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Introduction


About this book


Science for Common Entrance: Biology covers the Biology component of Science at Key Stage 3 and is part of an ISEB-approved course leading to 13+ Common Entrance.


In this book you will continue your exploration and investigations into the lives of plants and animals, starting with the basic unit of all life; cells. You will explore in more detail the life processes of nutrition, respiration and reproduction. You will learn something about the ways in which different living organisms, including ourselves, all depend on one another for survival; and about how different organisms get their differences, and how they are passed on from generation to generation.
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The book is part of a Science for Common Entrance series, which also includes Chemistry and Physics.





•  Chemistry: This is where you will find out about the properties of different materials. You will see that many of these properties are explained by the fact that materials are made of tiny particles.



•  Physics: In this book you will study the physical processes that affect your everyday life. The book will explain forces, electricity and magnetism, and the properties of light rays and sound waves.





Of course, scientists from the different areas of science work together so don’t be surprised if you are asked to think about some Chemistry as you study Biology or some Physics as you study Chemistry!


What do we mean by science?


As you go through this book you will continue to build on the scientific knowledge you have already gained. Remember that asking questions about the world around you is the first step to becoming a scientist. Carrying out experiments is a good way for scientists to start finding things out and to begin to answer some of the more challenging questions we have. You will already have got to grips with the idea of conducting fair tests when carrying out experiments and in this book we will give you the opportunity to do many more. You will also see some of the things we have found out from the results of experiments carried out by other scientists.


Notes on features in this book


Words printed in blue bold are keywords. All keywords are defined in the Glossary at the end of the book.


Sometimes you will see the heading ‘Preliminary knowledge’. The material in these sections is a reminder of information you should have learned at primary school. If any of this material is not familiar take time to ask your teacher or read about the subject in books or online, before moving on.
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Useful rules and reminders and additional notes, looking like this, are scattered throughout the book.
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Did you know?


In these boxes you will learn interesting and often surprising facts about the natural world to inform your understanding of each topic. Sometimes you will find a brief biography of an important scientist. You are not expected to learn these facts for your exam.
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Working Scientifically


Working scientifically is an important part of learning science. When you see this heading you will be reading about the skills and attitudes you need to be a good scientist. You will find out:





•  why we carry out experiments



•  how to plan and carry out experiments



•  how to evaluate risks



•  how we ensure our findings are accurate and precise



•  what we mean by the word ‘variable’



•  how to identify the independent, dependent and control variables



•  how we measure variables



•  what we mean by a fair test



•  how to properly record and display results and observations



•  how to spot patterns and draw conclusions



•  how to calculate results, analyse data and use simple statistical techniques



•  how scientific methods and theories develop as scientists modify explanations to take into account new evidence and ideas



•  about the power and limitations of science and potential ethical issues.
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Investigation


When we think like a scientist we might try to give some sort of explanation for what we observe. For example, we might think that some mice are bigger than others because of what they eat.


In an investigation you will see a brief overview of how to carry out an experiment and how to record and interpret your observations, to check out an explanation. Sometimes sample data is provided so that you can practise data analysis techniques, presenting data in graphs and charts and interpreting the results and drawing conclusions.


The investigations given in this book are not intended as step-by-step instructions – your teacher or technician should provide these and carry out their own risk assessment if you are to carry out the investigation in the classroom. Do not try any of these investigations outside of the classroom without teacher supervision.
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Exercise


Exercises of varying lengths are provided to give you plenty of opportunities to practise what you have learned. Answers are provided in the separate resource, Science for Common Entrance: Biology Answers.
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Go further


When you see this heading, this highlights information that is beyond the requirements of the ISEB 13+ Common Entrance exam. You therefore do not need to remember the detail of this information for your exam, but it is helpful to understand the principles and applications of science described, in order to fully support your understanding of the subject area.
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What is biology?


Scientists believe that the Earth was formed from an enormous cloud of gases about 4 600 000 000 (4.6 billion) years ago. Conditions were harsh – there was no oxygen gas and the environment was very unstable. It is thought that there might have been rainstorms that lasted for hundreds of years and erupting volcanoes that could have caused tremendous temperature changes in some areas and certainly would have released great clouds of suffocating gases. Conditions were clearly very unsuitable for life as we know it!


Many scientists also believe that the first and simplest living organisms appeared on the Earth about 3 800 000 000 (3.8 billion) years ago. These first simple organisms probably fed themselves from chemicals present in a sort of ‘soup’ (sometimes called the primordial soup) that made up some of the shallow seas on Earth at that time.
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You will learn about the seven characteristics that define something as ‘living’ in Chapter 1.
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Since the appearance of the first living organisms, a vast number of different types of organism (species) have evolved on Earth. Many have become extinct over the passage of time, for example dinosaurs, which became extinct around 65 million years ago. Scientists estimate that there are currently around 8–9 million different species on Earth, however only around 1.2 million have been identified.


