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Curriculum for Wales: Science: Boost


Create holistic, varied and engaging lessons with adaptable digital resources for science.


Including worksheets, lesson plans, PowerPoints, interactive quizzes and more, these materials will save time planning and can be edited to suit the needs of your curriculum.


●Use the editable Course Plan to create a bespoke scheme of work


●Provide practice with printable worksheets, and guidance on how to differentiate activities in the lesson plans


●Check understanding with skills quizzes for maths and spelling and automarked topic tests


●Ease the transition between progression steps using the baseline test to assess prior learning, and extension tasks at the end of each topic


●Support new and non-specialist teachers with ready-made lesson plans and PowerPoints


Curriculum for Wales: Science Pupil Book 1: Boost eBook


Boost eBooks are interactive, accessible and flexible. They use the latest research and technology to provide the very best experience for students and teachers.


●Personalise. Easily navigate the eBook with search, zoom and an image gallery. Make it your own with notes, bookmarks and highlights.


●Revise. Select key facts and definitions in the text and save them as flash cards for revision.


●Listen. Use text-to-speech to make the content more accessible to students and to improve comprehension and pronunciation.


●Switch. Seamlessly move between the printed view for front-of-class teaching and the interactive view for independent study.


●Download. Access the eBook offline on any device – in school, at home or on the move – with the Boost eBooks app (available on Android and iOS).


To subscribe or register for a free trial, visit hoddereducation.co.uk/welsh-secondary-resources
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The curriculum


The Curriculum for Wales has been developed in Wales, by practitioners for practitioners, bringing together educational expertise, wider research and evidence. Our resources are designed to reflect the Welsh context and to help develop your identity as a citizen of Wales and the world.


We have worked in collaboration with University of Wales Press to produce this resource. They have reviewed it to make sure it is tailored to the new curriculum and explores Welsh culture and heritage in an authentic way. Find out more about University of Wales Press by visiting their websites www.uwp.co.uk and https://www.gwasgprifysgolcymru.org/


We would also like to thank the teachers from schools across Wales who helped to plan and review this title:


Dr Simon Broadley, Head of Biology at St Joseph’s R.C. High School, Newport


Jim Lewis, teacher of Physics and Director of Raising Standards at Ysgol Maesydderwen 


Dr Mark Matthews, Second in Science and head of Applied science at St Joseph’s R.C. High School, Newport
















How to use this book



Welcome to Curriculum for Wales: Science!


These pupil books are designed to deepen your knowledge and understanding of the world around you. They have been written to help you apply the ‘what matters’ statements in the Science and Technology Area of Learning and Experience (AoLE) of the 2022 Curriculum for Wales:




	●   Being curious and searching for answers is essential to understanding and predicting phenomena.



	●   Forces and energy provide a foundation for understanding our universe.



	●   The world around us is full of living things which depend on each other for survival.



	●   Matter and the way it behaves defines our universe and shapes our lives.






This book will encourage you to think about how different scientific concepts relate to ideas you may learn about in Computer Science and Design and Technology:




	●   Design thinking and engineering offer technical and creative ways to meet society’s needs and wants.



	●   Computation is the foundation for our digital world.






Science is a subject that has local, national and international reach. In this book we have provided Welsh examples to help you engage with the people, places and histories that have shaped modern Science and to help you to see and understand Science outside the classroom in your local area and across the nation.


Your teachers will guide your study of Science and place it in the context of all the Areas of Learning Experience, not just within Science and Technology.


There are a range of learning features in these pupil books:




Practical skills


Practical skills boxes focus on the skills you need to successfully carry out practical work.







Worked example


Worked examples support your Literacy, Numeracy and Digital Competency development. Each box explains why a skill is important, before taking you step-by-step through a question.







Science in context


Science in context boxes highlight how Science is used outside the classroom. These include historical and cultural examples from Wales including scientists, regional organisations, local organisms and habitats.







Check your understanding


Check your understanding questions help you check you have understood what you have studied.







Learning summary


Learning summary boxes provide a short bullet point recap of what you have learnt about a topic.
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Making links


Making links boxes highlight connections to the other subjects within this AoLE (Biology, Chemistry, Physics, Computer Science and Design and Technology).
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Key terms


Key terms are highlighted and explained to boost your scientific vocabulary.





The Science skills that are covered in the first Chemistry topic in pupil book 1 provide an essential foundation to all of the science that you will study. You may find it helpful to refer back to this topic throughout your studies.


















1 Science skills





Being curious about our world and asking questions is an excellent way to begin thinking like a scientist. The journey from asking a question to designing an experiment to test the possible answers is how science develops over time. Planning and carrying out scientific investigations is how ideas are tested. Showing the data collected using graphs, and being able to say what is good and bad about the data means that scientists can have their new discoveries recognised by the world.




