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How to use this book



Welcome to Essential Skills for GCSE Biology. This book covers the major UK exam boards for Science: AQA, Edexcel (including Edexcel International GCSE), OCR 21st Century and Gateway, WJEC/Eduqas and CCEA. Where exam board requirements differ, these specifics are flagged. This book is designed to help you go beyond the subject-specific knowledge and develop the underlying essential skills needed to do well in GCSE Science. These skills include Maths, Literacy, and Working Scientifically, which now have an increased focus.





•  The Maths chapter covers the five key areas required by the government, with different Biology-specific contexts. In your Biology exams, questions testing Maths Skills make up 10% of the marks available.



•  The Literacy chapter will help you learn how to answer extended response questions. You will be expected to answer at least one of these per paper, depending on your specification and they are usually worth six marks.



•  The Working Scientifically chapter covers the four key areas that are required in all GCSE sciences.



•  The Revision chapter explains how to improve the efficiency of your revision using retrieval practice techniques.



•  The Exam Skills chapter explains way of improving your performance in the actual exam.





To help you practise your skills, there is an exam-style paper at the end of the book, with another available online at www.hoddereducation.co.uk/EssentialSkillsBiology. While they are not designed to be accurate representations of any particular specification or exam paper, they are made up of exam-style questions and will require you to put your maths, literacy and practical skills into action.


Key features


In addition to Key term and Tip boxes throughout the book, there are several other features designed to help you develop your skills.
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[image: ] Worked examples


These boxes contain questions where the working required to reach the correct answer has been shown.
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[image: ] Expert commentary


These sample extended responses are provided with expert commentary, a mark and an explanation of why it was awarded.
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[image: ] Guided questions


These boxes guide you in the right direction, so you can work towards solving the question yourself.
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[image: ] Peer assessment


These activities ask you to use a mark scheme to assess the sample answer and justify the score you have given.
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[image: ] Practice questions


These exam-style questions will test your understanding of the subject.
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[image: ] Improve the answer


These activities ask you to rewrite the sample answer to improve it and earn full marks.
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Answers to all questions can be found at the back of the book. These are fully worked solutions with step-by-step calculations included. Answers for the second online exam-style paper can also be found online at www.hoddereducation.co.uk/EssentialSkillsBiology.
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* Flags like this one will inform you of any specific exam board requirements.
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1 Maths



Maths is an important part of GCSE Biology, but you do not need to be too wary of the skills you need to know and apply. Remember that these are all skills you will be using in GCSE maths – just in a different context, namely biology.


Common maths questions in biology include drawing graphs, calculating means, working out probabilities from genetic crosses and determining rates of reaction. All of these examples – along with many others – are covered in this section.


Units


Scientific quantities are measured using units. Units are very important in biology. Without them, numerical values are often meaningless, and leaving them out will cost you marks in the exam. You should ensure that you use appropriate units across all calculations and data handling.


A range of units are used in biology. Whenever possible, you should use the internationally recognised SI units. The table below summarises common SI units which may feature in the biology exams.
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Tip


SI stands for Système Internationale, but you do not need to know about the history of the system – you just need to know the units.
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Table 1.1 Base units in GCSE Biology






	Measurement

	Unit

	Abbreviation






	mass

	kilogram

	kg






	length

	metre

	m






	time

	second

	s






	temperature

	degree Celsius

	°C






	amount of substance

	mole

	mol






	luminous intensity

	candela

	cd







As it would be inappropriate to give the mass of something like a plant ‘cutting’ in kilograms (it is far too big a unit), biologists also tend to use smaller (submultiple) and larger (multiple) units in calculations. The common ones are shown in the table below.
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Key terms


Base units: The units on which the SI system is based.


Submultiples: Fractions of a base unit or derived unit, such as centi- in cm.


