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Imagine we chose two children at random from two class
rooms...

i
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- Q@ompare their height ...
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one pupil is
taller than the
other
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REASON 1: There is a significant difference between the
two groups, so pupils in B2 are taller than
= pupilsinBL

o
(X))

0
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REASON 2: By chance, we picked a short pupil from B1
and a tall one from B2
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How do we decide which reasen is
most likely?

Record the_heéight of more
STURENTS!!
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If there is a significant difference between the two groups...

... the average or

B2
megh "hEightgfﬂ;g SSE)E)
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It is VERY unlikely that the mean height of our two samples
will be exactly the same

Sample B1

5 Sample B2
®E |
@@ &

Average height = 16& Chl

Average height = 168 cm

’0‘
Is the dlff&f&& in average height of the samples
a_rgg enough to be significant?
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Student’s -test

The Student’s t-test compares the averages and standard
‘leviations of two samples to see if there is a signifieant
ifference between them.

~_ We start by calculating a number, t

t can be calculated using the equation:

Where:
x1 is the.smeanof sample 1
s1 is the standard deviation of sample 1
nti 2 fiumber of individuals in sample 1
X248 e mean of sample 2
: ’ the standard deviation of sample 2
2 1S the number of individuals in sample 2

Page 1 5



Worked Example: Random samples were taken of pupils in
Bl and B2

4 Their recorded heights are shown below...

St B‘L

Step 1: Work out the mean height for each sample
B1:X1 = 161.60 0 B2: X2 = 168.27

Step 2: Work out th rence in means

X2-X%1= 1&2? - 161.60

= 6-6F
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J
StepA: Calculate

= = [(7.86+9.19) =« 418
n.‘:'-

Step #: Calculate t (Step 2 divided by Step
5)

6.67
4¢5Q B
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5
Step4: Work out the number of degrees of freedom

df.=n1+n2-2=15+15-2= 28

A7

L

Step 8: Find the critical value of t for the relévant number of

~" degrees of freedom

o,

Use the 95% (p=0.05) confidence liffit

» Critical value = 2.048

=) Our calculated value of 1 §&below the critical value for 28d.f.,
@, therefore, there is ngsglgificant difference between the meap
height of studen samples from B1 and B2
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Degrees
of

freedom

20%
(0.20)

3.078 6.314 706 31.821

1.886 2.920 : 6.965
1.638 2.353 ‘ 4.541
1.533 2.132 . 3.747
1.476 2.015 . 3.365

1.440 1.943 . 3.143
1.415 1.895 A 2.998
1.397 1.860 ‘ 2.896
1.383 1.833 . 2.821
1.372 1.812 . 2.764

1.363 1.796 ; 2.718
1.356 1.782 . 2.68]
1.350 1.771 . 2.650
1.345 1.761 . 2,629
1.341 1.753 5 2.008

1.337 1.746 2.583
1.333 1.740 2.567
1.330 1.734 2,552

1.328 1.729 ~ 2.539
1.325 1472Q 2.086 2.528

1.323 2.080 2518
1.32) 2.074 2.508
1.3)9 2.069 2.500
8 2.064 2.492
2.060 2.485

2.056 2479
2473
2.467
2.462
2.457

(0.01)
63.657
9.925
5.841
4.604
4.032

3.707
3.499
3.355
3.250
3.169

N T
055
8.012
2.977
2.947

2.921
2.898
2.878
2.861
2.845

2.831
2.819
2.807
2.797
2.787

2.779
2771
2.763
2.756
2.750

0.1%
(0.001)

636.619

31.598
12.941
8.610
6.859

5.959
5,405
S04
2. 781
4587

4.437
4318
4.221
4.140
4.073

4.015
3.965
3.922
3.883
3.850

3.819
3.792
3.767
3.745
3.725

3.707
3.690
3.674
3.659
3.646
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1

A student noticed that the leaves on a plant growing close to a wall had two sorts of leaves.
The leaves next to the wall were in the shade and looked different from the leaves on the

side away from the wall that were exposed to the sun. The length of the internodes on the
stem also looked different.

The student decided to investigate the differences by measuring somé f8alures of 30 leaves
and internodes from each side of the plant.

Fig. 1.1 shows the leaf shape Fig. 1.2 shew§an internode

Pagez O



Table 1.1 shows the student's results.

Table 1.1

shaded leaves exposed leaves

234{4 ) 15:8)

mean internode length / mm '
i I £
mean surface area of leaves / mm? [ 2750+12 180015

mean mass of leaves / mg 50+8 50+ 10

mean leaf surface area : leaf mass ratio 55+9 30+6

db e of water loss / mg mm=2 h™! ‘ 50+11

f 1) (i) State the independent variable being investigated.