	●  How do changes in the environment affect plant growth?



	●  How do materials affect how objects move?



	●  Does adding salt change the boiling point of water?
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► Laboratory safety


Keeping safe in a laboratory is one of the first things you must learn in science. You need to be alert to the dangers around you so that you can keep yourself and others safe. To do this you must:


Listen – to the rules and instructions given by your teacher.


Stand – to complete experimental work; this means you can quickly move out of the way of any hazards.
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Key term


Hazard – a substance or action that could cause harm.





Move calmly around the laboratory – do not run or throw anything.


Tie hair back and wear no loose clothing – so that they do not touch any chemicals and are kept away from any flames.


Not eat or drink – do not put anything in your mouth.


There will be extra safety rules when working with some chemicals. These will have warning labels on their containers and you need to recognise each hazard so you can take precautions.
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▲Figure 1 Some of the most common hazard warning labels you will see in a school laboratory.








Practical skills — Identifying hazards


Alys and Louise were asked to heat a dilute acid with another solution.


[image: image]

▲Figure 2 This was the hazard symbol on the bottle of acid.




The teacher told them to wear eye protection and work near a sink. This is in addition to the usual laboratory safety rules.
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▲Figure 3 Alys starts heating the beaker containing the acid and other solution. She has not followed all the safety rules.








	1     What does the symbol on the bottle of acid mean? What harm could this substance do?



	
2     Explain why each of these safety precautions is necessary:



	a     wearing eye protection



	b     working near a sink



	c     standing up during the experiment.








	3     What hazards can you see in Figure 3?



	4     Why is it especially important to be aware of the hazards when heating an acid?











Science in context


Every day, lorries transport dangerous chemicals to industrial and agricultural sites. Safety precautions must be considered when chemicals are transported or stored. In the UK, lorries transporting dangerous chemicals must display a warning sign and a hazard code. In Figure 4 you will recognise the familiar symbol for a corrosive substance. The orange number codes give extra information. The top number is an Emergency Action Code that tells the emergency services what personal protective equipment they must wear and how to prevent or extinguish a fire caused by the chemical. The bottom number identifies the exact chemical inside the lorry. A key is needed to interpret these codes.
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▲Figure 4 The warning signs on a lorry transporting hazardous chemicals. 










► Choosing and using equipment for taking measurements


When you plan an experiment, you first have to decide what measurements you need to make and then select the correct equipment.


One of the most important skills in science is being able to take accurate measurements. You will use a range of measuring equipment and you need to know how to use it correctly and how to record the values of variables.
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Key term


Accurate – the measured value or result is close to the correct value.





We use different units to measure different variables. You may need to change the units of a measurement, for example from centimetres (cm) to millimetres (mm). This is explained on page 8.


Table 1


















	

Quantity




	

Unit




	

Abbreviation









	

Length




	

metre




	

m









	

centimetre




	

cm









	

millimetre




	

mm









	

Time




	

second




	

s









	

minutes




	

min









	

hour




	

h









	

Mass




	

kilogram




	

kg









	

gram




	

g









	

Temperature




	

degrees Celsius




	

°C












Measuring mass or volume


An electronic balance is used to measure the mass of an object.


A measuring cylinder is used to measure the volume of a liquid. There are many sizes to choose from and you must select the smallest one available for the volume you are measuring. A smaller cylinder has a greater resolution and so using this makes your measurements more accurate.
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Key term


Resolution – the resolution of a piece of equipment shows the smallest change it can measure, for example, the smallest division on the scale of a measuring cylinder or the number of decimal places in a reading on an electronic balance.
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▲Figure 5 This electronic balance shows a mass of 10 g.
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▲Figure 6 A 10 cm3 measuring cylinder is more accurate for measuring a volume of 2 cm3 than a 100 cm3 measuring cylinder. 




Measuring temperature and time


You need to monitor how temperature changes over time in many experiments. A thermometer is used to measure temperature and a stopwatch is used to take accurate measurements of time.


Other laboratory equipment


You will also need to use test tubes, beakers and flasks for heating, mixing and pouring. Pipettes and funnels can be used when transferring liquids. Small drops can be added at a time using a pipette and a funnel can help when pouring liquids into narrow flasks. A test-tube rack holds several test tubes safely.


To grind or crush solid substances you can use a pestle and mortar. To transfer small amounts of solid substances you use a metal spatula and when you need to stir a mixture you should use a glass stirring rod. Glass is used for stirring because glass won’t react with any of the substances you are using.
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▲Figure 7 Using a range of laboratory equipment in a chemistry investigation.
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▲Figure 8a A pestle and mortar
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b Using a stirring rod
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c Using a metal spatula






Heating and cooling substances


You will need to heat substances safely in many investigations. In a science laboratory this is carried out either using a Bunsen burner, or using a water bath. Robert Bunsen (1811–1899) was one of a number of important German chemists who developed modern laboratory chemistry in the 19th century.