Biology is the science of life. It is the study of living organisms. Biologists study their structure, function, growth, origin, evolution and distribution. The study of biology is the basis for many important scientific fields, including medicine, agriculture and environmental management. Many important advances in science and medicine have been made possible by the understanding of biology. Antibiotics, stem cell therapy, in vitro fertilisation, artificial heart pacemakers, the selective breeding of animals and plants, would not exist without the research of biologists. The living world is diverse and only 14–15 per cent of species have been identified – far fewer have been studied in detail. There is still so much to learn from the study of biology.
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Investigations in science


Before we launch into this book it is worth pausing and taking some time to go over some of the rules we need to follow in order that we can carry out experiments in a reliable way. These rules apply whether you are studying biology, chemistry or physics.


What is an experiment?


Every day we make hundreds of observations; for example, ‘that metal dustbin has rusted more than the other one’, ‘that car is moving faster than the other one’, ‘that sunflower is taller than the one next to it’ or ‘some of the pet mice are bigger than the others’.


When we think like a scientist we might try to give an explanation for some of these observations. We might think that some mice are bigger than others because of what they eat. We might think that one sunflower is taller than the one next to it because it is getting more sunshine. Before it is proven, we call this explanation a hypothesis.


An experiment is a way of collecting information to see whether our hypothesis is correct. Before a scientist begins an experiment, he or she will have a definite purpose or aim. The aim of an experiment is a way of stating carefully what you are trying to find out. For example, ‘My aim is to investigate the effect of protein on the growth of mice’. Not just, ‘Study changing the diet of mice’.


What about variables?


An experiment has the aim of investigating the effect of one factor (protein in the diet, for example) on another factor (such as weight). These factors can have different values and so are called variables. In our experiment we can change the values of these variables, so we might give one group of mice more protein than we give another group. Anything that we can measure is a variable.


The experiment must be a fair test


Here are the steps you should follow before conducting an experiment:






	Step 1:

	Write down your hypothesis and identify the variables. (Variables are factors that might affect the results.)






	Step 2:

	Choose which variable you will change. This is called the independent (input) variable.






	Step 3:

	Choose the variable that you think will be affected by changing the input (independent) variable. This is called the dependent (outcome) variable.






	Step 4:

	Decide what equipment you will need to measure any changes. Then go ahead and carry out your experiment.







You are trying to find out whether the change in the independent variable causes a change in the dependent variable.


An experiment will not be a fair test if you change more than one variable at a time. To make sure that the experiment is a fair test, you will need to check that none of the other possible variables is changing.


For example, in the experiment investigating the mass of mice, it is possible that the mass might be affected by any of the following factors:





•  how old they are



•  how much water they drink



•  how much protein is in their diet



•  other foods they eat



•  how big their cage is.





These are the variables. If you want to investigate how protein affects the mass of mice, all of the other variables must stay the same. These are called the control variables.


Finally remember to work safely.





•  Always wash your hands after touching plants or animals.



•  Carry equipment carefully.



•  Don’t run in the laboratory.



•  Wear suitable clothing.





How we measure variables


Scientists often need special equipment to measure any changes in variables during the course of their experiments. Some of these pieces of equipment, and what you would use them for, are described here.


Measuring length using a ruler


A ruler can be made of wood, metal or plastic. Along the length of the ruler is a numbered scale. One of the benefits of a plastic ruler is that it is usually transparent, so the object to be measured can be seen through it. The following diagram reminds you how to use a ruler.
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Measuring volume using a beaker or a measuring cylinder


Beakers and measuring cylinders can be made out of glass or plastic. Scientists now often use plastic because it is less likely to break and so is safer. However, plastic beakers can’t be used to boil liquids because they would melt and become distorted and useless.


The following diagram shows you how to use a measuring cylinder and a beaker.
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Is it cm3 or ml? Some equipment is scaled in cm3 and some in ml. It really doesn’t matter – 1 cm3 has exactly the same volume as 1 ml.
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Measuring other things


There are other things that scientists want to measure. These include temperature, force and mass. Measuring force is described in Physics, Chapter 3.


Measuring mass using a balance


Mass is the name given by scientists to the amount of a substance. You can use a balance (also called a weighing machine) to measure the mass of something. It is very important to remember that if you are weighing liquid in a container, you must subtract the weight of the container. You can do this as follows:






	Step 1:

	Weigh the empty beaker. Note down its mass.






	Step 2:

	Add the liquid and weigh the beaker again. Note down this mass.






