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Abstract of the module

PROFILES module “Traffic accident: who is to blame?” is based on a real car accident when
aboywasknocked downbya vanonapedestrian crossing linkedwith traffic lights.Theboywasslightly
injured.Areconstructionoftheaccidentwasundertakeninanattempttodetermineblame. The aim of the module is
to introduce students the idea of lawsofmotion, study the coefficient offriction through the example of a
real/actual traffic accident, enable students to measure the reaction time of their owns and use laws of
motion to solve every-day life problem. To achieve these aims students should carry out investigations,

recording data and analyze them.
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Picture 1.Students performing/doing research experiments.

Suggested Teaching Strategy

Introduce an issue to students; Give the problem to them.

2. Allow the students to think about the problem and draw a reconstruction diagram using the available
data.

3. Expect students to be able to determine the time taken for the boy to reach the point of the accident
after setting off across the road (consolidation of the ability to apply understanding to a new situation).
Also expect the students to indicate what assumptions they have made in arriving at this determination.

4. Guide students to suggest what further information they need to determine about the van (this being the
velocity before skidding and the time for which the skidding took place).

5. Guide students to derive v= (2ugs)"*based on the concepts of the change of kinetic energy and the work
done against friction
Define the coefficient of friction as F/N by experimental investigations

7. Students are now in a position to determine the time needed for the van to skid and hit the boy, taking
into consideration the reaction time by the van driver

8.  Students determine their own reaction time.

Students determine the time the van took to reach the accident point if he skidded immediately the
yellow light first appeared.

10. The students undertake a group discussion and put forward justified decisions.
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Suggested Teaching — Learning Outline

STAGE

TEACHING - LEARNING APPROACH

TEACHING - LEARNING OUTLINE

1. Setting the
scene

Material presented through a real life title and
scenario.

—

Becoming familiar with the scenario.

. Putting forward ideas on how to tackle the issue

Realization that the scientific question to answer is ‘how can the speed of the van be
determined before the accident?

2. Inquiry- based
Problem Solving

Teacher guided, Student-centered material includes
Problem Solving, Nature of Science and Conceptual
Science Learning (and consolidation of the conceptual
learning through adequate feedback - assessment).

. Tackling the problem. Teacher guidance so that students realize that the tyre marks can

indicate speed if the relationship between change of kinetic energy and work done against
friction is examined.

. Teacher guidance so that students realize that frictional force depends on the surfaces and

this can be indicated by a coefficient of friction. Knowing the coefficient of friction leads to
a value of the frictional force and thus to the velocity of the van.

. Students realize that the scientific question can be simplified to ‘How can the coefficient of

friction be determined’

. Teacher guidance to enable students to determine the coefficient of friction experimentally,

using the ration N/F where F is the weight of the van and N the fictional force.

. Knowing the coefficient of friction (and assuming, in the simplest case, the van was moving

a zero speed at the time of the collision and assuming a reasonable reaction time for the van
driver), students are expected to be able to determine the velocity of the van before
skidding.

3. Socio-
Scientific
Decision Making

Teacher guided, Student centered material includes
reasoned socio-scientific decision making (and
consolidation of the conceptual learning through
adequate feedback — assessment).

.Knowing the speed of the van before skidding, the distance of the van from the pedestrian

crossing and the time taken for the boy to reach the point of the accident, the students are
in a position to discuss, making reasonable assumptions, a possible reconstruction of the
accident scene and hence to suggest, with clearly outlined justification, whether, if they
were called upon to make a judgment, would anyone be to blame.
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Suggested teaching table
STAGE 1 Situation Reconstruction Realization that the
Setting the scene TRAEEIC ACCIDENT- shown by diagram and by putting forward ideas | scientific question to
WHO IS TO BLAME ? > calculation time f0r > answer is “how can the
Putting forward a boy to reach the point speed of the van be
relevant science of the accident determined before the
related issue accident?’
STAGE 2 A measure of the determine v needs | V= (2ngs)«where - _ leadingto v
Inquiry- based Coefficient of Friction (1) [ v = velocity by deriving relationship | Realizationthat to solve the
Problem Solving u = coeff. friction < problem the tire marks can
g = gravity be used to indicate velocity.
Student centered learning measured by l s = distance
to.acquwe conceptual leading to _ .
science need to explore EXPERIMENT . | Determine the velocity of
the issue from stage 1 the van before skidding.
STAGE 3 l blame for the accident depends on
Socio-Scientific . .
. . Making reasonable assumptions (speed of the van, whether the boy started

Decision Making . N :

leads to to cross the road before the lights changed, the reliability of the witness,
Using outcomes from DECISION - MAKING «——— | the condition of the road on the particular day (and time of day) and the

. - WITH REASONING reaction time of the driver).
stage 2 to aid decision
making from stage 1
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An example of a diagram
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Expected Outcomes

1. To understand the problem
This is achieved by the students drawing a reconstruction diagram

2. To draw a reconstruction diagram of the situation
Each student draws the diagram and includes all relevant information

3. To solve the traffic problem using laws of motion and coefficient of friction
This is achieved by the students undertaking the necessary calculations, being guided by the teacher to appreciate
new areas of physics such as the relationship between change of kinetic energy and work done against friction,
plus the coefficient of friction and how this can be determined experimentally.

4. To show cooperative learning
Cooperate by participating as a member of a group in a discussion on the outcomes of the calculations to
determine whether to apportion blame;

5. To determine who is to blame
This is achieved by holding a group discussion and reaching a consensus view as to whether blame should be
apportioned to anyone and if so the reasons and assumptions made for indicating this.