The temperature of a Bunsen flame can be as high as 2000 °C. When using a Bunsen burner you must:




	●     Use the yellow flame (air hole closed) when the Bunsen burner is not being used to heat anything.



	●     Ensure hair is tied back and no loose clothing is near the Bunsen burner.



	●     Keep the Bunsen burner well away from the edges of the desk, from people and from anything flammable.



	●     Use a heatproof mat.



	●     Wear eye protection.



	●     Always watch the Bunsen burner.



	●     Use additional equipment such as a test-tube holder, or a tripod and gauze to safely support the container above the flame.
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▲Figure 9 The yellow safety flame is much easier to see than the blue heating flame. 






In scientific diagrams the Bunsen burner is not drawn but an arrow is used to indicate the heating effects.
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(a)
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(b)
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(c)


▲Figure 10a Diagram of the apparatus in Figure 7, b Using a test-tube holder to heat a liquid in a test tube, c Using a clamp and clamp stand to heat a liquid in a boiling tube.






Sometimes you need to heat something more slowly or to keep it at the same temperature for a long time. Some substances must not be heated using a Bunsen flame because they are flammable. In all these cases, you place the test tube in water kept at a constant temperature (a water bath).


A temperature-controlled water bath uses an electric heater to keep the water at a fixed temperature. This apparatus will have to be set up early so it can reach the set temperature. You can also place the test tube in a beaker of very hot water from a kettle, or a mixture of hot and cold water. The temperature of the hot water changes very slowly. You can also make an ice and water bath. This will keep a temperature of nearly 0 °C until all the ice is melted.




Practical skills — Drawing scientific equipment


You need to be able to draw a clearly labelled diagram to show how the equipment you have chosen will be put together. This will help others understand your experiment. You should use a sharp pencil and draw continuous single lines. Draw objects in two dimensions, rather than an artistic sketch. Do not shade or colour in diagrams of apparatus. Use a ruler to draw straight lines, including label lines.


Glen wanted to investigate the heating of water with time. He measured 100 cm3 of water into a beaker then heated the beaker over a Bunsen burner. He recorded the temperature every minute for 20 minutes.




	1     Draw a scientific diagram for this experimental set up.



	2     Write a full list of equipment needed for this experiment.









Making accurate measurements


You can get inaccurate results if you do not measure carefully. When measuring mass, always make sure the electronic balance is set to zero before you place a substance on it. When measuring liquids in narrow cylinders the top of the liquid can form a curve (called the meniscus). When measuring the volume of a liquid make sure you always measure to the bottom of the meniscus and that your eyes are level with the liquid volume you are reading (see Figure 11).
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Key term


Meniscus – a curve that forms at the edge of a liquid when measuring in a narrow cylinder.





When measuring temperature and length, make sure your eyes are directly over the mark on the scale on the ruler or thermometer. When you measure the temperature of a liquid, do not let the thermometer bulb touch the walls or bottom of the beaker as the reading will be the temperature of the container surface, not the liquid. Remember to set a stopwatch to zero before you start timing.
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▲Figure 11 A student reading the bottom of the meniscus at eye level to measure the volume of a liquid accurately.








Worked example


Reading scales carefully is an important part of taking accurate measurements.
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▲Figure 12






What is the reading on the thermometer in Figure 12?








	▶  STEP 1


	Identify the numbered markings either side of the value being measured: 55 and 60.







	▶  STEP 2


	Look at the unnumbered marks on the scale between these two points. Work out the size, in degrees Celsius (°C), of one of these divisions. One large division = 1 °C.







	▶  STEP 3


	Count on from the lowest marking to the value being measured: 55, 56, 57, 58, 59.







	▶  STEP 4


	Look at the smaller scale marks. There are 10 marks in each 1 °C so each small division is 0.1 °C.







	▶  STEP 5


	Finally count along the smaller divisions to the value being measured: 59.1, 59.2, … 59.4.







	▶  STEP 6


	Record the value and include the unit: 59.4 °C.












	1     Write down the values shown on the scales in Figure 13. Make sure you include the correct units.
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a
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b


▲Figure 13 









Converting between units


You may need to change the units of the measurement when the value of a measurement is either very large or very small. Figure 14 shows how to do this. For example, to convert from kg to g you multiply by 1000.
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▲Figure 14 A way to convert units when your values are very large or very small.






Worked example


Converting between units is an important skill. You may have measured in one unit but need to change it into another for further calculations.


Write 2 kg 300 g in grams.








