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Grip it or Slip it?
This physics module is designed to be used with mixed ability groups aged 15 -17.
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Abstract

The purpose of this series of activities is to allow pupils to join an investigative team which will examine the factors that cause a car tyre to slip on the road. Students will work in groups to discuss, design and carry out an investigation into one factor that affects a tyre’s ability to grip the road. This module is designed to be student focused with each group deciding what factor they would like to investigate and how they would like to do so. It is envisaged that the teacher’s role in the class will be that of guide and mentor. 

Sections include:

1. Student Activities

2. Teaching Guide and Notes
3. Assessment

Objectives of Module

To allow students gain an understanding of the factors that affect friction by conducting a series of investigations.
Learning Outcomes

On completion of this module students should be able to:

· Discuss the factors that affect friction

· Design a mind-map illustrating the factors

· Design and plan an investigation into one of the factors affecting friction

· Carry out an investigation 

· Take and record measurements

· Reach a conclusion based on those measurements

· Report and discuss their finding

Curriculum Content

Forces, friction, application of friction, lubrication, use of data logging sensors, IT and the analysis of quantitive data.

Prior Knowledge

From their prior knowledge students should appreciate the concept of a force, recall that the newton is the unit of force and be able to describe forces and their effects. Pupils should also have investigated examples of forces and the effect of lubrication.

Kind of Activity

Information processing, communicating, being personally effective, working with others, critical and creative thinking.

Anticipated Time

This module is designed to be taught over four 55 minute classes. Each task will require a single 55 minute class. However if there are time restraints task 1 and 2 could be covered over the course of a single lesson. 
Grip it or Slip it?
Student Activities

Scenario

Have you ever been stuck standing on a bus with a crazy driver that drives way too fast? Each time they turn a corner everything gets hurled from one side of the bus to the other; old ladies shopping bags spill all over the floor, mothers grab their kids as they go whizzing off the seat and you end up crushed against a smelly stranger that hasn’t washed in days. All the time you are asking yourself, how do the tyres stay on the road?

In this series of activities you are invited to join an investigative team of scientists to examine what exactly stops a tyre from slipping on the road.
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Your Tasks

Task 1

What causes a tyre to grip or slip on the road?
As a group you must meet and try to identify all the factors that contribute to a bus tyre gripping or slipping on a road. As part of this process your group must produce a mind map detailing what you believe to be the important factors.
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Task 2
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As a group you must chose one of the factors that you would like to investigate. You must design an experiment that will investigate whether or not your chosen factor does affect, the tyre’s ability to grip the road. You must produce a sketch of the apparatus you intend to use; also you must provide a list of the materials you will require to carry out the investigation. Once this has been completed the group must submit their plans to the teacher.

Task 3

Once your teacher has reviewed your plans and supplied you with the materials you need you must carry out your investigation. It is the duty of each student within the group to ensure that they record their own set of results. Upon completion of the investigation groups must discuss their outcomes and reach a conclusion.

Task 4

Each group must give a short presentation to their fellow classmates. During this presentation you must explain what factor you choose to investigate, how you investigated that factor and what the findings were. 

Task 5
Each student is expected to write up a laboratory report describing their investigation under the following headings:

· Abstract

· Introduction

· Apparatus

· Method

· Sources of error

· Conclusion

Teacher Guide
Introduction

This module aims to be as open as possible to the students own lines of enquiry. However it is recognised that teaching such a lesson will pose the teacher with issues that they wouldn’t normally meet when teaching material directly from the curriculum. This section aims to offer suggestions to the teacher as to how they can provide more structure to the lesson. It also includes the actual factors that affect friction and gives a list of some suggestions that students may put forward. Also included is a list of possible methods which students could use to test their hypothesis. 

