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This section of the syllabus is common to all three areas of science. It is likely that you will cover much of the ‘How Science Works’ criteria in your normal lessons, but this work book is designed so that you have an opportunity to focus on the concepts by themselves ….

You should use your text book and the glossary of terms that were given to you at the start of the year to help you to complete these questions.

Revision list for How Science Works

10.1 The thinking behind the doing

Reliability and validity in evidence

Reliability - can it be reproduced? how much do we trust the data?

Validity - depends on the reliability of the data

            - does the research answer the question?

10.2 Fundamental ideas

Valid reliable evidence vs opinion

Types of variable and links between variables

Variables – continuous, ordered, categoric, discrete

Links – causal, by association, by chance

10.3 Observation as a stimulus to investigation

Identify important variables

Make and test a hypothesis

I observe that ….. and I know that ….. so I hypothesise that ….. 

I therefore predict that ….. so I will carry out an experiment to …….

10.4 Designing and investigation

Independent and dependent variables

Fair test

Choosing values of variables

Accuracy and precision

Independent variable: the one we change

Dependent variable: the one we measure

Valid measurements ie: measure the correct thing

Controlling all variables, using a control

Choosing values, preliminaries

Repeat readings improve reliability

Accurate: close to the true value

Precision: how close repeat readings are to each other

10.5
Making measurements

Sensitivity of measurements


Random error



Identification of anomalous result


Unavoidable variation


Accuracy of an instrument, calibration

Sensitivity: smallest change that can be detected


Human error: random or systematic

Random error: inconsistent application of a technique

Systematic error: consistent misapplication of a technique


Examining anomalous values

10.6   Presenting data
Data range and average

Selection of appropriate methods of presentation

tables/bar charts/line graphs/scattergrams

Range: maximum and minimum

Average: sum of measurements divided by number of measurements

Tables: limited

Bar charts: dependent variable is continuous and independent variable is categoric

Line graphs: independent and dependent continuous

Scattergrams: used to show an association between two variables

10.7 Using data to draw conclusions

Line of best fit

Linear (+ve and –ve) relationships

Proportionality

Limitations of data

Reliability of data

Anomalous results can be identified in tables

Using lines of best fit to illustrate relationships

Linear or directly proportional or curves

Conclusions shouldn’t go beyond the data

Consider reliability and validity of results when evaluating

10.8 Societal aspects of scientific evidence

Credibility, bias, political considerations

Authority, technological significance

Ethical, social, economic and environmental issues

10.9 Limitations of scientific evidence

Insufficient evidence

Boundaries of scientific knowledge

10.1 Use pages 2 and 3 of your textbook to answer the following questions:

1. Fit these words into order. They should be arranged in the order in which you might use them in an investigation.

design; prediction; conclusion; method; repeat; controls; graph; results; table; improve; safety

__________________________(__________________________(___________________________________________________(__________________________(___________________________________________________(__________________________(___________________________________________________(__________________________



     (3)

10.2 Use pages 4 and 5 of your textbook to answer the following questions:

2. An experiment was carried out to test different brands of vacuum flasks.  

A pot of tea was made then split between four flasks and left for four hours.

Three people wrote down their observations after testing the tea.

Bill




Bob




Fred

	Flask
	Observations
	
	Flask
	Observations
	
	Flask
	Observations

	A
	Cold
	
	A
	17 °C
	
	A
	4th

	B
	Very hot
	
	B
	55 °C
	
	B
	1st

	C
	Hot
	
	C
	40 °C
	
	C
	2nd

	D
	Warm
	
	D
	28 °C
	
	D
	3rd


Choose from these words to describe the variable used to test the tea:


ordered


continuous


categoric

· Bill

……………………………………

· Bob         ………………………………...

· Fred        ………………………………...








     (3)

3. Suppose you were describing the height of plants for some field work. What type of variable would you choose and why?












_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

10.3 Use pages 5, 6 and 7 of your textbook to answer the following questions:

4. Write definitions for independent and dependent variables.

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)  

5.  Explain the difference between a causal link between two variables and one which is due to association.

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)
6. Match the links between the variables by drawing lines between the three columns

      (3)

	Position of stars
	Causal
	Sea temperature

	Position of Sun
	By association
	Sea levels

	Position of Moon
	By chance
	Sea colour


7. You might have observed that marble statues weather badly where there is air pollution. You ask the question why. You use some accepted theory to try to answer the question.

a) Explain what you understand by a hypothesis.