	▶  STEP 1


	Identify the type of unit: mass.







	▶  STEP 2


	Identify the unit you have been asked to convert into: grams (g).







	▶  STEP 3


	Identify the conversion: × 1000 to convert kg to g.







	▶  STEP 4


	Carry out the conversion: 2 × 1000 = 2000, so 2 kg = 2000 g







	▶  STEP 5


	Add on the value already in the correct unit: 2000 g + 300 g = 2300 g.












	
1     How many millimetres are there in



	a     3.2 cm



	b     5 cm 7 mm



	c     3 m?








	
2     Write these masses in kilogrammes (kg):



	a     1250 g



	b     780 g



	c     34 500 g.








	
3     Write these times in seconds:



	a     2 min 45 s



	b     3 min 12 s.














Using prefixes with units


The SI (Système International d’Unités) system is a set of metric units including the kilogram, metre and second. These units are divided or multiplied by 10, 100, 1000 or 1 000 000 to give smaller or larger units such as the centimetre (cm), kilometre (km) or micrometre (µm), as shown in Table 2. For example, one nanosecond (1 ns) is 0.000 000 001 s. This system has been used in science for over 200 years.




Science in context


The metric system has base units defined from physical properties of the earth and water. It defines units and subunits that are divisible by 10, which make calculation easy. It was created in France in the period following the French Revolution of 1789. 





Table 2 Common prefixes used with SI units




















	

Prefix




	

Symbol




	

Meaning




	

Power of ten









	

tera




	

T




	

1 000 000 000 000




	

1012









	

giga




	

G




	

1 000 000 000




	

109









	

mega




	

M




	

1 000 000




	

106









	

kilo




	

k




	

1 000




	

103









	

centi




	

c




	

100




	

102









	

milli




	

m




	

0.001




	

10−3









	

micro




	

μ




	

0.000 001




	

10−6









	

nano




	

n




	

0.000 000 001




	

10−9









	

pico




	

p




	

0.000 000 000 001




	

10−12














Science in context


From 1889 to 2019 the kilogram was defined by a cylinder made largely of platinum metal. It was called the international prototype of the kilogram (the IPK) and was stored under very controlled conditions in a laboratory in Paris. Special copies were compared to this original and used around the world to compare against all other kilogram masses. Since 2019 the kilogram has been defined by mathematics based on the unchanging constant of the speed of light.





Calculating a mean


During science investigations we usually take three or more repeats of readings in order to check they are close together. If the repeat measurements are close together, we calculate a type of average called the mean value. The mean value is likely to be closer to the true value than any individual measurement.


To calculate the mean, you use the formula:
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Sometimes there will be a measurement that does not fit the pattern of the others and we call this an anomaly. Before we calculate the mean, we need to identify any anomalies and make sure we do not include them in the calculation.
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Key terms


Mean – an average of a set of data calculated by adding together the values and then dividing by the number of values which were added.


Anomaly – a value that does not fit the same pattern as other measurements.
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▲Figure 15 The anomaly is identified, and the mean of the remaining values is calculated. 








Worked example


Ahmed measured the temperature in the room and did three repeats (Figure 16).




[image: image]

▲Figure 16 The three repeat values of room temperature measured in an experiment.






Calculate the mean temperature.








	▶  STEP 1


	
Add up all the values measured:


23.5 + 24.2 + 23.7 = 71.4








	▶  STEP 2


	
Divide this total by the number of repeats:


71.4°C ÷ 3 = 23.8 °C.













	
1     Calculate the mean of these length measurements:


12.6 cm, 12.2 cm, 12.4 cm.




	
2     Calculate the mean of these volume measurements:


6.8 cm3, 7.2 cm3, 6.9 cm3, 7.1 cm3.




	
3     In these repeat measurements of the mass of a book, one value is an anomaly. Identify it and then calculate the mean:


102 g, 128.2 g, 104.2 g, 101 g, 106.7 g, 99.4 g.












Check your understanding


Know




	
1     Name the equipment used to measure:




	a     temperature



	b     volume



	c     mass.








	
2     Write the correct units for measurements of:




	a     time



	b     volume



	c     mass



	d     temperature



	e     length.








	3     What does this symbol mean and what safety steps would you take if you saw it?
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Apply




	4     List the equipment you would choose if you wanted to measure the amount of salt that can dissolve in 50 cm3 of cold water. State the sizes of the equipment where there is a choice.



	5     Give three examples of different sizes of measuring cylinders and explain how you would choose which one to use.



	6     A student reads the time from a stopwatch as 02:35. They multiply this by 60 to convert to seconds and get 141 s. The teacher tells them this is incorrect.



	Work out the correct number of seconds and explain what the student has done wrong.











