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What is a variable?

Factors that can influence the results of the 
experiment, for example: light, water, time etc.
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1.Independent/Manipulated
Variable that is controlled/changed by the investigator to determine what 
effect it has. In graphs, indicated on horizontal axis/x-axis.

2.Dependent/Responding
Variable that is the effect of the independent variable- this is the response 
that is measured/monitored during the investigation. In graphs, 
indicated on the vertical axis/y-axis.

3.Fixed/Constant
All the factors that must be controlled/fixed when conducting an 
investigation

TYPES OF VARIABLES
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INDEPENDENT VARIABLE DEPENDENT VARIABLE

Variable that the investigator 
manipulates / controls.

X axis

Horizontal line can be used 
to make an I for independent

Variable that changes during 
the investigation, which you 
observe and/or measure.

Y-axis

Vertical line can be used to 
make a D for dependent
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Hypothesis definition
 Is an attempt to explain the problem that has been 

observed on the basis of the information available at 
the time. 

 Is an idea that a person gets from observations 
made. It is a suggested solution to a question.

 It is not an aim /  a question / conclusion

 It is a statement which must include both variables.

 Involves a likely answer to the question being 
asked, including both variables.
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 The hypothesis needs to be tested before one can 
draw conclusions.

 In planning an investigation, you need to test 
various possibilities/FACTORS one at a time to be 
sure which factor gives us a result. Each factor is 
known as a VARIABLE and each investigation 
should test only ONE VARIABLE.
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1.  There must be two variables.

2.  State the relationship between the    

two variables.

3.  It must be testable.

4.  Independent variable first (cause)  

and then dependent variable (effect)

5.  It is not stated as a question.

Criteria for stating an hypothesis
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Sipho did an investigation to look at the effect of 
altitude on the number of red blood cells.

FORMULATE  A HYPOTHESIS FOR THIS 
INVESTIGATION

As the altitude increases/decreases, the number of red blood 
cells will increase/decrease/remain the same. 

EXAMPLE 1
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Gossypol is a chemical which is extracted from the seeds 
of cotton plants. When gossypol was given to rats, mice 
dogs and monkeys, it caused a reduction in the fertility 
of the male animals by reducing the sperm count. 
Scientists wanted to investigate the idea that gossypol 
could be used as a human male contraceptive.

STATE AN HYPOTHESIS FOR THIS 
INVESTIGATION

EXAMPLE 2
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1. Gossypol increases male fertility.   OR

2. Gossypol decreases male fertility . OR

3. Gossypol has no effect on male fertility. OR

4. Gossypol acts as a contraceptive in males. OR

5. Gossypol does not act as a contraceptive in 

males.

HYPOTHESIS EXAMPLE 2
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DIFFERENCE PLANNING AND 
DESIGN OF INVESTIGATION
PLANNING:

 Decide on:
 How?

 What material?

 When?

DESIGN:

 Create

 Identify variables

 Incorporate a method 
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Planning an investigation example
A learner wanted to investigate whether woodlice 
preferred to live in dry or moist conditions. He used two 
petri dishes that were interconnected so that the 
woodlice could move between the two petri dishes. 
Twenty woodlice were used in his investigation.

1. State FOUR planning steps that the learner must 
consider before  the above investigation on woodlice 
is undertaken

2. Identify the dependent; independent and controlled 
variables
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1. Planning steps  
Make a decision on:
 A place to do the investigation
 The time and duration
 Determine the sample size
 Where to obtain woodlice
 The apparatus needed
 How to create moist and dry conditions
 Factors to keep constant
 The number of times that the investigation should be 

repeated
 How to record the results
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2. Variables
Dependent: number of woodlice

Independent: amount of moisture

Controlled: Light intensity/ temperature/ any 
environmental condition / Size/type of petri dish/ 
Size/type of filter paper/Size of the woodlice / Species

of the woodlice
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Planning And Designing An 
Investigation.
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A researcher observed that the potted plants he 
covered with a black plastic bag did not grow. 

Designing an investigation example
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1. He formulates a hypothesis: Sunlight 
is essential for plant growth.

