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Applying General Mathematics in Biology

Applying General Mathematics in Biology

= Biologyoftenrequires the use of calculations,whichcaninclude
= Decimals
= Mostbiological calculations use decimals, e.g.calculatingthe size of abacterial cell
Fractions
= Mostscientific calculators willinitially give answers as fractions
= Make sure youknow where the SsD buttonis so that youconvert the fractioninto a
decimal
= Percentages
= There are manypercentage calculations,including percentage change and percentage
difference
= Ratios
= The mostcommonratio requiringunderstandingis that of surface areato volume ratio
= Proportions
= Proportionalitycanbe used to understand quantityand scale and is importantin biology
intopics suchas cellbiologywhen creating biological drawings of cells and tissues from
amicroscope image ormicrograph
= Frequencies
= Thisismostcommonlyusedinunderstanding changeinallele frequency
= Densities
= We oftenlookatand examine populationdensityinecologyorstomatal densityin plant
biology
= Approximations
= Thisisused to obtainanapproximate value forexample whenusingthe magnification
formula
= Reciprocals
= We frequentlyused reciprocals (1/n) when dealing with concentrationversus rate graphs,
using1/T where Tis time

Measures of central tendency

= Measures of centraltendencyinvolve calculations of mean, medianand mode whichyoushould
be able to applyto arange of scenarios and contexts
= Mean
= Themeanis anaverage of agroup of numbers calculated bytotalingall values and
dividing by the numberofvalues
= Meanisusedto summarise adatasetwithasingle numberwhichrepresents the data's
typicalvalue
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= Median
= Thisis the middle number which canbe found by orderingall values and pickingout the
oneinthe middle
= |thelpsustounderstand that 50% of values have are smallerorequal to the medianand
50% of values are higherorequal to the median
= Mode
= Thisisthe most frequent valueinadataset
= [tcanbeusefultounderstand the mostcommonvalueincategorical datawhenthe mean
and mediancan'tbe used

Measures of dispersion

= Measures of dispersioninvolve applying calculations of standard deviation (SD), standard error
(SE)and interquartile range (IQR)to arange of contexts
= Theseideas are also considered here withreference to the use of errorbars on graph
= Standard Deviation
= The meanis amoreinformative statistic whenitis provided alongside standard deviation
= Standard deviationmeasures the spread of dataaround the meanvalue
= |tisveryusefulwhencomparingconsistencybetweendifferentdatasets
= The meanmustbe calculated before workingout the standard deviation
= Standard Error
= Standard errorof the meanmeasures how far the meanof the datais likely to be from
the true mean
= |tmeasures the accuracywithwhichasample represents apopulation
= The SEis always smallerthanthe SD
= Interquartile Range
= Thisis anothermethod of analysingdispersionof data
= [tisthe difference betweenthe 75thand 25thpercentiles of the data
= Quartiles are the values that divide the whole series into fourequal parts

Scientific notation

= Scientific notationis also knownas standard form
= |tisasystemofwritingand workingwithverylarge orverysmallnumbers
= Numbersinscientific notationare writtenas:

ax10"

= Theyfollowtheserules:
= aisanumberabove Tand below 10
= Forlarge numbers,nis anintegerthatis greaterthanO
= j.eltshowshowmanytimesais multiplied by10
= Forsmallnumbers,nis anintegerthatisless thanO
= jeltshowshowmanytimesais divided by 10
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= n<Oforsmallnumbersi.e howmanytimes ais divided by 10

Approximation and estimation

= Approximationand estimationare bothmethods used to obtainvalues that are close to the
true oraccurate values
= While theyshare some similarities, theyhave distinct characteristics and are used indifferent
contexts
Approximation

= Approximationinvolves finding avalue thatis close to the actual value of a quantity
= |tmaynotnecessarilybe veryprecise oraccurate

= |tisoftenused whenanexactcalculationis challengingortime-consumingand areasonably
closevalue is sufficient

