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Most Common Student Errors 
Michael Boardman, Chief Reader, 2008-2011 

 
Local versus global extreme 
Students often give arguments that justify a location as a local extreme value, for 
example the first derivative changes sign, when a question asks for justification for a 
global extreme value. 
 
Rate versus quantity 
Many contextual problems give information on the rate of change of some quantity.  
Sometimes, students read too quickly and assume the information given is about the 
quantity itself. 
 
Particle motion 
Velocity versus speed.   
Many students confuse the velocity of a particle with the magnitude of the velocity, speed.  
 
Increasing speed and decreasing speed.  
If an object has positive velocity and positive acceleration, most students correctly state 
the speed is increasing (the object is speeding up).  However, if an object has negative 
velocity and negative acceleration, most students incorrectly say speed is decreasing (or 
that the object is slowing down). 
 
Displacement versus distance traveled.  
Distance traveled is given by |

a

b

∫ v(t) |dt .  This accounts for changes in direction.   Net 

displacement is given by v
a

b

∫ (t)dt = x(b)− x(a) . This describes the distance between 

starting and ending positions. 
 
 
Average value versus average rate of change 
Students often confuse these, particularly in contextual problems where it can be difficult 
to distinguish between amount and rate.   

The average value of f  is given by 1
b − a

f
a

b

∫ (x)dx .   

The average rate of change of f  is given by f (b)− f (a)
b − a

.  Using the FTC, this is also the 

average value of f ′(x) : 1
b − a

f
a

b

∫ ′(x)dx
  
if f ′(x)  exists on [a,b] . 

 
Antidifferentiation 
Often, we see students who have difficulty antidifferentiating an expression containing a 

variable that is multiplied by a constant.  For example, many students leave off 1
π

 in 

sin∫ (π x)dx = − 1
π
cos(π x)+C . 
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Fundamental Theorem of Calculus  
Many problems require the use of the fundamental theorem of calculus in the form 
f (x) = f (a)+ ′f

a

x

∫ (t)dt . Even when students correctly write or evaluate the integral, they 

often forget to include the initial value f (a) . 
 
Area 
When determining the area of a region between two curves, some students reverse the 
order of subtraction in the integrand.  So, if f > g  on the interval [a,b] , some students 

write g(x)− f (x)( )
a

b

∫ dx  rather than f (x)− g(x)( )
a

b

∫ dx . 

 
Volume 
Given that cross-sections perpendicular to the x -axis have area A(x) , the volume of the 

solid is given by A
a

b

∫ (x)dx .  This general formula works for volumes of revolution 

(where cross-sections are disks) and for other figures with known cross sectional areas.   
Students often have difficulty with this.  Many students memorize formulas for volumes 
of revolution only to have these formulas get in the way of their ability to write a volume 
expression for a solid with specified cross-sectional areas.  
 
Trapezoidal approximations 
Most of us teach the trapezoid rule:  Suppose a = x0 < x1 < ...< xn−1 < xn = b  is a regular 

partition of the interval [a,b]   with Δx = b − a
n

.  Then  

f
a

b

∫ (x)dx ≈ Δx
2

f (x0 )+ 2 f (x1)+…+ 2 f (xn−1)+ f (xn )( )  

However, often one possesses just a collection of data in which the values of the 
independent variable are not evenly spaced.  In this case, a trapezoidal approximation 
must be done long hand with areas of trapezoids. 

f
a

b

∫ (x)dx ≈ f (x0 )+ f (x1)
2

(x1 − x0 )+…+ f (xn−1)+ f (xn )
2

(xn − xn−1)  

 
 
 
 
 
Inflection points  
An inflection point for f  is defined as a location where the concavity of the graph of f  
changes.  Most authors require f  to be differentiable (once) at a point of inflection, but 
the second derivative of f  need not exist there.   Furthermore, many students assume that 
if f ′′(c) = 0 , the c  is the location of an inflection point.  However, concavity need not 
change in this case (for example f (x) = x2  at x = 0 ). 
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Tangent Lines 
Some questions expect students to decide if a tangent line approximation is an 
overestimate or underestimate.  The argument required is usually based on concavity.  If 
a tangent line to y = f (x)   at x0  is used to approximate f (x1) , and the graph of f  is 
concave down on the interval [x0 , x1] , then the tangent line approximation is an 
overestimate.  It is important that the graph is concave down on the entire interval, not 
just at x0 . 
 
Miscelleneous 
Algebra 
In recent years, problems requiring algebra have proven extremely difficult for many 
students.   
 
Calculators 
Some recent problems required careful entry of expressions into the graphing calculator.  
Based on student responses, there were it was clear that some students misplaced 
parentheses or input only part of the expression they were to use.   
 
Communication 
Accurately communicating mathematics is critical on the free-response section of the 
exam.  If a student writes an equals sign between expressions, these expressions  must 
truly be equal.  The equals sign should not be used as a symbol meaning “and so” or 
“therefore”.   
 
Continuity  
When asked to show a function is continuous at a point, students are expected to show 
that the left hand limit, right hand limit, and function value are all equal.  
 
Reading carefully 
When information is given about f ′ , students must not assume the information given is 
about f . 
 
 