Background Information

Friction

There are a number of different types of friction but the focus of this investigation is on static friction. The following simplified laws describe how friction works between two surfaces:

1. Friction always opposes motion between two surfaces – friction will always try and slow things down.

2. Friction doesn’t depend on the area of contact. This is a surprising law. If we look at the two identical objects show in figure 1 below, they will both have exactly the same amount of friction when the same size force is applied to them even though in the first case the area of contact is much greater. The truth of this is evident when one considers a motor bike going around a corner. The actual area of contact between the tyre and road is tiny however it doesn’t affect the tyres ability to grip the road.
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Figure 1

3. Friction depends upon the normal reaction. The greater the weight of an object the greater the size of the normal reaction and hence friction. In figure 2 the second object has a greater weight and consequently there is a greater amount of friction.
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Figure 2
Note: When asked to consider a bus tyre slipping a lot of students will envisage a scenario where the bus driver slams on the breaks and the wheels lock allowing the tyres to slip forwards. However for the purpose of this investigation students are asked to focus only on the sideways slipping of the bus tyre on the road.
Teaching Approaches
During task 1 students are asked to produce a mind-map listing the factors that affect friction. In task 2 they are asked to design an experiment which will test one of those factors. This is probably the area which students will find most difficult. The following is a list of suggestions they may put forward and some ideas as to how they may be tested. In the spirit of a student lead enquiry the teacher is encourage not to simply tell the students how to conduct the investigation. However it is recognised that classes contain mixed ability pupils. For those students that are struggling with the openness of the enquiry the teacher may guide them towards an easier investigation.

Task 3 is to be carried out in a different session from tasks 1 and 2. This is done deliberately to allow the teacher time to prepare the equipment necessary for task 3.

When the road is wet or dry.

Some students will realise that lubrication reduces friction between two surfaces. The following is one method that could be used to test this factor.
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Figure 3
How Heavy the Bus is.

Some students will recognise that the weight of the bus may be a factor. The following are some suggested methods.
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Figure 4
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Figure 5

How Quickly the Bus Turns / How Tight a Turn is.

Some students might suggest that the tighter the turn is or the faster a bus tries to take the turn the more difficult it will be for the tires to grip the road. The following is a suggested method for investigating this.
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Figure 6

For an object to continue moving in circular motion it requires a centripetal force to hold it in place. In the case of the object above this centripetal force is supplied by the friction between the object and rotating disc. The size of this force is given by:
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Where:

m = mass of the object.

v = speed of the object.

r = radius of the turn (distance from centre to object).
ω = angular velocity of the object.
Again to reiterate the methods listed above are merely suggestions. It is hoped that students will be able formulate their own investigations but in instances where students are struggling the teacher can use some of these methods to help guide students. 
Teaching Account

Lesson 1 – Scenario & Identifying Factors (55 Minutes)
At the start of the first lesson students were randomly placed in groups of four. Each group was assigned a bench at which they were to sit for the remainder of the investigation module. Groups were also asked to come up with a name for their team. The purpose of this is to promote positive team interaction and some of the students find this fun and it allows the investigation to commence on a positive note. However some groups may argue or find it difficult to name their groups. In such cases it is advisable to name the group by asking the first student to name a consonant the second a vowel and the third a consonant and so on (e.g. BAC). In this way it is possible to name the group with a minimum amount of fuss.  

