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Introduction 

Some years ago I was reading a paper by Arons (1983) in which he cited several 
examples to highlight the fact that secondary schools and colleges in the United 
States of America "are not doing a very good job of cultivating operative 
knowledge in any of the formal disciplines and that the teaching of science is not 
unique in this respect." The following example is drawn from his experience with 
in-service teachers in summer institutes and with pre-service teachers in under
graduate science courses: 

'When both groups are given a dry cell, a length of wire, and a 
torch bulb, and are asked to light the bulb, they almost invariably 
start by connecting the end of the wire to one terminal of the 
battery and holding the bottom of the bulb to the other end of 
the wire, or they connect the wire across the terminals of the 
battery and hold the bottom of the bulb to one battery terminal. 
They have no sense of the two-endedness of either the battery or 
the bulb; few of them notice that the wire gets hot when 
connected across the battery terminals, and almost none infers 
anything from the observation. It takes them twenty or thirty 
minutes to discover by trial and error, a configuration that lights 
the bulb.' (Arons, 1983, p.95) 

At first, it was difficult for me to believe that these teachers who had 
been exposed to "electrical circuits" and concepts of current electricity in their 
science courses should find such a simple task overwhelming. Later, however, my 
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own experience with a group of applicants for a position of Laboratory 
Technician, confirmed Arons's observations. Six candidates were interviewed 
individually and were given a number of simple tasks, including the one described 
by Arons. Only one candidate was successful in lighting the bulb, and needless to 
say, also got the job. What disturbed me was that although they had all studied 
science until Year 12 and had gone on to complete a Diploma in Industrial 
Technology, their years of training in science had not prepared them to apply the 
concepts they had learned to a simple situation. 

My experience over the years with physics majors in the teacher 
education programme at the University of the South Pacific, and observations of 
physics teaching in schools, has also shown that to most students and teachers, 
physics is just a collection of facts, diagrams, definitions, laws, and equations to 
be memorised and reproduced in response to routine questions. This notion is also 
reinforced by books such as Notes and Examples that are widely used as physics 
textbooks by students and teachers in Fiji. If we are teaching for the 
understanding of physics, we must ensure that: 1. pupils have access to good 
textbooks and reference materials; 2. activities and experiences become the main 
sources for acquiring knowledge, evidence and principles; 3. we extend the 
opportunities for pupils to communicate their thinking both orally and in writing; 
4. we ask questions that probe into pupils' knowledge and reasoning, and that call 
for analysis and interpretation. 

Asking Better Questions 

I now want to take up the final point mentioned above and discuss its importance 
in probing and developing understanding in physics. Solving a problem in physics 
usually consists of three steps. First, we reduce a given physical situation to some 
state of idealisation that permits mathematical or geometrical representation. 
Second, we solve the problem as an algebraic exercise. Third, we interpret the 
solution. But, very often pupils and teachers are mainly concerned with the 
second step-obtaining the answer. The first step may be given some attention, 
but pupils have trouble because they have not been trained to ask essential 
questions. Sadly, the third step, which is crucial to the understanding of physics, 
is neglected. Let me illustrate this with the following simple problem I give every 
year to physics majors in the teacher education programme, and the typical 
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response I receive. 

Problem: A stone is thrown vertically upwards with a speed of 20ms'1. 
After what time will it reach a height of 15m? Interpret your 
answer. (Take the acceleration due to gravity as 10ms'2 and 
neglect the effects due to frictional forces) 

Typical Response: 

g = -10ms'2 s = 15m 
= v,2 + 2as 
= 202 + 2(-10)(15) 
= 400 - 300 
= 100 
= 10ms'1 

= v, + at 

VfVi 

a 

10-20 

10 

= Is 

The above response clearly shows that students do not attempt to visualise the 
problem before using the equations of motion. If they do, they will realise that 
the stone will be at a height of 15m twice, first on its way up and then on its way 
down. They will also realise that in the above solution, -10ms"1 is the other value 
for vf which will result in t = 3s. Students who use the equations mechanically 
will not be able to interpret the answer, especially when they have only one value 
for time. It is interesting to note that the quality of responses given by physics 
majors to this problem is about the same as the ones given by secondary pupils in 
Year 12. This is how a physics major interpreted the answer of t = Is: 

20ms' 
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g is taken as negative because of motion opposite the force of 
gravity, ie. upwards. After a time of 3s the stone is 15m above 
the ground but according to the question, the answer can only be 
t = Is. 