&

O

{

),

B (.-
w Vi
X

(‘"j‘ (/\l + 957 CI

& 15 ¢

Js q meq scave Of how Close
fhe SU"’)?,&/C mean X fy fheackal mearn wilee
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(ii) Outline the procedures the student could use to obtain these results

independent variable:
l.ref. to a systematic way of obtaining leaves

e.g. 3rd leaf from the apex / different heights / all from
the same height / equal light exposure

dependent variables:

2. ref. to a method of measuring surface area

e.g. draw round each leaf on grid or use fransparent
grid over leaf / measure diameter(s) of leaf

3. ref. to how surface area is calculated;

e.g. count squares / use formula zr2

4. ref. to a method of measurin

balance / scales

5. ref. to finding dry mass; e.g. samplg¥gaves dried in
oven until mass constant

é) $ 4 : rass
ref. to a method of measuring

either on the plant ofagut section from a
plant; e.g.: by h against a ruler / use

ruler g
ref. to/amethod of

tometer / w
bag (to collect water)
0 mean values of the whole sample;
ref. to method of working out SA : mass ratio;
ref. to calculating standard deviation

PageZ 2



The student carried out t-tests for leaf surface area : leaf mass ratio and for internode length

@eaf surface area : leaf mass ratio gave the value t= 12.6
ormula for t-test is
4

(i) Complete the calculation to find the valugwofg for the internode length.

Show your working.
> how y king [23_14{> (/CI'_Z)
2345

T

O}
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(b) (i) Complete the calculation to find the value of ¢ for the internode length.

m Show your working.

Pagez 4



Table 1.2 shows the critical values at p < 0.05 for the ttest.

Table 1.2

~e——— e —

]
2.05 204|204 1207200096

|

The number of degrees of freedomf$'68’

(i) State how the number of 88'0f freedom was calculated.

PageZ 5



m State and explain the meaning of these results.

2. (both).calculated /.t values.(12.6.ad'8:9) are ..
& :ater than the critical value;

PageZ 6
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Basic Biostatistics
Measures of Central Tendency

* Mean- not suitable as an ‘average’ value inthespresence of

extreme values (‘outliers’).

Mode- most frequent value(s) in a digtribation. A
distribution can have more than ehic¢enode.
Median- more suitable for skewed distributions
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Practice Questions

, - Find the median of the set of nimbers:
&,2,3,4,5,6,7,8,9 and 10.

o
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¢ 2. Find the median of the set of numbers:

721,3,7,17,19, 31, 46, 20 and 43;

Page9



4. The following represents age
¢ listribution of students in an elementary

2 lass. Find the mode of the valhés’'7, 9,

o, 13,11, 7,9,19,12,11, 9, 759, 10, 11.

Page 1 O



5. Find the mode from these test results:
2 90, 80, 77, 86, 90, 91, 77, 66, 69,05, 43,
& 65, 75, 43, 90.

* b. 77

= C. 65 Q’a'
Q@

©}
d. 90 ¥
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= 6. Find the mode from these test results:
17,19, 18, 17, 18, 19, 11, 17, 16, 19;\15, 15,

& 15,17, 13, 11.
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& . Find the mean of these set of numbers:

Z 30,1050, 320, 600 and 150.

0o
333
4

L4 4

>

O 440
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a) A normal distribution 1s a very important statistical data
distribution pattern occurring in many natural phenomena,
such as height, blood pressure, lengths of objects produced
by machines, etc. Certain data, when graphed as a
histogram (data on the horizontal axis, amount of daga"6n
the vertical axis), creates a bell-shaped curve kingwiLas a
normal curve, or normal distribution.

b) Normal distributions are symmetrical witli'a stngle central

peak at the mean (average) of the data, ¥Ihe shape of the

curve is described as bell-shaped with the graph falling off

evenly on either side of the meamy Kifty fifty percent ol‘lhe

distribution lies to the left oftheftéan and Tifty | ty percent lies
e R — en—

to the right of the mean.

/\-———\———'
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¢) The spread of a normal distribution is controlled by the
standard deviation. The smaller the standard deviationthe
more concentrated the data.

d) The mean and tlm@g are the same in a normal

distribution.
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* Range- difference between the maximum and minimum
value in a distribution

* Interquartile range- difference between the upper (75"

centile) and lower (25" centile) quartiles @

5 ey
* Standard deviation (c): - W™

I. Represented by ‘s’ and denoted by Greek letter ¢ (sigma)
2. Measure of how spread the data is across the mean
3. Larger the standard deviation, greater the spread aghgSsdthe
mean
4. For a normally distributed data:
) 68% of the distribution lies within one stagtiatgd deviation
of the mean.
vb) 95% of the distribution lies within ty, Stindard deviations
of the mean.
vT) 99.7% of the distribution ligs Withiit three standard
deviations of the mean.

These percentages are kn%as the "empirical rule".

About 68% within
I «.d of mean

About 95%
within 2 s.d.
of mean

Page 1 9



(alcytar? 7y stanaard deviandn (&)

ZG-2 7 e

|
-2 3QINpie
SN2

& Defermine e Standard
deniahdn 9& /dwlﬂj e

13,6, 7, 3, 15, ©f/8.6

§TEP2 —> detecming X (z-Z)°

@ A-2 (76‘_2)2

FEY3

5

O

O A
+
:

o T 6-25
6 i 12-25
; 3 6-25
(5 e 42-25
'/O +5:5 30-25

/8 + 05 0.25
9 8- 72:25
= 20.25
=z = /90
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BEER © ENYE

()

STEP3 — determine 77 — g

STePy — Calcdlate &

S = f(x—f)2

It
X
o

(Q Whats the rzvrjc o/f % dota 7
M

) ,gan(?‘e IO {)’)Um 7?77/)(/)’)(1/77
= {-3
=09
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* Variance (c’)- is the square of standard deviation

* Standard Error of the mean (S ):

a) Denoted by G,

b) Represents how close the data (sample) mean is to th
actual(population) mean value

¢) ...1s a measure of how accurate the calculated mean
value is

d) Lower the value of standard error (S,), the mor€ acgurate
is the mean value

¢) Depends on the sample size and standardvd@yiation of a
given data

f) Standard error is proportional to 1/ which implies that
increasing the sample size (n) d¢creases the standard
error.

