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  TOPIC 17
Student research 
project and skills 

  17.1  Overview 
 Numerous  videos  and  interactivities  are embedded just where you need them, at the point of learning, in 
your learnON title at  www.jacplus.com.au . They will help you to learn the content and concepts covered 
in this topic. 

 17.1.1 Why learn this? 
  In this chapter, you will learn about the work of scientists and the skills needed to design, carry out and 
report on a scientifi c investigation.        

 LEARNING SEQUENCE 
17.1      Overview    679
17.2        Choosing a problem    681
17.3        Thinking about your problem    685
17.4        Organising your thinking    691
17.5        Research and record keeping    695
17.6        Designing your method    698
17.7        Presenting your results    703
17.8        Using technology: spreadsheets    711
17.9        Using technology: databases    713

17.10        Writing your report    716
17.11        Bigger, better beans    719
17.12        Review    720

  Scientists use a wide variety of equipment to make accurate measurements. 
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Researching the CSIRO
Use the CSIRO weblink in the Resources tab to answer the following questions.
1. What is the CSIRO?
2. The CSIRO’s website describes some of the research done by CSIRO scientists. Read the information 

provided for one area of research that the CSIRO is involved with and summarise this research in point form.
3. Form groups of three. Each student should explain to the other two students the area of research they have 

just read about. Try doing this without referring to your notes.

INVESTIGATION 17.1

Milk now or later?
AIM: To assess the cooling of coffee over time
You have just finished making yourself a cup of coffee when the phone rings. So that your coffee is as warm as 
possible, should you add the milk to your coffee now or after you have finished talking on the phone? Does your 
answer depend on the length of the phone call?

You will need:
kettle
2 identical cups
instant coffee
milk
2 thermometers or a data logger with 2 temperature probes
2 measuring cylinders
• Your teacher will assign a particular ‘phone call’ time to each group of students.
• Heat some water in a kettle and use it to make two cups of instant coffee. Make sure you use the same type 

of cup, the same amount of hot water and the same amount of coffee powder.
• Put a thermometer or temperature probe in each cup of coffee. If you are using a data logger, set it to collect 

results for at least 10 minutes.
• Measure 40 mL of milk in each of two measuring cylinders.
• Add 40 mL of milk to one of the cups.
• If you are using thermometers, record the temperature of the coffee in both cups every 30 seconds.
• After your phone call time has passed, add the milk to the second cup.
• Continue measuring the temperature in both cups every 30 seconds 

until 10 minutes has passed since you added the milk to the first cup.
• If you used thermometers, record your results in a table like the one 

below.

Time 
(minutes)

Temperature (°C)

Milk added at 
time 0

Milk added after 
‘phone call’

0    

0.5    

1    

1.5    

• Plot line graphs of your results on the same set of axes. Put time 
on the horizontal axis and temperature on the vertical axis.

• If you used a data logger, a graph is plotted automatically. If 
necessary, adjust the settings so that the graph shows the 
temperatures measured by both probes on the same set of axes. 
Put the graph into the results section of your experiment report or 
into your notebook.

A data logger can be used for 
this experiment.
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17.2 Choosing a problem
Choosing a problem to investigate can be the hardest part of a student research project (SRP). Ideally, 
the problem should relate to something you are interested in. You need to make sure that you can write a 
hypothesis for the problem you choose and that it can be tested by carrying out a scientific experiment.

17.2.1 What’s the problem?
The problem you choose to investigate should relate to science. It should be written as a question, and it 
should be something you do not already know the answer to; the problem should challenge you. On the 
other hand, you also need to make sure your challenge is achievable with the resources available at school. 
Some examples of problems suitable for a Year 8 student to investigate are shown in Possible student 
research project topics.

Some questions can be answered by doing just one experiment. Other problems are more complex and 
have many parts. To solve these, you may need to design and carry out a number of experiments. For 
example, if you are trying to find out what type of parachute will slow down a toy’s fall most effectively, 
you may do an experiment to investigate the ideal material to use for the parachute, a second experiment to 
test the design of the parachute and a third to test the ideal size of the parachute.

17.2.2 Ethical considerations
Some research problems may not be appropriate to investigate due to ethical considerations. Ethics have to 
do with what is considered to be right and wrong. Different groups in society have varying opinions about 
certain types of research. While many people accept that testing medicines on animals is necessary, others 
feel very strongly that no research should be carried out on animals. Scientists involved in medical research 
are often required to have their research proposals reviewed by an ethics committee. The potential benefits 
of the research are taken into consideration. In your student research project, you should not do research 
that has the potential to cause stress or harm to people or animals. Your research should not be upsetting to 
people. This is particularly relevant if your research involves a survey.

Discussion
1. Does hot coffee cool faster than warm coffee? How can you tell from your graph?
2. Did the two lines on the graph cross at any stage? What does this indicate?
3. Write a conclusion based on your results.
4. Does the length of the ‘phone call’ affect the results? Compare your graph with those of other groups.
5. Why was it important to put exactly the same amount of water in both cups and to use the same type of cup?
6. What are the advantages and disadvantages of using a data logger for this experiment?
7. How could this experiment be improved? Explain your answer.

POSSIBLE STUDENT RESEARCH PROJECT TOPICS
• Does the thickness of a rubber band affect how far it stretches? Do other features of rubber bands affect how 

far they stretch?
• What type of paper aeroplane flies furthest?
• What type of parachute slows a toy’s fall best?
• Which plants make good acid–base indicators?
• What type of balloon rocket travels fastest?
• What is the best recipe for soap bubble mixture?
• Do tall people jump higher and further than short people?
• Does the amount of exercise you do affect your heart rate? In what way?
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•   What type of fabric keeps you warmest in winter?  
•   How do fertilisers affect the growth of plants?  
•   Does talking to plants improve their growth?  
•   Can plants grow without soil?  
•   What makes algae grow in an aquarium?  
•   What is the best shape for a boomerang?  
•   What type of wood gives off the most heat while burning?  
•   What makes iron rust?  
•   Which paint weathers best?  
•   Which battery lasts longest?  
•   Which type of glue is best?  
•   Which food wrap keeps food fresher?  
•   Which fabrics burn faster?  
•   How can the growth of mould on fruit be slowed down?  
•   Which concrete mixture is strongest?   

 17.2.3 Working in groups 
 Will you being doing your student research project individually or as part of a group? Working in groups 
has many advantages. You can divide up a task to get more work done in a short period of time. Each group 
member brings along their interests, expertise and skills and, if these are used effectively the quality of the 
work produced will be increased. When doing practical work, each team member can have a different role 
so that the task can be carried out effi ciently. For example,   Investigation 17.2   would be diffi cult to set up 
individually, but a team of students can easily set it up. 

 Group work also has some pitfalls. Resentment builds up when the work is not divided up fairly. Group 
members might have different ideas about the best way to carry out the project and waste time trying to 
come to an agreement. An effective way to avoid some of these pitfalls is to assign each group member a 
role at the start of the project. Think about each group member’s skills and decide on roles accordingly. 