2. Identify the variables:  

Dependent:  Length of plant growth

Independent:  Presence of light

Controlled:  Same soil, same amount 
of water, same temperature 

Designing an investigation
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3. Incorporate a method:

He set up TWO sets of 50 plants as follows:

 EXPERIMENT: 50 plants placed in a greenhouse 

 CONTROL: 50 plants placed in an identical 
greenhouse, blackened so that no light could enter.

The plants in both the experiment and control 
received the same soil, amount of water, temperature 
etc. – in other words, they were given the same 
requirements.

Designing an investigation
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 NB. The experiment and control differed in only one 
factor (VARIABLE) i.e.in the experiment plants were 
given light and the control plants were NOT exposed 
to light.

 He measured the growth of the plants over a period of 
time in the experiment and in the control 

He found that those plants placed in sunlight 
(EXPERIMENT) grew.

He found that those plants placed in darkness 
(CONTROL) did not grow.

 He concluded that his hypothesis was correct for the 
type of plant that he investigated.
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 The idea behind reliability is that any significant 
results of an investigation must be more than a once-
off finding and be repeatable. 

 Other researchers must be able to perform exactly the 
same experiment, under the same condition and 
generate the same results.

 This will reinforce the findings of the experiment and 
ensure that the wider scientific community accepts the 
hypothesis.

What is reliability
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How can you improve the 
reliability?
 repeat the experiment/investigation to get an 

average

 increase the sample size.

NB: Reliability and accuracy is NOT the same!
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 Validity questions how the experiment/investigation 
was carried out. 

 Have all the factors/variables been controlled/fixed 
except the variable/factor being tested? 

 Have the samples been chosen randomly?

 Is the design for the investigation appropriate? 

 Validity therefore speaks to whether the scientific 
research method was done with the appropriate care 
and diligence.

Validity
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How to ensure validity?

 By setting up a control / keep all the variables 
(except the variable you are testing), the same.

 For example: same conditions, same number 
of seeds used; same period of time etc.
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Purpose Of Control

To verify the results of the experiment.  
To prove that the results of the 
experiment are because of the factor 
tested for and nothing else.
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Writing of 
scientific report 
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Major 
heading

Content required

Introduction This section contains your hypothesis and aim
Describe what did you set out to achieve in this 
investigation

Materials List the materials and apparatus that you used

Method Write down, step-by-step, how you performed 
your investigation
Someone should be able to repeat the 
investigation just by reading your method.

Results Insert your graphs and tables in this section
Describe what your main findings are
There should be no discussion of the results here. 
You can use drawings and photographs.
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Major 
heading

Content  required

Discussion Discuss your results, explain what your results mean
Indicate if the hypothesis is correct or not
Evaluate the investigation (include possible sources 
of error and ways in which the experiment may be 
improved.)

Conclusion End your report with a conclusion. Did you find out 
what you were hoping to find when you started your 
investigation.  Are there any new hypotheses that 
need to be investigated?
Indicate if results came from a single / repeated 
experiments.

References Complete a reference list of all the sources that were 
used. Use the Harvard referencing system.(see slides 
30 – 38)
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Referencing Techniques
USING THE INTERNET:

Use the internet – but with care and 
discrimination

Always state the date you visited the site.

Where possible, identify the author.

GENERAL TIPS:

Don’t cheat.  Plagiarism – using other 
people’s words and ideas without 
acknowledgment.
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HARVARD METHOD - :
IN-TEXT REFERENCING
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Basic in-text referencing

a. Where the author of the source is known:
 Simply use whatever you used as author in the 

reference, as well as the year of publication.
 Insert the page number where possible.

For example
Azar and Martin (1999) found that ….. (as part of the 

sentence)
….thus Cox (1966:52) refers to the modern urbanite    as …
…. animals like protists are mostly unicellular (Ayerst,  
2009:250)
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Basic in-text referencing

b. More than 1 author, use the word ‘and’ between 
the names;  if the reference is in parentheses, use 
‘&’.