Standard Error

11 13 1% 17 19 22
Sample Size
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95 % confdence ikerval

(95 ¢-1.)
-

™
» iifM i’oZS

& \’ \
& (mean A §pr) (mean + 23

9 //\/ﬁdf I< //fedﬂc"gf 5% @nﬁ”c@ﬂ(e
=
8/

> Dl‘en/a/ %

97 congient thal the mean b
W7 ‘f/ﬁc (ntk- H's a measure &
*ho qe/cabf’ jﬂ the mean. e smalley

e of F6% C-L., e mone qelable
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* Error Bars

. May be plotted using standard deviations or standard
error of the mean
2. Overlapping error bars: no significant difference between
the data being compared
- Nonoverlapping error bars: significant difference
between the data being compared
Let’s study the following example:

DV —

€
v
-
£ 12
§
3

Group rumb er
Case: The histogr: shows 5 groups of individuals (1 till
5) in which the ength of ulna was compared. The
resulting errogbars are plotted as shown above.
Interpregati sing the Figure above, state:
1. Whiich (S) has a significant difference in the mean
length ef"ulna?
2. Which groups(s) have no statistically significant difference
in their mean length of ulna?

Pagez 9
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100 pods (n=100) from an inbred vanety of bean were collected and the number
of s in each pod counted, Table 1.1 shows the results of this investigation

Table 1.1

number of beans per 1(x)

frequency (f)

<
’
E

plete Table 1.2 by calculating n, thre
answers in the appropriate spaces on the table

Table 1.2
number of beans per pod (x) 3 ‘ 5 6 Total

frequency (1)

w R |72

Page3 1



(iii) Use the formula to calculate the mean value (X) of the number of seeds per pod.
% = 2fx

n

X = 5G2/

7

/100

(iv) A student calculated the standard deviation (s) for this data

The standard deviation, s = 1.15

State what the standard deviation tells you about this investigafiGs

(v)

L‘_/_,; = //{/O = O /5
#ioo

‘2" 69'715 ORI b |

nt for the different number of seeds in the pods of

VIUING ‘777, !
lal . 2ond ¢ho

[Total : 8]
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Fig. 1.1 shows a simple apparatus used by a student to measure the rate of respiratic
yeast Saccharomyces cerevisiae

active yeast suspension
with methyiene blue solution

stop watch

Fig. 1.1

Active yeast suspension is a pale cream colour. It is prepared by mixing dey $e&sE glucose
and water and leaving for 1 hour at 30°C. The methylene blue solutiongt8as an electron
acceptor and becomes colourless when reduced

(a) (i) State how the dependent variable is measured in thiStxpeument

(1

Outline how the studer use this apparatus to find the optimum temperature
for the respiration o

emeettrerieanys

Page3 3
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In a further investigation, the student tested the ability of yeast to use different sugars
Active yeast suspensions were mixed with 2% solutions of six different sugars. The yeast
was allowed to metabolise the sugars at its optimum temperature and the carbon dioxide
released was collected for a 10 minute period

Table 1.1 shows the student’s results

Table 1.1

volume of carbon dioxide in 10 minsche

S Ve ¥

monosaccharides gifaccharides

» ¥

glucose fructose | galactose sugiose maltose lactose
(glu) (fru) l (gal) (giw, *i5u) (glu + glu) (glu + gal)

|

5.0 14 1 0.3
1.7 2 0.4
3

mean (2 2 ) mean

(b) Suggest an expla

'—yf/t’y“*')) (///(r" ( {/Cj/(/<€ Qf’ /7;}’/3/’,/:.“{.,%

c>/7<( e 1D meraéil

f(t %f/( @ SUrAs

/ /'/‘0, /)/L////"]
'




Based on these observations, the student made a hypothesis:
The yeast will form more cells when provided with fructose than with glucose

Table 1.2 shows the results of counting cell samples from the active yeast suspension
that had been supplied with fructose or glucose and left at the optimum temperature for
30 minutes. Three samples were taken from each suspension and the cells counted using a
microscope slide with a grid. Four counts were made from each sample and the number of
cells per mm? calculated

Table 1.2

fructose glucose .
number of cells per mm? number of cells per mm®

count | count count @ count count | count | count | count

1 2 3 4 |meen| 2 3 4 | een

sample 1 52 75 62 56 53 55 48 l 54

sample 2 58 66 71 46 62 45 524, & } 52 51

sample 3 65 61 68 64 53 83 42 54

AT

The student then calculated the standard error for thege s8sults.
The standard deviation for fructose =8.11=8 cglls
The standard error for fructose = 2.30a2eells

s
The formula for standard error is Spad = s = standard deviation
¥ /n

n = number of samples
(c) (i) Complete the calculat the value of S,, for glucose

Show your worki our answer to the nearest whole cell

Su=r7—= =,/

/4“(/0&‘ Vs glucog hA M
6252 /

i

(ii) State what standard deviation shows

I wrm;/ of. 1 qate. aoudd e ...
7; //(/mﬂ/ /,','q,c; é,7/(4/;o 77‘70 . Jr C{?//g/c ay)/{o 2]
///Qﬁ




(ili) Use the grid to plot the data in Table 1.2 to show the difference in th®
population size of yeast supplied with fructose and yeast supplied with glu8
Include error bars

the data support the hypothesis. Give a reason for your answer.

