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ABSTRACT

This paper describes a new approach to computer based testing where lecturers submit questions via word document
which is processed to produce an examination, with student results analyzed and reported in a spreadsheet. The overall
process starts with lecturers sending question files in word document format via email to the service provider. The
questions are passed through the approval process using the editing system and then transferred to the examination
system. The examination system directly accesses information from the question files to create a test, which students
complete by inserting their answers directly into the spreadsheet file. Finally, the data are analyzed using spreadsheet
formulas and the report system sends the results to students' emails. The document based approach helps the system
implementation to be simpler and well accepted by the users while consistent with organizational requirements of moving
towards electronic data management.
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INTRODUCTION

Computer based testing (CBT) is commonly used as a tool for student assessment. Several research studies showed that
CBT improved student reasoning, and enhanced student interest’. The surveysz'4 showed that overall teacher attitudes
were positive to CBT and globally it is becoming very widely accepted as a valid assessment method. The positive
attitudes were explored into specific issues, concluding that CBT was easy to use, faster, consumed less time than written
examinations, reduced time for grading, improved the validity of testing, and was easier for statistical analysis. In
summary, CBT gains a lot of benefits compared to paper based testing (PBT) with little difference in testing performances’
®. However, there are some commonly identified problems in CBT such as it is hard to navigate between questions, a
student cannot take notes on the questions, and a computer screen can be harder to read’.

This project was established under the faculty vision of promoting e-faculty technologies by using innovation to gain more
efficiency but use less natural and human resources. According to the statement of purpose, the goal is to develop new
approaches to CBT for formative and summative assessment.

Generally, other CBT systems were mainly designed for web applicationl' 89 Web-based systems have the advantage of

managing the system from the server however the security is hard to control. Furthermore, not every user is comfortable
using a web application. Also, a web-based system requires close monitoring, regular upgrades, and sustained
maintenance. Our new approach addresses these issues by developing a non web-based examination system and
instead applying word documents and spreadsheets under a Java software system.

MATERIALS AND METHODS

The system was implemented at the Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand. The system was
designed to cover the full spectrum of CBT, from receiving examination questions, editing examination questions, storing
questions in a library, producing an examination for students to take, to reporting scores and basic statistical analysis. Our
target groups are medical students and health science students.

The system requires two basic components: computers with networks; and software. We used Ubuntu 12.04 for the
operating system and software written in Java for facilitating the examination system. We adapted an old networked
computer system which was previously used for the laboratory demonstration of pathologic section images and the
software was totally written by us using open source libraries.

The system contains six sub-systems:
1. Preparation system

First, lecturers prepare examination questions by filling information into tables in the word document templates'®. We call
this template file the “question file”. The question file requires general information such as the name of the course,
lecturer's name, type of question, level of question (recall, identify, interpretation, apply), the topic corresponding to Thai
medical competency assessment criteria for national license, references, and examination information such as question
stem, choices, correct answer, and keywords. Each item of information is fixed to be filled in a specific cell in the table
because the software selects data according to the corresponding cell position. First, lecturers download the template to
prepare the examination contents by themselves. Special characters and text styles have to be written in html format and
sub-content is separated by paragraph. Second, the lecturer fills in a list of students' names, identification numbers,
emails, and other examination properties into a spreadsheet. We call this spreadsheet the “examination detail sheet”.
Finally, the question files and examination detail sheet are sent to the examination system assistant's email.

2. Editing system

The administrative assistant consolidates the question files and imports them into the editing system. The system
generates an identification number for each question file, makes a copy, stores them in the storage directory, and records
the question data into a MySQL database. The original contents are kept as the word document files whereas the data in
the MySQL database are used only for searching and filtering questions. The lecturers can use the editing system to
search for question files, including access to previous examinations on a similar topic. The searching criteria are
constrained by question properties. The search results show a list of the names of question files. The users choose a
guestion from the list to view and edit the question in Libre office writer. The editing system monitors the file update while
the users are editing questions and simultaneously update the data in the MySQL database referring to the change of
data. After all questions are completely edited, the lecturer either uses the editing system to export the questions into one
examination sheet for using in PBT, or exports the questions into a question file in CBT.

