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Abstract

The main modes of assessing Physics undergraduates in the Physics 
division of the National Institute of Education are (a) continuous 
assessments and (b) end-of-semester examination.  In general, the first 
mode contributes 20% and the second 80% to the final grade of the 
students.  This paper shall discuss how (b) was modified in our attempt 
to promote deeper learning.

The basic idea of our approach is to set aside part of each examination 
question for the testing of analytical and thinking abilities of the 
students.  We did this by constructing the questions such that these 
parts represented 'unfamiliar' situations to the students.  In order to 
attempt these parts satisfactorily, the students would have to be able 
to correctly apply fundamental physics principles, rather than pure 
regurgitation of memorised ideas.  The rest of each question were based 
mainly on lecture and tutorial work, so that a hard-working student, 
who had understood the basic ideas taught, can be expected to perform 
well.

Examinations using the above strategy were carried out for some physics 
modules.  The results of these examinations were compared to those 
where the level of difficulty within each question remained fairly 
uniform.  The comparison was based on the same group of students.

1.Introduction

In a society where good academic results are rewarded handsomely, the 
method of assessment can, to a significant extent, be use to help 
promote deep learning among students.  In general, it does this by 
changing and shaping the study habits of students, re-defining their 
emphasis and hence, re-focusing their efforts.  To understand and 
appreciate this linkage, one needs only to look at the main factors 
which motivate a student to study.  Work done in this area for students 
in tertiary education [Zuber-Skerritt O, 1992 and Jones MG & Gerig TM, 
1994] suggests that an important goal in life, as far as the students 
are concerned, is the acquisition of a 'good' job after graduation.  
This broadly translates into being able to obtain reasonably good 
examination grades, so that the students can be competitive in their 
job-hunting.  As a result, students are sensitive to examination 
demands and will generally strive to adapt their study strategy to suit 
the assessment requirements.  For instance, if the students know that 
questions in a particular examination demand thinking responses, then 
they will have to train themselves to think in order to answer these 
questions.

This paper describes our efforts in modifying existing examination 

practices for some undergraduate physics courses within the National 
Institute of Education (NIE).  The restructuring of the examination 
questions is meant to cater for two main groups of students.  We 
recognised that the examination paper should be first a test on whether 
the students have acquired the basis concepts taught, and only then on 
how well they can apply these ideas to physical situations not 
previously encountered.  In other words, hard-working students who have 
understood the basic concepts and are able to apply them to simple 
situations should pass the examination comfortably.  On the other hand, 
only those students who are able to handle well the questions outside 
the context of lecture knowledge and tutorial discussions will get 
distinctions.

The advantage of adopting such a strategy is that, for the weaker 
students at least, it can help to alleviate their fear of examination.  
This might encourage them to concentrate on how to learn rather than 
how to pass examinations.  At the same time, the better students might 
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be motivated by the realisation that the examination can set them 
apart, and that the more difficult questions pose sufficient academic 
challenges for them.

Since NIE changed the format of all courses to follow a modular system 
three years ago, the students have to undertake examinations for each 
academic module that they study at the end of that particular semester. 
 For each module, the examination paper generally contributes to 80% of 
the final marks, which in turn determines the grade given to the 
students.  The other 20% comes from continuous assessment (which could 
be in the form of class test, project work etc).

For this study, thirteen physics examination papers taken by the same 
group of students spanning two and a half academic years, or five 
semesters, were analysed.  Of these, four papers adopted the philosophy 
outlined above, ie. the strategy of including an 'unfamiliar' part for 
each question.  Two of the four papers also adopted the structure 
described in section 2 below.  The remaining nine papers followed the 
normal practice where each question is set such that its constituent 
parts are largely of the same level of difficulty.  The ranking order 
of the students in terms of examination results for each papers is 
compared with their perceived ability ranking order (obtained by 
averaging the rankings given by each lecturer involved in teaching the 
group).  The details of this and the results of the comparison are 
presented in section 3.  Note that the number of students in this group 
is no more than fifteen1.

2.Structure and content of examination paper

For each physics paper, the students are required to answer four out of 
six questions in a two and a half hours examination.  The strategy 
adopted by the four papers mentioned in the above sections allocates 
about two-thirds of the total examination marks to questions based on 
lecture and tutorial work, ie. concepts and applications that the 
students have encountered during the lecture and tutorial sessions.  
The other one-third of the marks are given for questions which test 
students on their abilities to apply the same concepts to 'new' 
situations.  Two of the four papers used the structure outlined in 
Table(1) below.

Overall structure of examination
Total no. of question:  Six
To attempt:  One compulsory + any three others.
Mark allocation:  Compulsory,  34%
Others,  each 22%.

Compulsory question
(a) Short structured questions with extensive coverage of lecture 
content.
(b) Five parts; 6% each for first 4 parts, and 10% for fifth part.
(c) Fifth part to be set at higher level than the rest.

Others
(a) Extensive testing of principles and problem-solving using these 
principles for one main topic per question.
(b) Two related main parts to each question.
(c) First part 14%; Second part 8%.
(d) Second part to be set at higher level.
(e) Either main parts may be subdivided further if necessary.

Table(1):Examination question structure and content for papers adopting 
new strategies.