. / - . e ¥
Y Ayl 2PYYPN Ny 7 A AN) /
2. Staaovd. ey Ll .a). N ...

7 ey’ ff"‘!/"'
LV ;:( (//”( {/ )

-]

[Total: 21]
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The students also investigated the effect grazing had on the height of one particular species
of plant, Their hypothesis was:

The mean height of the plant is greater in the ungrazed grassland than the grazed
grassland.

State the independent and the dependent variables in this investigation.

Unarazed j/’ass/d'/)¢
an?. ... 1]

independent variable .
@
dependent variable . n?CC{/Z/"&f)?fO R 4

Table 1.1 shows the results of their investigation.

Table 1.1

height of plant/mm
sample number e
grazed area ungrazed area

586 858
549 873

—_

526 864 ~
589 901
545 847

e

2
3
4
5
6
7
8
9
0

—_

573
549
604
611

@38 862

864
879
864 —
888

me
¢ mod

L 4
media

567
549
561

870

g6y
g64

(i) Complete Table 1.1 by writing the values of the mode and median for the ungrazed area.

(1




Use the information and formula below to calculate the standard error for these results.
Give your answers to 3 significant figures.
S,, = standard error

s = standard deviation

n = sample size (number of observations)

grazed area: $p = -7{,‘7 = QQ'S'/ﬁo q-35
ungrazed area: _5”, - J/\ﬁ; = }/0’76

standard error, grazed area =
standard error, ungrazed area = rq‘q} ............................................................. 2]
Standard error is used to calculate 95% Confidence Integyalg(CTh
The values for the grazed area are 548.3mm to 585.7 i
Use the formula below to calculate the confidenceWiterdals for the ungrazed area.
95% CI = mean @G,

Show your working.

5% MLE 870 + 2(497)
Qé> = 8701 9.94

- ALk G 95 .............
_________ the.meaan...... ...




(c) Some local communities hold annual fishing trips where they are encouraged to catch as
many lionfish as possible

In 2010 and 2011, 16 boats took part in these fishing trips. The mean number of lionfish per
boat and the 95% confidence intervals were calculated.

Fig. 2.2 shows the results.

mean number of lionfish
caught per boat

'20.2010 .”2011,\I'
year of catch
(165 4 35 (210 % D)

Figs 2.2

The 95% confidence intervals are @Ied from2x§,,

Standard deviation can be ¢ i by rearranging the equation for standard error shown

in Fig. 2.3

2010

where §,, = standard error

s = standard deviation

n = number of boats £

Fig. 2.3

J:/?.S-x4' 3705




Use the data in Fig. 2.2 and the equation in Fig. 2.3 to calculate the§lafidafd gleviation of the
mean number of lionfish caught per boat in 2010.

«ZXS,V, s 26
Sm=/78

/2.§ = VW’G
$=70

standard de @or 2010 =
a—
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Parkinson's disease occurs when nerve cells in part of the brain die, resulting in less secretion of
a neurotransmitter called dopamine

Dopamine is involved in the control of muscle movement and in emotional responses. As a
result, common symptoms of Parkinson’s disease are muscle twilching and stiff muscles. Other
symptoms can include depression, memory loss and problems with sleeping

The disease is progressive, so over time the symploms become worse

(a) Scientists collected data on the number of males and females with Parkinson's disease in
specific age groups in the USA

Fig. 2.1 shows these data presented as number of people with Parkins@n# glisease per
100000

125

numberof 75
people with
Parkinson's
disease per

100000 sgp

30-39 = 4049 = 50-59 = 60-69 = 70-79 = B80-89

age/years

Fig. 2.1
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(i) State what conclusions can be made from Fig. 2.1 about Parkinson's disease in the
USA

ppe. k. /z;amz
o) ‘thareae. . with. .

! OF males 12, a;rm@/ G 1re
ks 1?7 ea
m‘ mc 0. e "o s

ajr m/fﬂm(; 60 67

i) A student suggested that the Spearman’s a8k c8frelation could be used to test the
relationship between age and the occyge#Ce'el Parkinson's disease,

Give a reason why it is possible to Wse tH8 Spearman’s rank correlation to analyse the

data shown in Fig. 2.1
x. be... Ppklle._con. be ranked. ...

Wele 12 /0. oMe M. befween. .