Multiples: Large numbers of base or derived units, such as kilo- in kilogram.
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Table 1.2 Common submultiple and multiple units






	Prefix

	Symbol

	Meaning

	Example






	micro-

	µ

	one millionth

	[image: ]






	milli-

	m

	one thousandth

	[image: ]






	centi-

	c

	one hundredth

	[image: ]






	kilo-

	k

	one thousand

	1 kg = 1000






	Mega-

	M

	one million

	1 Mm = 1 000 000 m or 1000 km








Arithmetic and numerical computation



Expressions in decimal form


Decimal numbers are those with digits to the right of the decimal point (.), for example 5.1 or 0.9.
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Tip


Decimal numbers can also often be used to express fractions, for example [image: ].
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Decimal numbers can be rounded up or down for simpler values and calculations. This rounding can be done as follows:





•  Values ending in 0.5 or greater (0.6, 0.7, 0.8, 0.9) should be rounded up, for example 0.68 could be rounded to 0.7.



•  Values ending in 0.4 or below (0.3, 0.2, 0.1) should be rounded down, for example 0.34 could be rounded to 0.3.





You should ensure that you round using the appropriate number of decimal places (d.p.) in answers to exam questions. This will probably depend on the number of significant figures used in the question (see pages 13–14 for more information on significant figures) or on the data provided.
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Key term


Decimal places: The number of integers given after a decimal point.
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In practical questions involving measurements, your answers should not have more decimal places than the least accurate measurement. For example, if a ruler is used to measure the area of the sides of a cube to the nearest 0.1 cm, the surface area (cm2) and volume (cm3) calculated using this value should not be given to more than one decimal place.


While most values have an exact number of decimal places, others might have recurring decimals (for example [image: ] recurring) or an infinite number of decimal places (like pi – π). These unusual values should always be rounded to the appropriate number of decimal places.
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Tip


If creating results tables in your exam or a required practical, remember that all of the values should have the same number of decimal points.
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[image: ] Worked example


The volume of a human stomach was estimated as 1.065 litres. Write this volume to the nearest 0.1 litre.


Step 1 As the second decimal place value is 6 you should round up to one decimal place.


Step 2 This gives an answer of: 1.065 litres = 1.1 litres (to the nearest 0.1 litre).
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[image: ] Guided questions





1  A root had a diameter of 0.345 cm. Write this diameter to one decimal place.



Step 1 The second decimal place is 4, so you should round down.


Step 2 Root diameter to one decimal place = ...............



2  In an investigation into density of fungal tissue, a digital balance was used to measure the mass of a sample to the nearest 0.01 g. A ruler was used to measure the fungus to determine the volume. The ruler measured to the nearest 0.1 cm. The density in g/cm3 was then calculated.



What is the maximum number of decimal places the density should be stated to?


Step 1 The density was found using two pieces of apparatus, one that was accurate to two decimal places (the balance) and one that was accurate to one decimal place (the ruler). Remember that the calculated density should not use more decimal places than the least accurate piece of apparatus.


Step 2 Number of decimal places = ...............
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[image: ] Practice questions





3  An investigation into the activity of amylase yielded 6.8736 g of glucose. Write this mass to two decimal places.



4  A food chain had a conversion efficiency of 10.2% between the primary consumer and secondary consumer, and 9.8% between the secondary consumer and the tertiary consumer. How many decimal places should the conversion efficiency of the producers to the primary consumers be given to? Explain your answer.
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Expressions in standard form


In biology, we often use very large numbers or very small numbers. For example, the energy that a plant receives from the Sun could be 1 800 000 kJ/m2/yr while a bacterial cell can have a diameter of 0.005 mm. Rather than writing these numbers with many zeros, which can be difficult to read and understand, we can use standard form (also known as scientific notation) to present the numbers more compactly. Here are some examples:


[image: ]


The number of zeros translates into a power of 10 when each number is written in standard form. Powers are written as superscript numbers – for example, 10 to the power 2 is written as 102 – the small raised number 2 is the power.


