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Variables framework

Aspects of experimental design which are key to

getting a good set of dataé.

Variable:
A variable is a factorwhich can change (vary). Investigations
oftenlook at relationships betweentwo variables.

Independent variable:

The independent variable is the variable whose value is
determined by the investigator. On a graph, the independent
variable would be plotted onthe x axis. Time is often (but
not always!) an independent variable.

Dependent variable:

The dependent variable is the variable whose value depends
upon the independent variable. The dependent variable is the
one that is measured by the investigator. On a graph, the
dependent variable would be plotted onthe y axis.

Accuracy:

An accurate measurementis one which is close to the
true value. Accuracy can be improved by taking the
measurementmore precisely (e.g. better instrument).

Reliability:
Results are reliable if they can be repeated. Reliability
of data within a single investigation can be improved

Confounding or 6controld variabl edycaryingoutrepeatmeasurements.Repeating the

These are other variables that may affect the value ofthe
dependent variable. In order for the investigation to be valid,
these variables must be controlled, i.e. kept at a constant
value.

Validity:

Data are only valid if the measurementsthat have been
made are affected by a single independent variable only.
They are notvalid if controlvariables have been allowed to
change.

Conclusions  are only valid if they are supported by valid and
reliable data measuredto an appropriate level of accuracy.

investigation improves reliability because it allows a
mean value to be calculated. Having more repeats
reduces the effect of anomalousresults onthe mean;
having repeats also makes it easier for an investigator
to identify and exclude anomalies.

Anomaly (n.)/ Anomalous (adj.):

An anomaly is a result that is obviously different from

the other results and therefore unexpected. Anomlaous
results may be the result of human error (incorrect
measurement; incorrect value of the independent

variable) or the result of a defective organism/piece of
equipment.



Diffusion

Diffusion is the net movementof particles from a region of high concentrationto a region of low concentration,
downa concentration gradient.
In this experiment a agar has been prepared containing an alkalised pH indicator such as phenolphthalein or

cresolred.

Students carefully cut cubes of standard sizes (so that they can calculate surface area). These are then placed

in beakers ortubes containing dilute HCI and the time for complete colour change for each agar block is noted.
The smaller cubes will change colour more quickly due to their higher surface area: volume ratio.




OsmosIs

Osmosisis the net movement of water froma solution with high water potential to a solution with lower water
potential, acrossa partially permeable membrane.

Water potential is a measure of the O6concentrationdé of water in a sol
potential.

Osmosis can be investigated using pre -weighed /measured  potato chips placed into sucrose solutions (orsalt

solutions) of different strength.

After 15 minutes (better if longer i up to 24 hrs) the chips are removedand re -weighed/measured.

The process of osmosis makes plant cells swell up, whereas if there is lower water concentration outside, water

leaves the cell, the cytoplasm begins to move away from the cell wall and the cell becomes plasmolysed

The percentage change in mass/length can be plotted against concentrationof the sugar/sal.

% CHANGE IN MASS OF POTATO CORES

ATDIFFERENT SUCROSE MOLARITIES Osmosiscan also be demonstrated

using an osmometer

Here, visking tubing is used as the
partially permeable membrane,

separating solutions of differing water
potential.

When water movesinto the visking bag,
the level in the capillary tubing rises.

25~
20
15k

un
I

-10
-15
-20
-15

Percent Change in Mass
o

I I 1 1 1
o0z 04 D& 03 10
Sucrose Molarity in Beaker (moles/liter)

Osmosis can be modelled using an osmometer

Water molecules enter Water molecules leaves
the tubing by osmosis the tubing by osmosis

30 minutes later 30 minutes later

Sucrose
solution

- Sucrose —— Pure water
solution

«+— Pure water -~




Food tests: starch and glucose

These foodtestsare not investigations, but important technigues which are used in many investigations relating
to nutrition, respiration and photosynthesis.

Glucose and starch are both carbohydrates. Starch is a polysaccharide and is made up of many thousands of
glucose molecules bonded together. Glucose is a monosaccharide - asugar.
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Starch is testedwith iodine . A small sample of
foodis placed in a dimple tray, orin a test

tube. A few drops ofiodine are added. If starch

is present, the iodine will turn from

brown/orange to blue/black . If starchis not
present, the iodine will remain brown/orange

Glucose can be detected using blue Benedi sdltos.

5cm3o0f Benedictds solution should be
volume of foodin a testtube. The mixture must then be

heated for five minutes in a waterbath (80 °C).

A water bath is usually used instead of a Bunsen burner, as it

IS much safer.