 17.2.4 The aim of the game 
 Each of the experiments you do to solve your problem should have an aim. The aim of the experiment is 
the reason for doing the experiment. It is often more specifi c than the problem you are investigating and it 
should start with the word ‘to’. Below are some examples of aims for experiments.  
 •   To identify the fl ower pigment that makes the best acid-base indicator  
 •   To determine whether the size of the sheet of paper used to make a paper aeroplane affects how far the 

plane will fl y  
 •   To compare the speed of balloon rockets gliding along different types of string  
 •   To determine whether paper towel, cling wrap or aluminium foil is the best insulator of heat   

 17.2.5 What is your hypothesis? 
 A hypothesis is a sensible guess about how things work. It should relate to the aim and should be able to be 
tested with an experiment. The results of the experiment will either support (agree with) the hypothesis or 
not support (disagree with) the hypothesis. It is not possible to conclusively prove that a hypothesis is cor-
rect. When scientists make a hypothesis, they usually do a number of experiments to test that hypothesis. 
Sometimes, a number of teams of scientists test the same hypothesis with slightly different experiments. 
Even if the results of each experiment agree with the hypothesis, the scientists could never say that the 
hypothesis is proven to be correct. They would say that each experiment has provided further evidence to 
support the hypothesis. 

  Which parachute will 
slow the toy’s fall 
more? Is the test fair? 
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17.2.6 Hypothesis or prediction?
A prediction is a specific statement about what we think will happen in the future or what we anticipate 
will happen in an experiment. For example, you might notice that the sky is grey and make the prediction 
that it will rain shortly. Before combining acid and magnesium you might predict that a gas will form. 
When testing your friends’ heart rates, your prediction could be that James, who is the school cross-country 
champion, will have the lowest heart rate. A hypothesis is a more general statement. ‘People who exercise 
regularly have a lower resting heart rate than those who do not exercise’ is a hypothesis. Similarly, ‘Purple 
flowers make good acid-base indicators’ is also a hypothesis; it is a general statement about all purple 
flowers. A hypothesis can be used to make a prediction. ‘Purple impatiens will make a good acid-base indi-
cator’ is a prediction. It is a specific statement about one particular type of flower.

17.2.7 Use your own observations
Your hypothesis and predictions should be based on observations you have made. They might also be based 
on your own reading. For example, if you are trying to design the best parachute for a toy, you should read 
about parachutes before writing your hypothesis. You might find out that light, closely woven fabric that 
does not increase in weight too much when wet makes better parachutes than heavy fabric that soaks up a 
lot of water. When walking home in the rain, you might observe that your cotton T-shirt soaks up a lot of 
water and becomes heavy, whereas your nylon jacket does not soak up water. As a result, your hypothesis 
might be: ‘Closely woven nylon is the most effective fabric to use for a parachute’.

Fine-tuning your hypothesis
A statement that cannot be tested with a scientific experiment is not a suitable hypothesis. The statement 
‘People born in January are more conscientious than others’ is not a good hypothesis unless you can find 
a reliable way to measure conscientiousness. The statement ‘People born in January work more hours than 
others’ is a better hypothesis because the number of hours worked is something that can be measured. Sim-
ilarly, the statement ‘Watching television makes you fat’ would be difficult to test scientifically; however, 
the statement ‘Children who watch more than two hours of television each day are more likely to be over-
weight than children who watch less than two hours’ could be tested scientifically.

‘Aeroplanes made from cardboard fly better than those made from paper’ is not a suitable hypothesis 
because ‘fly better’ has not been defined so cannot be tested scientifically. ‘Fly better’ could mean fly fur-
ther, fly in a straighter line or stay in the air longer. A better hypothesis would be ‘Aeroplanes made from 
cardboard fly further than those made from paper.’

INVESTIGATION 17.2

The balloon rocket
AIM: To investigate variables that affect a balloon rocket
You will need:
2 stools
straw
sticky tape
fishing line
balloon
stopwatch
different types of string
• Thread the fishing line through the straw and tie the ends around the legs of two stools or chairs as shown 

below.
• Blow up the balloon and, while holding it closed, use a piece of sticky tape to attach the balloon to the 

bottom of the straw.
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•   Release the balloon so that the air can escape. Use the stopwatch to measure the time taken for the 
balloon to reach the end of the fi shing line. 

 Balloon

Air

Drinking
strawSticky tape Fishing line

Stool Stool

 

•      Design and carry out an experiment to investigate whether the type of string used in this experiment affects 
the speed of the balloon rocket. When designing your experiment, think about making your experiment fair 
and repeating your experiment to ensure that your results are reliable.   

 Discussion  
1.   Write an aim and a hypothesis for your experiment.  
2.   Apart from the type of string, what are some other factors that might affect how fast the balloon rocket 

travels from one end of the string to the other? These are the variables for the experiment.  
3.   To make the experiment fair, only one variable (the type of string) should be changed. All other variables 

should be controlled (kept the same). Complete the table below. The fi rst line has been completed for you.  

  Variable    How this variable was controlled  

 Amount of air in balloon  We blew up the balloon to the same size each time. 

      

4.   Tabulate your results. Calculate the average time taken for the balloon to reach the end of the string for each 
type of string.  

5.   Do your results support your hypothesis?   

 17.2 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1.   Copy and complete the following statements using these words: aim, to, hypothesis, problem, predictions, 

support, observations, prove, tested.  
(a)   An aim always starts with the word _____________.  
(b)   A _______________ is usually worded as a question to answer.  
(c)   The results of an experiment can _______________ a hypothesis but they never _______________ that the 

hypothesis is correct.  
(d)   A _______________ is an educated guess about how things work.  
(e)   The _______________ of an experiment is the purpose of the experiment.  
(f)   A hypothesis can be _______________ by carrying out a scientifi c experiment.  
(g)   We can use a hypothesis to make _______________.  
(h)   A good hypothesis is based on_______________ and often also on research.    

2.     Distinguish   between the terms ‘hypothesis’ and ‘prediction’.   

 Think  
3.     Classify   each of the following statements as an aim, a hypothesis, an observation or a prediction.  

(a)   Mould grows fastest in warm and humid environments.  
(b)   No mould will grow on bread if it is stored in the fridge.  

Does a balloon rocket glide faster along a fi shing line or 
a string?
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17.3 Thinking about your problem
Much of a scientist’s work involves thinking about problems and trying to come up with solutions. 
 Sometimes ideas seem to pop into your head when you least expect it, such as when you are out walking 
the dog. In some instances, though, thinking needs to be an organised process. The thinking tools described 
on the next few pages will help you make a start on your student research project.

17.3.1 Looking from all sides: PMI
PMI stands for plus, minus, interesting. A PMI is a thinking tool that encourages you to look at an idea 
from a number of perspectives before making a decision. Use the following steps to construct a PMI on a 
particular topic.
1. Write your topic or problem at the top of the page.
2. Draw three columns underneath the topic.
3. Fill in the three columns with good things and bad things about the topic or problem and things you 

find interesting but are neither good nor bad.
Imagine that a student was thinking of choosing the following problem for their student research project 

‘Do guinea pigs eat more food when the weather is cold?’ The example below shows a PMI that the student 
used to decide whether to choose that particular problem for her project.

(c) To find out the temperature at which mould grows fastest
(d) After 5 days, 50 per cent of the slice of bread stored at 35 °C was covered in mould.
(e) After 3 minutes, the temperature of the coffee in the ceramic cup had dropped from 80 °C to 63 °C.
(f) Ceramic is a better insulator than plastic.

(g) To find out if ceramic is a better insulator than plastic
(h) Coffee will cool down faster in the plastic cup than in the ceramic cup.