Learning summary


Now you have completed Laboratory safety and Choosing and using equipment for taking measurements you should be able to:




	●     describe the safety rules of a laboratory and how to identify hazards



	●     use a Bunsen burner safely



	●     describe how to use acids and alkalis safely in the lab



	●     choose appropriate scientific equipment and draw a scientific diagram of how it will be put together



	●     explain how to take measurements using a range of equipment and record data in tables with units. 










► Planning an investigation


Variables


The first stage in planning an investigation is to decide on the scientific question you would like to answer. A scientific question involves factors that can change, and things that you can observe or measure. For example: ‘How does temperature affect plant growth?’ or ‘How does the mass of an object affect how quickly it falls?’


Independent variable – this is the factor that we choose to change in our experiment because we want to investigate its effect.


Dependent variable – this is the factor that we observe or measure during our experiment in order to investigate the effect of the changes to our independent variable.


Control variables – these are all of the possible factors, other than the independent variable, that could affect the outcome of the experiment. These must be kept the same throughout the experiment to ensure a valid (fair) test.
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Key terms


Independent variable – the factor that will be changed in an experiment.


Dependent variable – the factor that will be measured in an experiment.


Control variable(s) – the factors to be kept the same in an experiment.


Valid – a valid test (also known as a fair test) is an investigation where only one variable (the independent variable) is allowed to affect the dependent variable.





Researching your ideas


Researching how an investigation could work before you begin is an important skill. You will want to understand the science behind the ideas by researching a scientific explanation for how or why different factors could change the outcome. You can then choose from these factors which one to investigate (your independent variable) and which ones to control.


You can also research different ways to carry out your investigation, finding out what equipment and methods to use.


Sources you could use include textbooks and various internet sources such as videos, articles and documentaries.


Choosing sources for research


It is very important that you are able to judge if an information source is likely to be reliable. Many websites are created by people who have no scientific background so what they say could be wrong, out of date or they might not have collected good quality data.




Science in context


There is a huge amount of information on the internet so you must be aware of ‘false facts’ or ‘fake news’. For example, if you were asked what percentage of the brain does the typical human use, would you say 10%? If yes, then you have joined the many people who have fallen for this myth shared by popular media and advertising. An internet search of trusted scientific sources reveals this to be incorrect. It is important that you can evaluate claims presented as scientific facts.


What fake news have you seen recently on the internet or social media? 







Worked example


The skills you use when finding information online are important in scientific planning. When using the internet to research scientific questions you need to be able to decide if what you are reading can be trusted.


Ming used books and websites to research if adding salt to water will change the melting point of ice.
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▲Figure 17 Three pieces of information Ming found in his initial research.




Before he uses these sources any further, he wants to judge their reliability.


How could Ming decide which of these sources is reliable?








	▶  STEP 1


	
Look at the author or the organisation – is their work checked by others, does a subject specialist write or review the work?


If the source is a large scientific organisation, then information will be checked by other scientists in a process called peer review: joesblog is written by a 15-year-old boy, whereas the school textbook and the magazine Scientific American are written by subject specialists and checked for accuracy.








	▶  STEP 2


	
Look at the date. If you are researching values, are these the most up-to-date data available?


The second statement in Ming’s list refers to an amount of salt per year. The textbook was written in 2020 and so the value is likely to still be correct.













	1     Helena uses Wikipedia to research the average hours of daylight in each month of the year. Give a reason why the information she finds may be unreliable.



	2     Suggest what Helena should do to choose a more reliable source.



	3     Why do you think it is important to check a value given in a printed encyclopedia, for example the total number of insect species found in an area of the Brazilian rainforest?









Creating a hypothesis


Remember, each scientific question involves an independent variable that you want to investigate and a dependent variable that you think could change as a result.


You can now use the results of your research to develop a hypothesis, which is a prediction of what you think will change and why. For example, ‘Plants will grow taller if given more water, because water is needed for plants to grow’ or ‘The greater the mass of an object the faster it will fall, because gravity affects larger objects more’. Your hypothesis must be something that can be tested in an experiment.
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Key term


Hypothesis – a prediction about how two variables may be related with a scientific reason for the link. 





Completing a risk assessment


Earlier in this topic (pages 2-3) you learned about laboratory safety. This is the point in your plan where you consider all the possible hazards in your investigation and how you will work safely to make sure these hazards do not cause harm.


You need to think about the hazards of any substances you will be using, given by the hazard symbols on the containers. You also need to think about how you will be using any equipment and any other actions you will be taking that could cause a hazard.


You then need to assess the level of risk as low, medium or high.


Finally, you need to write out the actions you will take to avoid the risk causing harm. These could include safety steps during the experiment or actions to take if there is an accident.