> and...he..oadrenie. . OF....
e /
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(b) Thereis currently no cure for Parkinson’s disease although a range of treatments can be used to
relieve the symptoms. Drugs are given that are absorbed by brain cells and converted to
dopamine. As the disease progresses, more brain cells die and so less of the drug is absorbed
As a resull, the effectiveness of these drugs decreases

Research into the use of neural stem cells (NSC) as a more effective treatment for Parkinson's
disease is being carried out. One study was carried out to test the hypothesis that:

The use of a Chinese herbal drug increases the differentiation of NSC into neurones
that produce dopamine

In this study, 48 healthy male rats of similar mass were randomly divided into four groups. Each
rat was kept in a separate cage and supplied with food and water

Fig. 2.2 shows the experimental design of the study

48 male rats of mass 260+20g
divided randomly into four groups of 12

L

[rals treated with chemicalgdtd iNluCe Parkinson's disease

|

group 2
Parkinson's ¢

twi @( 0
ats

group 3:
NSC transplantation

group 1:
untreated control

group 4

NSC transplantation
and Chinese herbal
drug

twice a day, at 8.00
and 18.00, rats

twice a day, at 8.00
and 18.00, rats

injected with 5mm?
cell culture medium
into the brain and

given 4 w‘sa
<

8d with 5 mm?
call elYiture medium
into the brain and
given 4 cm” saline

injected with NSC in
cell culture medium
into the brain and
given 4 cm® saline

4

twice a day, at 8.00
and 18.00, rats
injected with NSC in
cell culture medium
into the brain and
given 4cm” saline
containing a standard
mass of a Chinese
herbal drug




(i) Identify two variables that have been standardised in this study

K 0ass of Yars [.tzcﬁ)

(ii) Suggest one variable that should have been standardised in this study but for which
there is no information about how this was done

(c) At7, 14 and 28 days after the start of the study, a sample of four rats fromgsach group was
tested to find the dopamine concentration in the brain.

The results are shown in Table 2.1

Table 2.1

mean dopamine concentrationgt standard deviation (s)
/nmol per g of braintigsue

time after
treatment group 1: group 2: f group 3: group 4:
Idays untreated Parkinson's NSC NSC
control control Y transplantation | transplantation
and Chinese
herbal drug

598 +3.3 502+28 86.8+47
60.0+44 ‘ 499+438 818 +27.1

«301135@ 395426 | 46511

State two adv calculating standard deviations (s) in studies of this type

(2]




&
Z
&
O
<

(d) The researchers concluded that, in rats, the use of a Chinese herbal drug increases the
differentiation of NSC into neurones that produce dopamine

With reference to all the information about this study, give one piecapofiBuilence that
supports this conclusion and one piece of evidence that suggests this cdicli8ion Is not valid.

4
avidence that supports this conclusion 77))9 mdn d,OMIﬂ(ﬂ: (O”C

& s@niptantty.. . Hicher ... qradd. 4. o
ettt sgpess i o' NN LY. (2 2V, LETE
used n...aach I -

. 2]

[Total: 12]
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Biodiversity is important in maintaining the stability of an ecosystem. Biodiversity can be reduced
by the introduction of new species to an ecosystem

The red quinine tree, Cinchona pubescens, was introduced to the Galapagos Islands in the 1940s
By 2010, it had covered 110 000 hectares of Santa Cruz, one of the larger Galapagos isiands

(a) A group of scientists studied the impact of the red quinine tree on the plant biodiversity of
Santa Cruz

Line transects were used to study an area of 32 hectares in the hills of Santa Cruz

(i) Suggest three variables that the scientists needed to standardise in this study.

o ./f’.”j/#, oF. the. kansec .

2 P o‘f — f:‘a)’ o g

ggf O/ e %Qdm/:‘.. Wsed

A - T .

In addition to the line transects, the scientisi@Sel Up 14 sample plots in the study area

(ii) Suggest a method that could be @8ed fagr randomly selecting the position of the plots

e -edNaks

EECETTE RPN

(b) The scier decided to use Simpson's Index of Diversity to calculate the plant biodiversity
af the ots.
*®

Stat® what y needed to collect to calculate Simpson’s Index of Diversity

X" the ramber (0) oF . dvaandms Gj
each... inattduad fé




(c) Over a 7-year period the scientists measured the:
° ground covered by red quinine trees
. ground covered by other plant species
. ground not covered by plants

Fig. 2.1 shows the resuits

80

other plant species red GQUiQine trees no plants

m ground cover
‘ 40
(arbitrary units)
L4

Key

[ 1998
[ 2003

[] 2005 Q®
@ Fig. 2.1

Calculate the pgicen ' change in the ground covered by red quinine trees in the plots from
1998 to 2005.

.0
A ) % Chang = "E.O:_;Z- x 0O =—/3-_%x/0b

?' = s>

S




(d) The scientists suggested the hypothesis:

The presence of red quinine trees in the hills of Santa Cruz causes a decrease in
biodiversity

The scientists carried out statistical tests on their studies of species diversity
The probability values (p) from the results of the statistical tests are shown in Table 2.1
Table 2.1

value of p

decrease in species diversity 1998-2003 < 0.001 l

—

decrease in species diversity 2003-2005 > 0.05 |

Evaluate the data in Fig. 2.1 and Table 2.1 and discuss the g@efblo which the data supports
or does not support this hypothesis.