After five minutes, if glucose is present, the solution will have

turned from blue to brick red . If glucoseis not present, the

solution will stay  blue .
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blue turns orange/
= glucose

chopped
up food

Brick Red Precipitate



Food tests: proteins and olls

. Remembetdt .
Protein <, ) Eats & Oils

The biuret test  is used for detecting the presence of peptide This testis done to show the presence of lipids ina
bonds found in proteins In the presence of peptides, a substance. The substance is first dissolved

copper(ll) ion forms violet -coloured complexes in in ethanol . This solution is then dissolved

an alkaline solution. in water . If lipids are present in the mixture, it will

The b_|uret reactioncan be used to assess the concentration of precipitate to form an emulsion

proteins because peptide bonds occur with the same frequency _ _ _

per amino acid in the peptide. The intensity of the colour, and i f[he foodis a sold, this sample should be ground

hence the absorption at 540 nm, is directly proportional to the witha pestel and mortarbefore the test.

protein concentration.

There are two methods suited for use in the schoollaboratory, Test for Oil/ Fats

depending onresources available.

(Ethanol/ Alcohol Emulsion Test)

Test for Proteins
(Biuret test) — 15t method

Add 2cm® of Add 2cm? of
ethanol water

Allow — —
mixture to
stand for
by drop 5min

Add 1%
Add 1cm’® of CuSO,drop

NaOH Shake mixture

Sample t Shake aft thoroughly 2 layers of
ample to Shake mixture er . 2 layers

be tested: Worouahly each drop i White immiscible
in this case, Violet colour Oil droplet—— —_— smiulcion liquid

Egg white ——

(2cm?)

Test for Proteins
(Biuret test) — 2" method

Allow

Add 2cm?® of mixture to

Biuret solution stand for
Smin

—
Sample to Shake mixture well

be tested:

in this case, Violet colour
Egg white ——

(2em?)




Enzymes

The effect of amylase on starch at different temperatures

Amylaseis an enzyme (a protein ) that catalyzesthe conversion of starch to %

maltose . As temperature increases, the activity of amylase increases, but
beyondthe optimum temperature, the rate slowsas the enzymebecomes
denatured

This is shownby testing a mixture of amylase and starch using iodine at regular
time intervals. When starch is present, iodine turns blue/black indicating that
amylase has not yet brokenit down. When the reactionis complete (no starch
left - just maltose) the iodine staysbrown.

This is carried out and different temperatures using a water bath and shows that
amylase works faster at higher temperatures (but is denatured at very high
temperatures).
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temperature °C

Independent variable: Temperature (tested at 5 °C,25°C,40 °Cand
80°C)

Dependent variable: Time taken for amylase to break downstarch into
maltose (minutes)

Controlled variables: Concentration of starch solution; concentrationof
amylase solution

Accuracy: Improved by testing solution for starch every 30sinstead of
every minute

Reliability: Improved by repeating procedure at each temperature and

taking an average (thus reducing the effect of anomalies on the mean)
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Culturing bacteria

When culturing bacteria it is very important to ensure that samples do not become contaminated .
This not only wil ruin the experiment but also presents a health risk to persons working with the samples.
This is because contaminant bacteria could be pathogenic and , if grownto large numbers in the form ofa

colony, could cause infection.
To achieve this,
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Heat an inoculating loop in a Bunsen
flame until it is red hot.

/

* Slightly lift the lid. Gently streak the
loop over the surface of the agar.
Replace the lid.

aseptic technique

is used:

s
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Dip the sterile loop into the microbe
sample and then replace the cap on
the bottle.

* Sealtt " dish with Sellotape. Put the
@dish U}.-.... .0wn in an incubator at 25 °C
for 2-3 days.

Never open a sealed Petri dish.

Always wash hands  thoroughly
before and after microbiology lab
work.

Ensure that cultures are incubated at
no morethan 25C (toreduce the
chance of growing pathogens)

All contaminated material must be
steriised by autoclave.

Antimicrobial sensitivity testing

Here, discs of fiter paper have been
impregnated with an antimicrobial agent. These

are then placed onthe surface of an agar plate
which has previously been inoculated with a pure
culture of a bacterium such as E.coli .

After incubation at 25 C , the zone of inhibition
around the disc can be measured.

This is an indication that the bacterium is

sensitive to the agent used.
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Investigating the effect of light on the
growth of newly germinated shoots

Seedlings growing on a windowsill will often bend
towards the window. This is called phototropism.
Without water the seeds will simply not germinate,
and without light the newly germinated seeds will not
be able to photosynthesize.

These factors can easily be investigated in the lab
using cress seeds ( or similar) , a light bank and/or
cardboard boxes with holes to allow directional light
exposure.

The effect of temperature can also be investigated
using fridge and/or incubation.



Respiration Iin living organisms

Demonstrating the production of CO 2!

Aerobic respiration produces CO  , and hydrogen
carbonate indicator can be used to ilustrate the
production of CO , (and hence demonstrate respiration)
in small animals and plants using the apparatus shown
below. The pondweedis coveredin foil to block light and
prevent photosynthesis and a gauze shelf prevents the
seeds and maggotsfaling into the indicator.

