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Key Resource: Tools for planning and carrying out investigations
in Science

Step 1 - Brainstorming or getting ideas
Planning [1]

What could we investigate

What could we measure or observe?

This table is made available to the children. This may be put up on the wall as a poster or
written on the board. The teacher then initiates a class discussion on the investigation topic.

Planning [1]
What could we investigate
light temperature quantity of medium
acid rain seed type closeness of seeds

What could we measure or observe?
light Temperature volume of water

This table is made available to the children. This may be put up on the wall as a poster or
written on the board. The teacher then initiates a class discussion on the investigation topic.

Example: Investigation into factors that affect germination and growth.

The teacher may begin by reminding the children about what germination means, then pose
the question: What affects germination? The purpose of the investigation is to discover if and
how a particular factor affects germination in a particular plant, e.g. cress.

The children are asked to suggest any factor that might affect the germination of cress.
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Step 2 - Choosing the variables
Planning [2]

| am going to find out what happens to ...

... when | change ...

| am going to keep these the same (constant) to make it fair ...

Once again the table is made available to the children. This may be put up on the wall as a
poster or written on the board or copies given to group leaders or to all the pupils.

The group are asked to select one variable that they will change (independent variable) and
one that they will measure (dependent variable). All the other variables must be kept the
same if there is to be a fair test.

Fair Testing

The concept of a fair test is crucially important in planning an investigation. The pupils should
be taught to control the variables other than the dependent and independent variables in a
conscious way. Often the more ‘obvious’ a variable is, the more likely it is to be controlled, but
the pupils should be trained to consider their set-up and decide on the variables to be
controlled.

A fair test is one in which only the independent variable is seen to cause a change in the
dependent variable. If, for example, two things change, say temperature and humidity, you
cannot be sure which of these causes the change in the dependent variable; it may be
temperature or it may be humidity or it may be a combination of both.

e Itis only by carrying out a fair test that you can be sure that it is what you have changed
(independent variable) that is affecting what you measured (dependent variable).

o ltis easier to recognise that a test is fair than it is to plan and carry out a fair test.

e You will need to encourage the pupils to make sure that all relevant aspects have been
controlled (kept the same).

e Most pupils need only say that they intend to keep certain things the same, but the most
able pupils should be encouraged to discuss what value each control variable should
have.

Note: the words independent variable and dependent variable do not need to be taught at this
stage!
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Step 3 - Asking a question
Planning [3]

Making a prediction/hypothesis

When we increase/decrease temperature

... we think that the number of seeds germinating

will increase / decrease / stay the same

At this stage, pupils are being asked to select the variable they want to investigate. They
choose one of the things that they have said they could change and one of the things that they
said they could measure.

The question posed is: If | change this (the chosen variable or independent variable), what will
happen to that will increase / decrease / stay the same (the chosen measurement or
dependent variable)?

Step 4 - Planning the experiment

Designing the experiment
Listing what you need Describe how you will use them. Make a diagram if you want.

30 cress seeds cotton wool
3 dishes cling film
thermometer

water st coltor

wool

1. Put a layer of about 2 cm depth of cotton wool in each dish.

2. Add 5 cm3 water to each.

3. Lay 10 cress seeds on top of each piece of cotton wool.

4. Cover the dish with cling film. Leave dish A at 10 °C, dish B at 20 °C and dish C
at 30 °C.

5. Leave each for three days, then count how many seeds have sprouted in each
dish

The pupils now plan the experimental procedure. It is very important to stress that only one of
the variables can be changed during the experiment. As a result the variable being measured
will, presumably, change. All other variables must be kept constant to ensure a fair test.
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Before they carry out their experiment it is important that the teacher makes sure that the
procedure to be followed is safe. For this reason it is important to include a TEACHER
CHECKPOINT before the pupils are allowed to continue with the practical and to ensure that
suitable safety precautions are used.

The pupils collect evidence by carrying out the experiment and carefully noting the changes

occurring in the dependent variable. They may also measure the variables they are keeping
constant to ensure that they are kept constant throughout their experimental procedure.

Step 6 - Recording and Presenting (1)

What we changed What we measured
temperature (°C) no. of seeds germinating
10 5
20 7
30 9

The pupils are encouraged to record the results from their investigation by producing a table of
results. The table includes the independent variable (what they were changing) and the
dependent variable (what they were measuring).

The production of the table of results will help the pupils in constructing a bar chart or graph of
their results.

An average may need to be taken to get more accurate results.