A positive power means you multiply by that power of 10. Essentially, this means that you need to multiply by 10 the same number of times as the power. For example, 1 × 103 has the power 3, so we multiply 1 by 10 three times:


[image: ]


When representing numbers that are smaller than 1 in standard form, you get negative powers (for example 1 × 10−1). Essentially, this means that you need to divide by 10 the same number of times as the power. For example, 1 × 10−2 has the power −2, so we need to divide 1 by 10 twice:
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Tip


When multiplying numbers in standard form, add the powers together and multiply the other numbers.
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[image: ] Worked examples





1  A xylem vessel has a width of 0.072 mm. Write this width in standard form.



Step 1 We know that 0.01 = 1 × 10−2


Step 2 As the width is 0.072, replace the 1 with 7.2


Step 3 This gives an answer of 0.072 mm = 7.2 × 10−2 mm



2  A temperate forest sample site was 2 × 103 m long and 1 × 103 m wide. What is the total area of this sample site?



When multiplying numbers in standard form, add the powers together and multiply the other numbers.
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[image: ] Guided questions





1  A human lung contains 500 million alveoli. The mean volume of one alveolus is 4.2 × 10−3. What is the total mean volume of all the alveoli in this lung? Give your answer in standard form.



Step 1 First convert the number of alveoli into standard form:


[image: ]


Step 2 Now multiply the number of alveoli by the mean volume of one alveolus:
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2  A species of bacterium divides every two hours. If there are 10 bacteria in the original population, how many bacteria would there be after 24 hours? Use the equation below and give your answer in standard form:



[image: ]


Step 1 Work out how many divisions will occur in 24 hours. Do this by dividing the mean division time by the total time.


[image: ]


Therefore there are 12 divisions in 24 hours.


Step 2 Substitute the values into the equation.
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Key term


Mean: The mean is a type of average. Means are covered on pages 14–15.
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[image: ] Practice questions





3  A fungal colony has an estimated mass of 605 000 kg. Give this number in standard form.



4  A nucleus has a diameter of 0.005 mm. Write this number in standard form.



5  A species of bacterium divides every 5 hours. If there are 200 bacteria in the original population, how many bacteria would there be after 30 hours? Use the equation in Guided question 2 and give your answer in standard form.
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Fractions, percentages and ratios



Fractions and percentages


A fraction is part of a whole, and is expressed as a whole number divided by another whole number. The number on the top of the fraction is the numerator and the number on the bottom of the fraction is the denominator.


When using fractions, it is good practice to write each fraction in its simplest form, for example [image: ] could also be written as [image: ] or [image: ], however the simplest form is [image: ] so this should be used.


To find the simplest form of a fraction, divide the numerator and denominator (top number and bottom number) by the same whole number (a common factor), and carry on doing this until you are left with numerators and denominators which cannot be divided further to give whole numbers.
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Key terms


Fraction: A number which represents part of a whole.


Numerator: The number on the top of the fraction.


Denominator: The number on the bottom of the fraction.


Common factor: A whole number that will divide into both the numerator and denominator of a fraction to give whole numbers.
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For example, in [image: ] the numerator and the denominator can both be divided by 2 to give whole numbers, so [image: ].


In [image: ] both the numerator and the denominator can be divided by 3 to give whole numbers, so [image: ]. 3 and 4 cannot be further divided by the same number to give whole numbers, so [image: ] is the simplest way of writing this fraction.
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Tip


If both the numerator and the denominator are even numbers, then the fraction is not in its simplest form.


[image: ]





Like fractions, percentages represent part of a whole. Unlike fractions, they are expressed in the form of a number followed by the percentage symbol %, which means ‘divided by 100’ or ‘out of 100’. For example: [image: ].


To convert a fraction into a percentage, divide the numerator (top number) by the denominator (bottom number) and multiply by 100.
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[image: ] Worked examples





1  In a drugs trial, 12 out of 36 participants showed an improvement in their symptoms. Write this as a fraction in its simplest form.



Step 1 Write 12 out of 36 as a fraction: [image: ].


Step 2 Divide both numbers in the fraction by the same number to get whole numbers. Both 12 and 36 are even and therefore have 2 as a factor. Divide them both by 2 to get [image: ].


Step 3 Both 6 and 18 are also even, so divide them both by 2 again to get [image: ].


Step 4 It is clear that 3 is a common factor of 3 and 9. Divide both of them by 3 to give [image: ].


It is not possible to further divide the numerator and the denominator by the same factor to get whole numbers, so the simplest form of the fraction is [image: ]



2  An investigation was carried out into the effect of changing NaCl concentration on the mass of a sample of carrot in solution. The sample of carrot lost 3 g of its total mass of 10 g. What percentage of its mass did the carrot lose?



