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Abstract

In Singapore schools, testing of student learning is serious business
but teachers have yet to get in full swing to exploit technology for
school-based testing. What then is stopping them? Among other
things, there is a imperative need to first understand and ensure the
harmonious interplay of three related factors of hardware &
infrastructure, software, and people-ware.

Testing of student learning has both important formative and summative purposes
(Gronlund, 2000; Nitko, 1996). In Singapore schools, teachers use continual
assessments to monitor and guide students’ learning progress and utilize semestral
examinations to help provide decision-making information about students’ end-of-
course learning performance. These testing protocols require heavy investment of
teachers’ time and effort, and one wonders why, in this era of rapid technological
advances, schools here have yet to go full swing to exploit technology for educational
testing. If anything, school testing is still steeped in the traditional, pencil-and-paper
mode. In contrast, teaching is more receptive to accepting technology.

The implementation of a two-billion dollar IT Masterplan 1 (Ministry of
Education, Singapore, 1997) has led schools to now enjoy increased availability of,
and access to computers. Schools are well-positioned to use technology for
instructional purposes on a large scale, and the recently launched IT Masterplan 2
(Ministry of Education, Singapore, 2002) is urging schools to be more vigorous in
pursuing innovative processes for using computers to assess student learning that will,
in its train, inform teaching. How can technology be applied to educational testing? A
seminal paper by Bunderson, Inouye & Oslen (1989) holds out bold visions for testing
– one of which is the use of fully automated testing systems to construct quality tests,
administer individualized tests, diagnose students’ learning, score tests, report test
results immediately, and even keep track of individual students’ learning progress.
Many researchers too contend that by capitalizing on the unique features of
computers, technology can have a profound impact on assessment and on education
overall (Hsu & Sadock, 1985, Keeves & Alagumalai, 1997). They deem that
computers could provide a more varied, interactive and efficient test delivery-cum-
feedback system, as well as allow for a heightened emphasis on learner individuality.

At the National Institute of Education (NIE), as a result of a strand of R&D
work focusing on the use of technology in educational testing, a prototype called
“NIECELT” (NIE Computerised English Language Test) was developed in 2001.
This assessment application was capable of administering English language tests via
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the computer. Working together with an industry partner, the research-driven
NIECELT was further upgraded into a more robust testing platform called “TMS”
(Test Management System). However, are schools ready to take on this application?
We, as researchers of this technology project, have considered several issues relating
to its potential implementation in schools.  Above everything else, we see an
imperative need to first understand three critical factors namely, computer hardware
& infrastructure, software, and people-ware. In this paper, we will critically examine
each factor in turn and discuss how a harmonious interplay of these three factors is
probably what it takes for schools to successfully implement TMS for educational
testing.

Computer Hardware & Infrastructure
Computer hardware and IT infrastructure support are pre-requisites for using the
technology, and it is a truism that, in so far as this factor is concerned, most schools in
Singapore have come quite a long way. The first IT Masterplan went into three phases
of implementation from 1997-1999 to put the physical and technological
infrastructure in order in all schools and, to-date, a ratio of two pupils to a computer
has been achieved. Schools during that period experimented with different physical
layouts for their computers in the classrooms or in special laboratories that would best
facilitate teaching and learning. Dedicated servers with links to the Ministry of
Education (MOE) were installed in the schools, with a complement of IT personnel to
help maintain the schools’ computer facilities. Today, computers are very much a part
of the school landscape but pertinent challenges still lie ahead for technology to be
earnestly applied to assessment in school. These were some observations from our
preliminary work done for trialing TMS, where we tried administering computer-tests
with pupils of a local school.

One issue that arises from implementing computer-administered assessment
relates to the availability of computers for all examinees in large-scale testing; that is,
at any one time, a school must of expediency avail itself of the deployment of a large
number of computers in a testing situation. If this is not possible because of the
limited number of computers available as is often the case, what then can schools do?
One possible solution, as seen in our own trialing of TMS, is to schedule examinees to
different testing sessions but it is recognized here that, in the context of high-stake
testing, this arrangement might pose grave security threats, such as the possibility of
test leakage. To counter this in some way, an appropriate physical layout of the
computer workstations to prevent cheating during the test as well as having parallel
tests for different groups of test-takers could be instituted.