% frvease.. .. red_ouihe e covey b (97 -200R
decrieases... e m”?’ ) mé//a/)f J/C’C(ET

¢ INcraase. .. & uinde. b R-200
..aso...neraxsgn Ghe 7y.cw;d coney Wit rio Mok
@ k. s St arnt. ( PLO.CO)) deltve.
b LR 197e- ,'fffw e
% therdtdy 0. k. ccakkre... oniwe
Dﬁﬁiew A
SAPPO"Z’T-' :
[4]

(Total:10]
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(a) The opening and closing of stomata involves the movement of potassium ions into and out
of guard cells. Opening and closing of stomata Is influenced by a number of environmental
factors, for example light and temperature
A student investigated the effect of potassium chloride (KC!) on the opening of stomata
The student was provided with

500cm? of 250 mmol dm™ KCI solution
freshly picked leaves from a plant that had been kept in the dark and a high concentration

of carbon dioxide for an hour. This ensured that all the stomata were closed

Strips of leaf tissue were obtained by cutting a leaf into sections as shown in Fig. 1.1

leaf cut into strips
upper sWilac@’of leaf
S

lower surface of leal

eal strips

" Flg 1.1
*

The';;ﬁden( three strips of leaf tissue in each of a range of buffered potassium chloride
solutions f ours and then recorded the number of open stomata




(b)

U}

(i)

Identify the independent and dependent variables in this investigation

4).% '\(/. \ 4 Fa ;{_ /’/ /1 /
independent variable A VJQ/. 204, ... ../,\ k_(.

f
/

vivbon Al /AL Alovt Jalvand
dependent variable ... /IHIIA.. -’,2*. SN A (. //'/(,/ ...
/ i '

/

(2]

The student used the 250 mmoldm™ KC! solution to make 100cm?® of four other
concentrations by reducing the concentration by 50 mmoldm™ each time.

Describe a procedure that the student could use to prepare these fougCaricentrations.

Suggest a h hat the student could test about the effect of KC!I on the opening
and closingoFStomata

R/ PTG S Yo VN
C IR AV L
. L . . - - r ~ 4 . ' N ;’ ten

'-P/;N 2% 4 ‘:'/ ) -y
RiaY79,4 @) d,

e e




(i) Describe a method that the student could use to investigate the effect of different
concentrations of KCIon the opening of stomata

The description of your method should be detailed enough for another person to follow
and should not repeat the details from (a)(ii) of how to dilute the 250 mmol dm™ solution
of KC!

pace //l Shfhs *?7«‘»9

(/?“ ,.»é?f?)”f , <'//§, X8

# L/é/yfo ASh /?7(/&’ e ;”‘ﬂ” Y the S (J@/ »é
moutt...each. 0 0 «,/Om/v (.
xwo CF\AQ/ he ... aumbel. ; \Y(2UL, (*z?mn

7'/";7/]# /7’/,‘.,7 :’“,'7;77(9 /’/“vzn;')//"/. < , )/

21 &

e

/

,/\/I’/",/';./ {-"/ ,J,:/[ ,,—) ’/.7 (:‘Q)Ag ?:7;/'/— mr, 7}},/7\//&// L/(//A
-;/7"9 "‘\ %/f}])u/[é ./'/’ W%/b' /@r}/ / 7?/‘_)

'(/f hes... Pl avbored 1D
/“‘/ : “.).“""'“ » O : P \ . -
Yoond o mebe sk
\Y 7@.’:5 are al- /o
7 /‘7'/% LR

M. T 7 ooyt
/
/7/’5{"7’?_




The student also tested the hypothesis

tomatal
lure of a
y opened

The more light the wider the stomata open

Eight leaves from young plants that had been kept in the dark for 24 hours were covered
by metal foil

A fluorescent lamp of fixed intensity was placed 10cm from the plant. The metal foil was
removed from the leaves.

Two leaves were removed at the start of the experiment and three epidermal strips were
made from each leal. An epidermal strip is made by peeling the epidermis from a leaf as a
single layer

The diameter of the stomatal aperture of five of the stomata with the widest aperture on
each strip was measured

At one hour intervals two more leaves were removed and the same procﬁdu(! repeated

Fig. 1.2 shows stomata at different stages of opening

closed
stoma

guard
cells

”//’ ecf e, aqrattUle.. /2. MsUre
24 CW/W
X /:]} é!aﬁ%" /%o ",C”)’K(ﬁ ?Yﬂ];/a (;({/'/)”/
d §/t7§70 NG 7(9/)"‘/? er
/

o
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Table 1.1 shows the results of the student’s experiment

Table 1.1

time / min diameter of stomatal aperture / um

0 (control) ' 05 0.1 /02 03 04 01 05/02 03 0301 0202
60 09/11/10/13/12/18/15/08 0213 )/1.1,08 1.0

1.9 /24 26 2625|222 |28|24 24 .\3.9)26 23 | 25

o) s
41 48|42 40(57]47 39|41 55) 45 43|40 31

7
N
On Table 1.1, draw circles around two values that are anomalous (1]

The student calculated the mean diameter of the stomatal‘@uéfiu@s and the rate at
which the diameter of the stomatal apertures increased
Table 1.2 shows some of these calculations

Table 1.2

mean diameter of stomatal apertures rale ©f increase of diameter of

time/min . g
/um stomatal apertures /um min™'

9
W

1.2 0.015

2. Qa 0.022
o 0.-035

Complete Tablen Rpy calculating the rate of increase of the diameter of the stomatal
apertures D8Ween 20 minutes and 180 minutes

*@pad
L 4




(iv) The experimental procedure described in (¢) could be criticised for poor technique in
obtaining resulits.

