Table 1. Tools evaluation against requirements

Requirement           Moodle Zoho
Support for complex 

paper pattern
N N

Question Banking Y Y
Question Types 

supported
Quiz: Multiple choice, fill in the 

blanks, comprehension type, 
Assignment: long answer type 

questions

Multiple choice, short answer 
(key word based) questions 

Evaluation of 
Objective Type 

questions

Automatically graded Automatically graded

Evaluation of short 
answer/ long answer 

questions 

Short answer: match with list of 
strings

Long answer (Essay and 
Assignment) Manually

Short answer type: automatically 
by exact string match

Question/Answer 
Editor

WYSIWYG HTML Editor Text Editor with a support to 
upload images

Support for Drawing 
Diagrams in answer 

editors

N   N

Analysis of questions/
question papers

Y N

Report Generation of 
Results

Y Y

Licensing Open Source, freely available Closed source, trial version is 
freely available on the web

As observed in the tools studied, the existing testing tools automate many testing-related tasks thus 
saving time and resources. They support a variety of question type – from multiple-choice, match the 
following, to short answer and essay type questions. Automatic grading of objective-type questions, 
random generation of question paper using the bank, etc saves lot of time and effort required to do so 
manually.  As exam data  is  available in  digital  format,  analysis,  feedback generation can be done 
efficiently. This also facilitates ease in search and reuse of exam data. Most of the tools are web-based, 
so can be accessed from any machine that is connected to network, using browser. Open source test 
tools due to their inherent benefits [8] are more suitable for needs of educational institutes.
  
Very few testing systems  available today deal with descriptive type  exams and the related issues. 
Tools such as Moodle do have a facility for descriptive type questions - assignment and essay – but 
does not have any support for complex ( like that of university type exams) paper structure. Also 
Moodle  doesn’t  now have  any  support  for  faculty  during  manual  evaluation  such  as  number  of 
question examined, number of questions not examined, etc. Also it doesn’t have any mechanism to 
help student to track the questions answered, unanswered, mark a question for revisiting, etc.  
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Even in an online setup, evaluation of exams consisting of subjective-type questions has to be done 
manually and inherit the problems faced in the offline setup. There is no tool known so far which 
provides support  for  handling complexities outlined earlier  like creation and maintaining complex 
structure of the question paper, Assistance in answering and manual evaluation of such exams online, 
conducting of such exams online. 

Taking into account the limitations of the existing testing tools, we proposes and built an open- source 
web-based testing tool which will be mainly focused on descriptive type exams 

3 APPROACH
In this section we will discuss how we address the issues mentioned in Section 1

3.1 Paper Pattern Management
Our system stores paper pattern independently from the question paper and these can be reused in 
various question papers. The paper pattern is displayed as a tree structure with the top most section as 
the root, internal nodes as sections and the leaf nodes as placeholders for questions [See Figure 2]. 
This makes it easy for the faculty to visualize the entire paper pattern and make addition/deletions in 
the tree as required. Each placeholder is also associated with parameters such as type of questions it 
can hold and maximum marks for that question. Currently the paper pattern tree supports addition of 
mandatory sections, optional sections at question level and at question group level (both of “Any N 
out of M” type) in a nested fashion. The paper pattern tree is displayed with color convention to 
indicate  any  errors  as  well  as  success  while  constructing  the  paper  pattern.  The  errors/warnings 
include leaving a section incomplete, total marks of the contents of a section exceeding total marks of 
the section and so on. Only a valid paper pattern will be available during question paper creation. 