Schools currently have a range of computer hardware installed with different
operating systems. We found that when the TMS application was used in our case, it
required an XP operating system but unfortunately the participating school, as in
many schools, had computers with Windows 98 operating system. To circumvent the
problem, the test on the TMS had to be conducted for the test-takers using the NIE’s
computer laboratory facilities. The lesson learned was: advances in computer
technology can be a boon or a bane for users. It would be a boon if schools are
keeping abreast of technology by having hardware capable of absorbing the advanced
application software, and a bane if hardware is incompatible with the software. High-
end computers certainly improve the efficiency of test management tasks like test
administration, test scoring and analysis, and enable multimedia features to be
exploited for incorporation into more innovative item types which in turn add value to
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the computerized tests in that they assess the test-takers in a multitude of perspectives
and skills not seen in a straight MCQ format.

The TMS trial also surfaced another issue concerning computer servers.
Servers are needed for delivering tests, processing and storing results. What model for
setting up servers is best for computerized test implementation? Three models are
considered and discussed here. The first model is where a dedicated server for test
management is located locally in the school. This set-up has the advantage of the
system being more responsive to the school’s testing needs as the server is connected
directly to its LAN (local area network), is less susceptible to general computer failure
and is able to accommodate rich media resources. School servers provided by the
MOE have restricted accessibility and use, and for this reason a dedicated local server
for testing purposes can be considered but this will incur additional cost to the school.
Besides, this set-up model does not allow teachers to work on testing-related tasks
seamlessly from home.

The second model is for a centralized server – this will be easy and fast to set
up and teachers can work seamlessly from home. But there are setbacks and they
include potential sluggish access – as schools typically have a 2 Mbps external link
which is shared by several other applications – potential disruption of service
especially during peak periods of network usage, and a scalability problem of large-
scale use which may result in system unavailability when the server/internet system is
down.

The third model, which is actually a hybrid model, is to have the school server
linked to an external centralized server. Although this set-up has the key advantages
of the other two models, we need to consider the inevitably higher cost of deploying
the server and of using complicated software required for synchronizing the school
server and the external server.

Software
If schools were ever to receive technology, be it computers or whatever, with open
arms, then there should be excellent software applications to work with. Such
application tools should not only be able to accomplish item banking, test assembly,
test delivery, and test scoring but should ideally also be able to cater to the schools’
assessment needs. In this connection, the TMS manages to satisfy the equation by
being able to provide schools with the essential test management tools as well as to
offer item banks with the PSLE-type items in English Language tests, precisely of the
types that schools need.

An important attribute of software applications is its ease of use. Icons on
toolbar and navigational features such as buttons, drop-down lists and tabs must be
intuitive to use. Usability studies of the TMS application conducted with two user
groups provided useful information. Figure 1 shows a sample of the icons and Figure
2 an example of the multiple-choice item-type. Feedback from a sample of 50 pre-
service teachers indicated an overall satisfaction with the TMS application in terms of
ease of use and the look and feel of screen, navigation, interaction and graphic
features of each of the item types. Observations of 81 primary school pupils at a
testing session showed that they navigated the TMS application with relative ease and
also successfully completed the computerized tests in doubly quick time.
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Figure 1.  Icons on Toolbar