Suggest how the procedure could be modified to improve the quality of these results

e R e

il Fnenier:

L

JIBLUNE.

3]

[:] (d) The experimental procedure used n@ not completely valid for the stated hypothesis

Q The more | e wider the stomata open

Suqqest how !hlb hyp, id be modified to match me p!ocedure described in (¢)

[Total: 19)
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A student used the internet 1o find information about caffeine and the possible effects it has on the
body

The student decided to test the hypothesis that
Caffeine decreases the reaction time and increases the heart rate
Table 1.1 shows the results of the student’s research into the caffeine content of drinks

Table 1.1

1 3
drink cup of coffee cup of tea O0cny

db energy drink

caffeine content/mg 80 40 30 45

The student also found that it takes about 45 minutes before caffeing frgffTdrigi’is fully absorbed
0 nto the blood and about 4 to 5 hours for the effect to wear off

.tter further research, the student decided
test subjects should not know whether they are having'agfiek with cafleine or without caffeine
< ! drinks with caffeine and without caffeine should logkNgentical
4 to measure the subject’s reaction time using agamputér programme that flashes a coloured
light at random intervals. The subject presses%SWNCh as soon as they see the light
to measure the heart rate using a pulse fiieter alteiched to the first finger

Suggest why it is important that the Djects should not know whether they are having a
drink with caffeine or without caff

Youkl. Le. /, Yeaed, //;/
r{‘?zu////?ff N SO N -]

/

(b) (i) State the indBpBRgBh variable and the two dependent variables in Ihns mvnshgahon

./ %%’f/ < ,/ 72kl (M ]f“‘w//c

/ /

’,i ,.’/f - ”/i - ) .f' YV ) T /}
dependent variables ./%’i’.v]i/(, sl (//V— ’f/ Y/ 4 p /j/ 4 1"/ // "‘g\y«‘ =i (Qﬁ//

—

A0
L 2]




(i) Use the information given to describe a method by which the student could test their
hypothesis using one of the drinks

Your method should be detailed enough for another person to follow
*..10UCL.A large..admbel... . more fhan. &
,:;_%Sf’* .3@/5’;«%7%
SUbloOK... ol Latve. Qhatus.... coT....
m‘", UL Yo
[/»/', 0fc '/,,//‘//0///‘/ N7~ »)\) ﬁ’é/(o 7“/) (".//r ';,-/V(,/ r,.//\
«)\vaw{JV? /, /5‘5 //( /7) f‘;’"f/?/‘. 2
QoK. SoU NOT-. /e /::(m

£ 6L

- W haxcrh A A - y 7

AL U‘/ /\/'{/V:/ .08 %fﬁ?’f (LA
/

/

/7 o P~ - , ./ < ’) 0 o
e Shodd. hee¥=. ... Loant

i e / /../\ "
e QUG STR Ut b S e
L7k /} U/r,ﬂ/ el r; -
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(c) In another experiment 10 subjects were each given a different concentration of catfeine
The reaction time was measured 5 times for each subject and a mean calculated

Table 1.2 shows the results

Table 1.2

subject 2 3 4 5 6 7 8 9 10

concentration of caffeine/mgdm™— 0 40 60 80 | 100 | 120 A 140 160 | 180 | 200

mean reaction time/ms 355 | 343 | 340 | 321 300 | 305 | 288 @ 252 @242 @ 204

Fig. 1.1 shows the graph produced by a computer programme for the dala

mean
reaction
time/ms

150
100

50@[

3

on of caffeine/mgdm™

Fig. 1.1

Based on this & ent decided 1o use a statistical test to find the strength of the
correlation beiiNeen concentration of caffeine and the mean reaction time

() State why Peunon s linear ¢ orrula\xon 1est Is smtable for the data

(1]
(i) The results of the statistical test gave Pearson'’s linear correlation, r= -0.722

State what this value indicates about the relationship between the concentration of
caffeine and the mean veacnon nmc

}fi ")zJ 7mV\/‘ // //\\_1/ v ’- /s /,)(, 7/—,&,\.




Table 1.3 shows part of a table of critical values for Pearson’s linear correlation test (r).