Figure 2 Creation of Paper Pattern

3.2 Question Paper Management
Questions of various types such as descriptive, match the following, comprehension type questions, 
etc can be stored in the question bank along with parameters such as difficulty level, max marks, topic, 
etc.  The  paper  pattern  is  displayed  as  a  tree  structure  and  the  question  paper  creation  involved 
mapping appropriate questions to the leaf nodes i.e. the place holders. To ease the complex task of 
question paper creation an intuitive drag and drop interface is available for the faculty. The faculty can 
search for questions as per the constraints such as nature of question, marks, etc and then drag and 
drop the appropriate question to respective placeholder of the base paper pattern. All this is available 
on the same interface, so the faculty can actually see the question paper being constructed step-by-
step. The nodes, in question paper tree that is being constructed, are associated with intuitive color 
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convention. This is to indicate sections which are still incomplete/complete, place holders which are 
associated/not yet  associated with an actual question and so on. Similarly system ensures that  the 
faculty maps the appropriate type of question with the place holder.  Once all  the placeholders are 
mapped with appropriate questions, the question paper is said to be “complete” and only then it can be 
associated with any exam. 

3.3 Student interface
When the student chooses to appear for a specific exam, the question paper displayed on the screen is 
in a format similar to that of a traditional question paper comprising of: set of instructions followed by 
various sections and questions within the sections, each section and question clearly associated with 
respective maximum marks and instructions (if any). In addition to this full view, the question paper is 
also displayed  on  the  left  hand side  as  a  tree  structure,  indicating the  progress  of  answering the 
question paper with appropriate color convention. The student can select a question and answer in the 
text area, can do required formatting to the answer text using the inbuilt HTML editor. Timer on the 
top right gives him information of remaining time.  Our system allows the student to mark certain 
answer as “to be revisited”. Similarly student can select specific questions he/she wishes to answer 
first. The system helps the student navigate through the selected questions. The student can then come 
back to the list of other questions – unanswered, marked for revisiting, etc and answer them. Also 
cancelling a answer becomes easy in the online setup. Useful statistics such as number of questions 
answered,  partially answered,  not  answered,  is  available to the student.  As mentioned before,  the 
question paper tree nodes are associated with color conventions to indicate whether the question has 
be answered, unanswered or marked for revisiting. These statistics and relevant color conventions 
helps the student to keep track of the progress of answering the paper without explicitly investing any 
time to do so. 

3.4 Evaluation
Irrespective of the order in which student has answered the questions and the number of changes made 
by the student while answering; the questions are presented to the examiner in the order given in the 
question paper. This avoids hassles that would have arised in checking an unordered answersheet and 
the related problems. Objective questions are automatically graded, while descriptive type questions 
have to be graded manually.

Two types of evaluation modes are available for the examiner – “Question-wise” and “Student-wise”. 
“Student-wise” is  the traditional  way of evaluating complete answer sheet  of  a student  at  a  time. 
“Question-wise” evaluation mode allows evaluation for all  students for  a particular  question.  This 
mode can be useful to do comparative analysis of students’ performance for a particular question like 
essay, report, etc and is also useful if separate examiners are handling specific set of questions. 

During evaluation,  the  examiner  needs  to  just  assign  marks  for  individual  questions.  The  system 
calculates marks for all sections as per the policy defined for each section. In the optional type of 
sections - Any N out of M type - if the student answers more than N questions/sections, marks for the 
best scored N questions/sections are considered for total grading. Similarly calculation of total marks 
in the entire paper is also done automatically. This reduces the possibility of human errors involved in 
manual checking of answer sheets as well as reduces the burden on the faculty. Some useful statistics 
such as - no of unanswered questions, no of answered questions, etc for students is available while 
evaluation. This information is useful to track progress of attempting/correcting a paper. 

The  system  also  keeps  tracks  of  answer  sheets  which  are  fully  checked,  partially  checked  or 
completely unchecked. The faculty can check this statistics and accordingly publish the results. Once 
the results are published the students are able to view their results.

4 ARCHITECTURE AND IMPLEMENTATION

The data storage tier uses relational database (PostgreSQL) and XML files. Paper patterns, Question 
paper and Roles are stored in XML format. Use of XML makes the data more readable, makes it easier 
to express metadata and can also facilitate easy exchange of this data with other systems. 
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The system is implemented as a thick client J2EE, AJAX based application. J2EE technologies such as 
JSP,  Servlets  are used on server  side,  which interact  with the data  storage.  The server  side  code 
executes on a Tomcat server. On the client side we are using Ext JS [9]. Ext JS is a cross-browser 
JavaScript  library  for  building  rich  Internet  applications.  It  is  an  open  source  library  having  an 
intuitive and easy-to-use API. JSON [10] which is a lightweight data-interchange format is used for 
data exchange between the client and the server. Being a thick client application, the system utilizes 
the power of the client machine, thus facilitating the application to run faster.