_____________________________________________________________________________________________________________________________________________________________ (1)

b) Sulfur dioxide in the air forms acids that attack the statues. This is a hypothesis. Develop this into a prediction.

_____________________________________________________________________________________________________________________________________________________________ (1)

c) Explain why a prediction is more useful than a hypothesis.

_____________________________________________________________________________ (1)

d) Suppose you have tested your prediction and have some data. What might this do for your hypothesis.

_____________________________________________________________________________________________________________________________________________________________ (1)

e) Suppose the data does not support the hypothesis. What should you do to the theory that gave you the hypothesis?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

10.4 Use pages 8 and 9 of your textbook to answer the following questions:

8. Match these definitions

	Reliability
	How close repeat readings are to each other

	Accuracy
	The trustworthiness of data collected

	Precision
	How close the data is to the true value


                











    (3)




9 a)  What do you understand by a fair test?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (1)

 b)  Explain why setting up a fair test in field work is difficult.

_____________________________________________________________________________________________________________________________________________________________ (1)

 c)  Describe how you can make you results valid in fieldwork.

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

 d)  Suppose you were carrying out an investigation into how pulse rates vary with exercise.  

       You would need to carry out a trial.  Describe what a trial would tell you about how to plan your method. 

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

10. Suppose you were watching a friend carry out an investigation measuring the carbon  dioxide produced by yeast cells. You have to mark your friend on how accurately she is making her measurements. Make a list of points you are looking for. 

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (3)

11. How can you check on the reliability of your results?

_____________________________________________________________________________________________________________________________________________________________ (1)

12. Doug wants to test how much energy is released by burning different biofuels.  He tests this by using the energy released to raise the temperature of water.

What must he do to ensure a fair test?


1.________________________________________________________________________

2. _____________________________________________________________________  (2)
	Biofuel
	Test 1
	Test 2
	Test 3

	Cardboard
	50°C
	51°C
	72°C

	Food waste
	40°C
	38°C
	41°C

	Ethanol
	80 °C
	82°C
	85°C

	Sugar cane
	60°C
	57°C
	60°C


These are Doug’s results:

Doug thinks that his results are very precise.  

Do you agree? Explain your answer.
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

What has Doug tried to improve by repeating his experiment?

_____________________________________________________________________________ (1)

10.5 Use pages 10 and 11 of your textbook to answer the following questions:

13. Bob conducts an experiment to investigate how much power 8 of his classmates use when climbing the stairs.  He measures the height of the stairs with a ruler and uses a stopwatch to time how long each person took to climb the steps.

	Pupil
	Power

	Amy
	925W

	Bill
	852W

	Carl
	896W

	Daisy
	944W

	Evan
	882W

	Fran
	898W

	Greg
	870W

	Helen
	980W


a) Which measurement method could introduce random error?

_____________________________________________________________________________________________________________________________________________________________ (1)

b) Give a possible source of the random error.

_____________________________________________________________________________ (1)

c) Which measurement method could introduce systematic error?

_____________________________________________________________________________ (1)

d) Give a possible source of the systematic error.

_____________________________________________________________________________ (1)

e) Another classmate looks at Bob’s results and says, ‘girls always develop more power than boys’.

Is he right to say this?  What could he do to test his theory?
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

14.  What should happen to an anomalous result?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

10.6 Use pages 12 and 13 of your textbook to answer the following questions:

15 a) How do you decide on the range of a set of data?

_____________________________________________________________________________________________________________________________________________________________ (1)

b) How do you calculate the mean?

_____________________________________________________________________________________________________________________________________________________________ (1)

c) When should you use a bar chart?

_____________________________________________________________________________________________________________________________________________________________ (1)

d) When should you use a line graph?

_____________________________________________________________________________________________________________________________________________________________ (1)

16. A house was tested to see how much heat energy it lost over one day.  

This table shows the percentage lost by each part of the house.

	Part of house
	Energy lost

	Doors
	19%

	Windows
	24%

	Floors
	8%

	Roof
	38%

	Walls
	11%


How could you best represent this data?