This interpretation further shows that: 1. the student is using the wrong argument 
for taking 'g' as negative; 2. despite mentioning 3s (albeit in passing), the student 
is not convinced that the stone can be at a height of 15m on two occasions. 

Another response which is quite common is t = 2s, resulting from the 
unwarranted assumption that 15m is the maximum height reached by the stone. 
Indeed, it is true that the time taken to reach the maximum height is 2 seconds, 
but the maximum height reached is 20 metres, and not 15 metres. 

Encouraging Good Working Habits 

An aspect that is often not emphasised by teachers is the importance of 
substituting units for physical quantities along with their numerical values in 
equations. If students are trained to work in this way, solving problems, and the 
answers they get, will become more meaningful to them. Let me illustrate the 
point by solving the problem discussed above: 

In this problem we are given the initial velocity of the stone 
(20ms'1), its displacement (15m), the gravitational acceleration 
(10ms'2), and we are asked to find the time at which the stone 
has a displacement of 15m. Therefore the appropriate equation 
of motion to use here is: 

s = v/ - Viat2 

Substituting the given values, we get: 
15m = 20ms' t + l/i(-10ms2)f 

= 20ms1 t - 5ms2 t2 

Multiplying both sides by s2!5m, we get: 
3s2 = 4st - t2 

==> t2 - 4ts + 3s2 = 0 
==> (t - ls)(t -3s) = 0 
==> t = Is or t = 3s 
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The preceding discussion shows how even simple questions, when appropriately 
designed, can be useful in diagnosing and rectifying students' conceptual difficul
ties, and in enhancing students' ability to analyse problems and interpret answers. 

Exploring Limiting And Special Cases 

More than 25 years ago, the renowned physics educator, the late Professor Julius 
Summer Miller (1992)2, made a plea for the inclusion of more analytical 
problems and fewer numerical exercises. He also urged physics teachers to 
explore limiting and special cases, and to ask more penetrating questions. In the 
same paper, Miller goes on to show how students can make interesting discoveries 
if appropriate questions are asked even about familiar situations such as the ones 
illustrated in Figure 1. 

z This article first appeared in the April 1966 issue of Spectrum. 
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Figure 1 (a) shows two strings symmetrically fixed to a support and a third string 
tied to their junction supporting a weight W. The first question we ask here is, 
What is the tension in the symmetrical strings? We can intuitively see that the 
string must have the same tension, and the tension (T) works out to be T = 
W/(2sin9). We must now go further and ask, What happens to the tension (T) as 
the angle (Q) varies? Again, intuition tells us that if we increase 9 to 90°, each 
string will support half the weight, and therefore the tension in the strings will be 
W/2. What will happen to the tension if we keep decreasing the angle? Intuition 
may not be of much help in answering this question, but what is helpful is the 
expression for tension(T) which is W/(2sin9). As 9 decreases, sin9 also decreases, 
and in turn, the denominator decreases, thereby increasing the value of the fraction 
which is the tension. In the limiting case when 9 approaches 0°, the tension 
approaches a phenomenal value! The opposite effect is seen when 9 approaches 
90°. Miller has this to say about the value of such an analysis: 

This single example illustrates the strength and beauty of 
analytical argument using symbols and not numbers, for what 
would we have learned if 9 were 30° and W were 10kg? The 
answer to this is: nothing much. (Miller, 1992, p.39). 

Miller suggests that we extend this analysis to the asymmetric case illustrated in 
Figure 1(b) where one string is shorter than the other. The question to ask here is, 
which string has the greater tension? Taking the cue from the symmetric case 
where T increases as 9 decreases, many students will conclude that the longer 
string (smaller angle) will have the greater tension! A careful analysis, however, 
will show that the result of the symmetric case is not applicable here, and that the 
shorter string will have the greater tension. Miller goes on to conclude: 

Only generalized analytical arguments done algebraically lead to 
solutions which permit examination of limiting cases. And it is 
in truth only limiting cases which lead to the answer of our 
fundamental inquiry: how does Nature behave? (Miller, 1992, 
P-39) 
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Moving Away From Stereotyped Questions 

Students exposed only to routine questions may find such discussion and analysis 
a little heavy initially, but once they begin to see their value in enhancing their 
understanding, they will ask for more of it. Teachers must therefore make a 
deliberate attempt to move away from stereotyped questions and diagrams, and 
become innovative. For example, many students will be able find the total 
resistance between A and B in the arrangement in Figure 2(a) but very few will be 
able to tackle the question if the same arrangement is presented as in Figure 2(b). 
This is because they have been used to taking the terms 'series' and 'parallel' 
literally. 