For authentication we have used CAS (Central Authentication Service) [11]. CAS is an open source 
server component which provides single sign on within an enterprise. The underlying authentication 
mechanism is LDAP [12]. This facilitates easy integration of our system with other systems such as 
LMS, testing tools, etc.

5 CURRENT STATUS
The system, along with the source code, installation manual and user manual are available for use and 
download from our website here -> http://www.cdacmumbai.in/sef

Field evaluation of the system is in progress. We are making the system available to a few users – 
peers, teachers and corporate – on a trial basis for this purpose. Feedback is being collected on a 
variety of evaluation parameters such as usability of the system (Look and feel,  ease of use, user 
friendliness,  etc),  technical  aspects  (session  management,  cross-browser  compatibility,  etc), 
effectiveness (Teacher Perspective as well as Student Perspective), Performance, etc.

5.1 Implementation Challenges
Despite  numerous  benefits  of  the  proposed  system,  conducting  an  exam online  introduces  some 
challenges which cannot be overlooked. A university exam typically has hundreds of students giving 
the exam together. However many universities/schools do not have infrastructure to support online 
conduction of exams for hundreds of students at once. 

During the exam, the students will be required to key in the answers within a restricted time frame. So 
their  performance  may  get  affected  by  their  typing  speed  and  also  by  their  level  of  comfort  in 
computer  usage.  Some  questions  may  require  the  answers  to  contain  diagrams,  charts,  complex 
mathematical  equations,  special  symbols,  etc.  Thus,  sophisticated  answer  editors  are  needed  to 
facilitate drawing diagrams, charts,  etc in the answer area. Similarly the tool needs to have multi-
language support for language papers, and papers which require bilingual version of each question 
(e.g. Hindi and English) 

Though  the  exam  can  be  conducted  online,  it  needs  to  be  done  under  supervision  to  avoid 
unauthorized access and cheating. The exam data is very critical and therefore losing, corruption or 
unauthorized access of  the data can not  be  afforded.  The security mechanism needs to be robust 
enough so as to avoid intrusions, unauthorized access, avoid loss of data, hacking of the system, etc. 
Similarly  the  system  also  requires  a  good  recovery  mechanism  to  ensure  proper  recovery  (i.e. 
restarting the exam by restoring the state at which it got terminated) of the system incase of network or 
browser crash during the examination. 

5.2 Current Limitations of our system
The question/answer editor is basic HTML editor having the capabilities such as formatting, editing 
HTML source, including an external image, include some special symbols, etc. Currently it does not 
have any support for drawing figures, including complex mathematical formulae, etc. Currently any 
faculty has capabilities such as add paper pattern, create question paper, create question bank, etc. 
Also a proper access control mechanism needs to be in place to set permissions for various users for 
sensitive data such as question paper, answer sheets, etc. Also a mechanism is required to monitor at 
the runtime the examination. 
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6 Future Work
The system, though is currently usable and appropriate for class tests, it is being improved in many 
dimensions.  Following  is  list  some  future  work  planned  to  make  the  system  richer  and  more 
comprehensive to meet descriptive type exam needs:
• Analyze feedback given by various users in the evaluation phases and accordingly incorporate 

changes
• Enhanced Question/Answer Editor

o Basic HTML question/answer editor to be extended to include support for drawing 
diagram

o Multi-language support in the question editor 
• Grouping of Questions: Create groups of questions which will always be together and then 

enable  
assigning these group of questions to particular sections

• Associate statistics with questions such as number of times it is asked before, comments given 
by  
examiner/moderators. This will be available during question paper creation.

• New role of “Moderator” with responsibility to recheck the answersheets (post evaluation by 
examiners), override the marks given by examiners, etc

• Facilitate Examiners/Moderators to give suggestions for revisions in a paper
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