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Rounding & Estimation 4

Your notes

Rounding & estimation

How do |l round a number to a given place value?
= |dentify the digitin the required place value
= Circle the number to the right of the required place value
= |fthe circled numberis 5 or more then youround to the bigger number
= [fthe circled numberisless than 5 then youround to the smaller number
= Putazeroinany following place values before the decimal point

= E.g.1567.45t0 the nearest 100 would be 1600

How do I round a number to a given decimal place?
= |dentify the position of the decimal place you are rounding to
= Circle the number to the right of the required decimal place
= |f the circled numberis 5 or more then youround to the bigger number
= |fthe circled numberisless than 5 thenyouround to the smaller number
s E.g.2.435123tothenearest2d.p. wouldbe 2.44

= Whenrounding to decimal places make sure you leave your answer with the required
amount of decimal places

= Donotputanyzeros after the position of the decimal place you are rounding to
= E.g.1267tothe nearest100is1300
= But1.267 to two decimal places (nearest 100th)is1.27 not 1.270

= |f asked for a certain number of decimal places, you must give an answer with that
number of decimal places

= E.g.2.395totwodecimalplacesis 2.40 (do not write 2.4)

o

Worked Example

Round the following numbers to 2 decimal places.
(i) 345.254

(i) 0.295 631

(i) 4.998
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Answer: ,

@ Your notes

Identify the second decimal place (5)
Circle the digit to the right of the second decimal place (4)

345.25@

As this digitis less than 5 we will round the number down (the 5 stays as a 5)
No zeroes are required after the second decimal place

345.25(2d.p.)
(ii)

Identify the second decimal place (9)
Circle the digit to the right of the second decimal place (5)

0.29@ 631

As this digitis greater than or equal to 5 we will round the numberup

= The 9increases by 1to 10, which means that the 29 after the decimal point
increasesto 30

0.30
The zero at the end shows we have rounded to two decimal places
0.30(2d.p.)
(iii)

Identify the second decimal place (9)
Circle the digit to the right of the second decimal place (8)

4.99

As this digit is greater than or equal to 5 we will round the numberup

= The 9increases by 1to 10, which means that the 4.99 increasesto 5.00

5.00

The two zeroes show we have rounded to 2 decimal places

5.00(2d.p.)

\
How do I round a number to a given significant figure?

= To find the first significant figure when reading from left to right, find the biggest place
value that has a non-zero digit

= The first significant figure of 3097is 3

= The first significant figure of 0.006207is 6
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= Thezeros before the 6 are not significant

= Thezero after the 6 is significant
= Countalongto the right from the first significant figure to identify the position of the
required significant figure

= Do countzeros that are between othernon-zero digits
= E.g.Oisthe second significant figure of 3097
= 9isthe third significant figure of 3097
= Use the normal rules for rounding
= Forlarge numbers, complete places up to the decimal point with zeros
= E.g.345681t02significant figuresis 35000

= Fordecimals, complete places between the decimal point and the first significant
figure with zeros

= E.g.0.003435to 3significant figuresis 0.003 44
How do | know what degree of accuracy to give my
answer to?

= |f aquestionrequires youranswer to be an exact value

= Youcanleaveit as a simplified fraction

5

= Youcanleaveitintermsof TT orasquareroot

" E.g.47T,orﬁ

= |fitisanexactdecimalup toandincluding 5 s.f., you can write it out without
rounding it

= E.g.0.9375,0r850.25

= |fthe answeris not exact, an exam question will often state the required degree of
accuracy foran answer

= E.g.Give youranswerto 2 significant figures

= |fthe degree of accuracyis not asked for, use 3 significant figures

= Allworking and the final answer should show values correct to at least 4 significant

figures

= The final answer should then be rounded to 3 significant figures

= |Inmoney calculations, unless the required degree of accuracy is stated in the question,

you canlook at the context

= Roundto2decimal places

4

Your notes
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= E.g.£64.749214 willround to £64.75 ,
= Ortothe nearest whole number, if this seems sensible (for example, other values are
whole numbers) Your notes

= £246029.8567 roundsto£246 030
= When calculating angles, all values should be given correctly to 1decimal place

= Anangle of 43.5789° will round to 43.6°

= Anangle of135.211... ° will round t0135.2°

o

Examiner Tips and Tricks

You should always write down the unrounded answer before rounding. Normally, you
getthe mark provided that your final answeris in a suitable range.