Project funded within the EC FP7 Programme: 5.2.2.1 — SiS-2010-2.2.1 Grant
Agreement No.:266589

Supporting and coordinating actions on innovative methods in science education:
teacher training on inquiry based teaching methods on a large scale in Europe




ST,
FAELIA
ks 0 R

PROFILES (&)

Professional Reflection-Oriented Focus on Inquiry-based Learning and Education through Science

Lesson 1
At the end of the lesson, students are expected to be able to:

a) Draw a reconstruction diagram of the accident scene;
b) Determine the time taken for the boy to reach the point of the accident indicating assumptions

Lesson 2
At the end of the lesson, students are expected to be able to:

a) suggest information needed to determine whether the van driver is to blame of the accident (this being the velocity

before skidding and the time the skidding took);
b) realize that the change in kinetic energy of the van is the same as the work done against friction when the van skidded

c) Derive formula v= (2ugs)1/2 .
d) Determine their own reaction time

Lesson 3
At the end of the lesson, students are expected to be able to:
a) Show that the coefficient of friction is F/N
b) Determine values experimentally and calculate the coefficient of friction;

¢) Determine how long it took the van to stop by making use of the skid marks;
d) Assuming a given reaction time for the van driver, determine the position of the van when the lights went red and

the boy started to cross the road.

Lesson 4
At the end of the lesson, students are expected to be able to:

a) shown justified reasoning for arriving at a decision whether anyone is to blame for the accident
b) arrive at a consensus decision agreed by all students
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Additional material for teachers

Traffic accident: Who is to be blame?

Theoretical ideas to be reinforced during the investigation

Friction occurs between the van tores and the road surface.

A force is needed to allow the car to move.

Limiting static friction.

Once the car moves, a slightly smaller force is needed to keep it moving at a constant speed.
Once the car skids, sliding friction is occurred which depends on the weight of the car.

The reaction force perpendicular to the surface is equel to the weight of an object.

N U k-

called the coefficient of frictionp. (u= F/N or F = pN ).

®

For sliding friction is slightly less than u for static friction.

The ratio of friction to normal reaction is constant and depends only on the nature of the contact surface. This is

9. The value of 0.7 means that the friction power is 0.7 times the weight of the object. The value of u is a key in the

accident investigation.
10. When a car skids, the sliding frictionoccurs.

F =pmg where m is the mass/weight of the car and g = the acceleration due to gravity

11. Suppose a vehicle travels at a speed v, then its Kinetic Energy Ex = Yamv?, when the car stopsthe decelerating force is

given by F = umg
Work done by friction is - A = -Fs =- umgs.

When the vehicle stops itsEx = 0.
The change in Ex is the same as the work against friction 0- Y2 mv? =- pmgsor v = (2ugs) *

12. 11 shows thatskid-to-stop distance depends only on the coefficient of friction and the speed of the vehicle, it is

independent of the mass of the vehicle.

Calculations for the boy

Average speed of walking (as indicated by the witness) =5/2.9=1.72 m s!
Distance before impact = 4.6 m
Time taken to get to impact position = 4.6/1.72 =2.7 s

Calculations for the van

The velocity of hitting was 10 km h-1 =278 m s-1

Then velocity of the van before skidding is = v?-ve’=-2as , a=pg, vo’=v?+2ugs
(2,782+2-0.76-9,8-19.8)"2 = 17.4 m/s

17.4 m/s = 62.6 k/h

Skidding time:

t = (V-vo)/a=(v-vo)/(-ug)= (2.78 - 17.4)/(-0.76x9.81) = 1,96 s
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If driver’s reaction is 0.8s then skidding distance + the distance corresponding to the total time for reaction is -19.8 +
0.817.4=33.7m

Reaction time + skidding time is - 0.8 + 1,96 = 2,76 s

When the yellow light came on, time before skidding is 2.8sc + 3.0sc = 5.8sc

If the van driver had applied his brakes at the same time when the yellow light was on he would have avoided the
accident or alternatively had the van been travelling at 40km.h"!= 11,1 m/s as per the speed limit, the accident could also

have been avoided.

Stopping distance from point of perception is:

Skid distance s=vo%/2a =11,1%/(2- 0.76 9.8)=8,27(m) ;

Reaction time distance s=vt=11,1-0.8 = 8,88(m);

Total8,27+8,88=17,15(m) (which is much less than the 33.7 m it took at 62.6 km h-1)

A possible Conclusion

1. The speed of the van was 62.6 kmh. This was above the speed limit.

2.The van driver did not break when the yellow lightcame on: he braked only when seeing the boy stepping off the
kerb.

A crucial statement in this reconstruction was that the boy started crossing the road when the “green man” for

pedestrians came on.

The following table for data recording can be given to the students.
Table 1

Driver’s data

Velocity Real reaction

Startin Skiddin Lo . Skiddin, Reaction .

. 8 before . 8 Skidding time . 8 . Total time

velocity L. distance . . time time

skidding distance distance
Project funded within the EC FP7 Programme: 5.2.2.1 — SiS-2010-2.2.1 Grant
? Agreement No.:266589
il Supporting and coordinating actions on innovative methods in science education:

teacher training on inquiry based teaching methods on a large scale in Europe



!,_.-;;:: i .
R == }‘

PROFILES |

Professional Reflection-Oriented Focus on Inquiry-based Learning and Education through Science

il

Table 2
Datacollected for the boy and the driver

Distance covered by the boy | Velocity defined with the help of witness | Time from collision to a sidewalk
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