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Contentions

a. Students find mechanics hard because it’s 
synoptic.

b. Students go wrong at specific points triggered by 
lack of mastery of basic skills and knowledge, often 
from algebra and calculus.

c. Student errors are not random but arise from mal-
rules.

d. These mal-rules can be usefully categorised.
e. Testing via CAA with extensive feedback can be 

effective.



Part 1: Technical Issues

Randomisation



Dynamic functionality
Schematic has increased 
in size and changed 
colour corresponding to 
the users selection.

Colour, size and 
font selection 
follows through 
to the MathML
coding.



Mal-rules in action

Returned vector expression when calculating dot product.

Correct

Calculation error: When using the formula 
|F1 – F2| = |F1|2 + |F2|2 – 2|F1||F2|cosθ, students added the two forces on 
the left hand side.

F1.F2 = (a1 + a2 + a3)(b1 + b2 + b3)



Part 2: Results of trials
Error taxonomy

Error Type Classification 

Assumption 
Students assume certain things that are not true, for example, in projectile 

questions, that vertical velocity is equal to initial velocity. 

Calculation  Method correct but calculation errors are made. 

Copying  Copying values incorrectly. 

Definition Not knowing the definition of terms given in question text, e.g. magnitude. 

Formulas Incorrectly stating/recalling formulas. 

Incorrect Values 

Used 

Using incorrect values in method, for example, when substituting values 

into formulas.  

Knowledge 
Knowledge students are lacking that would enable them to answer 

questions.  

Methodology  Students attempt to use an incorrect method to answer a question. 

Modelling  Generic definition, e.g. ignoring forces, such as gravity, acting on particles. 

Procedural 

Method student attempts to use is correct but can only do initial/certain 

stages of the method. They stop halfway through when they do not know 

the stages that follow or when they are unable to interpret initial results.  

Reading Reading the question text incorrectly and confusing the value of variables. 

Trigonometry 
Basic definitions of cosine, sine and tan incorrect. This is most apparent in 

questions where students are required to resolve forces. 

 



Efficacy of feedback: what do students 
say about it (FAST Project)

Quantity and timing of the feedback



Efficacy of feedback: what do students 
say about it

Quality of the feedback



Efficacy of feedback: how long do 
students retain it



Efficacy of feedback: Indicators for 
understanding exam scripts

New Lecturer

New Lecturer

Lab sessions 
integrated in module

CAA available but lab 
sessions not integrated into 

module



Efficacy of feedback: Analysis of 
marks

Topics for which CAA 
was provided 
(beams, static 
equilibrium, structures, 
vectors) 

Topics for which CAA 
was not provided 
(centre of mass, 
Hookes Law, 
kinematics, projectiles) 

1999/2000 – 2003/4 
 

2004/5 – 2005/6 

CAA provided 

Chapter 1 Ke

T
est 1a

T
est 1b

Test 2b 

Test 2a 

Academic Years 



Conclusion

Mal-rules apply in other areas of maths 
(science?)

Error taxonomy applies in other areas of 
maths (science?).

CAA is a popular resource to use.

CAA is effective, if skills are tested and full 
feedback is given.
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