3. Examination system

The system assistant transfers the question files and examination detail sheet into the examination system server. The
system assistant starts the examination system to retrieve data from question files and transfer question data to client
computers. The master system on the server sends the command triggers to control all client computers, such as
executing software, starting the examination, stopping the examination, closing software, and shutting down. When the
students select their answer, this is transferred back to the main server and recorded into the examination detail sheet. An
optional survey can be included following the test. The system retrieves survey questions from the examination detail
sheet and renders these to the client screen after students submit their examination. The results of the survey are sent
back to the system and recorded in the questions detail sheet.
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4. Monitoring system

The system monitors the progression of students' examinations. Grids on the server screen show a progress bar of how
many questions that each student has completed. All trigger events, either from the server or the client, are recorded into
another spreadsheet as a log file. The system monitors the action on the main client panel. Several CBT systems
minimized the invigilation risk by using accounts to login, identification, real time monitoring, digital certification, data
transmission under secure protocol, randomized questions, time limited questions, right click disable. We applied these
regular methods, and specially designed two additional features: a full screen mode and deactivation trigger. The panel on
a client examination screen was displayed in full screen mode in order to protect the system. A trigger event was added to
the panel so that when the panel is deactivated, the panel is automatically locked. Only the administrative assistant can
unlock the panel.

5. Grading system

The system was designed as an auto-grading system by using spreadsheet formulas. The formulas automatically
calculate the number of questions, number of students, maximum score, minimum score, average, standard deviation,
minimal passing level, and Kunder-Richardson formula 20,

6. Report system

A Java application reads information in the spreadsheet, creates a result within an html template and sends the results to
student emails. The system required two additional libraries: the Apache POI is used for accessing information from the
spreadsheet; and Java mail API*? is used for sending examination results to student emails.

Special features of software development and system design
1. Access Word document Information by using Apache POI

Microsoft Word 2007 file format is used as a template for filling question data in the preparation system. The editing and
examination systems apply Apache POI to read information from these question files. Apache POI'3, the Java API for
Microsoft documents, is an open source tool for manipulating data in Microsoft Office. In order to get correct information,
we created tables in the question file for modeling the structure of data input. The input can be either text or images. The
image is simply inserted into the document and set as an anchor as a character. The content in each table cell can be
separated into paragraphs for making many question stems and separated keywords.

2. System security

The system infrastructure was designed to separate the examination network from the internet connection and the server
was placed in a separate room from the examination room. The examination system provides a randomized option for
ordering questions and choices in order to increase the difficulty of copying answers. The identification code of each
choice is embedded before the choices are shuffled. The system uses hidden identification for scoring without the effect of
shuffling. All questions and software are kept in the server and only during the actual examination the data are temporarily
transferred to the client computers within a closed secured socket. The results of examinations are kept confidential and
individual results are sent to corresponding student emails. The examination system was not designed to have a
permanent database on the server. After the examination is finished, the examination results in the spreadsheet are
allocated back to the user and nothing is left behind in the server.

3. Data allocation

In the client computers, the software does not contain any question contents or even examination software but it works as
an initiator using a Java class loader. The Java class loader dynamically loads all necessary classes from the server when
the software is initialized. This simplifies the process for doing software updates by replacing an updated version only on
the server and protecting examination software from unauthorized persons. The system pulls question information from
question files and examination properties from the examination detail sheet. The server creates a set of graphical
examination panels containing the examination information and sends the package to the client computer. The client
computer converts the input from the server to the graphical examination panels and inserts them into the main panel.

4. System management for securely saving answers to the spreadsheet

The limitation of recording answer responses from the examiners to the spreadsheet is that multiple users cannot access
the spreadsheet at the same time. Multiple accesses can cause the file to crash and lose data. In a real situation, over a
hundred client computers send information to the server for every performance of starting an examination, choosing
answers, submitting the examination results, and filling in a survey. Each event is created as a thread and sent
independently to the server. Consequently, multiple threads are created while the students are taking the examination,
with the very high risk of creating multiple accesses. However, the purpose of running multiple tasks in parallel is to avoid
the disruption of the main examination process. In Java programming, the synchronized method and join method help us
to organize the multiple data entries to be a single stream line. The methods permit only one thread to do the job and wait
until it finishes before the next thread can enter. We applied these methods to make sure that multiple accesses will never
happen.
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5. Using a spreadsheet as a database and analytic tool

