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Abstract. Differential calculus is necessary for the description of more complex physical

phenomena. However, mathematics education has shown that many students lack a deep
understanding of the concepts of differentials and derivatives. To gain deeper insight into student
understanding of these concepts in physics, we developed a questionnaire probing student ideas
on instantaneous velocity and electric field (derivative of potential with respect to position) in both
graphical and symbolical representations. Many students from four different universities
incorrectly refer to a particular case (e.g. E-field of a point charge) or confuse average and
instantaneous velocity or electric potential and field.
1 Introduction & problem statement
Differential calculus is needed in the description and analysis of more complex physical
problems, but many students lack understanding of the basic concepts of calculus, such as
differentials and derivatives [1]. Our study focusses on student understanding of the concept
of derivative in physics contexts. Expressions such as 𝑣 = 𝑑𝑥/𝑑𝑡, 𝑑𝑊 = 𝐹 𝑑𝑥, and 𝐸+ =
− 𝑑𝑉/𝑑𝑟 are present in the theoretical description of physics phenomena and in problems
related to these phenomena. In this contribution, we report on student answers in questions
probing for their understanding of instantaneous velocity and electrical field (as the derivative
of potential with respect to position) in a graphical representation.
2 Methodology
To gain deeper insight into student understanding of differentials and derivatives in physics, we
have developed several open-ended questions in which student ideas on instantaneous velocity and
on electrical field (as the derivative of potential with respect to position) are probed both in
graphical and symbolical representations.
In this contribution, we focus on two graphical questions: one in the context of 1D kinematics,
and one in the context of electrostatics. The questions are given in Figure 1. In both cases, the
dependent variable changes non-linearly as function of the independent variable, meaning that
instantaneous velocity (or local field) is not the same as average velocity (or field).
The questions were given to cohorts of students in four different universities. A categorization
scheme was devised, bottom-up, i.e., from the data.

Name _________________________________ ID ____________ Class ______ Score _____

Question 1a (3 marks)
The figure shows the electric potential V of a
V2
particle at different positions x.
Explain how you would calculate the xcomponent of the electric field at positions x1
and x2.
V1

QUESTION 2

[TOTAL MARKS: 20]

Q 2(a)
The figure shows the position x of a
x2
particle at different times t.

x1

x2

t1

t2

[6 Marks]

Explain how you would calculate the
instantaneous velocity at times t1 and t2.

x1

Fig. 1. Questions probing student understanding of derivatives in different physics contexts.

3 Results

Q 2(b)
[6 Marks]
A particle is moving in one dimension. The position of the particle as a function of
time is given by x = 60 + 0.2t2. The velocity of the particle at t = 5 s is equal to 2 m/s.
Consider four possible interpretations of the result 2 m/s:

The final 1)
categorization
scheme
is given
ininTable
1. It
remarkable
couldatdesign a set
The position would
change
by 2 m
the next
1 sistime
interval if itthat
keptwe
moving
of categories that
applies
for both contexts.
constant
velocity.
2) The position will change by 2 m in the next 1 s time interval (i.e., between 5 and 6
s).
Table 2. Coding scheme for responses to the questions of Fig. 1.
3) The position will change by 2 m during any 1 s time interval.
4) The position of the particle has changed by 2 m during each of the first 5
Correct understanding
of derivative
A. Correct understanding of derivative
seconds.

A.
A1. Answer based on formula 𝑣 = d𝑥/d𝑡
A1. Answer based on formula 𝐸 = − d𝑉/d𝑥
think in
is best?A2.
Explain.
A2. AnswerWhich
basedinterpretation
on slope of do
theyou
tangent
Answer based on slope of the tangent in point
point (𝑥1 , 𝑡1 ) (not necessarily mentioning the
(𝑉1 , 𝑥1 ) (not necessarily mentioning the formula)
formula) Q 2(c)
[5 Marks]
A rugby
kicks the ball
from the ground
with a velocityuse
of 16.74
m/s at an angle
B. Inappropriate
useplayer
of uniformly
accelerated
B. Inappropriate
of a particular
electrostatic
of
53
degrees
with
the
horizontal.
Ignoring
air
resistance,
calculate
the
length
of
time
straight line motion formulas
case (e.g. point charge)
the ball is in the air.
C. Confusion between instantaneous and C. Confusion between local and average field
average velocity
Q 2(d)
[3 Marks]
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D. Incoherent
Incoherent
Calculate the horizontal distance travelled by the ball in that time.
E. no answer – no explanation
E. no answer – no explanation

4 Conclusion

[End of Question 2]

We have designed open-ended questions probing student understanding of derivatives in case
of non-linear relationships between variables. Preliminary results show that a lot of students not
clearly distinguish between instantaneous and average quantities or rely on formulas of particular
cases that not apply to the problem statement. In the presentation we will describe student results
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