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Abstract

Cambridge International Examinations and the Singapore Examinations and Assessment Board are working together to study the impact of high-stakes e‑assessment in schools. Current best-practice places importance on ensuring that the student viewpoint is adequately considered during the introduction of new technology into educational processes. In 2011, six Singapore schools piloted a computer-based Physics test. During the pilot, we sought to gain valuable insights into the student experience of the computer-based test.

This paper reports on three aspects of implementing a high-stakes computer-based test: the student experience of e-assessment; how the computer-based test performed as an assessment instrument and the administrative demands of running a computer-based test. The research used a mixed methods approach; using qualitative techniques to analyse feedback from students and examiners, and combining these with some quantitative analysis of item-level test statistics.
The results of this study show that students as ‘digital natives’ can provide very insightful feedback on technology initiatives; the outcomes have implications for test development, student preparation and the design of the computer-based interface. The outcomes of this research are valuable to organisations seeking to implement e-assessment and the study provides a focus on the student viewpoint of the impact of technology in examinations.
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Background

Cambridge International Examinations and the Singapore Examinations and Assessment Board are working together to evaluate the impact of e-assessment in Singapore schools. In July 2011, six Singapore schools piloted a computer-based test of Physics.  During the pilot, we sought to gain valuable insights into the student experience of the computer-based test.
International surveys such as Education Today (OECD, 2009) point to increasing availability of computers in classrooms around the world. Large scale testing programmes such as PISA and NEAP have introduced e-assessment in the last five years. There is increasing evidence that “Technology helps us do many conventional things in the world of testing and assessment better and faster” (Quellmalz & Pellegrino, 2009). At the same time, there is acknowledgment that the transition to e‑assessment must be carefully managed to obtain educational benefit (Scheuermann & Björnsson, 2009). In particular, the importance of the student viewpoint is continually stressed (Dermo 2009, Escudier et al. 2011). Therefore, the evaluation of the Physics e-assessment pilot in Singapore placed importance on student feedback in addition to more conventional evaluation procedures for test instruments.

Research Questions
This paper addresses three key research questions in the evaluation of the computer-based test of Physics in Singapore:

· What is the student’s experience of taking a computer-based test?

· What is the student feedback on the computer-based test items?
· What are the administrative demands of running a computer-based test?

Method

The research used a mixed methods approach (Tashakkori & Teddlie, 1998, Creswell & Clark 2006), using multiple sources of evidence to respond to research questions. The primary tool for assessing student feedback was a questionnaire administered directly after the test sitting. Observations were made during the test sitting; observers were instructed to note events relevant to evaluating the student experience and the administrative demands.  An examiner prepared a report on student performance following the marking of the test items. Events in the schools relevant to the trial were logged throughout the trial period in an Events Log and analysed for administrative demands. Table 1 shows which sources of evidence relate to each research question. Item-level data from the assessment was analysed quantitatively using classical test theory to gauge the performance of the test items. 
  Table 1 - Instruments used to answer research questions

	Evidence

Research

Question
	Student Questionnaire
	Observations
	Events Log
	Examiner Report
	Item-level Data

	Students’ experience of taking the test
	(
	(
	
	
	

	Student feedback on the test items
	(
	(
	
	(
	(

	What are the administrative demands?
	
	(
	(
	
	


