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Key-concepts in kinematics

Defining quantities/variables for describing y
motion (position, displacement, speed, velocity, 5 et Ta
acceleration)

Frame of reference and observers A S A

From one dimensional to bi-dimensional motion 6
(from scalars to vectors) ame| ¥, a=g) =

Relative motion

Knowledge of curricula




Key-concepts in
Kinematics with
Multiple

Representations

Orientation toward
science teaching

https://fockphysics.wordpress.com/2013/06/15/sbg-and-multiple-representations-in-kinematics/



https://fockphysics.wordpress.com/2013/06/15/sbg-and-multiple-representations-in-kinematics/

Knowledge of

, . students’ prior
Misconceptions understandings

Zero velocity implies zero acceleration, even for an instant.

Velocity decreasing means something slows down. (Failure to account for vector
character of velocity.)

Constant circular speed implies zero acceleration. (#VectorFail)

Distance and displacement are often confused.

Position and displacement are often confused when making graphs.

Position, velocity, and acceleration are “undifferentiated”.

Same velocity means same position.

The meaning of the slope (in s-t graphs, in v-t graphs, in y-x graphs).

(McDermott et al, 1987)



Math difficulties Phys difficulties

e Discriminating the slope and height Interpretation of the meaning of
of a graph and interpreting changes in line graph slope in a physics
height and changes in slope context
Identifying slope with the angle e The slope of the line constantly
between straight line and the x axis increase (or decrease) in s-t
Evaluate the sign of the slope graphs, that means a change in
according to the quadrant in which velocity
the line is drawn e Students who have not yet reached
Interval/point confusion the formal operational stage of

cognitive development are likely to
Knowledge of view graphs as something concrete
instructional rather than indicators of abstract
: trends

Strategles e Spatial imagery vs visual imagery

(Planinic M. et al, 2012)



Phys difficulties B/ E{aReliile0i{[=k

P1. Distance - time graph of an object's M1. Consider the following line (ray) in the

motion is shown below. Which statement coordinate system. Which statement is
best describes this motion? correct?
s A y ES

Knowledge of :
iInstructional . t 0 %

A The object is not moving. A. The slope of the line is constant and

Strategles B. The object is moving at a constant different from zero.

velocity. B. The slope of the line is constant and

&
»

C. The object is moving with a uniformly equal to zero.

decreasing velocity. C. The slope of the line is constantly

D. The object is moving with a uniformly increasing.

D. The slope of the line is constantly
decreasing.

increasing velocity.

(Planinic M. et al, 2012)



Students’
difficulties in

kinematics graphs

Knowledge of
students’ prior
understanding

(Beichner, 1994)

Graph as Picture Errors
The graph is considered to be like a photograph of the situation. It is
not seen to be an abstract mathematical representation, but rather a
concrete duplication of the motion event.

Slope/Height Confusion
Students often read values off the axes and directly assign them to the
slope.

Variable Confusion
Students do not distinguish between distance, velocity, and acceleration.
They often believe that graphs of these variables should be identical and
appear to readily switch axis labels from one variable to another without
recognizing that the graphed line should also change.

Nonorigin Slope Errors
Students successfully find the slope of lines which pass through the
origin. However, they have difficulty determining the slope of a line (or
the appropriate tangent line) if it does not go through zero.

Area Ignorance
Students do not recognize the meaning of areas under kinematics graph
curves.

Area/Slope/Height Confusion
Students often perform slope calculations or inappropriately use axis
values when area calculations are required.



Quantitative/Qualitative problem solving in symbol representation

REPRESENTATIONAL TASK FORMATS AND ... PHYS. REV. ST PHYS. EDUC. RES. 8, 010126 (2012} 'Ihe mﬁon d mwon fa’ an w.ﬂt lmVing almg a
i oty i o s - straight horizontal path is found to be

attempting problems) does not imply comprehension of 0.0) )
concepts presented in the tasks as well as the underlying ’ T ] i
physics principles of the equations used. According to the a
Johnson-Laird cognitive framework of sense making [45],

it is argued that comprehension oceurs with the construc-

tion of a mental model which is a key clement in the . . . . .
learning process [46,47). However, although the applica- FIG. 1. Kinematic task with graphical format requesting quali- v ( t) — 3 + 2‘

tion of external ions promotes the facivetaokitions

of a mental model, the strategies used by the students when

attempting tasks with different representational formats

play u crucial role. The study by Greca and Morcira (48]  immediately apply the brakes and your car staris slowing
Characterized students with & mental model e focusing on  40Wn & 0.8 s . Determine whether a collision will take
comprehension and identifying physics ideas, using a  PIac®-

i If the object was in motion for 5 s, what is the distance

with the equaty

=i Specific strategies NRpcliod adt Sl T e [ fed

on the use of g
central role of ¥

=z O assess students

promoted,
Morcover. the
with the differ

= UﬂderStaﬂdiﬂgS The equation of motion for an object moving along a
Pratpes straight horizontal path is given by

ACKNOWLEDGMENTS

. N N e Question 6: Work—Qualitative—Symbolic
This work is supported in part by the U.S. National Write down everything you can say from the force
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Question 1: Kinematics—Qualitative—Symbolic
The equation of motion for an object moving along a ) (")

straight horizontal path is given by
(1) = 30+ 5t + 26 1 % . . . d‘
. Write down, in words, everything you can say about the
: : i W 50
[0 rs) (000 s

Write down, in words, everything you can say about the mwm o f (hg °| 2 L

motion of the object.

Question 2: Kinematics—Quantitative—Linguistic

You are driving at a speed of 60 ms™! when suddenly
you see a van 60 m dircctly ahead of you also travellingin - FIG. 2 Kinematic task with graphical format requesting quan-
the same direction at a constant speed of 40 ms™'. You  titative solutions.

010126-13

(Ibrahim & Rebello, 2012) (Saputra et al. 2019)



Quantitative/Qualitative problem solving in Graphic representation

x(1) (m) vi(r) (ms™) (Ibrahim & Rebello, 2012) (Saputra et al. 2019)
4
180 o
The acceleration-time graph for an object moving along
a straight horizontal path is shown in Fig. 4.
30 50 = Write down, in words, everything you can say about the
motion of the object
(0,0)* —>1(s) (0,0) T > 1(s) =
fo a;(ms™)

The motion of a truck along a straight horizontal path is
shown by the graphs below. Determine the time taken and
acceleration of the truck to complete the whole journey ©.0) Fi= I > t(s)

o] Y

Specific strategies
to assess students
understandings




Questionnaire on Kinematics


https://nhrhs.instructure.com/files/6518/download?download_frd=1
https://nhrhs.instructure.com/files/6518/download?download_frd=1

Questionnaire on Kinematics - Let's try it

https://forms.gle/tjHbrtY1sykMuk8z8



Knowledge of

o students’ prior
Students’ prior knowledge understandings

(1) In the stationary objects resultant force is not zero

(2) The average velocity is equal to the average speed

(3) Can not distinguish between acceleration and velocity

(4) The normal force is always equal to gravity and always a straight line

(5) Difficulty on constant velocity — no force

(Isnaini, 2015)



https://www.youtube.com/watch?v=A2cYcQkcJ08

Video on Kinematics


http://www.youtube.com/watch?v=A2cYcQkcJ08