Estimation

= Estimationinvolves makinganeducated guess orassessmentbased onavailable informationor
data
= |tisused whenthe true value of a quantityis unknown orcannot be directlymeasured
= Forexample biologists estimate dates of the first living cells and the last universalcommon
ancestororthe method of estimatingtimes byuse of the “molecularclock”

Scales of magnification

= Magnificationis animportant skillused widelyinbiologyand frequentlyassessed in examinations
= Formoreinformationand worked examples see ourrevisionnote onmicroscope skills

Rates of change

= Therate of change tells us how something changes over time
= Forexample oxygenconsumptioningerminatingseeds overaperiod of days
= To determinerates of change fromtabulated data,youcanuse the average rate of change or
gradient,if the datahas beenplotted as agraph
= The averagerate of change betweentwo points onagraphorinatableis:

Change in the dependent variable

Rate of change = B B ;
Change in the independent variable

Proportionality and correlations

= There are anumberof terms that are commonlyapplied to trends, particularlyin graphs
= Direct and inverse proportionality
= Directproportionalityapplies to atrend that has a clearlylinear relationship which means
the relationship canbe described as "whenone variable increases, the otherincreases”
or"ifxdoubles,thenydoubles”
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= |nverse proportionalitymeans that the relationship canbe described as "whenone
variable increases,the otherdecreases" or"if xdoubles,thenyhalves"
= Positive and negative correlations
= Positive correlations show when the gradient of the graphis positive /slopes orcurves
upwards and describes arelationship where as xincreases, yalso increases
= Negative correlations is whenthe gradient of the graphis negative /slopes orcurves
downwards;this describes arelationship where as xincreases,ydecreases

Percentage change and percentage difference

= Percentage change and percentage difference are commonlyused to express the relative
change betweentwo values
= Theyare usefulforcomparing experimental results, determiningreactionyields and analysing
otherchemicaldata
Percentagechange

= Percentage changeis used to express the relative change betweenaninitial value and afinal value
= |tis calculated usingthe following formula:

Final value — Intial value
Percentage Change = = x100
Initial value

Percentagedifference

= Percentage differenceisused to compare two values to determine how muchtheydifferfrom
eachotheras apercentage
= |tis calculated usingthe followingformula

(Value 1— Value 2)
Percentage Difference = x100
Average value 1 and value 2

Continuous and discrete data

= Discrete datais quantitative
= [tconsists of separate,distinctand countable values
= Forexample:
= Numberofanorganisminasample
= Continuous datais also quantitative
= |tisbased onmeasurements and caninclude decimalnumbers orfractions
= This allows foraninfinite numberof values
= Forexample:
= Thetemperature of anenzyme reactionas time progresses
= Thevolume of oxygengas produced duringaphotosynthesisreaction

Statistical tests
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= Statisticaltests canbe used to analyse arange of differentdatasets
= Thetypeoftestused willdepend onanumberoffactors suchas

= Thesize of the sample

= Theytype ofdata,i.e.isitdiscrete orcontinuous

= The nature of the questionbeinginvestigated
Simpson'sreciprocalindex

= The Simpson’sreciprocalindexcanbe used to measure the relative biodiversity of agiven
community
= [taccounts forboththe numberofspecies present(richness)and the numberofindividuals per
species (evenness)
= Ahigherindexvalueisindicative of agreaterdegree of biodiversity withinthe community
ThelLincolnindex.

= This calculationallows anestimate of populationsizes of individual animal species
= Youcanread more aboutthe LincolnIndexhere
Chi-squared test

= Achi-square testis astatisticaltestthatis used to compare observed and expectedresults
= Qurrevisionnotes here coverthisindetail
The t-test

= Thet-testcanbeusedto comparethe means of two sets of dataand determine whetherthey
are significantly differentornot

= Thesetsofdatamustfollowaroughnormaldistribution,be continuous and the standard
deviations should be approximately equal

O Exam Tip

You will be provided with the formulae forthese statistical tests inthe exam, yourjobis to apply
themto arange of contexts and data.
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Using Units, Symbols & Numerical Values in Biology

Using Appropriate Units

= Thelnternational Systemof Units (Sl)is also called the metric system
= Thisis theinternational standard formeasurement
= There are several Slbase units that are used inscience