\
When might | need to estimate up ordown?
= |f areallife scenariois given, this may influence if you need to round up or down
= Forexample, if a class of 31students requires at least 1adult for every 10 children
= 31+10=3.1adultsare needed
= 3 adults would not be enough, this would only be enough for 30 students
= Therefore youwould round up, to 4 adults
= Alternatively, considera farmer filling crates that each hold 12 apples
= How many crates can he fillif he has 50 apples?
= 50+12=4.16... crates will be filled
= He cannot make a 5th full crate, as this would require 60 apples

= Therefore, youwould round down, to 4 crates

o

Examiner Tips and Tricks

Inan exam question check that you have written your answer correctly by considering
if the value you have ended up with makes sense.

Remember the importance of zeros to indicate place value.

E.g. Round 2530 457 to 3 significant figures, 253 (without the zeros) and 2 530 000
are very different sizes!

o
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Worked Example ,
Round the following numbers to 3 significant figures. Your notes
() 345256

(i)0.002 956 314

(iii) 3.997

Answer:

@

The first (non-zero) significant digit is in the hundred thousands column (3)
The third significant figure is therefore the value in the thousands column (5)

Circle the digit on the right of the third significant figure (2)

345 @56

This digitisless than 5 soround down (the 5 stays as a 5)
345000 (3s.f.)
(if)

The first significant digitisin the thousandths column (2)
The third significant figure is therefore in the hundred thousandths column (5)

Circle the digit to the right of the third significant figure (6)

0.002 95@ 314

6is greaterthan 5 sowe needtoroundup (the 5increases by 1to 6)
0.00296(3s.f.)
(iii)

The first significant digitis in the units column (3)
The third significant figure is therefore in the hundredths column (9)

Circle the digit to the right of the third significant figure (7)

3.99(7)

This value is greater than 5 so it will round up

= The 9increases by 1to 10, which means that the 3.99 increasesto 4.00

4.00

The two zeroes are needed to show that we have rounded to 3 significant figures

4.00(3s.f.)

\
Why do I need to estimate?
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= Estimation can be used to find approximations for difficult calculations
= Youcanestimate a calculation to check your answers

= Youcanidentifyif thereis a mistake in your working out if your answer is much bigger
orsmaller thanyour estimated value

How do | estimate?
= Round each numberinthe question to a sensible degree, then perform the calculation

= The exam question will usually tell you what to round each number to before carrying
out any calculations

= Thegeneralruleis to round numbers to 1significant figure
= 788
= 1820
= 3.65x10%—>4x104
= 10801000
= |ncertaincasesitmay be more sensible (or easier) to round to something convenient
= 16215
= 9110
= 11801200

= Avoidrounding values to zero

How do Il know if | have underestimated or
overestimated?

= Foraddition a + b and multiplicationaxb

a(roundedup) and/or b (rounded up) Overestimate

a(rounded down) and/or b (rounded down) Underestimate

= Forsubtractiona - b anddivisiona+b

a(roundedup) and/or b (rounded down) Overestimate

a(rounded down) and/or b (rounded up) Underestimate
a(roundedup) and b (rounded up) Not easy to tell
a(rounded down) and b (rounded down) Not easy to tell
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( ,
o Your notes

Examiner Tips and Tricks

Estimation exam questions ofteninvolve small decimals.

Avoidrounding to O, especially if the small decimal is the denominator of a fraction, as
dividing by O isundefined.

o

Worked Example

17.3x3.81
11.5

State, with areason, whether the estimate is an overestimate or an underestimate.

Calculate an estimate for

Answer:
Round each numberto 1significant figure

17.3—20
3.81-4
11.5—-10

Perform the calculation with the rounded numbers

20%x 4 —&—8
10 10
An estimateis 8

This is an overestimate as the numerator was rounded up and the denominator was
rounded down
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Upper & Lower Bounds 4

Your notes

Bounds & errorintervals

What are bounds?

= Bounds are the values that arounded number canlie between
= The smallest value that a number can take is the lower bound (LB)
= Thelargest value that a numbermust be less thanis the upper bound (UB)

= The bounds foranumber, X, canbewrittenas LB < x <UB

= Note that the lower bound isincluded in the range of values X but the upper bound
is not

How do | find the upper and lower bounds for a
rounded number?

Identify the degree of accuracy to which the numberhas beenrounded

= E.g.24 800 hasbeenrounded correct to the nearest 100

Divide the degree of accuracy by 2

= E.g.Ifananswerhasbeenroundedto the nearest 100, half the value is 50

Add this value to the number to find the upper bound

= E.g.24800+50=24850

Subtract this value from the number to find the lower bound

= E.g.24800-50=24750
= Theerrorintervalis the range between the upper and lower bounds
= Errorinterval: LB<x<UB

» E.g.24750<24800 <24850

=

Examiner Tips and Tricks

It can help to draw a number line. Identify the numbers with the same accuracy that
come immediately before and after the rounded number.