A , 

AA 
vvv 

' vW-T-WV ' 

(a) 

Figure 2: Arrangeme 

\ B 

JL rV ^ 

/ A C 

(b) 

nt of three resistors 

Students are so much accustomed to using formulae in solving problems 
that they cannot respond intuitively even to simple situations such as those 
presented in Figures 3 and 4. The first thing they do is write the equation D = 
M/V. What is more alarming is that some students say that they cannot compare 
the densities of the blocks because the volumes are not given! 
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Block X Block Y 
Figure 3: Which is more dense - Block X or Block Y? Explain your answer. 

Block P Block Q 
Figure 4: Which is more dense - Block P or BlockQ? Explain your answer. 

Stress on Application and Analysis 

Physics students can recite Newton's laws without much difficulty, but if they are 
asked to use the laws in a discussion of the mechanics of a small object that is (a) 
resting on a table, and (b) in flight after being thrown, they find the task over-
whelming (Warren, 1979). My experience also supports Warren's remark in that 
students have great difficulty applying the third law to the above situations. The 
idea that the third law refers to interactions, and that if a force is exerted on one 
body, an equal force must act on another body, is not familiar to them. Again, 
this difficulty reflects students' lack of exposure to discussion and analysis. 

It is quite easy in elementary mechanics to design questions that call for 
the application and analysis because the principles are so widely applicable. The 
following are two questions taken from Warren (1979) which I have used with 
physics majors in the teacher education programme. 

The first question begins by asking students to identify the vectors in a 
list of quantities that includes distance, displacement, speed, velocity and 
acceleration. It then asks for the solution of the problem illustrated in Figure 5. 
The solution is as follows: 
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12ms-1 

Figure 5: A particle moves in the path shown, the speed increasing uniformly 
with time in the semicircular section, from lOm/s to 12m/s. For this section of the path 
calculate the averages of (a) the velocity, (b) the acceleration. (Assume 77=22/7) 

Step 1: Average speed in the semicircular path = 11ms' 
Step 2: Time taken to cover the path = (path length) •=- (average 

speed) 
= (1/2 x 2217 x 2m) -=- (11rns') 
= (2l7)s 

Step 3: Average velocity = (displacement) •=• (time interval) 
= -2m -r (2/7)s 
= -7ms'1 

Step 4: Average acceleration = (Change in velocity) ÷ (time 
interval) 

= -22ms1 ÷ (2l7)s 
= -77ms2 

One might think that this solution should be fairly straight forward to physics 
majors. My experience, however, is quite the opposite and is also shared by 
Warren: so far I have not obtained a single correct answer to this question. While 
students identify velocity as a vector quantity, they give the average speed for 
average velocity, and usually leave the question of average acceleration 
unanswered. 

46 



The second question refers to Figure 6 where students are asked to draw 
labelled arrows indicating the forces acting on the ball at points P and Q, and to 
estimate the relative magnitudes of these forces. 

P 
- • — 

\ 
\ - - _ 
\ ' ' 
\ / v 

V 
Q 

Figure 6: Path of a bouncing ball 

While most students correctly draw a downward arrow at P representing the 
gravitational force on the ball, some students draw an arrow pointing in the 
direction of the ball's motion. At Q, most students draw two arrows equal in 
length and opposite in direction: they fail to realise that for the ball to bounce up, 
the upward force must be considerably larger than the gravitational force. Very 
few students can explain the origin of the upward force. 

Conclusion 

The main focus of the paper has been to stress the importance of asking questions 
that call for application and analysis, and to show how such questions can be used 
to promote pupils' understanding in physics. In addition, such questions, by 
requiring students to clarify their lines of reasoning, also develop their ability to 
communicate their thinking verbally. Our ultimate aim in all this should be to 
convey to pupils the beauty of theories, experiments and problems in physics, to 
make the subject enjoyable and exciting to them, and thereby encourage more 
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students to take up physics at secondary and tertiary levels. For this to happen, 
we must create structures that encourage professional dialogue and interaction 
among secondary teachers, university physicists, curriculum advisers and teacher 
educators. 
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