SIBase UnitsTable

Quantity Slbase unit Symbol
length metre m
mass kilogram kg
time second S

temperature Kelvin K
amount of substance mole mol
current Ampere A
luminous intensity candela cd

= Measurements of physical quantities canrequire verylarge and very small values, forexample:
= The diameterofanatomis about10-° mor0.000000000Tm
= Onemole of asubstance contains 6.02x1023 0r602000 000 000 000 000 000 000
particles
= Powers of tenare numbers that can be achieved by multiplying 10 times itself
= Thesecomeundertwo categories of units:
= Multiples e.g.102,103
= Sub-multiples e.g.107,10-2
= Eachpoweroftenis defined bya prefix,the mostcommononesusedinbiologyarelisted inthe
table below
Table of common prefixesin biology
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Abbreviation Powerof ten

kilo- k 103
centi- c 102
milli- m 10-3
micro- n 1076
nano- n 10-9

= |tessentialthatthe correct scientific measurements are used whendiscussing biological

experiments
= Ensure thatthe correct symbols are used in conjunction with the unit of measurement
= E.g.m3forcubic metres

Unitsof Measurement Table

Measurement Units used
1000 m=1km
0.0lm=1cm

Length Metre m 0001m=1mm
0.00000Tm=1um
109m3=1km3
0.000001m3=Tcm3
Volume Cubic metre m3 109 m3:mm§m
1078 m3=1um3
Volume Cubic decimetre dm? 0.001dm3=1cm?3
Area Square metre m2 10000m?=1ha
o 0.0001m2 =1cm?
Mass Kilogram kg 1000 kg=1tonne
0.001kg=1g
Page 7 of 17

For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

0.000001kg=1mg
107kg=1ug
Time Second S 6ggqisn:=]1nr::ur
Pressure pascal Pa 1000 Pa=1kPa
Energy joule J 1000J=1kJ
Temperature degree Celcius °C
Amount of substance mole mol 0.001mol =Tmillimole

= cm3is the same as millilitre (ml)
= dm3is the same as litre (1)

O ExamTip

Be carefulwhenusingthe word "amount”inyouranswers."Amount” has a very specific meaningin
science -"mole".Instead referto the mass,volume orconcentrationof asubstance!

Significant figures

= Significant figures must be used whendealingwith quantitative data
= Significant figures are the digits inanumberthat are reliable and absolutely necessary to
indicate the quantity of that number
= There are some importantrules to rememberforsignificant figures
= Allnon-zero digits are significant
= Zeros betweennon-zero digits are significant
= 4107 (4.s.f)
= 29.009 (5.s.f)
Zeros thatcome before allnon-zero digits are not significant
= 0.00079(2sf)
= 0.48(2s.f)
Zeros afternon-zero digits withinanumberwithout decimals are not significant
= 57,000 (2s.f)
= 640(2s.f)
Zeros afternon-zero digits withinanumberwith decimals are significant
= 689.0023(7.s.f)
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= Whenroundingto acertainnumberofsignificant figures:
= |dentifythe significant figures withinthe numberusing the rules above
= Countfromthe first significant figure to the specified number
= Usethe nextnumberas the rounderdecider’
= |fthedecideris 5 orgreater,increase the previous value by 1

@ Worked example

Write 1.0478 to 3 significant figures.
Answer:
Step 1:Identify the significant figures
Theyare all significant figures
Step 2:Count to the specified number (3rd s.f.)
1.0478
Step 3:Round up ordown

1.05

O Exam Tip

Anexam questionmaysometimes specifyhow manysignificant figures the answershould be,
make sure youkeep aneye out forthis!
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Processing Uncertaintiesin Biology

Processing Uncertaintiesin Biology
What is uncertainty?