A b ¢ b

= = = =
—germinating  fmat—maggots
peas L metal foil

L pondweed

v hydrogencarbonate \‘> hydrogencarbonate

indicator solution indicator solution indicator solution indicator solution

\
hydrogencarbonate v hydrogencarbonate

Demonstrating the generation of heat:

Both types of respiration release energy in the form of
HEAT. This can be illustrated by placing germinating
seeds(usually peas)ina  vacuum flask.

As a control, pre -boiled (and cooled)seeds are
placed in a similar flask. The flasks are insulated to
prevent heat generated escaping, and to prevent heat
from outside affecting the results.

The controlseeds are boiled to denature the enzymes
responsible for respiration, thereby kiling the seeds.
Both sets of seeds are disinfected with bleach to kill
any microbes that may be present, which would also
be respiring and generating heat.

Datalogging equipment can improve the data
generated from this demonstration.

——Thermometer —

Wet cotton

Germinating— "§—Boiled seeds

seeds




Photosynthesis - Investigating limiting factors

Pondweed ( cabomba or elodea) are used for this experiment
as their cut stems release bubbles of gas at different rates
dependent on the rate of photosynthsis of the plant.
The rate of photosynthesis can be measured by:

- counting the bubbles produced in a given time

- collecting the gas in an upturned test tube or gas syringe

in a given time.

To investigate the effect of light intensity, a light source is
moved to set distances from the plant

To investigate the effect of temperature, waterbaths canbe
used

To investigate the effect of carbon dioxide concentration,
solutions of sodium hydrogen carbonate are used at

different concentrations.
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Demonstrating the requwement for chlorophyl:

A plant with variegated leaves is used to test for the
requirements for chlorophyll. Variegated leaves have white
patches that lack chlorophyll. When tested for starch, only

Leaves can be testing leaves directly for starch . Glucose is the
primary product of photosynthesis, but plants turn this soluble

glucose into insoluble starchto be stored.

Before this investigation can be carried out, a plant must be
destarched by placing it in total darkness for at least 24 hours.

This ensures any starchin the leaves is turned back into glucose

to be used in respiration to meet t ho
while it is sitting in the dark (unable to photosynthesise).

Demonstrating the requirement for light:

The destarched plant is placed back in light for 24 hours with

a foil stencil placed over one of the leaves. When the leaf is
subsequently testedfor starch, starch is only present in the

parts of the leaf that have been exposed to light.

Rate of photosynthesis

Rate of photosynthesis

Rate of photosynthesis
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Demonstrating the requirement for carbon dioxide

Adestarchedlantis placed in aclear plastic bag along with a dish contai
sodalime. Soda lime removes carbon dioxide from the air surrounding tf
plant and the bag prevents carbon dioxide from outside reaching the pla
After 24 hours in the bag, a leaf tested for starch will not contain any star
as no carbon dioxide was available for photosynthesis.




Transpiration

A potometer  (right) can be used to measure the rate of water uptake by a leafy shoot. This provides an estimate for
the rate of transpiration (evaporation of water from the aerial parts of a plant) but is not exactly the same as the
plant will use some ofthe water it takes up (e.g. in photosynthesis).

Factors affecting the rate of transpiration:

Temperature  : higher temperature, faster transpiration (molecules have morekinetic energy)

Wind : higher wind speed, faster transpiration (wind removes humid air from around leaves thus keeping the water
vapour concentration gradient high)

Humidity : drier air, faster transpiration (water vapour concentration gradient will be steeper if air surrounding leaf
contains less moisture so watervapour will diffuse out faster)

Light : morelight, fastertranspiration (stomataopenin presence of light to photosynthesise,so more water vapour
escapes

A Potometer

cut shoot

reservoir

capillary tube
air bubble

\
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& Cantrol: room
conditians

volume scale beaker of water .
When setting upa  potometer :

The apparatus must be filed with water

The shootmust be cut at an angle under water, to stop air

bubbles entering the xylem

The shootmust be connectedto the potometer under water
The junction betweenthe shootand the potometer must be
sealed with Vaseline

The reservoir can be used to movethe air bubble to the start

of the measuring scale

A dye may be added to the waterto make it easier to see the
bubble




Ecology 1 field work techniques

The distribution of living organisms in a particular habitat may be affected by physical factors such
as temperature and amount of light. Transects and quadrats are used to help collect quantitative

data about organisms in their habitats.
When using a quadrat:

It should be placed randomly  so that a representative sample is taken

The validity and reproducibility of the results increases as the results from more quadrats are analysed

Random point sampling

Random
co-ordinates
e.g.3,4

4 metres |- - -~ .,. .......... x e

metres

Belt transects

put the quadrat
where you meet
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¥ ' Don't count
Quadrat 112 |3 |4

No. of individuals |5 |6 |4 |2

Density - abundance, measured by actual count, per unit area.
Counts are averaged when more than one sample is taken.

A) Density = Total no of individuals of a species in all quadrats
No. of quadrats x quadrat area