Each team was then arranged around their bench so that students were facing each other and could communicate easily. Students were then given the scenario handout and were asked to discuss it amongst themselves. The students were then encouraged to share any stories or experiences they may have had with reckless drivers. This hoped to help develop student motivation to tackle the problem. Once this was complete students were issued with an A2 sheet of paper and colour markers. They were then given the student tasks handout and asked to begin work on task 1. This task required students to draw a mind-map listing out all the possible factors that could cause a tyre to grip or slip on the road. 
Some groups found it difficult to start this stage of the module but when they were asked some simple lead questions such as ‘Would a tyre be more likely to slip on a wet rod or dry road?’ or ‘Which is easier to go around, a tight bend or a wide bend?’  they quickly grasped what they needed to do. In fact once students saw some examples even the weaker students provided relevant suggestions. However it is important to stress that in the interest of promoting inquiry based learning at no stage were the students told what the factors were. They were merely guided through the task by the use of careful questioning when it was required. 
Lesson 2 – Design and Planning (55 Minutes)
At the start of the second lesson students were once again placed in their groups and were asked to commence work on task 2. This task required students to choose one of the factors they wanted to investigate. They then had to design and plan an experiment to investigate whether or not their chosen factor has an affect on a tyres ability to grip the road. 
From a teaching perspective this proved to be quiet intense as a lot of groups required guidance from the teacher. It is important to keep all groups working on task. To ensure this the teacher needs to be able to move quickly from group to group offering advice and stimulating debate using astute questioning. Given the limited time that the teacher will have to spend with each group (in this instance there were six groups working on six different investigations) it is essential that the teacher has already researched some possible avenues that the students may wish to follow. This allows the teacher to respond rapidly to the needs of the students. This point in the investigation offers the teacher an opportunity to differentiate the work between the different groups. Weaker groups may be encouraged to follow a simpler investigation whilst stronger groups can be encouraged to undertake a more ambitious investigation.
Once each group finished designing their experiment their plans were reviewed by the teacher to ensure that they were realistic and achievable within the time frame available. The students then submitted a list of material that they would require for the start of the next lesson.
Lesson 3 – Investigation (55 Minutes)

The six different investigations undertaken by students are listed out below. Nearly all groups used a wooden block with sections of tyre stapled firmly to the base to carry out their investigation.  

Road Surface

One group decided to investigate what affect the road surface would have on a tyres ability to grip the road. In order to test this they used the following setup.
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Figure 7
The students simply pulled the block and tyres over a number of different surfaces i.e. wood, steel, brass and Perspex and recorded the maximum value from the Newton balance.
Temperature

One of the groups suggested that temperature could have an affect on a tyres ability to grip the road. In order to test this theory they made up four water baths with water at four different temperatures ranging from close to freezing to almost boiling. They placed their wooden block with the attached tyre into each bath for a set length of time and then tested them on the apparatus shown below. They need made a record of temperature versus the angle required to start the block slipping.

[image: image9]
Figure 8

Radius of Turn
Another group wished to investigate what affect a tight turn would have on a tyres ability to grip the road. They used the following apparatus.
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Figure 9
The rotating sensor was connected to a PC that recorded the angular velocity of the disc. The students placed a metal mass at a marked distance from the centre of the disc. The students then started rotating the disc and gradually increased the speed of rotation until the point at which the metal mass slipped. The students then repeated the investigation but increased the radius of the metal mass.
New or Worn Tyres

One group decided to see if the type of tyre being used would affect its ability to grip the road. For this investigation they used a number of different tyre types and used the apparatus shown below to measure the maximum grip of each type.
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Figure 10
Weather Conditions
Another group decided to test what impact different weather conditions would have on the tyre. They decided to test the performance of the tyre in dry, wet and icy conditions. In order to do this they used the same metal surface each time but treated it using water to simulate wet conditions and then by wetting it and placing it in a freezer to simulate the icy conditions. They used the apparatus shown below to calculate the maximum force required to start the block slipping.
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Figure 11

Area of Contact

The final group wished to investigate what effect varying the area of contact would have. They did this by attaching a large number of tyre sections to the underside of a wooden block and then testing the maximum force require to start the block moving. They then removed some of the tyre sections thereby decreasing the area and repeated the investigation. They used the apparatus shown below.
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Figure 12
Before the lesson commenced it was necessary to obtain all the materials the students required to carry out their task. The majority of the material was available in the laboratory but it was necessary to obtain a variety of different bicycle tyres from a local shop. The piece of apparatus shown in figures 9, 16 and 17 had to be constructed in advance with the help of the students’ engineering teacher. To facilitate the procurement of materials and equipment it is beneficial to have a gap of a few days between task 2 and 3.
The initial stages of the investigation were very demanding. The weaker groups required a lot of help to set up their experiment. However once they had carried out the first trial and had recorded their data they were able to proceed relatively easily with the rest of the experiment. The stronger groups were able to act more independently but this was offset by the fact that they were encouraged to undertake slightly more ambitious experiments. In some cases this required extensive use of data logging equipment that they were not used to using. Again the teacher needs expert knowledge of the subject area in order to address the needs of a number of diverse projects.
Results of Student Activities