Most CBT systems use a MySQL database for data storage because it is well designed for manipulating data, however it
requires a server, security system, well trained assistant, and sustained system maintenance. With our new approach, the
system does not require a database for collecting questions. The system was designed to apply a spreadsheet for data
management instead. Using the spreadsheet decreases the step of data processing. The data are directly inserted into the
cells of the spreadsheet and able to be further analyzed in any computers. The auto-grading system uses existing tools
from spreadsheet formulas. The formulas are set before the results are filled and they calculate basic statistical analysis.
The results of the examination show immediately after the examination finishes. For example, we used 'IF' spreadsheet
function for matching the answer and sum the scores in one cell. Although the new system did not significantly decrease
the process of calculating examination results compared to the PBT, the score is ready to use immediately after the
examination ends without the need of a specialized score analyzing machine.

6. Execute remote GUI software

Basically, we can directly execute software on each client computer. However, it takes long time to launch software on
each individual computer especially when we have many computers. Using a combination of SSH and the Expect script
language helps us to reduce the workload by sending a remote command from the server to client computers. Each
computer must have installed the openssh-server**, openssh-client', and expect script library™ before using this protocol.
The server communicates to client computers over a network using the SSH protocol. The automated login and program
executing commands are performed by the Expect script. The Expect script interactively sends requests and passwords to
client computers to establish the SSH connection. After the connection is successfully created, the Expect script sends a
set of terminal commands to execute the examination software and finally close the connection.

DISCUSSION

Initially we developed a web-based system according to information from other CBT reviews for building a question
database but this was not successful because the users struggled to adapt to the new web-based system. The users were
familiar with and preferred to prepare the questions in word document format and send the questions via email. After we
received very low attitude feedback from two web-based examination system workshops, we finally decided to cancel the
web-based system and use the word document system with the submission by email. We learned from this pitfall that
seeking technology to build a system based on user preferences is more effective than forcing users to change.

The new system provides options to create several kinds of questions rather than just plain text. High quality color image
is a big advantage for examinations in anatomy, pathology, hematology, parasitology, dermatology, and radiology.
Multimedia such as VDO, sound, and animated clips can also be inserted in the questions. The VDO plays an important
role in physical examinations, and abnormal signs. The sound can be used for heart murmurs, abdominal sounds, and
abnormal breath sounds. However, multimedia options are still in the future plan of project development. At the moment,
we focus on the system validity, security and stability issues.

Follow-up surveys about student perceptions of the CBT were performed after three different examinations, with a total of
545 students. The results showed that over 80% of students were satisfied with the CBT and 73% of students preferred to
use CBT to PBT in a final examination. The percentage of CBT preference was slightly decreased because some students
preferred to use CBT as a part of the learning process, for formative assessment, and for small summative assessment.

The first survey showed that students' main complaint about CBT was that it was inconvenient for taking notes.
Sometimes, the students wanted to do calculations, draw a mind map, or exclude wrong choices. We discussed this
problem and came up with two possible solutions. The first solution was to add a sheet of notepaper for the examination.
This solution increases the paper use but it is simple and does not require advanced technology. The second solution was
to incorporate using a touch screen and/or pen mouse to take notes on the screen. We could write software to support this
option and still keep the paperless goal but we would have to invest for the touch screen and/or pen mouse which is not
cost effective at the moment. In the third examination, we added a piece of paper for taking notes. The third survey
showed that 73% of students responded that having notepaper affected the result of the examination. This result implied
that the note is helpful but not essential in the process of CBT. Other student complaints were that the computer screen
was harder to read and caused tiredness of eye concentration. We could diminish this problem by adjusting background
color, font style, and font size.

In summary, our CBT increased privacy, security, data validity, and efficiency of time and data management. The lecturers
simply send question files without the additional processes of filling questions onto paper, duplicating papers, handing
papers to students, collecting papers from students, ordering answer sheets, sending answer sheets for evaluating results,
and grading students. Furthermore, it decreased paper usage and processing and delivery time. For instance, the first
formative test with 30 questions and 250 students could reduce paper usage by at least 2,750 sheets.

CONCLUSION

Applying word documents and spreadsheets under system processing by Java software is a new approach for the CBT
system. The existing user familiarity with word documents and spreadsheets is very helpful to implement the system
without requiring sophisticated technologies or expensive training. The system is suitable to be applied to other situations
where there are conditions requiring non web-based systems, limited computer and programming experts, and a low
budget for system implementation.
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