4. Is each of the following statements a suitable hypothesis? If not, justify your answer.
(a) White chocolate tastes better than dark chocolate.
(b) Washing powder X removes tomato sauce stains faster than washing powder Y.
(c) Plants grow faster under red light than under green light.
(d) Sagittarians are nicer people than Leos.
(e) Playing video games increases the muscle strength in your thumbs.
(f) Playing video games affects the development of social skills.
(g) Science teachers are more interesting people than English teachers.
(h) Science teachers perform better in IQ tests than English teachers.

 Complete this digital doc: Worksheet 17.1:  Starting an investigation (doc-0000)

 RESOURCES — ONLINE ONLY

Plus Minus Interesting

• I have four guinea pigs at 
home so I don’t need to buy 
guinea pigs.

• I know a lot about guinea 
pigs and I enjoy looking after 
them.

• I don’t want to make my guinea pigs 
uncomfortable or sick by exposing 
them to extreme temperatures.

• Four guinea pigs may not be enough 
to provide reliable data, and my mum 
will not let me buy more guinea pigs.

• My Science teacher may not approve 
an SRP that involves animals.

• How will I measure how much 
food the guinea pigs have eaten?

• I may need a food dish that the 
guinea pigs cannot tip over.

Choosing the following problem for my SRP: Do guinea pigs eat more food when the weather is cold?

UNCORRECTED P
AGE P

ROOFS



c17StudentResearchProjectAndSkills Page 686 11/07/17  2:34 PM

686 Jacaranda Core Science Stage 4

Covered or
uncovered

Covered or
uncovered

CTy

Features of
rubber bands

that may affect
how far they

stretch
Covered or
uncovered

Age of
rubber band

Exposure
to UV light

Type of
rubber

Length of
rubber band

Thickness

Single bubble map

• Occurs only in
 plants
• Releases oxygen
• Produces sugars
• Requires light
• Takes in energy

RespirationPhotosynthesis

• Chemical reaction
 that occurs in living
 things
• Faster at higher
 temperatures
• Releases gas

• Occurs in all
 living things
• Releases energy
• Produces carbon
 dioxide and water

A Venn diagram

17.3.3 Mapping your thinking
Once you have selected a problem, a bubble map, cluster map or mind map can help you organise your 
thoughts. These three thinking tools have many similarities and some key differences.

Identifying key ideas: single bubble maps
A single bubble map is the simplest way to map your thinking. 
Use the following steps to construct a bubble map on a 
 particular topic.
1. Write your topic in the middle of the page.
2. Around the topic, write down any ideas that relate to your 

topic and join these ideas to your topic using lines.
In the example below, a student created a single bubble 

map to organise her thinking about the problem she chose for 
her SRP: ‘Which features of rubber bands affect how far they 
stretch?’

Identifying similarities: double bubble maps
Like Venn diagrams, double bubble maps can be used to show 
things that are common to two different topics. Use the fol-
lowing steps to construct a double bubble map.

17.3.2 How ideas overlap: Venn diagrams
Venn diagrams are often used in mathematics, but they can be useful to scientists as well to show the 
common points between different ideas or concepts. Use the following steps to draw a Venn diagram for 
two topics.
1. Draw two overlapping circles with the topic written above each circle.
2. In each circle, write down ideas that relate to each topic.
3. Write ideas that relate to both topics in the overlapping section.

Below is a Venn diagram that shows some of the similarities and differences between respiration and 
photosynthesis.
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Pollution of the
atmosphere

Caused
by gases

Will lead to
rising

ocean levels

Linked to
burning of
fossil fuels

Main gases
responsible are
carbon dioxide
and methane

Main gases
responsible
are CFCs

Will lead to
more cases

 of skin cancer

Global
warming

Environmental
problem

Thinning of the
ozone layer

Double bubble map

1. Create separate single bubble maps for the two topics that you are comparing.
2. Identify the characteristics that are the same or similar.
3. Redraw to create a double bubble map by placing the similar bubbles in the middle.

The example below shows a double bubble map for two important environmental issues: thinning of the 
ozone layer and global warming.

Parachute
design

Length of
strings

StringsFabric

Type of
thread

Thickness

Closeness
of weave

Number of
strings

Cotton Nylon

Material used
for strings

Canopy

ShapeSize

A cluster map

Stimulating ideas: cluster maps
A cluster map starts in the same way as a bubble map, but each of the bubbles around the central topic can 
itself have other ideas linked to it. Use the following steps to construct a cluster map.
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1. Think of a topic and write it in the middle of a sheet of paper.
2. Around your topic, write down any ideas that link with it. Draw lines from the ideas to your topic.
3. Write down new ideas that are related to your first ideas, and link them with lines.

The cluster map below was created by a student who chose the following problem for her SRP: ‘Which 
parachute design will slow down a toy’s fall most effectively?’

Exploring and summarising ideas: mind maps
A mind map is similar to a cluster map but it also has the relationship between the ideas written on the lines 
that join them. Creating a mind map for a particular topic is a great way of revising that topic to prepare for 
an examination. Use the following steps to construct a mind map.
1. Write your topic in the middle of a sheet of paper and draw a number of lines branching out from it.
2. Think of some main ideas related to the topic and write one on each branch.
3. Draw a number of lines branching from each of your main ideas.
4. Think of words or terms related to one of your main ideas and write one on each branch.
5. Continue adding branches until you run out of ideas.
6. You can decorate your map with colour, clip art, drawings, photos etc. to make the ideas and links 

clearer.
An example of a mind map is given below. It was used by a student to revise the plant growth topic. 

A mind map could also help you plan your SRP.

Plant
growth

Ty
pe o

f p
lan

t 

W
here it’s planted

Age at planting

Viruses Bacteria Fungi

Pests

W
ea

th
er

D
is

ea
se

s

Vertebrate

Insects

Hail

Shade

Humidity

Temperature

FertiliserWater

Snails

Possums

Rats

G
ar

d
en

Pot
Water 

Fertiliser

Size of the pot

Fast growing

Slow growing

Type of potting mix

Rain

A mind map

Linking ideas: concept maps
A concept map is similar to a mind map in that they both show the relationship between ideas in a topic. 
However, a concept map also explains the relationship between elements, with statements written on the 
links. Use the following steps to draw a concept map.
1. Write down all the ideas you can think of about a particular topic.
2. Select the most important ideas and arrange them under your topic heading. Link these main ideas to 

your topic and write the relationship along the link.
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A concept map

3. Choose ideas related to your main ideas and arrange them in order of importance under your main 
ideas, adding links and relationships.

4. When you have placed all of your ideas, try to find links between the branches and write in the 
relationships.
An example of a concept map is given below. It illustrates some of the important ideas and links 

 associated with electric circuits.

Hypothesis

Scienti�c investigation

Educated
guess

Not certain

Prediction Sensible

Observation

Seeing Tasting

Hearing Feeling

Smelling Noticing

Measurement

Balance Ruler

Thermometer Stopwatch

Conclusion

Outcome Findings

Final Fairly certain

An affinity diagram
Sorting ideas into groups: 
affinity diagrams
An affinity diagram helps you to 
group common ideas or viewpoints. 
Use the following steps to construct 
an affinity diagram on a particular 
topic.
1. Think about a topic and write any 

ideas you have onto small pieces 
of paper.

2. Examine your pieces of paper and 
put similar ideas into groups. Feel 
free to rearrange your groups until 
you are happy with them.