For example:

In order to avoid possible communication 
problems all procedures should be explained to 
the patient (Gardner & Sheldon, 1967:40)

Gardner and Sheldon (1967:40) examine the 
problem ..
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Basic in-text referencing
c. When there are too many authors to list - use the 

abbreviation– et al.

For example

…. The Iridaceae are a highly successful family of 
bulbous plants(Preethal, Pillaly, Farham, Gebhardt, 
Almond & van Rensburg, 2010:392

When using the same as source further on in you 
essay:

….. Between closely related plants (Preethal et.al, 
2010:380)
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Basic in-text referencing
In the same work – ibid.

Signifies the same work as the one cited 
immediately before, but on a different page.  When 
you make a new statement but you are still using 
the same author’s work, you are allowed to say ibid 
and page number (ibid: 390).  Hence, the content 
is taken out of the same book but  a different page.
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REFERENCE LIST AT END OF ESSAY / 
REPORT: Books

 Alphabetically (according to authors’ surnames). 

 In following order: author/s; date published; title; 
location of publisher; name of publisher.

For example:

Gordon, E.E. & Rourke, A. (1966). Compensatory 
education for the disadvantages.  New York:  College 
Entrance Examination Board.
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Publication that comes out weekly, 
monthly, quarterly or annually.
Author/s; date of publication; title of article; Title of 
periodical, number: pg …… - pg ……

Example: 

Pretorius, A (1994).  Ebola – are we ready?  Readers digest, 
volume 1:  pg 10 - pg 11.
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Internet document
Author/s; date of article; available from: web address; 

accessed date (day, month, year)

For example:

Pretorius W. (2000).Ebola – the disease. Available from:  
www……….  (Accessed: 28 January 2014)

If author is unknown:

Author unknown. (2000). Title of work. Available from: 
web address (Accessed day Month year).
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Commonly used abbreviations
Editor – ed. Page – p.

Editors – eds. Pages – pp.

Number – no. No date – n.d.

Numbers – nos. Paragraph – para.

No place, no publisher, no page – n.p.

Volume – vol.

Revised – rev.

Volumes – vols.
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Biological 
Principles

40



Principles to follow when making 
diagrams / drawings.
 Diagrams in pencil 

 Use solid lines – no sketching. 

 As large as your workbook will allow (at least 10 lines)

 Only draw what you see  (when working with 
microscope)

 No shading!

 Labels AND label lines must be in blue ink.

 Make sure that the end of the label line actually points to 
the structure you want it to show.  (No arrow heads)
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Principles to follow when 
making diagrams / drawings.
 Do not allow label lines to cross each other.

 Must have a caption/heading. Captions must be 
written below the drawing ; heading on the top

 Draw guide line on right of diagram – all label 
lines should end here.

 Label lines on right hand side, unless there are too 
many, in which case you follow the same rules on 
the left hand side.

42



43

WRONG

CORRECT
Inner membrane
Crista

Outer membrane
Matrix

Ribosome



Drawing of a table 
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Heading with both variables and units

Column headings with units

Row headings

Vertical lines 
must be presentHorizontal lines 

must be present.

Borders
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Example:
Study the following pie chart and draw a table showing 
the relative number of species of the major orders of 
arthropods.
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Miscellaneous
2000Chilopoda

3000

Diplopode
10 000

Crustacea
40 000



Table showing the relative number of species of 
the major orders of Arthropoda
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Major orders of 
Arthropoda

Number of 
species

Chilopoda 3 000

Diplopode 10 000

Crustacea 40 000

Miscellaneous 2 000



Line graph 
 Used when the  

independent variable  

is in the form of numbers.

 Plot and join points using a 
ruler.

Do not join points to zero if information does not include a 
zero.

48
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How to draw a line 
graph.