Note that the total marks needed to achieve a distinction is 75.  Thus, 
it is clear that the above structure will ensure that the students who 
are unable to apply knowledge to 'unfamiliar' situations will not be 
able to get a distinction.  They should, however, be expected to pass 
the examinations comfortably by achieving 50% of the total marks.

It should perhaps be emphasized that the 'unfamiliar' parts are based 
on the concept dealt with in the earlier parts of the question.  
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Students will therefore need only to think within the framework of 
concepts outlined in that question.  The better students are then 
expected to apply these concepts a couple of steps further to arrived 
at the solution.

3.Results and Discussion

Each lecturer involved in teaching the group of students under study 
was asked to rank them in terms of their perception of the students' 
academic abilities.  The ranking provided by each lecturer turned out 
to be fairly consistent, especially at the top and bottom ends of the 
ranking, where the same set of students constantly appeared in the 
'correct' order.  There is not much variation at the middle ranking 
order either.  The consistency is to be expected since the number of 
students involved is small, allowing the lecturers to know the 
students' abilities more accurately.  An average ranking of students is 
obtained from these separate lecturers' rankings.

For each examination paper that this group of students took, the 
ranking, according to the marks obtained, was compared with the average 

ranking.  The Spearman's rank coefficient [VK Rohatgi, 1984], , was 
then computed according to:

(1)

where  is the difference in ranking for the ith student between the 
average ranking and the examination marks ranking; and n is the total 
number of students in the group.

The values of  for all thirteen papers are shown in Table(2) and 
Table(3).

Paper No. (Arbitrary)
1                        + 0.976
2                        + 0.952
3                        + 0.934
4                        + 0.928

Mean                     + 0.948

Table(2):Spearman's Rank Coefficient for Paper with parts that test 
students on 'unfamiliar' situations.

Paper No. (Arbitrary)
5                  + 0.772
6                  + 0.738
7                  + 0.673
8                  + 0.619
9                  + 0.607
10                 + 0.577
11                 + 0.500
12                 + 0.476
13                 + 0.333

Mean               + 0.588

Table(3):Spearman's Rank Coefficient for Paper where each question 
contains parts of similar level of difficulty.

From the results of the comparison of rank coefficients, it is 
comforting to note that all the papers have positive correlation.  This 
seems to indicate that, as a tool for assessing students' abilities, 
the examinations conducted for physics students in NIE are reasonable 
in 'correctly' separating out the students according to the lecturers' 
perception of their abilities.

The above results also seemingly indicates that papers which include an 
'unfamiliar' part for each question are highly successful in correctly 
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ranking the academic abilities of the students.  The average 
coefficient of +0.948 compares favourably with the +0.588 for papers 
containing questions with parts of similar level of difficulty.  At the 
same time, the results shows that the former group of four papers, 
which were separately set by three different lecturers, are able to do 
this consistently (note: a standard deviation of 0.022 compared with 
the 0.137 of the group of nine papers).

Although the above results are very encouraging, it should be pointed 
out that the four papers which ranked the students 'correctly' simply 
fulfil the desired learning outcomes of the lecturers involved;  ie. 
these are the students who fit into the lecturers' perception of what 
'good' academic students should be.  It could be possible that the 
examination questions were set such as to test exactly those qualities 
that these lecturers believed are the 'right' ones.  However, without 
denying that the examination could be picking out the 'wrong' students, 
the results does show that it is possible to encourage the desired 
thinking and learning skills by the suitable modification of assessment 
modes.

The success of modifying examination questions to help promote active 
learning among students depends crucially, in this case, on setting the 
questions at the appropriate difficulty levels.  For instance, the 
'unfamiliar' parts of the questions have to be pitched at the right 
level such that the 'good' students can be expected to make a 
reasonable attempt at them.  Otherwise, the examination can still fail 
to pick out the stronger students, and hence might remove the incentive 
that encourages active learning.  In general, these questions are 
time-consuming to set, and will require considerable time and effort to 
ensure that they can fulfil their purpose.

4.Conclusion
 
We have set out to examine the effects of modifying examination 
questions to promote the kind of learning skills desired by the 
lecturers.  The rank coefficients of thirteen examination papers taken 
by the same group of physics students seem to suggest that it is 
possible to set examinations that will pick out the academically 
'stronger' students.

There are undeniable exceptions and pitfalls in using examination to 
promote deep learning.  The students might, for example, be able to 
obtain and then memorise most of the 'perfect' thinking answers to 
particular topics or questions.  When faced with an examination, this 
will enable them to regurgitate the model solutions without the need to 
fully understand them.  This is certainly not an acceptable outcome, 
defeating the purpose of promoting thinking skills through the use of 
assessment modes.  However, even if such unfruitful possibilities 
exist, one should not succumb to the temptation of not attempting to 
improve existing practices.  The whole point is to at least try to make 
students think, even if the success rate is not satisfactorily high.  
Furthermore, assessment modes and methods can be varied periodically to 
suit the circumstances as and when they arise, minimising any perceived 
problems or obstacles that hinder the acquisition of thinking skills.  
Such attempts and considerations can make telling differences to those 
of the students who response positively, even if not all the students 
can benefit.  In general, there is seemingly a lot of scope for 
well-designed assessment practices that will help to promote deep 
learning.
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1 The exact number of students is not given here to avoid the group of 
student being identified, as examination results are held in the 
strictest of confidentiality in NIE.  Note that this group of students 
represents the entire intake of physics students for that year.
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