With the exception of the group that tested the effect of temperature all of the investigations were a success and yielded the results that their teacher expected (although not always the result that the students were expected). The most straight forward of the investigations was the effect that road surface had on the grip of the tyre (figure 13). The students that performed this investigation also wanted to see what would happen if there were pot holes in the road surface. In order to facilitate this they carried out the investigation on a board as shown in figure 13. They were then given some chisels and were free to make holes as they saw fit in the surface.
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Figure 13
The investigation into the weather conditions also proved to be very straight forward and the results that the students obtained largely agreed with the predictions they made in advance.
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Figure 14
The investigations into the new and worn tyres (figure 15) and the area of contact provided the most unexpected set of results for the students. The students that investigate the new and worn tyres were certain that the new tyres would have a lot more grip than the worn tyres but they were surprised to see that there was practically no difference in the performance of the tyres. 
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Figure 15
Similarly, the students investigating the area of contact were certain that increasing the area of contact would increase the friction. However they were surprised to find that increasing the area had no impact whatsoever on the friction. In fact, students were certain that they must have made a mistake in carrying out the investigation. Although both these investigations produced a null result they were the most enlightening for students and had a positive impact on students’ understanding of friction. It is important to note that the teacher had to intervene and explain why this was the case. 

The most difficult investigation undertaken by the students was the effect of the radius of turn on the tyres ability to grip the road. The actual apparatus and set up used by the students is shown in figures 16, 17 and 18. Although the students were able to carry out the investigation easily it required a lot of help from the teacher to explain the results that the obtained in graph 4.
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Figure 16
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Figure 17
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Figure 18
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Figure 19
The investigation into the effect of temperature on the tyre was the only one that proved to be inconclusive. The coldest and hottest tyre gave the greatest friction and the temperatures ranging between the max and min gave the least friction. Clearly this doesn’t make a great deal of sense and the students were confused by it. In order to ease the confusion it was necessary to explain to students that sometimes investigations contain errors such as the tyre being slightly wet in one case and dry in the other which can give some anomalies in the results.
Sample Results
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Graph 1 – Max force versus weather conditions.
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Graph 2 – Max force versus road surface.
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Graph 3 – Max height versus tyre type.
Graph 4 – Angular velocity versus time.
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Graph 5 – Force versus time.
Assessment
It is suggested that assessment be both formative and summative. In the case of formative assessment ‘comment only’ or ‘allocation of marks/grade’ may be made at the discretion of the teacher. The following tables 1 and 2 may be used by the teacher to evaluate each students’ performance in terms of performing the activity and working within the group.

Student Group work Evaluation based on Teacher Observation
Student Name____________________________ Class________________
	
	Teacher Comment/ Mark/Grade

	Functioning in the group
	

	Contributes to the group discussion during the learning the subject 
	

	Has patience for the group's members 
	

	Knows and understands the objectives of the activity (active observation) 
	

	Thinks in a creative manner and exhibits vision 
	

	
	

	Presenting the activity orally
	

	Presents the activity in a clear and practical manner 
	

	Shows triangulation of evidence
	

	Presents knowledge and understanding of the subject 
	

	Uses precise and proper scientific language 
	


Table 1
Ref: The Weizmann Institute of Science, Rehovot, PARSEL
Student Assessment Tool based on the Teacher's Observations 
	Performing the activity
	Teacher Comment / Mark / Grade

	Performs the activity according to the instructions/plan created
	

	Maintains an orderly and clean work table
	

	Understands the objectives of the activity and knows which tests and measurements to perform
	

	Uses lab tools and the measurement equipment in a safe and appropriate manner
	

	Behaves in a safe manner 
	

	
	

	Functioning as group member

	Contributes to the group discussion during the theoretical inquiry phases (raises questions and hypotheses, designs the experiment, draws conclusions, makes justified decisions)  
	

	Shows tolerance with, and gives encouragement to, the group members. 
	

