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ABSTRACT:

Assessment of knowledge is a crucial part of the learning process. Tests have a strong
influence on students and must challenge the objectives of the lesson. The administration
of these tests, if user friendly to student and teacher, will reduce the anxiety of the
educational partners. Computer Aided Assessment (CAA) provides the opportunity to
implement an efficient and purposeful testing mechanism.

The research seeks to address the development beyond the ‘standard’ elements of
Information and Communication Technology and to explore an alternative method in
which educators may acquire and utilise the enormous information resource of the Internet.

The comparison to the computer based element of the study was a revision textbook
specifically produced to address the short answer questions from the geography syllabus.
The print was transferred to digital format and presented as an innovative Web site, a novel
method of assessment within Irish Education. The use of multiple choice, ‘fill-in-the-
blank’, matching and text input question styles are examined in relation to their use.

The administration of testing the lesson material was performed through the Web site.

The system development between the Web browser and server based on forms written in
Hypertext Mark-up Language and availing of the National Centre for Supercomputing
Applications - Common Gateway Interface access, allows for answered tests to be
submitted for correction. The response from the server is a page from the submitted
answers available to the teachers for assessment.

The associated research sets out to correlate geography test results which were carried out
in contrasting modes of ‘pen and paper’ and Web site. A total of fifty eight students were
tested and the matching of students with equal reading ages realised a sample population of
twenty.

Quantitative results were realised and correlated from the computer aided and the written
tedts of the project and the previous formal house test of the summer. The Computer Aided
Assessment (CAA) method of testing showed significantly higher achievements in grades
and percentages for students than those using the traditional ‘ pen and paper’ method. These
results were mirrored in the responses from the quantitative assessments, where a positive
attitude to CAA was encountered.

Application for cross curricular implementation is documented in relation to its application
to the Junior Certificate Examination.



The paper concludes with the implications of on-line assessment for the participants in the
educational environment within the virtual classroom.

1. INTRODUCTION

The aim of this work is to examine the functionality of testing in the field of Computer
Aided Assessment, (CAA). This is based on the development of a testing mechanism for
the purpose of assessing students in the subject area of geography in preparation for a
National Junior Certificate Examination.

A revision book produced specifically for the Junior Certificate geography syllabus,
‘Down to Earth’ (Guilmartin 1996) was used to compare computer aided assessment.
Transfer of the printed format to a digital one presents the subject matter in a completely
different perspective. The very nature of this effects all the educational partners -author,
teachers and students.

Within this research the advancement of the Junior Certificate Syllabus into the age of
technology by examining the computer as a means of preparation, presentation and
execution of tests and examinations under the auspices of CAA. The computer is viewed as
a viable tool for assessment, which may provide the learner with a new link to the world
instead of funnelling all educational programs through the teacher.

Examination and test skills are prepared by drill and practice and developing strategic
awareness of the layout and format of the examination paper. Tests utilise many different
styles of questions, including the Multiple Choice Questions (MCQ), “fill-in-the-blank’,
matching and text input. Computers are capable of adapting these questions to realise an
interactive setting. Results, accompanied by feedback, will diagnose the level of learning
attained and benefit those concerned with the test be they student, teacher, parent or
relevant bodies.

A historical timeline of the Irish Educational field is outlined as a background to the
implementation of technological based initiatives in association with the development of
Information and Communication Technology (ICT). Its instigation in the 1970s was slow
yet its meteoric rise and development in the 90s is welcomed.

The provision of questions applicable to the syllabus are presented, using the Internet, on a
Web site. Students can assess the attainment of lesson and course objectives in an
interactive manner. Access to this resource based learning mechanism relating to the
geography syllabus, is available on any computer platform as well as outside normal
school hours.



Test/Examination

Standardised tests are a selective mechanism. They are the conventional yardstick of
educational performance. Criterion testing analyses lesson effectiveness in terms of student
learning. The student may have misunderstood the subject matter, and with feedback this
situation can be addressed. Mastery of learning embraces two stages of instruction. First,
students are told that there are expectations. Secondly, they are provided with the means to
evaluate their performance.