3. Think of names for your groups.
An example of an affinity diagram 

is shown at right. Each category 
name represents an important part of 
scientific investigations.
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 The cause of it all: fi shbone diagrams 
 A fi shbone diagram is particularly useful if you are trying to establish the cause of an event. Use the 
 following steps to construct a fi shbone diagram on a particular event.  
1.   Think of an event that you 

do not know the causes of.  
2.   In pairs or a team of four, 

organise your list of causes 
into groups.  

3.   Write the event that you 
are analysing as the ‘fi sh’s 
head’ of a fi shbone diagram. 
Your groups of causes then 
become the main ‘bones’ of 
the diagram, one bone for 
each group.  

4.   Write the title of each of 
your groups of causes on its 
relevant ‘fi shbone’.  

5.   Write the causes on the smaller ‘fi shbones’ that are joined to the sides of the main bones. (You can 
attach a cause to more than one bone or group of causes.)   
 Charlotte constructed the fi shbone diagram below for her SRP problem: ‘How can I keep cut fl owers 

looking fresh for the longest possible time?’ In her fi shbone diagram, she has considered the reasons why 
fl owers die rapidly after they have been cut from a plant.  

 17.3.4 Thinking with different hats 
 There are a number of very useful tools that can help develop your thinking. One of these was created by a 
great thinker by the name of Edward de Bono. He developed the idea of using different coloured  thinking 
hats  for different types of thinking. These hats don’t even have to be on your head. The idea behind each 
hat just needs to be  in  your head.  

  The six coloured thinking hats 

The salt
concentration
is too low.

The water in the vase is missing something
 the plant needs to survive.

The plant loses sap
where the stem is cut
(just as humans lose
blood) so it dies.

The conducting tissue of the
plant is damaged
when the stem is cut.

Flowers die
rapidly after

being cut
from a plant.

Cutting the plant
damages the stem.

Plants need
roots to survive.

  A fi shbone diagram 
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17.3 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. What does PMI stand for?
2. Identify a type of diagram that consists of two overlapping circles.
3. Distinguish between bubble maps, cluster maps and mind maps.
4. Compare Venn diagrams with double bubble maps.

Think
5. Construct a PMI for each of the following ideas.

(a) School students should not wear a uniform.
(b) School canteens should sell only healthy food.
(c) Parents should be fined if their children are sunburned.
(d) The legal driving age should be changed to 21.
(e) All high-school students should be given a free computer paid for by the government.

6. Construct a Venn diagram with one circle labelled ‘Plants’ and the other ‘Animals’ and complete using 
features of plants and animals. (Hint: See chapters 2 and 4.)

7. (a) Construct a bubble map for the topic ‘The solar system’. (Hint: See chapter 6.)
(b) Add additional bubbles to change your bubble map into a cluster map.

8. Choose one of the topics you studied in Science this year and, working in groups of three to four students, 
construct a mind map for that topic.

17.4 Organising your thinking
Diagrams can help us to organise our thinking and also to organise our time when planning a complex 
 project. Storyboards, timelines, Gantt charts, cycle maps and flow charts are tools used to represent com-
plex scientific processes, plan presentations and help you manage your time as you work on your SRP.

The following example shows how your thinking hats can be used to discuss whether expensive space 
exploration should continue.

PROBLEM: SPENDING BILLIONS OF DOLLARS ON SPACE EXPLORATION

Red hat: How do you feel about all the money spent on exploring space?

Yellow hat: How do we benefit from space exploration?

Black hat: What’s wrong with spending billions on space exploration?

White hat: What information do we need?

Green hat: What other things could we spend the money on?

Blue hat: What can be gained from space exploration in the future?
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Plan due

1 Mar. 8 Mar. 15 Mar. 22 Mar. 29 Mar. 5 Apr. 12 Apr.

Project
handed out

Do experiment. Results entered
in spreadsheet Due date

Library
researchDecide on problem. Experiments completed

Work on
report.

A student’s SRP timeline

Spreadsheet software can be used to draw Gantt charts.

Constructing a Gantt chart
A Gantt chart is another way of planning your time. It can show more clearly that some tasks will be done 
over an extended period of time. If you have access to a computer, a Gantt chart can be drawn easily using 
Microsoft Excel or another spreadsheet program.
1. Draw a table with each column representing a particular block of time, such as a week.
2. List the tasks to be completed in the first column of the table. Each task should take up one row of the 

table.
3. Shade the cells of the table that represent the time when you plan to work on that particular task.
An example of a Gantt chart for a student SRP is shown below.

17.4.1 Timelines and Gantt charts
When you are set a large complex task such as your SRP, it is important to plan how you will use the time 
you have available. Leaving all the work until the last few days before the due date is unlikely to result 
in a high-quality project report. Depending on the problem you have chosen to investigate, you might 
need to allow time for plants to grow or for results to be collected over a period of time. Writing the final 
report, taking photographs and constructing tables and graphs of your results also take time. Before you 
start on your project, you should think about all the tasks required and construct a timeline or Gantt chart 
that shows when you need to have completed each task. This will help you complete your project on time 
without having to rush any part of the project.

Constructing a timeline
1. Draw a line to represent the total amount of time available; for example, if you have 6 weeks to work 

on your project, you might draw a 12 cm line.
2. Divide the line evenly to represent blocks of time; for example, 2 cm might represent 1 week.
3. Indicate on the timeline when you plan to have completed particular tasks.
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17.4.2 Using storyboards to plan 
your work
A storyboard is similar to a comic strip. It is a series of 
diagrams that might be used to plan a PowerPoint pres-
entation, movie or project. If you are planning a movie, 
each diagram might represent an outline of a scene in 
the movie. For a PowerPoint presentation, each diagram 
could represent one slide of the presentation. Your teacher 
might give you the option of presenting your SRP to your 
class using a short movie or PowerPoint  presentation. 
A storyboard would be an excellent tool to plan such a 
presentation.

17.4.3 Going with the flow: flow charts 
and cycle maps
Flow charts and cycle maps are representations of 
 particular processes. The method for an experiment can 
usually be represented by a flow chart. A cycle map is 
similar to a flow chart, but it forms a closed circle so it 
is useful to represent processes that repeat themselves, 
such as the water cycle or the life cycle of an organism. To 
draw a flow chart or cycle map, write each step or event 
and link them with arrows.

Storyboard for a movie presentation of a student SRP

Outline of
scene 1

Outline of
scene 3

Outline of
scene 5

Outline of
scene 2

Outline of
scene 4

Outline of
scene 6

B

D

F

A

C

E

General plan for a storyboard

AgreePerform

Assess Examine

Collect

Fruit and seed
formation

Germination

Growth

Seed
dispersal

Pollination

Flower
formation

A cycle map for a team meeting

AgreePerform

Assess Examine

Collect

Fruit and seed
formation

Germination

Growth

Seed
dispersal

Pollination

Flower
formation

A cycle map showing the life cycle 
of a flowering plant
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The problem
Our new puppy keeps barking and
whining each night when we put

him outside.

Hypothesis
The puppy is scared of the dark.

Test
I’ll place a small lamp near the

puppy’s bed. I will try this method
for three nights.

Test
I’ll place a ticking clock under

the puppy’s bedding. I will trythis
method for three nights.

Test
I’ll place a ticking clock and
hot-water bottle under the

puppy’s bedding. I will try this
method for three nights.

Results
The puppy barked and whined

for 15 minutes on the �rst
night, 5 minutes on the
second night and not at

all on the third night.