Sample and Context
Six schools were selected randomly for the trial from all Singapore schools participating in the N(T)-Level Science qualification. As part of this curriculum, the students are expected to use technology in their learning. The content of the test was not a replication of existing paper-based question types, but endeavoured to take advantage of the technology to assess students in ways that could not be done in paper-based tests.  Although this study did not focus directly on aspects of validity, the outcomes provide some insight in this area. The 45 minute Physics test was taken by 144 students and consisted of 8 questions containing a total of 26 assessment tasks. Four onscreen tools were provided for the test: accessibility options (ability to change font size and display colours), a basic calculator, a notepad and a timer. Prior to the test, schools were required to install and check the test software and issued with detailed instructions for administration. Immediately before the trial, students were required to undertake a 15 minute practice test to familiarise themselves with the testing environment. Student questionnaires were returned for 144 students and observations were carried out in all six schools. 
Results & Analysis – The Student Experience of taking the test
The primary instrument for evaluating the student experience was the student questionnaire, the results of which are summarised in Appendix A. Evidence from observations made was also used.
Student familiarity with computer-based testing
The questionnaire indicated that despite only half the students having experience of computer-based testing, the majority found it easy to start and navigate the test. The observers noted that students did not request help with computer handling skills, although the students also appeared hesitant to request any assistance from school staff. Suggested improvements from the student questionnaire included both technical (reducing time lag between items) and cosmetic changes (more animation, sound, screen customisation). The observations relating to student activity indicate that they are willing to experiment with features in a computer-based environment (e.g. trying out the accessibility settings; enlarging areas of the screen; or keying ‘x’ multiple times into a text box to test its maximum length). They also revealed some unexpected behaviours such as turning off the computer to end the test.
Student interactions with the test items and onscreen tools
The questionnaire responses indicate that students knew how to respond to the computer-based item types, however some of the observations indicated that some students had difficulty using the animations. The students were comfortable with using the onscreen calculator tool. It is interesting that the notepad tool was not well used, with the majority of students preferring paper for rough notes
 which is in line with other research in this area (Johnson & Green 2006). Very few students used the option of hiding the timer, despite the potential for it to be a distraction on screen, which had been noted in a previous trial.
Student opinion on computer-based testing
It is interesting to note that although the on‑screen mode is seen positively by a majority of students, some students viewed computer-based assessment as negative. Similarly, some students felt that the onscreen mode made the test easier and some felt it made it more difficult. Students were positive about the use of animation and the ability to change accessibility settings, but were less enthusiastic about the onscreen notepad. 
Results & Analysis – Feedback on test items
Students were asked to provide feedback on test items in their questionnaire. This was supplemented with observations, statistical analysis of item level data and the examiners report. 

The questionnaire asked students which question they liked best. Question 1 (Task 1) was most popular because the students felt it was easy; interestingly, the item–level statistics indicate this item was not answered well. Question 8 (Tasks 24-26) was also popular because the animation was “fun” and “more interesting than tests on paper”.
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Question 1

This guestion is about magnetism

@ Click to select each material in the list that is magnetic. You may
select one or mare options

I aluminium
I copper
™ iron

I plastic

I steel

I~ wood

[1 mark]

End of question

I Mark for review





Task 1
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Question 8b

Drag the slicer across the screen to take readings fram the stapwatch for four different lamppasts. Choose lamppost positions that would allaw the
speed of the bus to be calculated accurately from your readings. Recard your readings in the table

@[ tamppost number time/s
P R S—— 1 | E—
2 | E—
" 3 | E—
| |
4 | E—
[4 marks]

This gquestion continues on the next screen
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Task 24
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Question 8¢

The next day Diana collects data for her whale journey and uses it to plat a graph. Part of her graph is shown below.

¥ The lampposts are 20m apart @ Calculate the average speed of the bus for this part of Diana's
journey.

“You may want to use the calculator.

Answer:speed=[ mis

[2 marks]

This question continues on the next screen
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Task 25
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Question 8d

A graph of Diana's full journey is given below.

@ Select any of the statements below that are correct for the motion of
9 the bus between @ and R

50

[ The bus s travelling at a steady speed

b ™ The bus is accelerating
x
[ The bus is statianary.

tamppost number

I The bus is going faster than between P and Q

T % % A % o 7 & s w0 1o 1o o to o [ T2 0 SR G

time taken/s
™ The bus is moving mare slowly than between P and Q

™ The speed of the hus is changing
[1 mark]

This guestion continues on the next screen
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Task 26

The questionnaire also asked students which question they liked least. Question 8 (Tasks 24-26) also appeared in this category because students had difficulty capturing the timings (due to unfamiliarity with establishing a reference point in the animation) and reading the graph in the second part. This is confirmed by the low facility value. The examiner report hints at random guessing on task 26, this may be related to the fact that it was the final item in the test.
Question 4 (tasks 5 & 6) was not liked because it was difficult; these were also the most difficult tasks based on the statistical analysis. Examiner feedback did not indicate any issues with the item itself, but noted that task 6 had a high omit rate.
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Question 4a

The photograph shaws a battery-powered toy.