Practical skills — Making a risk passessment


These are the steps required to make a cup of tea:




	1     Fill the kettle with water, plug into the electric socket and switch on.



	2     Place a tea bag into the bottom of a china cup.



	3     Once the water has boiled, pour the hot water into the cup almost to the top.



	4     Stir the water in the cup.



	5     Squeeze the tea bag and remove from the cup.



	6     Add milk to the cup.






This is a risk assessment for this method:




















	

What is the hazard?




	

How could this cause harm?




	

Level of risk




	

Steps to take to reduce risk









	

Use of electricity around water




	

Risk of electric shock if touching socket with wet hands




	

Low




	

Ensure no water is spilled on or around the kettle switch, plug or electric socket


Do not touch kettle switch, plug or socket with wet hands









	

China cup




	

Could be chipped and lead to cuts




	

Low




	

Look closely for any chips. If seen, swap the cup for another one









	

Pouring hot water




	

Risk of scalding if spilled on skin




	

Medium




	

Do not overfill the kettle


Take care when pouring hot water


Have access to flowing cold water









	

Stirring and handling of hot tea bag




	

Risk of scalding if touching hot tea bag




	

Low




	

Use stirrer, and tongs to squeeze tea bag














	1     The substances used are tea and water. Why are they not listed on the risk assessment?



	2     What action carries the greatest risk? Why?



	3     Why is the phrase ‘Have access to flowing cold water’ in the risk assessment?



	4     Some people like a slice of lemon in tea instead of milk. Add this to the risk assessment. 









Writing a method


Once you have a clear, testable hypothesis and have considered the possible risks, you are ready to write a method for your plan. A scientific method must clearly outline every action needed to ensure the experiment can be repeated in exactly the same way each time. This will ensure that the data collected is repeatable (so that the same person repeating the experiment can collect very similar results) and reproducible (so that if a different scientist followed your method exactly, they would also get very similar results). The method must also describe how to vary only one factor while keeping others the same.




[image: image]


Key terms


Repeatable – when the data shows similar values when each measurement is repeated by the same person or group.


Reproducible – when the data shows similar values or trends when repeated by a different person or group.





A good method will:




	●     have very clear steps



	●     list the most suitable equipment



	●     include a scientific diagram of the set up



	●     list the volumes or masses of any substances used.





If the plan involves measuring times, the method will say exactly when the stopwatch will be started and stopped.


A good method will also state the different values for the independent variable to be used and these will cover a sensible range – at least five values, evenly spaced out, for example, temperatures of 20 °C, 30 °C, 40 °C and 50 °C.


A plan to repeat readings will also be included.




Practical skills — Writing a good method


Elin wanted to investigate if the colour of a birthday candle affects how quickly it burns.


Her hypothesis is that the red candles will burn more quickly because it is the darkest colour and the dye will make it burn faster.


Here is the method she wrote with some comments from her teacher to think about extra details.




[image: image]






[image: image]

▲Figure 18 Elin’s method and her teacher’s feedback. 








	1     Sadiq was investigating the effect of adding salt to water on the boiling point of the water. His method includes the step ‘carefully put the water into the beaker’. What additional information does this method step need?



	2     Owain was investigating how temperature affects the growth of cress seeds. He writes in his method ‘measure the heights of the plants’. What additional information does this method step need?



	3     Megan was investigating how temperature affects the time it takes for sugar to dissolve. Her plan includes the step ‘measure the time it takes for the sugar to dissolve’. What additional information does this method step need?











Check your understanding


Know




	1     Mari wants to investigate if the container used to heat water over the Bunsen will affect the time taken for water to boil. She identifies the control variables as volume of water, colour of Bunsen flame (air hole fully open) and distance from flame to container. She chooses a beaker, a conical flask and a boiling tube. What is the independent variable? What is the dependent variable?



	2     Gabrielle wants to investigate heating water to 40 °C using a Bunsen burner. She decides to measure the time it takes to heat different volumes of water. Write a hypothesis for this investigation.





Apply




	3     Gethin is investigating what happens when two solutions are mixed together. In the risk assessment he states that safety glasses must be worn as eye protection and that the experiment should take place near a sink. Suggest the hazard and explain the advice.





Extend




	4     Owen wants to plan an investigation into the different types of carrier bags and which ones can hold the most shopping without breaking. He begins with some research and enters two different searches into the internet search engine.



	‘how does the material a shopping bag is made from affect how much it can carry’



	‘shopping bag’ ‘mass’ ‘experiment’



	Evaluate what is good and bad about these two searches.











Learning summary


Now you have studied Planning an investigation you should be able to:




	●     research using a range of digital and paper resources to select relevant scientific knowledge



	●     decide if a source of information is reliable



	
●     write a plan for an investigation, including;



	●     identifying the variables to change, measure or keep the same



	●     researching scientific information about the factors that may affect your experiment and creating a hypothesis



	●     writing a risk assessment



	●     writing a detailed method with a list of equipment












	●     suggest improvements to a given method. 