Step 1 In this case, the ‘whole’ is 10 g and the ‘part’ is 3 g, so the carrot lost [image: ] of its mass.


Step 2 To convert this fraction to a percentage, divide the numerator (3) by the denominator (10) and multiply by 100:
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Tip


If you recognise from the outset that 12 is a factor of 36, a quicker way to do the calculation would be to divide both the numerator and the denominator by their common factor 12:
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[image: ] Guided questions





1  Stocks of cod in the Atlantic declined drastically during the twentieth century. In recent years, cod stocks have begun to recover, however scientists continue to study cod populations carefully. In one particular area, the cod biomass was estimated to have fallen from 2500 tonnes to 1500 tonnes. Represent this new biomass as a fraction of the original biomass. Give your answer in the simplest form.



1500 is the numerator and 2500 is the denominator.


Step 1 This gives the fraction [image: ]


This is not the simplest form of this fraction.


Step 2 To find the simplest form of this fraction, divide both numbers by a common factor. The largest common factor of these two numbers is 500.


[image: ]



2  In a day, 4000 kJ of light energy from the Sun falls on a plant. The plant converts 52 kJ of this energy into photosynthetic products.



Calculate how efficient this energy transfer is, giving your answer as a percentage.


To calculate the percentage efficiency of this energy transfer, divide the amount of energy in the photosynthetic products by the total energy falling on the plant, and then multiply the answer by 100.


Step 1 Efficiency of energy transfer = ...............÷ ...............× 100


Step 2 Efficiency of energy transfer = ...............
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[image: ] Practice questions





3  An investigation was carried out into the transfer of biomass through a moorland ecosystem. The results were used to draw the following food chain.


[image: ]


Calculate the efficiency of the transfers below. In each case, represent your answer as both a percentage and a fraction in its simplest form.







    a  the heather and the grouse


    b  the grouse and the fox








4  The four bases in DNA are adenine (A), thymine (T), guanine (G) and cytosine (C). A always pairs with T, and C always pairs with G.


In a given sample of DNA, 30% of the bases are thymine. Calculate what percentage of the bases are guanine.
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Ratios


A ratio expresses a relationship between quantities. It shows how many of one thing you have relative to how many of one or more other things. In ratios, the numbers are separated by a colon (:).




[image: ]


Key term


Ratio: A way to compare quantities; for example, three apples and four oranges are in the ratio 3 : 4.
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For example, suppose that when two plants of a certain species are crossed, eight offspring with red petals are produced for every four offspring with purple petals. The ratio of plants with red petals to those with purple petals is therefore 8 : 4.


Just like with fractions, you should always try to represent ratios in their simplest form. To do this:





•  Divide all of the numbers in the ratio by the same number (a common factor).



•  Continue doing this until you are left with an expression that cannot be divided further to give whole numbers.



•  In the example above, both sides of the ratio can be divided by 4 to give whole numbers. The ratio then becomes 2 red petal plants : 1 purple petal plant.



•  The numbers 2 and 1 cannot be divided by the same number to give whole numbers, so this is the simplest form of the ratio.







[image: ]


[image: ] Worked example


In a genetic cross, the predicted ratio of offspring is 3 long-haired : 1 short-haired. If there were 20 offspring, how many offspring would you expect to have long hair and how many would have short hair?


Step 1 Add the numbers in the ratio together: 3 + 1 = 4


Step 2 Divide the total number of offspring by the number found in Step 1.


[image: ]


This is how many each ‘1’ in the ratio represents.


Step 3 Multiply each number in the ratio by the value found in Step 2.


Therefore, we expect there to be:


[image: ]
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[image: ] Guided questions





1  A genetic cross was carried out to determine the expected offspring from breeding two fish together. In this species of fish, red stripes are dominant to orange stripes. One of the fish was heterozygous and had red stripes, and the other was homozygous and had orange stripes.



Use a Punnett square diagram to determine the expected ratio of offspring which have orange stripes to those which have red stripes.


Step 1 Use R for the dominant allele, and r for the recessive allele. The red-striped parent has a genotype of Rr. The orange striped parent has a genotype or rr.