1. Identify the dependent and 
independent variables.

2. Draw a set of axes and label 
the X and Y axis. The 
dependent variable goes on 
the Y-axis and the 
independent variable on the 
X-axis.  Include the unit in 
each label, e.g. temperature 
in 0C and time in hours.  Do 
NOT forget to label the axes. 
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3. Choose a scale for the X and the Y axes. Make sure 
that the scale includes the highest numbers for each 
of the variables. Do not use the values for the Y-axis 
directly from the table unless they have regular 
intervals.
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Use a ruler and measure the scale 
– DO NOT use the faint lines on 
paper!!



4. Place a dot at the point where the two values for each 
result intersect (meet).  In the example, the point 
where 5 hours and 24 0C intersect on the graph is 
indicated by the second dot on the graph.  Plot all 
the points using the information in the table.

5. Join the dots using a ruler until all the dots have been 
joined in sequence.
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6. Give the graph a heading. The heading should include 
both variables.  In this case both air temperature and the 
time period of 24 hours must be mentioned in the 
heading.  If the graph has two lines on it, then you should 
draw a key to show what the different lines represent.  For 
example.  If there was another line on this graph for 
rainfall, then our key might look like this:     Key:   
____temperature ------ rainfall
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Graph showing the temperature 
(0C) over a period of 24 hours.



Reading information from graph
 Use a ruler and pencil.  

 Draw a straight line through the graphed line from 
the x-axis and again from the info required on the 
y-axis.  

 The pencil lines should cross on the graphed line.

 How to determine the scale on the y axis:

 Measure the distance between 0 – 500

 For example: If the distance between 0 and 500 = 11.5 
mm

 1mm = 500/11.5 = 43.5
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Determine the mortality  (%) when insecticide A is used.
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Determine the mortality  (%) after 10 minutes when 
insecticide C is used.
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Distance between 0 and 20 = 12 mm
1mm = 12/20 = 0.6

Mortality is therefore 20 + (2 x 0.6) = 21.6 %  REMEMBER UNIT! 



Example of line graph

56

Greenhouse Carbon dioxide 

concentration in the 

air (%)

Dry mass (g)

1 0.00 200

2 0.03 400

3 0.06 800

4 0.09 1300

5 0.12 1700

6 0.15 2100

7 0.18 1600

Use the following information and draw a line graph showing the effect 
of carbon dioxide concentration on the dry mass of plants.



Bar graph

57

Are used when the 
independent variable (x axis) 
is NOT a number, but has a 
certain quality, for example 
type of tree (mulberry)/ 
points along the river.



How to draw a bar graph
Steps 1 to 3

To draw a bar graph, you follow the same first three steps 
that you followed to draw a line graph. Use the table to 
identify the dependent and independent variables.  
Draw the axes and choose a scale – use a ruler to 
measure the Y and X axes. .  Label the axes.
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4. Draw a bar to show that 10 organisms were found at 
point number 1 on the river. Then draw bars to 
represent the number of organisms found at each of 
the points along the river. The bars should not 
touch as the points along the river have no direct 
relationship with each other.
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5. Give the graph a heading which include both 
variables.

Note the following:

 The bars between the bars should all be the same width.

 The bars themselves should all be the same width.
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Example of bar graph
Draw a bar graph showing the number of insects in 
three different ecosystems.

61

Ecosystem Number of  insects

River 100

Garden 500

Fish pond 1000



How to draw a histogram
 A histogram is drawn in exactly the same way as a bar 

graph. The only difference is that a histogram is used 
when the independent variable is groups of 
information along a continuous scale.  Note that in a 
histogram, the bars are drawn without any spaces 
between them.  
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 Use the following table to draw a histogram.
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Solution: 
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Pie chart

66

• Shows portions or 
percentages of a whole.  

• The data is a proportion 
of the total, drawn as a 
circle.

• The complete circle 
represents the total or  
100%.

Pie chart showing the % of 
carbohydrates, proteins and fats in a 
meal.



How to draw a pie chart
1. Add all the data in the table together.  In this case 

you will add all the numbers in the “number of 
women” column to find out how many women took 
part in the investigation.