► Presenting data and drawing graphs


It is important that all data collected during an experiment is presented clearly in a results table. The first column in the results table is always for the independent variable.


Each column in the results table must have a heading for the name of the variable. If the variable has units, put the correct units in brackets. Leave your table open-ended at the bottom because you may not know how many sets of results you will take. If you plan to take repeated measurements for each set of results, plan how many columns your table needs to show these repeats. More columns may be necessary if calculations are needed, for example calculation of a mean.




Worked example


This is the data collected by Gareth as he monitored the time taken for different volumes of water to reach 100 °C.




[image: image]

▲Figure 19 Gareth’s data.






How should Gareth present his results in a table?








	▶  STEP 1


	Identify the independent variable and its unit to put in the first column: Volume of water (cm3).







	▶  STEP 2


	Identify the dependent variable and its unit. This is the heading for the other columns. You need more than one column for this variable to show all repeats: Time taken to reach 100 °C.







	▶  STEP 3


	Draw the table: independent variable in the first column, dependent variable and its repeats in columns 2–4, and a final column for the mean of the three repeats.







	▶  STEP 4


	Place data in the table. Put the values of the independent variable in order from lowest to highest.







	▶  STEP 5


	
Calculate the mean value and write this in the last column.






















	

Volume of water (cm3)




	

Time taken to reach 100 °C (s)









	

1




	

2




	

3




	

Mean









	

  25




	

  95




	

  98




	

  92




	

  95









	

  50




	

140




	

145




	

141




	

142









	

  75




	

202




	

201




	

200




	

201









	

100




	

275




	

271




	

276




	

274









	

125




	

360




	

357




	

363




	

360
























	1     Eirin measured the total length of an elastic band when it stretched as more mass was added. She repeated the measurements using three different elastic bands from the same box.



	Put this data in a results table. Include space for the mean results.








[image: image]

▲Figure 20 Eirin’s data. 









Plotting graphs


A graph makes it easier to see a trend or pattern in the data.


The type of graph you choose will depend on whether the independent variable is continuous or not.




	●     A continuous variable can have any numerical value, for example time, mass, volume or temperature. Continuous variables always have a unit.



	●     We use a line graph or scatter graph when both variables are continuous.



	●     A non-continuous variable has values that are words, or numbers that have no in-between values, for example, colour, month of the year, shoe size, number of leaves on a plant. Variables like this rarely have a unit.



	●     We use a bar graph when the independent variable is non-continuous.








[image: image]


Key terms


Continuous variable – a variable that can have any numerical value, including decimals.


Non-continuous variable – a variable with values described in words or with numbers that have no in-between values.





Bar graphs


In a bar graph the height of the bar depends on the value you measured (the dependent variable), which is plotted along a scale on the y-axis. The bars are drawn with equal width. A clear gap must be left between the bars as the bar labels are not related in any way.




[image: image]

▲Figure 21 A bar graph, chosen because the independent variable (type of surface) is a non-continuous variable.








[image: image]


Making links


You can use software to plot graphs from data. How to do this is covered in your Computer science course.





You should always label the x and y-axes with the names of the variables and put the units in brackets. The independent variable is placed on the x-axis and the dependent variable on the y-axis. On a bar chart, write the name of each category in the centre of the bar.


Choose a scale for each axis that makes it easy to plot the points. For example, label the divisions on the graph paper at intervals of 1, 2, 5, 10, 20, 50 or 100. Always keep the scale regular so the intervals between the graph lines have equal values.


Scatter graphs


A scatter graph will show if there is a relationship between two continuous variables. If there is a clear pattern, you can draw a line of best fit. This could be a straight line or a curved line. The steepness of the line shows how quickly the pattern is changing.




[image: image]


Key term


Line of best fit – a straight or curved line drawn to pass through or as close to as many plotted points as possible. It best represents the true relationship between the two variables. 





It is normal for some of the points to sit just off the line of best fit, but the line should pass close to them. When plotted points are very far from the line of best fit they are called outliers. We do not use these points when drawing the line of best fit. Any results that are very different to the others could be due to mistakes. You will need to decide if these outliers are important before you make any conclusions.




[image: image]


Key term


Outlier – a data point that is not close to the line of best fit.







[image: image]

▲Figure 22 A scatter graph with a curved line of best fit, chosen because the independent variable of time is a continuous variable. The outlier at 4 minutes is ignored when the line of best fit is drawn.








Worked example


The type of graph you chose for your data depends on the type of data for the independent variable.