Step 2 This gives the following genetic cross:


[image: ]






	 

	r

	r






	R

	 

	 






	r

	 

	 







Step 3 Expected ratio of offspring = ...............
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[image: ] Practice question





2  An organism has an approximate volume of 8 cm3 and an approximate surface area of 24 cm2. What is the surface area : volume ratio of this organism?
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Estimating results



When carrying out calculations, it can be useful to estimate the answer first. Estimates can mean that obvious mistakes are spotted. For example, if you enter the wrong number on your calculator, or divide instead of multiply while you are doing a calculation, an estimate shows you that your answer is clearly wrong. You can then re-check the calculation and correct your mistake.




[image: ]


* Not a specific requirement for WJEC Biology.
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Estimation is meant to be quick. This means you need to make the calculations as easy as possible. The best way to do this is to round each given value to the nearest ten, hundred or other convenient whole number. While your answer will not be the ‘correct’ number, it will be an approximate estimation of it.
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Tip


While estimating is a useful skill that can help you check if a calculation is correct, in an exam it is important to use your calculator to find the value precisely and write this as the answer.
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[image: ] Worked example


An area of the Amazon rainforest has suffered intense deforestation. The area affected was 33 km long by 1.89 km wide. Estimate the total area affected.


Step 1 For a quick estimation of the area, round both given values to make the calculation more straightforward.


[image: ]


Step 2 Perform the calculation with the rounded values.


This gives an estimated area of 30 km × 2 km = 60 km2


When a calculator is used to find the area using the values stated in the question, it gives an answer of: 33 km × 1.89 km = 62.37 km2


Clearly, the estimated and actual values are different: 60 km2 is not the correct answer, but our estimate is close.
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Tip


Estimates can also help you spot obvious mistakes in your answers. For example, in this question, if you had pressed ÷ instead of × on the calculator, we would have got 17.46 km2, which looks wrong just from looking at it. We could then go back and correct the mistake.
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[image: ] Guided questions





1  The population of nematode worms in two samples of forest soil was investigated. Sample A had 781 651 worms while sample B contained 314 528. Estimate the total number of worms in the two samples.



To estimate the total, round both numbers to the nearest 10 000 and then sum them.


Step 1 Round both numbers: ............... + ...............


Step 2 Sum of estimated total population = ...............



2  In an enzyme investigation, 12 g of product was produced in 19 mins. Estimate the rate of this reaction in g/min.



Step 1 Round both 12 g and 19 mins to the nearest 10: ............... and ...............


Step 2 Find the rate of reaction by dividing mass of product over time.


Rate of reaction = ...............
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[image: ] Practice questions





3  In an investigation into diffusion, the time taken for equilibrium to be reached was recorded. The investigation was repeated three times.


196 minutes, 202 minutes, 190 minutes


Estimate the mean time taken to reach equilibrium in minutes.



4  During the day, a person’s blood glucose concentration decreased from 6.3 mmol/L to 3.9 mmol/L. To estimate the percentage change in blood glucose concentration, a researcher did the following calculation:


[image: ]


Is this the best estimate the researcher could have made? Explain your answer.
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Handling data


Using significant figures
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Tip


The term ‘significant figures’ can often be shortened to ‘s.f.’ or ‘sig fig’.
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Significant figures can be a complex topic, but there are some general rules for using them. There are exceptions to the rules outlined below, but these are unlikely to feature in a GCSE exam. In general, all digits are significant figures except in the instances below:





•  Leading zeros are zeros before a non-zero digit. For example, 0.07 has two leading zeros, and these are not significant figures. 0.07 only has one significant figure (7). The zeros are written to make the place value correct.



•  Zeros after a non-zero digit if they are due to rounding or used to indicate place value. For example, a value that is rounded to the nearest hundred (for example 600 g) has two trailing zeros which are not significant, and so it has only one significant figure (6). A value that is exactly 600 g, however, would have three significant figures, and the zeros in this case would be significant.



•  Spurious digits are digits which make a calculated value appear more precise than the original data used in the calculation. For example, suppose that one side of a square was measured with a ruler to be 13.1 cm long. Using this measurement to calculate the area of the square gives a value of 171.61 cm2
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