I The toy contains a motor. When the battery is switched on, the mator  Two basic components are needed to make the motor work
turns

One companent s a current-carying coil of wire.

@ what is the other component?
Answer: The componentisa ]

[1 mark]

This question continues on the next screen
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Task 5
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Question 4b

The battery in the toy is re-chargeable

b The battery is charged by connecting to the mains supply. The battery @ In the space helow, explain why the transformer is needed between
charger cantains a transformer the mains supply and the battery

[1 mark]

End of question
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Task 6

Task 14 did not correlate well with other items and has a low discrimination index; there were some comments from students that the animation was difficult to control on this item and could have been improved by making the animation larger.
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Familiarisation Calculatar

Question 6d

After falling, Alex bounces back up again, but does not reach the same height as the bridge

?- @ select the carrect explanation from those below.
Answer: Alex does not reach the same height as the bridge because:
€ energy is converted from kinetic energy to sound energy as he
screams,

€ energy is converted from Kinetic energy to thermal (heat) energy in

T
n o the rape as it stretches,

€ energy remains stored in the rope as elastic potential energy,

€ energy is not conserved

[1 mark]

This question continues on the next screen
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Task 14

The examiner also highlighted the apparent difficulty candidates had reading the graph in task 15, the ammeter in task 22 and using the animation with the stopwatch in task 24; this could be an effect relating to the mode of the test and may need further investigation. 
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Question 6e

Alex's weight is 600N

¥ Look at the bungee jump operator's graph below. @ Use the graph to find ot how far Alex wil fall
Answer: Distance = m
" [1 mark]

In the space below, explain why the bungee Jump operator needs to
know Alex's weight and Iok at the graph before Alex jumps

H

B 0 a0
weight/N

100

[1 mark]

This question continues on the next screen
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Task 15
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Question 7f

An ammeter is useful for checking the currents in the circuit

» 12 battery. " Close the switch to turn on the headlamps. Record below the reading
A on the ammeter.
e Answer: ammeter reading =[____]A
[1 mark]

@ What current would the ammeter read if it was moved to the position
marked Q on the circuit diagram?

] Answer: ammeter reading =[_____]A

o [1 mark]

End of guestion
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Task 22
A review of the examiner comments reveals a theme relating to students selecting more than one correct answer in multiple choice items requiring a single selection.

Results & Analysis – What are the administrative demands?
The administrative demands were derived from an events log and observations carried out in the schools. The evidence indicates that the testing software was reliable, but improvements to installation checks could be made. There was a reasonable amount of unpredictable student behaviour such as switching off the computers mid-test or employing unconventional means to end tests, for example using the ctrl-alt-delete key combination to exit the application. There were expected issues relating to student passwords that were handled according to procedure. Many of the issues were resolved by having spare computers ready for students to move to as required by the testing procedures. Observations relating to inadequate desk spacing or room layout were common but this is related to the fact that the trial took place in computer rooms that were not set up for examinations.
Interpretation and Implications
What is the student’s experience of taking a computer-based test?

Students appeared to like doing test on computer, and had few difficulties navigating the computer-based test.  The use of pictures, models and animations was well received by students. However, some of the tools (animation controls, timer, calculator and notepad, screen settings) may need further refinement or increased familiarity prior to the test. The students were willing to experiment in a computer-based environment; this has both the advantage that they are more confident in tackling questions (i.e. they are not afraid of selecting the wrong answer) and the disadvantage is they can create administrative issues by, for example, using the ctrl-alt-del key combination to exit the testing application. A number of the issues raised could be related to unfamiliarity with the test environment, which could be resolved by providing more opportunities for a practice test or clarifying instructions to candidates. The findings also suggested that taking advantage of technology affordances can lead to more engaging and authentic assessments that could not be achieved within the constraints of paper-based testing.
What is the student feedback on test items?
Students were generally comfortable with the test items they encountered in the test; the use of practice tests appears to be a key factor in this and therefore should always form a part of work in this area. They were engaged with the interactivity offered by the animations. The main issue relates to the apparent difficulty students had reading graphs and using virtual instruments (ammeter, stopwatch); this may be related to the test mode, in which case larger images or appropriate onscreen tool to aid the reading of graphs may help mitigate this problem. These issues could also be a symptom of students struggling to apply their computer practical skills in a novel context or unfamiliarity with the computer-based item types. Additional research could be conceived to identify which aspects of technology enhance the validity of item types to probe more deeply into students’ understanding.
What are the administrative demands of running a computer-based test?