	Cooperates with others in a group and fully participates in the work of the group. 
	

	Illustrates leadership skills –guiding the group by thinking creatively and helping those needing assistance (cognitive or psychomotor); summarising outcomes. 
	

	
	

	Presenting the experiment orally to the rest of the group

	Presents the activity in a clear and practical manner with justified decisions. 
	

	Presents by illustrating knowledge and understanding of the subject. 
	

	Uses precise and appropriate scientific terms and language. 
	


Table 2
Ref: Jack Holbrook, ICASE, PARSEL

Summary and Conclusions

Strengths

· The module placed a very strong emphasis on group work.

· This module was designed to build upon students’ prior knowledge and skills. It is clear from the manner in which most students were able to undertake the tasks with relatively little help from their teacher, that the students did have the necessary prior skills and knowledge. The one exception being students’ lack of experience using data logging equipment, which did require some instruction from the teacher. 

· One of the key components in any inquiry based lesson is that the students are able to work independently from the teacher. In this respect the module was very successful, as students were able to undertake the planning and investigative tasks largely independent of the teacher. However when it was necessary the teacher did intervene and offer guidance.

· The module was also successful in presenting students with a scientific problem they had to solve using the scientific process. The evidence of this is that students designed and carried out their own investigations, which allowed them to reach their own valid evidenced based conclusion.

· The defining characteristic of inquiry based learning is that it places as much emphasis on the scientific process as it does on the resulting theory. An excellent example of why this is so important was given by the students who investigated the effect of area of contact on friction. Due to their preconceptions they believed that they had carried out the investigation incorrectly when they found that the force of friction remained the same even though the area of contact was changing. It was only after they repeated the experiment and were encouraged to trust the process that they reached the correct conclusion. This gave the students an invaluable insight into how the scientific process actually works.
· One of the key strengths of the module is that it is relatively easy to differentiate for different ability levels due to the huge variation in the methods students can use to measure the frictional force.

Weaknesses

· The scenario was not as effective as had been hoped in initially motivating students. Showing the students some video footage of formula one cars skidding before they read the scenario may help to stimulate their interest.

· This module required an in-depth understanding of friction and as a consequence could prove difficult for teachers without a strong physics background to undertake.

· The module involved extensive use of group work. Whilst this is largely positive it does come with the caveat that the group work must be organised effectively or it can lead to a chaotic classroom environment. As a consequence an inexperienced teacher with little practice in implementing group work may struggle.

· It can be difficult to keep all students on task because some groups will finish tasks quicker than others or students may be waiting to use equipment such as the data logger. As a result timing can be an issue.

Measure the size of the angle it takes to make the object slip.





Perspex board.





Test the surface when dry and when lubricated.





Pulley wheel





Container – keep adding sand until the block moves. Then weigh the sand to find the frictional force.





Vary the weight by adding more masses.





Attach a force sensor and datalogger. Use a PC to calculate the maximum force required to get the block moving each time.





Disc free to rotate on a pivot.





Object is placed on rotating disc. Students can investigate if the speed of rotation or its proximity to the centre has an effect.





Newton balance





Wooden block with tyre sections stapled underneath.





Varied surface





Use a protractor to measure the size of the angle it takes to make the object slip.





Mass on rotating disc.





Rotor sensor attached to PC.





Rubber belt.





Meter stick used to measure the maximum height of the ramp before slipping occurs.





Pulley wheel





Weights were added until the block started to slip.





Wooden block with tyre sections stapled underneath.








Force sensor connected to PC.
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