Graphs and charts are powerful tools because they enable pupils to see the result of what they
changed (the independent variable) affecting what they measured (the dependent variable).
This gives a picture of the information they have collected and helps them to identify patterns
and trends. It also helps the pupils to develop understanding by relating pattern and trends to
their scientific knowledge.

The type of graph that is appropriate depends on the type of variable used for the key
variables i.e. what they change (independent variable) and what they measure (dependent
variable). The table below shows the types of graphs that should be drawn for different types
of variables.
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Step 6 - Recording and Presenting (2)

What type of graph should be used?

What is ...

... changed? (independent

variable) e.g.

WORDS
type of cloth

WORDS

type of cloth

NUMBERS

length of pitch of note elastic

band (cm)

NUMBERS

concentration of acid (%)

... measured? (dependent
variable) e.g.

WORDS
amount of wear

NUMBERS

size of stain (cm?)

WORDS
pitch of note

NUMBERS

no. of bubbles

Step 6 - Recording and Presenting (3)

Looking for a pattern in the results

What we measured

number of seeds
germinating

temperature (°C)

Type of
table

The Open
University

Type of graph

no graph

BEAR CHART

no graph

rimgss LINE GRAPH

111
0 2 0o ¥ 40 &3
concenmaton o 301d Y

By careful examination of the bar chart or graph, the pupils should be able to identify any
trend or pattern that appears in their results.

In this case, there is an increase in the number of seeds germinating with increasing

temperature.
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Step 7 — Interpreting and Evaluating (1)

Finding a pattern in the results

When we increased temperature (°C)
There was ...
an increase in the number of seeds
a decrease in the germinating

no change in the

The pupils are now asked to ‘make sense’ of their results.

Step 7 — Interpreting and Evaluating (2)

Drawing a valid conclusion

Was the investigation a fair test? YES NO
The conclusion from our investigation is ...

The number of seeds germinating is controlled by temperature. When you increase the
temperature the number of cress seeds germinating increases.

If they are satisfied that the experiment represented a fair test, they may now draw a
conclusion from their investigation.

If the experiment was not a fair test, no conclusion may be reached.

Step 8 - Reporting back

After the practical part of the investigation is over, a reporting back session is vital. The
importance of this stage is frequently underestimated and sometimes bypassed altogether
(although admittedly often because of pressure of time). The reporting back session needs
careful handling if the learning outcomes are to be fully achieved. Here the pupils should try to
use their own evidence to justify the conclusions at which they have arrived.

The reporting stage can be followed by a ‘consolidation’ stage where the pupils are encouraged
to use the information they have gained to further advance their knowledge and understanding.
This kind of reflective discussion, where the group outcomes are shared, can be very useful.
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TESSA (Teacher Education in Sub-Saharan Africa) aims to
improve the classroom practices of primary teachers and

TES S A secondary science teachers in Africa through the provision of

Open Educational Resources (OERs) to support teachers in

Teacher Education in Sub-Saharan Africa  fayeloping student-centred, participatory approaches. The
TESSA OERs provide teachers with a companion to the school

textbook. They offer activities for teachers to try out in their classrooms with their students,
together with case studies showing how other teachers have taught the topic, and linked
resources to support teachers in developing their lesson plans and subject knowledge.

TESSA OERs have been collaboratively written by African and international authors to address
the curriculum and contexts. They are available for online and print use
(http://www.tessafrica.net). The Primary OERs are available in several versions and languages
(English, French, Arabic and Swahili). Initially, the OER were produced in English and made
relevant across Africa. These OER have been versioned by TESSA partners for Ghana,
Nigeria, Zambia, Rwanda, Uganda, Kenya, Tanzania and South Africa, and translated by
partners in Sudan (Arabic), Togo (French) and Tanzania (Swahili) Secondary Science OER are
available in English and have been versioned for Zambia, Kenya, Uganda and Tanzania. We
welcome feedback from those who read and make use of these resources. The Creative
Commons License enables users to adapt and localise the OERs further to meet local needs
and contexts.

TESSA is led by The Open University, UK, and currently funded by charitable grants from The
Allan and Nesta Ferguson Foundation, The William and Flora Hewlett Foundation and Open
University Alumni. A complete list of funders is available on the TESSA website
(http://www.tessafrica.net).

As well as the main body of pedagogic resources to support teaching in particular subject
areas, there are a selection of additional resources including audio, key resources which
describe specific practices, handbooks and toolkits.
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