School preparation and the use of comprehensive instructions was crucial in ensuring administrative demands are minimised. There are indications that room layout and desk spacing may need improvement for computer-based tests in some schools. There is a clear need for spare testing computers to be made available during the exam to cater for unexpected student behaviour or potential software issues. Some concerns raised in this study could be resolved as schools continue to harness technology in the teaching and learning process or by giving students more opportunity to try practice tests throughout their course of study.
Conclusion
This study indicates that students can manage computer-based tests confidently and are willing to experiment in a computer-based setting. There are suggestions for improving the tools available, and, in particular, the value of the onscreen notepad should be considered. The study highlights that practice tests and familiarisation with computers in learning programmes are key to the success of a computer-based test. The students were able to provide very insightful feedback on the testing environment and it is suggested that future studies continue to include the student viewpoint. This study also highlights the importance of considering computer-based item types that add educational value.
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Appendix  A – Questionnaire Results
	Have you previously taken exams on computer? (n=126)
	
	It was easy to start the test. (n=115) 
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	It was easy to move between questions.(n=144)
	
	It was easy to select answers (n=136)
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	It was easy to play and control the animations (n=143)
	
	The pictures and graphs helped answer the questions  (n=143)

	



	
	


	I used the on-screen calculator (n=144)
	
	The on-screen calculator was easy to use (n=144)

	



	
	

	
	
	

	I used the on-screen notepad (n=127)
	
	The on-screen notepad was easy to use (n=143)

	



	
	

	
	
	

	Instead of the on-screen notepad I would like to use paper (n=143)
	
	Did you hide the timer? (n=142)

	



	
	


	Was there anything in the test that was difficult to use?
	
	Is there anything in the test that could be changed to help you take a computer-based test in the future? (n=17)

	Yes – Calculator (n=4)

Yes – Timer (n=2)

Yes – Difficult Questions (n=2)

Yes – Clicking on screen (n=1)
	6%
	
	
	n
	%

	
	
	
	Formula sheets
	4
	24%

	
	
	
	Improved timer
	3
	18%

	
	
	
	More animations
	3
	18%

	No (n=134)
	94%
	
	Add sound
	3
	18%

	
	
	
	Reduce lag between pages
	2
	12%

	
	
	
	More choice of settings
	1
	6%

	
	
	
	Touch screen
	1
	6%

	
	
	
	
	
	

	What did you like about taking the test using a computer? (n=74)
	
	Was there anything you didn’t like about taking the test using a computer? (n=21)

	
	n
	%
	
	
	n
	%

	Testing on a computer
	21
	28%
	
	Testing on a computer
	4
	19%

	Interactive questions  
	17
	23%
	
	Caused eyestrain
	4
	19%

	Different style of test
	10
	13%
	
	Calculator
	3
	14%

	Easier test
	9
	12%
	
	The difficulty of the test
	3
	14%

	More difficult test
	6
	8%
	
	Artwork
	2
	10%

	The room used for the test
	4
	5%
	
	Timer
	2
	10%

	Less writing
	3
	4%
	
	Notepad
	1
	5%

	Faster
	2
	3%
	
	Scrolling
	1
	5%

	Timer
	1
	1%
	
	Finished the test fast
	1
	5%

	Accessing the internet for answers
	1
	1%
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� Cambridge International Examinations; eccles.h@cie.org.uk


� Cambridge International Examinations; haigh.m@cie.org.uk


� Cambridge International Examinations; richards.m@cie.org.uk


� Singapore Examinations and Assessment Board; TAN_Hwa_Mei@seab.gov.sg


� Singapore Examinations and Assessment Board; YAP_Wah_Choo@seab.gov.sg


� Pencil and paper were provided for rough working
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