Check hypothesis
My results agree with my
hypothesis. Peace at last!

Hypothesis
The puppy misses the noise and

warmth of its mother and
brothers and sisters.

Think again
Modify my hypothesis and 

test again.

Check hypothesis
My hypothesis has been 

generally supported, but not 
fully supported.

Results
The puppy barked and  whined

for the �rst hour each night.

Hypothesis
The puppy misses the noise of its
mother and brothers and sisters.

Think again
The results don’t agree with
my hypothesis. I need a new

hypothesis.

Check hypothesis
My hypothesis has not been

supported. Providing light for the
puppy has had no effect at all.

Results
The puppy keeps barking and

whining most of the night.

A flow chart of the process used to stop a puppy barking at night

17.4 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Recall two similarities and two differences between a timeline and a Gantt chart.
2. Identify a visual tool that looks like a cartoon strip.
3. Compare cycle maps with flow charts.

Think
4. Interpret the flow chart above to answer the following questions.

(a) What was the problem to be solved?
(b) What action was taken when the first and second hypotheses 

were not supported?
(c) Which variable was used in each of the three experiments?
(d) Do you think each experiment was a fair test? Explain.
(e) What other explanations could there be for the change in the 

behaviour of the puppy in the final experiment?
5. Identify the visual tool that you would use to show each of the 

following.
(a) When various groups of animals first appeared on Earth
(b) The procedure used to extract DNA from cells
(c) The life cycle of a butterfly
(d) The date on which each of your assignments is due this term
(e) An outline of the video you would like to make for your cousin’s 

sixteenth birthday
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Screenshot of a blog site used to report on an 
investigation

17.5 Research and record keeping
Scientists do experiments to test hypotheses, which are based on observations as well as knowledge previ-
ously discovered by other scientists. An important part of the job of scientists is to read reports written by 
other scientists and to do background research before designing their experiments. Scientists also need to 
keep records of all their observations and any changes they make to the design of their experiments. When 
you do a student research project, you will probably be asked to do this by keeping a logbook.

17.5.1 What is a logbook?
A logbook is a document where you keep a record of all the work you do towards a project. Each entry 
should be dated like a diary. In your logbook, you might include the following items.

6. Construct a timeline that shows some of the key events that have occurred in your life so far.
7. Construct a Gantt chart that shows which subject you plan to work on each night of this week.
8. Construct a cycle map for the water cycle (Hint: See page xxx.)
9. Construct a flow chart that shows how to make slime using the following recipe.

Combine 20 mL PVA glue, 20 mL water and 3 drops of food colouring and stir. Prepare a saturated 
solution of borax. Use a syringe to measure 20 mL borax solution and add it to the glue mixture. Stir 
vigorously until the slime forms. Rinse the slime with water before playing with it.

• A timeline or other evidence of planning your use of time
• Notes about conversations you have had with teachers, friends, parents or experts on your project and 

how these conversations affected your project. Make sure you record each person’s details so you can 
acknowledge their contribution in your report.

• Notes from library research you have done for your project. Include all the details you will need for your 
bibliography.

• A plan or rough outline of the method you will use for your experiment(s)
• Notes about any problems you encountered during your project and how you dealt with these
• Information on any changes you made to your original plan
• Results of all your experiments (these may be presented roughly at this stage)
• A plan or storyboard for your presentation if you are required to present your research to your class

A logbook can be written by hand on paper, it 
can be done with a wordprocessing program on a 
computer or even be in the form of a website. A 
blog is a website that has dated entries so it can be 
used as a logbook. It has the added advantage that 
you can invite other people, such as your friends, 
parents and teachers, to look at your work and post 
comments. You should check with your teacher on 
the format required for your logbook.

17.5.2 Researching your topic
Before embarking on your science investigation 
you will need to do some background research. You 
need to find out:
 • background information about the topic you 

are investigating. Let’s say you are planning an 
investigation to test whether plants grow faster 
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when illuminated with green light or red light. This would require you to do some research about pho-
tosynthesis and the normal requirements of plants. Designing an experiment to test the effectiveness of 
various detergents would involve research about detergents and how they work.

 • method ideas. Science textbooks are a great source of ideas when designing your method. There are also 
websites where student research projects carried out by other students have been published. These can 
also be a source of inspiration. You should never just copy the method used by another student or pub-
lished in a textbook, but the work of other people can be a good starting point to get you thinking about 
the best way to carry out your experiment. Scientists spend a great deal of time reading science journals 
where scientists publish reports of their investigations. Building on the research of other scientists is a 
great way to keep science moving forward.

 • safety information. If your experiment involves chemicals or any materials you are not familiar with, it 
is important to research the potential risks associated with these.

17.5.3 Beyond Google
When your teacher asks you to research a topic, do you find yourself going straight to a search engine such 
as Google or Bing and typing in the topic in the search box? The amount of information on any given topic 
that can be easily accessed via the internet is bewildering, but searching for a particular piece of  information 
often requires more than a Google search. To save time and ensure you access quality  information, try the 
following alternative sources of information.

Non-fiction books
Non-fiction books, including high-school science textbooks are a great source of ideas for research  projects. 
Books written for high-school students often use simpler language and are easier to understand. High-
school science textbooks contain background information on a wide range of topics and many include 
methods for experiments that could be modified to investigate different problems. Non-fiction books are 
often written by people with expertise in the area and the information is checked by other people before the 
book is published; this is important when assessing the reliability of the information.

Library catalogue
Your school library and local library each has a library catalogue. This is a database that allows you to 
search for resources relating to a particular topic. It brings up resources in a variety of formats including 
websites, movies and books. Using the right search words is important. If you were looking for information 
about the effect of green and red light, you could do a search using the term ‘photosynthesis’, but the terms 
‘plant’ and ‘colour’ might also produce useful information.

Journals and science magazines
Scientists publish their research in scientific journals, so they are a great place to read about experiments 
carried out by scientists; however, since journals are read mainly by scientists, they can be difficult to 
understand. Science magazines report on the latest scientific achievements using simpler language. The 
CSIRO publishes two magazines aimed specifically at school students. Your school library probably has 
copies of these and other popular science magazines. Some science magazines also have a website that 
makes it easier to search for articles on a particular topic.

Refine your search
To save time, think carefully about the search words you use. Try different search engines. Some search 
engines are specific to particular subjects. Use the advanced search features or the scholar version of 
a search engine. All of these strategies might save you a great deal of time when looking for specific  
information.
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17.5 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Outline why a logbook is a bit like a diary.
2. Define the following terms: blog, science journal, search engine, URL.
3. List three ways of assessing the reliability of the information on a web page.

Think
4. Imagine you are scientist. Assess the advantages and disadvantages of maintaining a blog rather than 

keeping a logbook in your office.
5. You can find information about science topics in science textbooks and on the internet.

Use a variety of information sources when looking for background 
information for your project.

17.5.4 Is it reliable?
Most research is now carried out over the internet, but a great deal of information on the internet is unre-
liable. Reliable information is information that can be trusted. Imagine that your friend emailed you a link 
to a website that said that brushing your teeth with peppermint-flavoured toothpaste causes your tongue to 
turn green over time. How could you check that the information was reliable?
 • Check the URL. Each web page has a URL (uniform resource locator). This is the address you type in 

to access the page. The ending of the URL can be useful for assessing the reliability of a web page. A 
URL with an .edu ending is usually from an educational institution such as a school or university. The 
ending .gov is used for government websites while an .org ending usually indicates that the web page is 
associated with a non-profit organisation.