Within this dissertation an examination implies formal questioning which tests
performance at the end of a course, or for a National Examination. Based on the
examination the student is awarded a Certificate.

The key to a successful lesson is to test it, lessons always require revision. A test must
possess an objective, it must be clear in what you want to test and is reflected in the lesson
which is structured on the syllabus objectives. Length of tests vary on the syllabus content
and depth of knowledge deemed necessary to be examined.

Question Design

Test delivery methods include the ‘pen and paper’, optical mark reader (OMR) and the
computer aided assessment (CAA). The design of questions is imperative to a successful
test and should contain a number of qualities. Tests should not consist of strings of leading
questions, nor of interrogatories to be answered by simply true or false. Questions must
provide the correct stimulus, test the objective, be specific to question, contain no
ambiguity, and be user friendly. Writing good questions is a demanding task. To be a good
examiner requires previous training. A well trained examiner who knows the subject in
hand, ‘will not only gauge the knowledge but will take true note of the faculties of those
who come before him’ (Madaus 1991).

The teacher must seek to develop the intellectual side of the student by presenting a
challenge, where they are in control, arousing the cognitive and sensory curiosities of the
students and places them in a “fantasy’ situation. CAA, the alternative method of testing to
the traditional, aims to achieve this goal.

Working M odels

A number of the working examples of CAA have been selected including the Universities
of Leicester, Derby and Durham, the Castle site and the commercial products available.
The models selected are those which are available on the Internet and specifically related
and applicable to the subject area of geography.

Web Site

The procedure for accessing this virtual test is a purpose built Web site. A Uniform
Resource Location, (URL), gains access to the Association of Geography Teachers of
Ireland (AGTI) homepage which contains a link to the test site at URL: www.iol.ie/~agti/.
Three tests are presented - Earthquakes and Volcanoes, the Weather, and the River.
Selecting the required test enables the commencement of the testing process. Initially,
details of identity are required, for administrative purposes. Topic questions, which vary in
structure are then presented to the students.



The magjority of on-line tests ‘that are currently available on the Internet are usually based
on formsin HTML format’ (Moore 1996). To receive data from the user of the Web page
the <form> tag is programmed in Hypertext Markup Language and the data is sent to the
Common gateway Interface script which accepted it. When a CGI script is called aresult is
returned to the Web server, which sends it to the Web browser that requested it. For CGI
programs to work the Web server must be configured to allow CGI access. CGl is viewed
as a security risk systems administrators and denial of access is immediate if unauthorised.
The server providers can only give authorisation for CGI scripts usage.

Forms in HTML format were tested using the facilities provided by a special test server
running at the National Centre for Supercomputing Applications (NCSA) at URL;

<form action =" http://hoodoo.ncsa. uiuc.edu/cgi- bin/post-query” method=post>
The use of this CGI-bin was an essential element in the testing and implementation of the
assessment. The CGI is the recognised method of communication between the HTTP

server and the gateway program.

2. EVALUATION

Prior to the sitting of the tests the students undertook a silent reading test which would be
used as a method to match pupils of equal reading ability with results. This also permitted
the introduction of a random sampling of the students for comparison purposes. The
documentation of the correlation between the written and computer tests realised the
statistical data.

Quantitative data was sourced from geography tests during and prior to the research.
Scores were obtained from the students reading age, computer aided assessment, and
written tests. The written summer 1997 and project test results were compared. Correlating
the results enabled the study and measurement of the relationship between the two
variables. These correlations were applied to three sets of data, categorised as A, B and C.

A. Project tests for the written and computer aided.
B. Written test of the summer 1997 and of the computer aided project test.
C. Written tests from the summer 1997 and the project.