_____________________________________________________________________________________________________________________________________________________________ (1)

17. Bob wants to show how the light intensity of the Sun varies throughout the day so he measures the voltage of a solar cell throughout the day every day for a week.  
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What could he have done to his results before plotting a graph to make his graph clearer to understand?

_____________________________________________________________________________________________________________________________________________________________ (1)

10.7 Use pages 14 and 15 of your textbook to answer the following questions:
18. Look at these graphs:

       A

                B

             C
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a) Draw lines of best fit to the data.








      (3)

b) Which graphs show proportional relationships?

____________________________________________________________________________  (1)

c) Which graph shows a directly proportional relationship?

_____________________________________________________________________________ (1)

d) Explain how you decided.

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

19. What does a line of best fit allow you to do?

_____________________________________________________________________________________________________________________________________________________________ (1)

20. When making a conclusion, what must you take into consideration?

_____________________________________________________________________________________________________________________________________________________________ (1)

10.8 Use pages 16 and 17 of your textbook to answer the following questions:

21a) How would you tell the difference between an opinion that was scientific and a prejudiced opinion?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

b) Why might some people be tempted not to be completely fair when reporting their opinions on scientific data?

______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________(2)  

22. An advert for a vacuum flask says ‘Better than the leading brand’.  Another brand’s advert says ‘Tests

    show our flasks stay hotter for longer’.   Which brand would you say was better?  Explain your answer. _______________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)
23. A newspaper reports, ‘Government study says: ‘Mobiles cause health risk in children’.

A mobile phone company responds buy saying: ‘Mobile phones are safe for all’.

a) Could the mobile phone company be biased in its statement?  Why?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

b) Members of the public can invest money by buying shares in big companies. How do you think a shareholder in the mobile phone company would feel about the health claims in the paper?
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

c) Why might the government be interested in doing a study on mobile phones?

_____________________________________________________________________________________________________________________________________________________________ (1)

10.9 Use pages 18 and 19 of your textbook to answer the following questions:

24 a) ‘Science can advance technology and technology can advance science.’

        What do you think is meant by this statement?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

b) Who answers the questions that start with ‘Should we…’?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

Summary question

Glass has always been used for windows in buildings and is increasingly being used for structural parts as well. It is important therefore to be able to find out the strength of glass. One measure of this is the force that can be applied to glass before it breaks. Glass bends under pressure. Laminated glass is in three layers. Glass on the outside sandwiching a polymer layer. This strengthens the glass.

An experiment was carried out to find out how far laminated glass would bend. The glass was supported on two wooden blocks and a load line drawn half-way between the blocks. A load was then placed on this load line and the amount of bend in the glass was measured. The load was gradually increased. Another plate of glass was then used for a second set of results.

The results of the investigation are in the table.

	Line load line (kN/m)
	Bending (mm)
	Bending (mm)

	1
	18
	20

	2
	37
	39

	3
	55
	57

	4
	74
	76

	5
	92
	98


a) What was the prediction for the test?

_____________________________________________________________________________________________________________________________________________________________ (1)

b) What was the independent variable?

_____________________________________________________________________________ (1)

c) What was the dependent variable?

_____________________________________________________________________________ (1)

d) Suggest a control variable that should have been used.

_____________________________________________________________________________________________________________________________________________________________ (1)

e) Is there any evidence for a systematic error in this investigation? Explain your answer.

_____________________________________________________________________________________________________________________________________________________________ (2)

f) Is there any evidence for a random error? Explain your answer.

_____________________________________________________________________________________________________________________________________________________________ (2)

g) How could the investigation have its accuracy improved?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

h) Was the precision of the bending measurement satisfactory? Provide some evidence for your answer from the data in the table.

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

i) What is the mean for the results at a line load of 5kN/m?

_____________________________________________________________________________ (1)

j) Draw a graph of the results for the first test






      (3)

k) Draw a line of best fit.









       (1)

l) Describe the pattern in these results.

_____________________________________________________________________________________________________________________________________________________________ (2)

m) What conclusion can you make?

_____________________________________________________________________________________________________________________________________________________________ (1)

n) How might you develop this technique to show the effect of the thickness of the polymer on the breaking point of the glass?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (1)

o) How might the information be used by architects wanting to protect building?

_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ (2)