 • Look for information about the author of the web page, the organisation associated with the web page 
and the date on which the information was last updated. A web page that provides no such information 
is less likely to be reliable. If an author’s name is provided, what are their qualifications? Do they have 
expertise in the area they are commenting on? Are they likely to show bias? For websites associated with 
an organisation, is the organisation likely to benefit from a particular viewpoint about an issue?

 • Check the information against other sources. Experimental results are considered reliable if the 
 experiment, when repeated a number of times, consistently produces similar results. Similarly, the reli-
ability of information from sec-
ondary sources can be assessed by 
checking it against other sources.

17.5.5 Where did your 
information come from?
Your teacher will probably ask you 
to submit a bibliography for your stu-
dent research project. This is a list of 
all the resources you used. There are 
a variety of formats and you should 
check with your teacher which format 
is used at your school. To ensure that 
you can complete your bibliography, 
you should note all the details of the 
sources from which you obtained 
information in your logbook.
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17.6 Designing your method
Your student research project will include one or more experiments. Each experiment must be carefully 
planned to ensure that the results are valid, reliable, precise and accurate. Designing a scientific investiga-
tion usually begins by considering the variables involved in the experiment. You should also think about 
the observations and measurements that you will need to make. Most importantly, your experiment must be 
safe and minimise risk to yourself and others.

17.6.1 Variables
Variables are the conditions that can be changed in an experiment. In chapter 1 (see page xx), you learned 
that there are different types of variables in experiments. The example below will help you revise this.

(a) Explain why you would not find the results of scientific research that was done last month in a printed 
science textbook.

(b) Outline some advantages of using science textbooks as a source of information.
6. Explain why it is important for scientists to read about the research carried out by other scientists in science 

journals.

Research
7. Type one of the questions below into a search engine of your choice (or type in your own appropriate 

question instead). Assess the reliability of the first three links displayed by the search engine and outline 
how you might find better information on these topics.
(a) Is food colouring safe?
(b) Do mobile phones cause brain cancer?

8. Use the Wikipedia weblink in the Resources tab to answer the following questions about Wikipedia, an 
online encyclopaedia.
(a) When did Wikipedia start?
(b) Who founded Wikipedia?
(c) How is Wikipedia different from other online encyclopaedias such as World Book Online and Encarta 

Online?
(d) Why is it particularly important to check the reliability of information found on Wikipedia by comparing it 

with information from other sources?
(e) Outline some reasons why people may wish to put inaccurate information on Wikipedia.
(f) Which Wikipedia entries are most likely to be highly reliable: those that have been edited many times by 

a large number of people or those that have been written by only one person and never edited. Explain 
your answer.

Type of variable Definition Example

Independent The variable that is deliberately changed in the 
experiment

Colour of car

Dependent The variable that is measured in the experiment Temperature

Controlled Variable that must be kept constant to ensure 
that the experiment is fair

• Location of car (both cars in full sun)
• Outside temperature
• Type of car
• Window tinting
• Location of thermometer in car

Problem: Do black cars heat up in the sun faster than white cars?

 Explore more with this weblink: Wikipedia

 RESOURCES — ONLINE ONLY
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   Which car will heat up faster on a hot day? 

 17.6.2 Valid experiments 
 A valid experiment tests what it is designed to test. For example, if you want to measure a student’s intelli-
gence, getting the student to complete an IQ test would be a more valid test of her intelligence than meas-
uring how high she can jump. Imagine that a student wants to fi nd out if washing powder X cleans better 
than washing powder Y. A valid test might involve staining two pieces of the same type of fabric with the 
same amount of engine oil and washing these in the same way. After washing, the amount of grease left on 
each piece of fabric could be compared. On the other hand, asking people to compare the smell of the two 
washing powders would not be a valid way of testing which powder washes clothes better. Using washing 
powder X to wash cotton stained with tomato sauce and using washing powder Y to wash wool stained 
with engine grease would not be a valid test either. 

 The most important feature of a valid experiment is to change only the independent variable. The inde-
pendent variable is the condition that is being tested. In the example above, the independent variable is the 
type of washing powder. The other variables should be controlled (kept the same) as far as possible. 

 In many instances, a control is needed for an experiment to be valid. A control allows the scientists to 
compare the results with and without changing the variable. For example, if you want to test whether a 
fertiliser makes a plant grow faster, you would need to grow two plants under identical conditions and 
apply the fertiliser to only one of the plants. By comparing how quickly both plants grew, you could decide 
whether the fertiliser has an effect. 

 17.6.3 The placebo effect 
 When scientists test the effectiveness of medicines and other medical treatments, they need to take into 
account the placebo effect. A placebo looks and tastes identical to the real medicine but does not  contain 
any of the active ingredients found in the 
medicine, so it should not have an effect 
on patients. Many studies have shown that 
patients given a placebo report improvements 
in their condition. To allow for the placebo 
effect, scientists usually test new drugs by 
giving half of the patients the real medi-
cine and the other half (the control group) 
a placebo. The patients are usually not told 
whether they are taking the placebo or the 
real medicine. This is called a blind study. In 
addition, in a double-blind study, the nurses 
and doctors who deal with the patients and 
collect the results do not know which patients 
are receiving the placebo either. This ensures 

  Do the tablets really work or is it a placebo effect? 
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10 mL

  0 mL

20 mL

30 mL

40 mL

50 mL

60 mL

70 mL

80 mL

20 mL

40 mL

60 mL

80 mL

Measuring cylinder:
Each �ne graduation = 1 mL

Burette
Each �ne graduation = 0.1 mL

Beaker
Each graduation = 20 mL

 50 mL

49 mL

48 mL

47 mL

46 mL

45 mL

30 mL30 mL30 mL

  Which piece of equipment provides the most precise 
measurement? 

that they do not treat the patients receiving the placebo differently or prompt them when asking about their 
symptoms.  

 17.6.4 Precise measurements 
 The degree of precision of the measurements taken in an experiment depends on the instruments that have 
been used. If you want to measure the length of your classroom, you could also use a trundle wheel with 
marks every 10 cm, or you could use a tape measure marked in millimetres. The tape measure would 
provide the most precise measurement. Similarly, to measure 100 mL water, you could use a measuring 
cylinder that is graduated in millilitres or you could use a measuring cup that is marked every 100 mL. The 
measuring cylinder would provide a more precise measurement than the cup. A set of scales that measures 
mass to 2 decimal places is more precise than one that measures mass to 1 decimal place.  

 17.6.5 Accurate results 
 Accurate results are not only precise but 
also correct. A small measuring cylinder 
can provide a reasonably precise measure-
ment of a volume of water but, if it is not 
read at eye level, the measurement may 
not be accurate. A set of bathroom scales 
might display a reading with 2 decimal 
places but, if you use it on carpeted fl oor, 
it may not provide an accurate measure-
ment of your mass if it is designed to be 
used on a hard fl oor. To ensure that your 
results are accurate you should use meas-
uring instruments correctly and in some 
instances it may be necessary to calibrate 
the instruments. To calibrate a set of scales, 
for example, you could place an object that 
has a mass of exactly 100 g on the scale 
and adjust the scale until it reads exactly 
100 g. A poorly designed method can also 
affect the accuracy of the results, particu-
larly if variables have not been properly 
controlled. 