Correlation of Tests

Comparison of the project written and computer aided tests revealed that there was a
significant difference in the percentages achieved.
80% of the students recorded higher percentages for the computer aided assessment.
50% of the population scored 20% or higher than in the written tedt.
75% were higher by 10%.

Correlation B
Examination of the correlation between the summer written test and the computer aided
assessment showed a significant improvement of the grades Table 5.2.

Overall 90% of the students improved their grades.

55% of the students improved the grades by 20% or higher.

75% of them had a 10% or greater grade improvement.



Correlation C
Comparison of the summer written and project written tests show improved results for
50% of students. This test was carried out in May 1997 and are the grades of the last
formal house test of the students participating in the research. This is the study of class 1
and the increase in knowledge and grasp of the subject is expected at this stage of the
course. The students are nearing the national examination and are consequently more
motivated. The results have improved to a lesser degree than the other correlation’s.
However the degree of improvement is not as significant as the comparison with the
computer aided assessment.

20% of the students achieved an increase of 20% or greater

35% achieved an increase of 10% or greater.

Grades Achieved

Comparison of the test in relation to the percentages of students who failed, passed or
achieved an honours concur with the general finding of overall improvement of grades for
the computer aided test. The correlation of students taking the tests shows a significant
gain in the computer test in the related sections of the grading system. Written tests show a
uniformity of percentages in the groupings of fail, pass or honours. The significant factor is
the 80% who achieved honours from the computer test. Written tests have a high degree
(40%+) of failures compared to the computer test (10%). These correlation are significant.

Student Grades

Student Grades

Project |Summer |Summer |Compute
r
Written  |Written |Written  |Test
Class1 [Class 2
Honours |25% 20% 20% 80%
Pass 35% 30% 35% 10%
Fail 40% 50% 45% 10%

Percentage increases indicate that the test based on CAA had a positive effect on the
sample study of this dissertation. Written test of the project and summer showed some
improvement. This is to be expected as the have completed two and a half years of
geography studies. It is the significant difference between the other tests that are the most
striking. The percentage of the students who gained higher grades, is revealing and
significant.



Testing the Hypothesis

The mean scores of the tests were calculated. The standard deviation was calculated and a
Student t test was used to test the equality of the parent means.

Testing the Hypothesis

Tests Mean Populatio |Standard |Sample |Student t
n
Mean Deviation|Size Statistic
A 62.35 46.3 16.76 20 4.17
B 62.35 41.85 16.76 20 5.34
C 46.3 37.85 20.3 20 1.81

At the 95% confidence interval the standard error of the mean from the standard deviation
has been calculated. The value with degrees of freedom is 2.093.
The Null Hypothesis states that there is no difference between the parent means.

Test A and B were outside the accepted limit, the null hypothesis is rejected and conclude
that there is a difference between the parent populations of the project correlations.

Test Ciswithin the limits, the null hypothesis is not rejected, the population mean could be
asserted.

The data gathered indicated that the methodology of Computer Aided Assessment has
proved beneficially within the educational framework of the Junior Certificate Geography
syllabus within the context of the study undertaken for this dissertation.

Qualitative Data
The qualitative aspect of the research was realised from a questionnaire, interviews and
observations during the tedts.

The questionnaire contained thirty questions which were of the ‘tick the box’ variety. It
was issued to the students who had completed the two test methods. A total of fifty eight
questionnaires were distributed and the completion rate of the test and questionnaire was
total.

3. QUESTIONNAIRE RESULTS

Technology
Over half (53%) of the students had a computer at home yet 90% could not access the
Internet from home.

Test contents

59% of the students enjoyed working through the test with 10% having a total dislike.
Addressing the needs of the students with the topics covered was agreed by 76%.

83% understood the questions while 88% agreed that the relevant geography aspect had
been covered.



Test

Enjoyment of working through the test was expressed by 58% but 10% disliked it very
much. Using the computer as a testing mechanism met with the approval of 71% of the
students, while 10% disliked it very much.