= Uncertaintyis quantitative indication of the qualityof numerical results
= |tis the difference betweenthe actualmeasurement, resultingfromthe equipment or
techniques usedto collectdata,and the true value
= |tisarange of values around ameasurement within which the true value is expected to lie
= Uncertainties are not the same as errors
= FErrors arise fromequipment orpractical techniques that cause areadingto be different from
the true value
= Uncertainties inmeasurements arerecorded as arange () to an appropriate level of precision,
e.g.
= |fabalance that measures mass shows scale graduations of 10 g,thenmass is measured to
the nearest 10 g (this is known as the margin of error)
= The true value could be 5 g higherorlowerthanthe measured value, so the uncertainty
wouldbe t5g
= Ifapipette shows scale graduations every0.1cm?3,thenvolume is measured to the nearest 0.1
cm3
= The true value could be 0.05 cm®more orless thanthis, so the uncertaintywould be
+0.05cm3

Errorbars

= Theuncertaintyinameasurement canbe shownonagraphas anerrorbar
= This baris drawnabove and below the point (orfromside to side) and shows the uncertainty
inthat measurement
= Usually,errorbars willbe inthe vertical direction, fory-values, but canalso be plotted
horizontally, forx-values
= Range,degree of precision,standard error and standard deviation;,canbe expressedona
graphusingerrorbars
= Range =the difference betweenthelowestand highest value
= Degreeof precision=howclose asetofdatapoints are to eachother
= Standard error=anestimate of the reliability of the mean
= Standard deviation=the spread of dataaround the mean
= Note thatitisimportantthat youknow what is represented byerrorbars onagraph,e.g.whether
theyrepresent standard deviationorstandard error;in an exam this informationwould be
provided inthe question
= Errorbars thatrepresent standard deviationcanbe used to assess whetherornottwo data
sets are significantly different to eachother
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= Overlappingerrorbarsindicate thattwo sets of dataare not significantly different
= Errorbars are used inthe specificationwhenmeasuringosmotic concentration

Errorbars on a graph can be used to show uncertainty

Level of precision

= Measurements and processed uncertainties must be expressed to anappropriate level of
precision
= E.g.numberofdecimalplaces
= This maydepend onthe sensitivity of the apparatus used to collectdata;the level of precision
used to express the datashould notexceed the level of precisionat which the datais initially
measured
= Valuesinarawdatasetshould allbe expressed to the same level of precision

The coefficient of determination, R?

= The coefficient of determinationis ameasure of fit that canbe applied to lines and curves on
graphs

= The coefficient of determinationis written as R?

= |tisusedto evaluate the fitofatrendline /curve withits dataset:

= R2=0
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= The dependentvariable cannotbe predicted fromthe independent variable.
= R2jsusuallygreaterthanorequalto zero
= RZbetweenOand]
= The dependentyvariable canbe predicted fromthe independentvariable, although the
degree of success depends onthe value of R2
= Thecloserto1,the betterthe fitof the trend line /curve
= R2:=1
= The dependentyvariable canbe predicted fromthe independent variable
= Thetrendline /curveis aperfectfit
= Note:Thisdoesnotguarantee thatthe trendline /curveisagood modelforthe
relationship betweenthe dependent and independent variables
= Coefficientofdeterminationis usedinthe specificationwhencomparing the speed of nerve
impulse transmission

Correlation

= Correlationis anassociation, orrelationship, between variables
= Note thatthereis acleardistinctionbetweencorrelationand causation:correlationdoes
not necessarily indicate acausalrelationship
= Causationoccurs whenone variable has aninfluence oris influenced byanother
= Correlationcanbe positive ornegative
= Positive correlation: as variable Aincreases, variable B increases
= Negative correlation: as variable Aincreases, variable B decreases
= The correlationcoefficient (r)canbe calculated to determine whether alinear relationship
exists betweenvariables and how strong thatrelationshipis
= Perfectcorrelationoccurs whenallof the datapoints lie onastraight line; this will give a
correlationcoefficientoflor-1
= J=aperfectpositive correlation
= -l-aperfectnegative correlation
= Aless-thanperfectcorrelationwill give acorrelation coefficientbetweenland O,orbetween
Oand -1
= Theclosertol,or-1,the coefficientis,the strongerthe correlation
= |[fthereis no correlationbetweenvariables the correlation coefficient willbe O
= Correlationcoefficients are used inthe specificationwhenevaluatingdataoncoronaryheart
disease
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A strong correlation will have a correlation coefficient close to 1, a weak correlation will have a correlation
coefficient close to O, while alack of any correlation will give a correlation coefficient of O