34 +38 +22 +30+76 = 200

When you do the calculations for the pie chart, then 
‘200’ will be the denominator (the number that you 
divide by.
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2. Convert your data to angles.  Divide each number by 
200.  Then, since there are 3600 in a circle, the angles 
are worked out by multiplying by 360.  ALWAYS 
SHOW YOUR CALCULATIONS!
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3. Use a mathematical 
compass to draw a 
circle.

4. Draw in one radius 
on the circle.  Start 
at the exact middle 
of the circle and 
draw a line to the 
edge of the circle.
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5. Use a mathematical protractor to measure out the 
sectors of the pie chart according to the angles you 
calculated in step 2.
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6. Label each of the sections of the pie chart with the 
correct information. In this example, each section 
should be labelled with the correct contraceptive 
method used by women (OR provide a key for the 
different sections).

71



Example pie chart
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7. Give the pie chart a 
heading or caption. 
Remember that both 
variables should be 
included in the 
heading or caption. 
In this example the 
two variables are the 
type of contraceptive 
and the number of 
women. 
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Using a pie chart to 
determine 
percentages.

74

Use a Size of “proteins” sector = 
115 0

% Proteins  = 115 x 100
360
=  31.9%

Carbohydrates = 180 x 100
360

= 50%
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• First measure the sector size 
using a protractor.

For example: 
Size of “proteins” sector = 115 0

• Divide this number by 360 
and multiply with 100 to get 
the percentage.

% Proteins  = 115 x 100
360
=  31.9%



Use the information in the given table to draw a pie chart 
showing the number of girls in a class with blue, brown 
and green eyes.

76

Eye colour Number of girls

Blue 1

Brown 15

Green 4



SOLUTION
Pie chart showing the number of girls in a class with 

brown, green and blue eyes.
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Blue

Brown

Green15

4

1
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Pie chart showing the number of girls in a class with 
brown, green and blue eyes.

Number

Blue

Brown

Green

Brown
15

Green
4

Blue 1



Doing simple 
calculations
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AVERAGES
To find the average of a set of figures you 

add up the figures and divide by the number 
of figures. 

Example

73 + 68 + 69 = 210   

Average = 210 / 3 

= 70 heart beats per minute.
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PERCENTAGES
 It is a proportion of 100.

To convert a fraction, which is a proportion 
of 1, to a percentage, multiply by 100.

Example:

¼ x 100 = 25%

 If 23 of 31 seeds have germinated, what is the 
percentage germination?

23/31 x 100 = 74,2%
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RATIOS
 If a class contains 14 males and 16 females, we can 

say the ration of males to females is 14 : 16     

or 7 : 8 (smallest possible whole numbers)

 The ratio does not tell us  how many males and 
females there are.  It tells us only the numerical 
relation between them

 To express a ratio in the smallest possible whole 
number, divide the figures by a common factor.

Example:

125 : 95 = 25 : 19

5
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Determining percentage increase
New – old x 100

Old

2010: 1 000 2021: 1 800

For example: 1800 – 1000 x 100

1000

= 80%
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Determining percentage decrease
Old – new x 100

Old

Example:

2010: 180 2021: 50

180 – 50 x 100

180

= 72.22%
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The instructional verbs used 
in examination/test questions

85
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Verb Explanation

Analyse Separate, examine and interpret

Calculate This means a numerical answer is required – in general, you should show your working, 
especially where two or more steps are involved

Classify Group things based on common characteristics

Compare Point out or show both similarities and differences between things, concepts or 
phenomena

Contrast Compare two or more things to show the differences between them

Define Give a clear meaning

Describe State in words (using diagrams where appropriate) the main points of a 
structure/process/phenomenon/investigation

Determine To calculate something, or to discover the answer by examining evidence

Differentiate Use differences to qualify categories

Discuss Consider all information and reach a conclusion

Explain Express your answer in cause-effect or statement and reason sequence

Identify Name the essential characteristics

Label Identify on a diagram or drawing

List Write a list of items, with no additional detail

Mention Refer to relevant points

Name Give the name (proper noun) of something

State Write down information without discussion

Suggest Offer an explanation or a solution

Tabulate Draw a table and indicate the answers as direct pairs

The instructional verbs used in examination/test questions
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