 17.6.6 Reliable experiments 
 An experiment is reliable if it consist-
ently produces the same results when it is 
repeated. Imagine that you want to com-
pare the strength of plastic bags by fi lling 
the bags with weights until the bag breaks. 
If the experiment is reliable, you will fi nd 
that the mass needed to break a particular 
type of bag would always be about the 
same each time the experiment was repeated. If the results vary greatly between trials, the experiment is not 
reliable. You can improve the reliability of an experiment by repeating it a number of times, checking for 
consistency and using the average of the results to draw conclusions. 
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 Experiments can be repeated in different ways. In some instances, it is just a matter of doing the same 
experiment again. In   Investigation 17.2  , you compared the speed of a balloon rocket gliding along different 
types of string. To ensure the reliability of the results you could do the experiment a few times, check for 
consistency and then calculate and compare the average speeds. Each repetition of an experiment is called 
a  trial . Increasing the number of trials generally increases the reliability of the experiment. For experiments 
involving plants, animals and people, it is usually easier to do the experiment once but use a large number 
of plants, animals or people. The number of organisms used in the experiment is called the sample size. A 
large sample size is a feature of well-designed experiments. 

 17.6.7 Keep it safe 
 The most important thing to consider when planning an investigation is safety. Your teacher may ask you to 
write a risk assessment before you start your research project. A risk assessment involves listing any poten-
tial hazards relating to your investigation and explaining how you will minimise these risks. For example, if 
you were doing an experiment to test whether the temperature of an acid affects how quickly it reacts with 
magnesium, your risk assessment might look like the table below.   

  Risk    How the risk will be minimised  

 Acid splashing into face and eyes •       Wear safety goggles.    
• Heat acid using a water bath rather 

than directly over a Bunsen burner fl ame.  
•   Use dilute acid rather than concentrated acid.    

 Cutting fi ngers when tearing 
small pieces of magnesium 

•     Use scissors to cut magnesium.    

 INVESTIGATION 17.3 

 The fl ying straw 
  AIM : To assess variables that affect how far a straw fl ies 
   You will need:   
  paper  
  scissors  
  straws  
  sticky tape  
  metre ruler or tape measure  
  stopwatch   
•   Cut out two strips of paper. One strip should be 10 cm by 2 cm and 

the other should be 20 cm by 2 cm.  
•   Attach the strips of paper to a straw as shown in the photo at right.   
•    Throw the straw forwards and observe how far it fl ies. This is the 

basic fl ying straw.   

  Discussion 
1.   The length of the straw is one variable that may affect how far the fl ying straw can fl y. List at least fi ve other 

variables that may affect the distance fl own.  
2.   Choose one of the variables from question 1 and design an experiment to test the effect of this variable. 

Decide what you will measure fi rst. It could be the distance fl own, the amount of time the straw stays in the 
air or whether the straw fl ies in a straight line. Your experiment should include:  
(a)   the aim  
(b)   a hypothesis  

 A fl ying straw 
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17.6 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Match each of the following terms with its meaning: variable, dependent variable, independent variable, 

controlled variables, sample size, reliable, accurate, valid, trial, risk assessment.
(a) Describes measurements that are precise and correct
(b) The number of plants, animals or other items used in an experiment
(c) The variables that must be kept constant in an experiment
(d) Describes an experiment that measures what it is supposed to test
(e) The variable that is deliberately changed in an experiment
(f) Name given to each repetition of an experiment
(g) Describes an experiment that produces similar results when it is repeated
(h) A list of the hazards in an experiment and how these will be minimised
(i) Something that can be changed in an experiment
(j) The variable that is measured in an experiment

Think
2. Charlotte wanted to compare the amount of air in two brands of ice-cream. She placed a large spoon of 

each ice-cream in two different cups and let the ice-cream melt. She then measured how much liquid was in 
each cup. There was less liquid in cup B so she concluded that ice-cream B must contain more air.
(a) Describe one way in which Charlotte could improve the validity of her experiment.
(b) Outline how the precision of Charlotte’s measurements could be increased.
(c) Outline how the experiment could be made more reliable.

3. Copy and complete the table below.

Hypothesis Independent variable Dependent variable Controlled variable

Plants grow faster 
when it is hot.

Temperature Height of plant Plant species, amount 
of water, soil type

(c) the method, including a diagram
(d) a table to enter your results.

3. Carry out the experiment and enter the results in the table you designed.
4. Write a conclusion based on your results.

17.6.8 Surveys
Your student research project may involve gathering data using a survey. Some features of good surveys 
include:
 • a large sample size. Many people should complete the survey.
 • choosing your subjects carefully. If you carried out a survey to determine whether school students have 

a better awareness of the health effects of smoking than their parents, you would need to ensure that you 
surveyed both school students and parents. The survey would not be fair if you surveyed only school 
girls and fathers. You would need to survey both males and females for the two age groups. Similarly, 
the investigation would not be fair if you compared students from a very disadvantaged background with 
wealthy parents.

 • keeping the questions short and easy to understand
 • using an online survey to make collation of the results easier.

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight



TOPIC 17 Student research project and skills 703

c17StudentResearchProjectAndSkills Page 703 11/07/17  2:34 PM

Hypothesis Independent variable Dependent variable Controlled variable

Exercise increases 
breathing rate.

     

Paper towel A is more 
absorbent than paper 
towel B.

     

Sugar dissolves faster 
in hot water than in 
cold water.

     

The more you water 
plants, the faster they 
grow.

     

4. Jossie wanted to find out if the mass of a rock affects how far the rock can be thrown. She weighed some 
rocks, threw each rock as far as possible and measured the distance by pacing between the point where she 
threw the rock and the point where it landed.
(a) Construct a table listing at least two risks associated with this experiment and how each risk could be 

minimised.
(b) Describe how the experiment could be made more:

(i) accurate
(ii) reliable
(iii) valid.

Design
5. Design experiments to test the following hypotheses.

(a) Eggs become less dense as they age.
(b) Detergent A produces more foam than detergent B.
(c) Cola drink P contains more sugar than cola drink C.
(d) Talking to plants makes them grow faster.
(e) Chocolate S melts at a higher temperature than chocolate Q.

6. Design a survey to test the hypothesis that people born after 1995 are more likely to wear sunscreen and 
have better awareness of the health effects of overexposure to sunlight than those born before 1995.

17.7 Presenting your results
Values or measurements obtained from an investigation are called data. Having collected the data, it is 
important to present them clearly so that another person reading or studying the information can understand 
it. Tables and graphs are a great way to organise data.

17.7.1 Using tables
A table organises data so that trends are more easily identified. An example of a simple table is shown 
below; it includes all the features you need to remember when constructing a table.

 Complete this digital doc: Worksheet 17.2: Accuracy and reliability (doc-0000)
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Complex carbohydrates
(55.45 g)

Nutrients in 100 g of K-plus cereal

Protein (20.5 g)

Fat (0.5 g)
Niacin (0.02 g)

Iron (0.01 g)

Other B vitamins (0.02 g)

Sugars
(18 g)

Calcium (0.5 g)

Fibre (5 g)

A pie chart

Temperature of the Earth at 
different depths

Depth (km) Temperature (°C)

0 15
1 44
2 73

3 102
4 130
5 158
6 187
7 215
8 242

Always include a 
title for your table.

The column headings show 
clearly what has been measured. 
Include the measurement units in 
the headings.

Enter the data in the 
body of the table. Do not 
include units in this part of 
the table.