	Step 3:

	Subtract the mass of the empty beaker (Step 1) from the mass of the beaker containing liquid (Step 2).
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Measuring temperature using a thermometer
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This table gives you a summary of different types of measuring equipment and their uses:
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Exercise 1: Made to measure





1  Give two reasons why glass and plastic are useful materials.



2  Choose the best reason why glass is more useful than plastic when making measuring equipment for use in Biology.







    A. Glass is cheaper


    B. glass can be cleaned by boiling it in water


    C. glass is less likely to break


    D. it is easier to put markings on glass








3  Choose the best reason why plastic is more useful than glass when making a ruler for measuring biological specimens.







    A. plastic is clearer than glass


    B. plastic is always cheaper


    C. plastic is less likely to break and damage specimens


    D. plastic is less shiny so markings are easier to read





Extension questions





4  Look at this diagram. A scientist has measured the mass and the volume of some water.
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    We know that about 70 per cent of a human body is made up of water.
The average weight of a class of 11-year-old students is 50kg.
Calculate the volume of water in the body of one of these students.



5  Minnie is going on a trip and she wants to take some water. She has a water container that weighs 120 g. She doesn’t want to carry more than 260 g altogether.







    (a) What is the maximum mass of water she should take with her?


    (b) Minnie is an average 11-year-old in terms of body weight. She needs to replace about 5 per cent of her body water on this trip. Will she have enough water with her?


    (c) Suggest two ways that Minnie would lose water from her body.
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Making a record of our results


Results (or observations) are a record of the measurements you have taken during an experiment. There are certain rules about the way you should show these results. They should be recorded in a table, like the one shown below.
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When you look at your results, you may see a certain pattern. It might seem, for example, that the more protein a mouse gets in its diet, the faster it grows.


Your results will be more reliable if you carry out each test more than once and then take an average (mean) of the results. This will remove any unusual results from, for example, a particularly greedy mouse.


The mean is calculated by adding together all your results and dividing by the number of repeats. For example, the mean of 52, 50 and 48 is: [image: ]


If one or two of the results don’t fit the pattern, the first thing to do is check your measurement. If your measurement was accurate, and you have the time, you can repeat the test to check the ‘odd’ result.


Displaying your results


Sometimes you can see a pattern in your results from the table you have made, but this is not always the case. It often helps to present your results in a different way. Charts and graphs display your results like pictures and they can make it very easy to see patterns, but only if they are drawn in the correct way. There are rules for drawing graphs and charts, just as there are rules for putting results into tables.





•  First of all, look at the variables you measured. If both of the variables have numbers as their values, you should draw (sometimes we say ‘plot’) a line graph. If one of the variables isn’t measured in numbers, you should choose a bar chart.



•  You should always put the independent (input) variable on the horizontal (x) axis and the dependent (outcome) variable on the vertical (y) axis. If you don’t do this, you can easily mix up the patterns between the two variables.







[image: ]




The title should be: ‘The effect of the amount of protein in their food on the mass of the mice’. The simple rule is: ‘Effect of (independent variable) on (dependent variable)’.
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In this case the title should be ‘The effect of the colour of the car on the number caught speeding.


Using graphs


A graph can let you see a pattern between two variables. For example, as protein in their diet increases, so does the mass of the mice. The graph can also let you make predictions if it shows an obvious pattern. So, you might be able to predict how much a mouse would weigh if it were fed on a diet containing a certain amount of protein.
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Just before we look at how to do this using a graph, it is worth making an important point about predictions. It can be very useful indeed to make some of your own predictions even before you get started on your experiment. If you do this, it can help you to plan much better experiments. If we take the example of looking at the effect protein has on the mass of the mice eating it, we can make a pretty good guess (a prediction) that the more we feed them, the heavier the mice are likely to become. We can also start to plan what apparatus we will need and so on.


Making conclusions


Once you have collected all of your results into a table, and perhaps drawn a graph or chart, you need to sum up what you have found out. This summing up is called a conclusion, and here are some tips:





•  Your conclusion should be related to the aim of your experiment. If your aim was to investigate the effect of light intensity on plant growth and you saw a clear pattern, then your conclusion might be that ‘the higher the light intensity, the taller the plant’.



•  Try to write your conclusion simply. One sentence is often enough, but make sure it explains how the independent (input) variable affects the dependent (outcome) variable for your experiment.



•  Don’t just describe your results. For example, in the experiment on mouse growth the statement ‘a lot of protein in the diet makes a mouse heavy’ is really giving only one of your results. A much better conclusion would be ‘the greater the amount of protein in the diet, the heavier the mouse becomes’.








1 Cells and organisation



Everyone has some ideas about what living things do. Birds fly, horses run, fish swim and plants bend towards light. Most living things get taller, heavier and wider. They all seem to produce seeds or eggs, or give birth to live young. On the other hand, bricks, steel girders, car tyres and pieces of furniture do not do any of these things and so we say that they are non-living.


Deciding whether something is living or non-living is not always so clear cut. For example, is a dried-out seed or a virus particle living or non-living? To try to answer this type of question it is useful to make a list of characteristics that we might expect living organisms to have.


The seven processes: the characteristics of life


All living organisms carry out these seven life processes (see the diagram on the next page):





•  respiration




•  sensitivity (they respond to their environment)



•  movement



•  nutrition (they nourish themselves)



•  growth (they grow and develop)



•  excretion



•  reproduction.
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