Web Site

The ‘ease of operating’ the computer as opposed to the Web site was positive. 76% and
67% respectively. The difficulty of use was greater for the Web site (19%) than for the
computer (12%).

Ease of using the “Web site’ as opposed to the “Web site test’ revealed that the students
were happier (67%) within the Web site test 8% disliked the site. Accessing the site as part
of their home studies was responded positively by 43%, while 40% remained unsure.

The percentages received reflects the quantitative elements of the utilisation of Computer
Aided Assessment. The replies met the general agreement that CAA is acceptable by the
research population even though only 10% were connected to the Internet. Pen and paper
tests are liked by 38% of the students.

Student Discussion
The purpose of the interviews were to obtain valuable insights and suggestions for test
improvement and gain an understanding of the difficulties the student has with the system.

The main outcome of the discussions was the delight in using the computer for a practical
purpose ie the introduction of computers into subject areas such as geography. They
welcomed the availability of the site as a revision aid with flexibility of accessibility
especially its access while out of school. The general consensus was one of pleasure and
the expectation of testing using the computer as the norm.

Working M odel

The pursuit of the development of an innovative, fully interactive, self marking CAA
mechanism was an objective of this dissertation. Progression would utilise HTML, CGl,
Perl, Javascript and Java but this did not come to fruition in this project. A number of
obstacles and revelations were encountered in seeking such a target. HTML along with a
CGI bin URL realised a working model but without the establishment of a virtual server
the full process of CAA is not possible. The development of an interactive Web site using
CGl requires clearance from the Web server providers but the cost is prohibitive to second
level education.

The advantages and disadvantages give an insight into the aspect of CAA as encountered
for this research.

Advantages of the Proj ect

It is a self administered revision/assessment with minimum distractions, presented for a
mixed ability audience of students.

The Web site is user friendly with progressive links, between pages culminating in the
students completing tasks on the geography syllabus. Designed with no ‘bell and
whistles’ thus avoiding distractions.



Learning by doing is flexible, self paced and available outside normal school hours. The
use of standalone or networked computers is possible and available on any computer
platform.

Hypertext enables selectivity where individual choices are taken. Selection of the topic
required is under the user’s control.

It offers the opportunity to poor writers as well as the physically disabled to access
revision material other than the textbook. The student is required to be familiar with the
keyboard, mouse and inputting of text on the computer.

The teacher is not required to be a programmer but a facilitator for the student to guide
them to the site and receive the feedback from the CGI script. The teachers’ if computer
literate, can instigate his/her own Web site using this example as a template. Adoption
to the teachers’ own subject area can realise a cross curricular aspect to CAA.

Teachers save time on composing, and correcting of short questions. The marking or
scoring system is more objective and is not subject to personality preferences.

Subject matter can be updated and improved upon periodically unlike text books which
is a slow and expensive process.

Downloading of the Web site during off-peak times will allow the student to practice
the skills necessary for completion of questions as well as revision of the subject
matter.

The site delivers a range of information to meet differing needs as well as a strategy for

coping with large numbers of pupils.
Feedback is a common omission or slow process in the more traditional testing

methodology.

Educational testing material is accessible in the home. The student can proceed with the
means to develop the examination skills required while revising the course outside
school hours which meets with parental approval.

Saving on the amount of paper used compared to the normal hardcopy methodology is a
consideration for the future in a society where environmental issues are at a premium.

Disadvantages of the project
Teachers may not feel comfortable with the technology thus avoiding the Web site.

The availability of proper hardware to instigate this procedure within the school may be
lacking.

The cost for a school to have telephone lines openly available for Internet access.

The availability of sufficient computer stations to the number of students in the class
may also be a difficulty.




Connection to the Internet is necessary in order to receive feedback.

Implementation of CAA using a Web server is not financially viable for secondary
education. The teacher must ill correct the paper but the manner of correction is more
user friendly. Development of test material whether programming of HTML, CGI or
Java for the teacher may be off-putting.

The level of technical support required to run such a system. Technological back-up is
essential to ensure its continued success.