Table 1.3

number of probability level (p)

pairs of data (n)
0.10 0.05 0.02 0.01
0.988 0.997 0.8995 0.9999
0.900 0.950 0.980 0.990
0.805 0.878 0.934 0.959
0.729 0.811 0.882 0.917
0.669 0.754 0.833 0.874

W,
0.582 0.666 0.750 f oS

y 0.622 0.707 0.789 | 083;
&

0.549 0.632 0.716 40765

. 0.521 0.602 0889 0.735
0.497 0.576 ‘ 0,658 0.708
) a O

(iif) Describe how the student calculated the dg@itge$of freedom
f -

N / g 4 g A - P 7 +y 3 ,/’ »{, P
Qf.:.10-0F ,ﬁ:lﬁ S qa... =

r

d - /\./ o, L Q :
- ‘ = : s S . ‘ (1]
(iv) Describe how the student y! probability table to find out if the value forr=0.722 is
significant é
e { $ //
A,

r

p , o = . & R oo
vales.. .ar. p=0-03

/0.

f

[ e o'a D o~ /
WA A LI W = o
.»’/ 7 - /V/ / / 2 s ISP e Y - wJ/
PPe euaked. vy R araafy 71 e
~ - /
j .,{) O~/ - - g 2 - ,r0 . .
CrRal vaue — .y % asenlbat
\// _/

£Ln n @, J ./ ala. Sl e .
V. I8 (KAl wale.. qr. D=0
/"




(d) Suggest two reasons why the method used for the investigation into the effect of caffeine
concenltration may have given results that are not reliable.

. [2)

(e) Effects of caffeine in the body include the promotight acetyicholine release and the inhibition
of acetylcholinesterase.

Suggest how this could account for the fésults. ¥ Table 1.2
= -~ A ’ / 2 O

[Total: 20]
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The enzyme urease catalyses the breakdown of urea into carbonate ions and ammonium ions as
shown in Fig. 1.1

urease
urea water ) carbonate ion ammonium on

CONH,), * 2HO0 = Co,? 2NH,*

Fig. 1.1

A solution of urea does not conduct electricity, but a solution of the two ions does conduct
electricity

An increase in ions increases conductivity, so the rate of reaction is proportional to the conductivity

A meter measures conductivity in microsiemens per centimetre (uScm™'). Th&€ofiductivity meter
y also records temperature

K., shows the affinity of an enzyme for its substrate. The lower the Kim th@gréater the affinity
A student carried out an investigation to find the K of the enzymealf@aseat different temperatures

The student
«  made 500cm? of 0.2moldm™ solution of urea guotamMiass 60.1g mol™’
. used serial dilution to make a total of five urggigoMiions from 0.2moldm™ stock solution
. used 1g per 10cm® urease solution
. used a conductivity meter to measure & il rate of reaction at each !emperature

’v’ //') & /‘C)

Fig. 1.2 shows the experimental set-ugidurid the course of a reaction v

N

QW,V

1 (/(/7
40cm? flat bottom tu @

probe -
conductivity
e m'::g’ 123.6uScm™’

wrea ¢

s temperature
R L 20°C

-

[ magnetic stirrer

Fig. 1.2




(a) (i) Describe how the student could make 500 cm® of 0.2 moldm™ solution of urea.

'f"lx\

(i) Describe hgw the student made a further four solutions of urea by serial dllution

(b) (i) !dentify the independ ependent variables in this mveshgahon—
T, ”
independenth ‘f"" ]/((/, e TS
Lr DL o o) ;
dependediENY/ (L. ( chvi ,’c .. WS )G q Syes /e e
/ 7

4.1

\,."A J 7
W/

able control for this investigation

,:.'sz«frf’“/",’ .18,k TR CBe.. .
~/

DLofad .f"//;)///.'.rv o QU4 %Jz/?} 7

/
4 /
v /

(2]




Describe a method the student could use to find the K_ value of urease at different
temperatures. The solutions were made as described in (a)i) and (a)(ii) and the
apparatus shown in Fig. 1.2 was used

Your method should be set out in a logical way and be detailed enough to let another
person follow it. You should not include details of how to prepare the urea or urease
solutions

C.., &0
use.q . el 5 %(n/,/ .CU/'_//,//C//F?(R/
(Jw e /’f"/) /7 QK /‘«”/7%79//7/&"/»7‘

3 */‘\Q//qﬁ . 1'"{;/4//’(‘ '/*" L LA i W’( // /‘W

P e, A/ o)1/ Xls w QL. .mf’ccf’f’ﬂwﬁ /

/

x. Same.. volmre... ot .2 =Y. oK 7L
Q.. .amsan ,”‘“"//‘ 4 / A9 Slienisds
- Iatbcne.. e anc. N corenbalns
hely.......
XMt utor. cnd e and [t the
ﬂm(/g’? /2 /"/ F2) 2 38
mg LKL . o the. conducl?

- =,

~/ g y 4 O ’ £, .
Y ofo - » /2 > J7)7Y s i "P

0
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(¢) (i) Use the axes below to sketch a graph to show the effect of substrate concentration on
the initial rate of reaction at one temperature

Indicate on your graph how the student could find the K of urease at that temperature.

:

rate of reaction

concentratiorduiftiréa
(4]

(i) Table 1.1 shows the results that the studept@btathed for K at different temperatures

Table 1.1

temperature Cc D E

T

K, /arbitrary units 1. i 09 0.8 1.2

State which of %%!ures. Ato E, is closest to the likely optimum temperature of
urease

/ » = o 4 [« 77 Ll /‘ .

emperalure... oXin.7e. n
f ren s P ;/,‘ c_' o

A< AL

/ / > 4

4 \
¢/ )
v (Y 28
g -

/

(Total: 19]




	Paper 5 lec1 Slides
	Paper 5 lec2 Slides
	Paper 5 lec3 Slides
	Paper 5 lec4 Slides