Figure 2.  Features of a multiple-choice item-type for EL testing

People-ware
Technology can intimidate users if they are not prepared for its use. Are teachers and
pupils ready for computer-assisted testing?  How would pupils react to taking a
computer-assisted test compared to paper-administered one? Preliminary trials of
computerized testing using the TMS platform were conducted with two user groups –
pre-service teachers and primary school pupils who were then surveyed on their
experiences of taking computerized tests of English. For the teacher sample, a five-
point Likert scale ranging from ‘strongly agree’ to ‘neutral’ to ‘strongly disagree’ was
used to elicit their response to the following two statements: (1) Taking the test by
computer made me feel more nervous than taking the test in a test booklet, and (2) I
would rather take the test on a computer than in a test booklet. For the pupil sample, a
true-false response to modified versions of the statements (1) I feel comfortable taking
the test on the computer, and (2) I like taking the test on a computer more than doing
it on a test paper, was elicited The results of the survey are presented in Figures 3a-b
and 4a-b.
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(a)

(b)

Figures 3a and 3b. Results obtained with the teacher sample.

The teacher sample consisted of forty-nine female and one male participants.
Statistical data about the teachers’ background revealed 100% home computer
ownership. 98% of the teachers indicated frequent use of computer (more than 3 times
a week). 78% rated themselves to be at intermediate competence level in computer
use and 18% at advanced level. This teacher profile which typifies today’s young
adults who are comfortable with technology can be likened to that of the so-called
Generation Y group. How did these young adult teachers react to computerized
testing? 50% indicated that they were not more nervous when taking the test on
computer than in a test booklet, 27% were neutral and 23% reported being nervous
about the experience. 37.5% of the sample preferred taking the test on computer than
in a test booklet, 37.5% were neutral and 25% did not prefer it.
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(a)

(b)

Figures 4a and 4b. Results obtained with pupil sample.

In the case of the pupil sample, a total of 81 participants from a local primary
school came from two grade levels – primary four and primary six. The sample had a
mean age 10.9 years (sd = 1.0) and consisted of 38.3% boys and 61.7% girls. The
school was requested to select pupils of different ability levels. On the basis of their
academic attainment, 38.3% of the pupils were high-ability, 37% average-ability and
24.7% low-ability. Background information revealed that 89% of the pupils had home
computers and 80% had internet access. Based on a self-rating of proficiency level of
computer use, 17% of the sample reported being very good at using computers, 63%
had some experience using the computer and 20% were at the beginner’s level. This
typical profile of today’s children who grow up in a technology-rich environment can
be described as the Generation E group. How did they react to computerized testing?
88.9% of the pupils felt comfortable taking the test on the computer and 91.4% liked
taking the test on computer more than doing it on test paper. These results are positive
indicators of empathy with technology use in education in general and testing in
particular.
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Discussion
The ultimate aim of infusing technology in education is to improve school practices.
Thus before schools are prepared to go in a big way to exploit technology for
educational testing, attention must be paid to three critical factors. First, IT
infrastructure and computer hardware must be adequate and comprehensive enough
for school-wide application and this means effective management of hardware
logistics, security measures and dedicated servers. Done otherwise, efforts at
encouraging technology use in testing are likely to produce nonchalance.

Next, “good quality” software application is key. A teacher’s ideal assessment
companion is a fully automated testing system – one which can construct quality tests,
administer individualized tests, diagnose students’ learning, score tests and report test
results immediately, and even keep track of individual students’ learning progress.
Software development and innovation must indeed navigate in this direction to realize
this huge potential of computerization of school tests and testing procedures.

Last but not least there is the people-ware factor. As with all things new,
teachers and students must feel at ease with using technology in testing, and so it is
not too presumptuous to expect users to be first equipped with the necessary computer
skills. Trial studies with TMS show that test-takers are generally positive towards
computerized testing but further research is needed to understand teachers’ level of
interaction with technology as they are a key player in the testing equation. Teachers
especially steeped in traditional methods of assessment must be convinced of the vast
benefits of technology use to improve school practices and must also be prepared for a
mindset change.

The second IT Masterplan is aimed at promoting wider technology use to
improve educational processes and embedded within this Masterplan are clearly
articulated outcomes for curriculum, instruction and assessment innovations that come
with using IT. To this end, schools will need to get ready for technology to pervade
their systems through ensuring that the precondition of a felicitous co-existence of the
three factors of computer hardware and infrastructure, software and people-ware is in
place.
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