Web Site Presentation
Investigation into the various methods of presenting CAA revealed the following:

Javascript applets allow questions and answers to be constructed but the efficiency and
objectively of testing is limited. Students on the input of answers will immediately
receive feedback, a procedure available from other packages. Javascript if placed openly
on the Web, has the disadvantage of having the answer contained in the source code.
Accessibility to these answers is not the ideal setting for the testing of students.

Java is a language, which will allow questions to be placed on the Web and receive
feedback. It would seem to be the solution to the application of on-line assessment.
Availability of personnel with in depth knowledge of Java was difficult to encounter.
‘Give it a few months and things will be different’ a quote from one who had a handle
on every other language but was working on Java, as many people seemed to be!

QM Web is a commercial product for the placement of questions on the Web which is
an expensive solution.

Research Revelations

The research (pertaining to this dissertation) has revealed a significant improvement in
student grades who used the CAA Web site compared to written tests taken during the
project and from the previous formal test for the subject. These results are not generalised
and should be taken in context. Further research is required to realise a generalisation of
the finding on CAA based on this dissertation.

Cross Curricular Application

Reference to MCQ, “fill-in-the-blank’, and matching questions are documented in table 6.1
from a cross curricular perspective. Eleven subjects have been selected and where
applicable to short answer questions are included. The structure of the answers for
Mathematics, English and Art deem these subjects inappropriate to CAA.

National Examination

Applying CAA into the procedure of the National Examination requires a comprehensive
development of today’s supply of hardware within the educational system. Should the
facilities become available, the cost factor for their implementation would deem it worthy
of consideration for the examination to be computerised in its application across the
curriculum especially in relation to the usage of short answer questions. The rapidly falling
cost of technology compared with the conventional assessment methods sooner or later
will pay off.



The total number of student who sat the Junior Certificate in 1997 was 589,897 (An Roinn
Oideachais 1997). 47,368 took the higher and 13,486 took the lower paper in geography, a
total of 60,854. Calculating the total number of pages used gives a total of 561,172 pages
for the geography examination paper alone.

The introduction of CAA to this section of the Junior Certificate would seem justifiable
from the logistics of paper usage. Preparation and administration of the questions is
required regardless of method. The cost effectiveness of the present procedure must be
guestioned when alternatives are available.

Educational Viewpoints

What the virtual classroom holds for education remains to be seen. It was the intention of
this dissertation to present an interactive and innovative method of assessment for the
Junior Certificate Examination specific to geography and to highlight the acceptability and
success rate of the students using such an approach.

The mundane work of correcting objective tests can be performed by technology using
CAA which ‘frees teachers to do the things that really do need human intelligence and
compassion’ (Tiffin and Rajasingham 1995) Looking for a replacement for the teacher is
not the aim of this dissertation but the provision of a more dynamic, virtual, educational
system which embraces change for the all-round betterment of the educational
environment.

4. RECOMMENDATIONS

The main recommendation is that this research is explored further to produce a
generalisation of the implication for CAA within our educational system. The main
recommendation is research.

Research

This paper has shown the applicability and usefulness of Computer Aided Assessment.
Wider research and evaluation of CAA as a national testing/examination resource is now
required to generalise the finding of this research.

Other recommendation included the following areas:
Tertiary Sector, Best Practice, Cross Curriculum Resources, Training, Infrastructure
Funding, Technical support, Server Providers, National Examinations, Virtual Classroom

‘The inevitable computer conquest of testing’ was predicted by Bert Green (quoted in
Glass 1997) is not just an end in itself but part of the integration of Information and
Communication Technology into the virtual classsoom. The Internet provides the
interactive resource which will revamp the testing process. Offering an alternative way to
enhancing and motivating the students mastery of the lesson.

It is technically feasible that the Junior Certificate Examination, where objective style
guestions are presented can be taken at computer terminals, marked by computer software,
processed and compiled and results ensue without the paper even touching a teachers
hands.
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