= Thelowerboundis the midpoint between the rounded number and the previous
number at that accuracy

= Theupperboundisthe midpoint between the rounded number and the next
number at that accuracy
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A number x rounded to the nearest 100 is 24 800 ,

Your notes
The previous 100 The next 100
24700 24 800 24900
| | |
| |
24750 24 350
Lower bound Upper bound

24750 < x< 24850

o

Worked Example

Thelength of aroad, Lis givenas 1=3.6 km, correct to1decimal place.

Find the lower and upper bounds for 1.
Answer:

The degree of accuracy is Tdecimal place, or 0.1km
Divide this value by 2

0.1+2=0.05
The true value could be up to 0.05 km above or below the givenvalue
Upperbound: 3.6 + 0.05=3.65km
Lowerbound: 3.6 -0.05= 3.55km

Upperbound: 3.65 km
Lower bound: 3.55 km

This could also be writtenas 3.55 < [ < 3.65

\
Calculations using bounds

How do | find the bounds of a calculation?

= To find the upper bound of a calculation, consider how the result can be made aslarge
as possible

= To find the lower bound of a calculation, consider how the result can be made as small
as possible

» E.g.Foranaddition,a+ b

= The upperboundwillbe when both & and b are at their upperbounds
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» Thelower bound willbe when both & and b are at their lower bounds

= Sometimes you need different bounds in the same question

= Theupperbound of

a

b is the upper bound of @ divided by the lower bound of b

2 3 4
= Increasing the numerator makes the fraction bigger, T < T < T <..
1 1 1
= Butincreasing the denominator make the fraction smaller, 5 > ? > Z > ...
= How to find the upperand lower bound for each operationis summarised in the table
below
Upper Bound Lower Bound
a+b Upper + Upper Lower + Lower
a—->b Upper - Lower Lower - Upper
axb Upper x Upper Lower x Lower
a Upper + Lower Lower = Upper
b

= Youwillneedto use more than one of these if the expressionincludes multiple

operations

= E.g.considerthe upperbound for

b-c

= Youneedtheupperboundfor @ and lower bound for b-c

= This means you need the upperbound for b andlower bound for ¢

= E.g.considerthelowerbound for

a

b

a

= Youneedthelowerbound for 7~

b

-——C

and upperbound for C

= This means you need the lowerbound for & and upperbound for b

How do | use upper and lower bounds in contexts?

= Questions often give real-life contexts and ask about bounds
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= Forexample ,

= Toseeif two cars willfit onthe back of a truck Your notes

= Usethe upperbounds of the lengths of the two cars

= Thisis like finding the upperboundof 2 + b

= Forexample

= To find the minimum speed (speed = distance =+ time)

= Divide the lower bound of the distance by the upper bound of the time

a
= Thisislike finding the lower bound of =~

b
How can bounds help with calculations?

= Youcanuse bounds to determine the level of accuracy of a calculation
= E.g.Ifavalue hasalowerboundof 8.33217... and upperbound of s 8.33198...
= Thetruevalueisbetween 8.33217...and 8.33198...
= Findthelevel of accuracy for which both bounds round to the same number
= Thishappens at 4 sf (rounding to 8.332)
= To5sftheyare different (loweris 8.3322 and upperis 8.3320)

= Therefore you know the original value rounds to 8.332 to 4 significant figures

o

Worked Example

Aroommeasures 4 mby 7 m, where each measurementis made to the nearest metre.
Find the upper and lower bounds for the area of the room.

Answer:

Find the bounds for each dimension, you could write these as errorintervals, orjust
write down the upper and lower bounds

As they have beenrounded to the nearest metre, the true values couldbeup to 0.5m
bigger orsmaller

3.5<4<45
6.5<7<75

Calculate the lower bound of the area, using the two smallest measurements
3.5x6.5

Lower Bound = 22.75 m?
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Calculate the upperbound of the area, using the two largest measurements ,

45x75 Your notes

UpperBound = 33.75 m?2

o

Worked Example

Davidis trying to work out how many fencing panels he needs to buy in order to
construct a fence along one side of his garden path.

Fencing panels are 50 cmlong, measured to the nearest 10 cm.
The length of the pathis 6 m, measured to the nearest 10 cm.

Find the minimum number of fencing panels David will need to buy.
Answer:

Find the bounds for each measurement

As they have beenrounded to the nearest 10 cm, the true values could be up to 5 cm
biggerorsmaller

Change quantities into the same units

Length of the fencing panels: 45<50 <55cm
orinmetres: 0.45<0.5<0.55m

Length of the path: 5.95<6 <6.05m

The minimum number of fencing panels needed will be when the pathis as short as
possible (5.95m), and the panels are aslong as possible (0.55m)

5
0.55 10.8181...

Minimum number of fencing panels =

Assuming we can only purchase a whole number of fencing panels, round up to
nearestinteger

The minimum number of fencing panels to be bought is 11
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