Bethan measured how the total volume of rainfall changed with month of the year.


What type of graph should she plot?








	▶  STEP 1


	Identify the independent and the dependent variable: month of the year is the independent variable; volume of rainfall is the dependent variable.







	▶  STEP 2


	Identify if the variables are continuous or not and state the units if any:











	●     volume of rainfall is continuous and would be measured in cm3



	●     month of the year is non-continuous and has no unit.












	▶  STEP 3


	Identify the type of graph and the labels for the x and y-axes:












	●     month of the year is a non-continuous variable so a bar graph would be drawn



	●     x-axis label – Month



	●     y-axis label – Volume of water (cm3).








	1     Angharad measured her heart rate every minute after stopping exercise. What type of graph should she plot? What should the labels be on each axis?



	2     Dmitriy measured how much mass it would take to break different types of thread when masses are hung from the same length of each thread. What type of graph should he plot? What should the labels be on each axis?



	3     Morgan measured the height of everyone in the class and wanted to compare this to age. What type of graph should she plot? What should the labels be on each axis? 











Practical skills — Presenting data in a graph


Marc and Michelle were asked to write a report on extracting copper from copper ore. Their report must include graphs they have drawn themselves. Marc found this data online and also found an image of a bar graph plotted from the data.




[image: image]

▲Figure 23 The data table and bar graph Marc found on copper mining.








	1     Look closely at the bar graph that Marc found. Describe the improvements needed on the graph.



	2     Draw your own corrected bar graph for the data in Figure 23.










► Writing a conclusion


Once you have drawn a graph, you can then describe what it shows you about your investigation. A conclusion is where you can compare your results to your hypothesis and see if you were correct or not.




Science in context


Copper was synonymous with Swansea for two centuries, its smelting industries starting in 1717. The town first imported ores from Cornwall and later from north Wales and overseas. By the middle of the 18th Century, there were 11 major copper works and Wales was the undisputed world centre for copper.





Describing what the data shows


When looking at your graph you must ask: ‘When one variable changes, how does the other variable change?’


The overall shape of a bar graph, and the direction and slope of the line of best fit on a scatter graph can show you this trend in the data.


[image: image]

▲Figure 24 Describing the relationship shown on two different scatter graphs. 






Worked example


Being able to describe the pattern(s) in a graph is an important skill. You should look for the general pattern but also details such as if the trend is changing at certain points in the data, because the relationship between variables does not always stay the same. Look for any changes in the slope of the line of best fit and divide the graph up into these sections. Use values of the independent variable along the x-axis to identify which part of the graph you are describing.




[image: image]

▲Figure 25 A graph to show how heart rate changes with time after exercise has finished.






Describe in detail the patterns shown in Figure 25.








	▶     STEP 1


	Identify if there is just one pattern or more than one: this graph has two patterns, one from 0–90 s and a different one from 90–210 s.







	▶     STEP 2


	Describe the trend shown in the line of best fit taking each pattern in turn: from 0–90 s as time increases the heart rate decreases. From 90–210 s the heart rate does not change with time.












	1     Describe in detail the pattern shown in Figure 26.








[image: image]

▲Figure 26 A graph to show average hours of sunshine in different months of the year in Wales.








	2     A survey of some 12-year-olds was carried out asking how many minutes they spent reading in a day and how many minutes they spent watching television. Describe in detail the pattern shown in Figure 27.








[image: image]

▲Figure 27 









Many important scientific laws describe linear relationships between two variables. As one variable doubles, the other does too. A linear relationship can be described by the equation of a straight line, y = mx + c which you will have met in maths. The variables are x and y, m is the gradient and c is a constant.


A special type of linear relationship is when variables have a directly proportional relationship. Two variables are directly proportional when y = mx. This can be shown on a graph, where the line of best fit is a straight line passing through the origin. Direct proportionality is an important trend to recognise in data and is covered more in the worked example on page 142.




[image: image]


Key terms


Linear relationship – a straight-line relationship between two variables.


Direct proportionality – relationship between two variables where as one increases, the other increases at the same rate.





Explaining the data


You can now make a conclusion about what your data shows and compare it to your hypothesis to see if it matches or not. Your results may not match your hypothesis and you need to be able to explain why. Look back at the scientific information you researched as part of your plan. These ideas can be used to explain the pattern in your results.




Check your understanding


Know




	1     What does the label on the y-axis of a graph show?






Apply




	2     Describe in detail what the graph in Figure 28 shows.







[image: image]

▲Figure 28 Graph to show the effect of time on the temperature of a cup of tea.








	3     Alys was investigating the cooling of wax over time. She collected these results:
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	a     Plot a graph of this data and add a line of best fit.



	b     Circle any outliers.



	c     Describe in detail what the graph shows.
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