Statistical tests

= Statisticaltests are used to assess whetherornotadatasetsupports aparticularhypothesis.
e.g.
= Anullhypothesis will state that thereis no significant difference,orassociation,between
two variables
= Analternative hypothesis will state that there is asignificant difference, orassociation,
between two variables
= Statistical analysis allows researchers to accept orreject the null hypothesis
= |f astatisticaltestshows thatthereis no significant difference,orassociation,between
variables, thenitis said that anyvisible difference is due to chance alone
= Different statisticaltests are used fordifferent types of dataset,e.g.
= At-testdetermines whetherthe means of two datasets differsignificantly
= Acorrelationtestdetermines the presence and strengthof acorrelation
= Achi-squared testdetermines whetherthe difference betweenobserved and expected

values is significant
= Youshould be able to select and apply the correct statistical test

= The chi-squared testisused inthe specificationas follows:
= To testfordifference betweenobserved and expected outcomes of agenetic cross
= Totestforassociationbetweenspecies
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Graphing in Biology

Graphing in Biology
Sketch graphs

= Sketchgraphs are awayto represent qualitative trends where the variables shown are often
proportional orinversely proportional
A simple sketchgraph

Asketchgraphof the relationship betweentime and volume of gas givenoff, these two variables
show aproportionalrelationship trend

General guidance on drawing graphs

= The types of graphs that students are expected to be able to drawinclude:
= Barcharts
= Histograms
= Scattergraphs
= Line /curve graphs
= | ogarithmic graphs
= Piecharts
= Box-and-whiskerplots

Tips for plotting data

= Whatevertype of graphyouuse,rememberthe following:
= The datashould be plotted withthe independent variable on the x-axis and the dependent
variable onthe y -axis
= Plotdatapoints accurately
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Use appropriate linearscales onaxes

Choosescales that enable alldata points to be plotted withinthe grapharea

Label axes,withunitsincluded

Make graphs that fillthe space the exam papergives you

Draw aline of best fit. This may be straight orcurved dependingonthe trend shownbythe
data.lf theline of best fitis acurve make sureitis drawnsmoothly.Aline of best-fit should
have abalance of datapoints above and below the line

Insome cases, theline orcurve of best fit should be drawn through the origin (but onlyif the
dataand trend allow it)

Continuousdatarepresentedinaline graph

Discontinuousdatarepresentedinabarchart
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Theline graph has been used to display continuous data overtime while the bar chart has been used to
display grouped data

= Remember:The independent variable is the one you control ormanipulate and the dependent
variable is the one that changes as aresult of yourmanipulation
= Always draw data points inpencil as it makes it easierto make corrections and adjustments

Best fit lines

= Students oftenconfuse the termlines of best fit with straight lines
= Linesof best fit canbe straightlines orcurves and:

= Theyshow the trend of the data

= |[tdoesnothave to go throughallthe points,but shows the generaltrend
= Theymust go through the majorityof the points
= Where the datais scattered the points should be evenlydistributed oneitherside of the
best fit line
Graph toshowuse of abest fitline
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Other features of graphs

Using a tangent to find the initial rate of areaction

For linear graphs (i.e. graphs with a straight-line), the gradient is the same
throughout

= This makesiteasyto calculate therate of change (rate of change =change +time)
However,manyenzyme rate experiments produce non-lineargraphs (i.e. graphs withacurved
line), meaning theyhave an ever-changing gradient
= Theyare shaped this waybecause thereactionrate is changingover time
Inthese cases,atangent canbe used to find thereactionrate at anyone point on the graph:
= Atangentis astraight line thatis drawnso itjust touches the curve at asingle point
= Theslope ofthis tangent matches the slope of the curve atjust that point
= Youthensimplyfind the gradient of the straight line (tangent) you have drawn
The initialrate of reactionis therate of reactionatthe start of the reaction (i.e. where time =0)
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