Use a ruler to draw lines for 
rows, columns and borders.

You may need to construct more complex tables, like the one below, to present your student research 
project results.

Labels

Units

Width of paper (cm) 21 15 9

Length of paper (cm) 14 10 6

D
is

ta
nc

e 
 

fl
o

w
n 

(m
) Trial 1 4.5 6.2 3.2

Trial 2 4.9 5.9 3.6

Trial 3 4.6 5.8 3.5

Average

Do large paper aeroplanes fly further than 
small paper aeroplanes?

17.7.2 Using graphs
Why use graphs?
Organising data as a graph is a widely recognised 
way of making a clear presentation. It makes the 
information easier to read, interpret, show trends and 
make conclusions.

A graph, especially a line graph, can also be used 
to find values other than those used in the investiga-
tion. This can be done by interpolation or extrapola-
tion (see Using a line graph for interpolation).

Types of graphs
There are five different types of graphs: pie charts; 
column graphs and bar graphs; divided bar graphs; 
histograms; and line graphs.

Pie charts (or sector graphs)
A pie chart (also known as a sector graph) is a 
circle divided into sections that represent parts of 
the whole. This type of graph can be used when the 
data can be added as parts of a whole. The example 
below shows the nutrients, vitamins and minerals 
found in a type of breakfast cereal.
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Male

Female

0

Types of footwear worn to school today

10 20 30 40 50

School shoes

Number of students wearing footwear

Thongs Running shoes Boots

A divided bar graph

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

Heights to which different types of balls bounced

Golf ball Tennis ball Basketball

Type of ball

H
ei

g
ht

 o
f 

b
o

un
ce

 (m
)*

* All balls were bounced by
    the same person, from the
    same height and onto the
    same surface.

A column graph

Divided bar graphs
Divided bar graphs are also used to represent to represent parts of a whole. However, the data are repre-
sented as a long rectangle, rather than a circle, divided into sections. The example below shows the type of 
footwear worn to school today by male and female students.

Column graphs and bar graphs
A column graph (sometimes called a bar graph) has two axes and uses rectangles (columns or bars) to 
represent each piece of data. The height or length of the rectangles represents the values in the data. The 
width of the rectangles is kept constant. This type of graph can be used when the data cannot be connected 
and are therefore not continuous.

The example below shows data on the average height to which different balls bounced during an 
 experiment. Each column represents a different type of ball.

The example below shows the amount by which  different metal bars expanded when heated. Each bar 
represents a different metal bar.
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Histograms
Histograms are similar to column graphs except that the columns touch each other because the data are 
continuous. They are often used to present the results of surveys. In the histogram below, each column 
 represents the number of students who reached a particular height.

Line graphs
A line graph has two axes — a horizontal axis and a vertical axis. The horizontal axis is known as the 
x-axis, and the vertical axis is known as the y-axis. The line graph is formed by joining a series of points 
or drawing a line of best fit through the points. Each point represents a set of data for two variables, such 

Heights of a group of students in a class

Height (cm)

N
um

b
er

 o
f 

st
ud

en
ts

0

5

10

15

20

140 145 150 155 160 165 170

A histogram

Metal A

Metal B

Metal C

Metal D

0 1 2 3

Expansion of different metal bars when heated

M
et

al
 b

ar

Increase in length after heating (mm)

Note: The metal
bars were 1 m long
before heating.

A bar graph
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Distance covered by a
runner in 15 seconds

Time (s)

D
is

ta
nc

e 
(m

)

 5 10 15

100

80

60

40

20

1

2

3

5

4

Data table

Distance (m) Time (s)

0 4

8 5

37 10

96 15

2. Label the axes
The independent 
variable (the variable 
that was changed 
deliberately) goes 
on the x-axis. The 
dependent variable 
(the variable that 
is measured) goes 
on the y-axis. 
Most quantities 
have units. These 
should be shown in 
parentheses after the 
axis label.

as height and time. Two or more lines may be drawn on the same graph. Line graphs are used to show 
continuous data — that is, data in which the values follow on from each other. The features of line graphs 
are shown below.

1. Title
Choose a sensible title that tells 
the reader what the graph is about.

3. Choosing an 
appropriate scale
Look at the largest 
x and y values that 
need to be plotted 
and choose a scale 
that will allow you 
to fit these values 
on the graph. 
In this case, the 
largest y value is 
96 and the grid has 
five large squares. 
Making each large 
square worth 20 
means that 96 will 
fit on the graph. 
Along the x-axis, 
the largest value 
that needs to be 
plotted is 15. There 
are three large 
squares so making 
each large square 
worth 5 allows the 
data to fit.
Try to fill most of 
the space available.
Ensure that the 
scale is uniform. 
Each division on 
the scale should be 
worth the same.

4. Plotting the 
points
Plot the points 
as accurately as 
possible.

5. Drawing the line
In many instances, a line of best fit is the most 
appropriate way of representing the relationship 
between two variables. A line of best fit can 
be a straight line or a curve. For a straight line 
of best fit, use a ruler to draw a line that goes 
through as many points as possible and has 
about the same number of points above and 
below the line. For a curved line of best fit, use 
the same procedure but draw the line freehand. 
Software such as Excel use calculations to add 
a line of best fit to a graph.
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17.7.3 Interpolation
Line graphs can be used to estimate measurements that were not actually in an experiment. The table below 
shows the results of an experiment where a student measured how many spoons of sugar dissolved in a cup 
of tea at various temperatures.

The student did not measure how much sugar dissolved at 50 °C, but we can work this out by 
 interpolation. First we need to plot the data collected in the experiment. Then we read off the graph the 
amount of sugar that would dissolve at 50 °C. The same procedure can be used to work out the water 
 temperature that would be needed to dissolve 130 g sugar in one cup of tea. This is shown in the graph 
below.

Effect of temperature on the amount
of sugar dissolved in tea

Temperature (ºC)

M
as

s 
(g

)

 20 40 60 80 100

180

160

140

120

100

80

60

40

20

0

Dotted line 2

Dotted line 1

Using a line graph for interpolation

Temperature (°C) Mass of sugar dissolved (g)

    0     4

  20   30

  40   60

  60   98

  80 120

100 160

Amount of sugar that dissolves in one cup of tea 
at different temperatures

17.7.4 Extrapolation
In many cases it is also possible to assume that the two variables will hold the same relationship beyond 
the values that have been plotted. This is called extrapolation. Consider the table below, which shows the 
results obtained when different masses were attached to a spring and the increase in length of the spring 
was measured.

If you want to predict the mass needed to stretch the spring by 32 centimetres, you need to plot the data 
on a graph and extrapolate the value.

The data in the table below have been plotted on the graph below. Values have been plotted up to a 
mass of 1.6 kg and an increase in length of of 26 centimetres. The line on the graph has been projected 
onwards (as the dotted lines show). This extrapolation shows that a mass of 2 kg will stretch the spring 
32 centimetres.
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17.7 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Analyse and evaluate
1. (a) Construct a line graph for the data shown in table.

(b) Use your graph to interpolate the temperature at a depth of:
(i) 4.5 km
(ii) 7.5 km.

2. (a) Complete the bottom row of the table.
(b)  Construct a column graph showing the length of the paper used to make the plane on the horizontal axis 

and the average distance flown on the vertical axis.
3. Construct a column graph using the information below.

Nutrient Amount (g)

Protein   2.00
Fat   6.00
Carbohydrate — polysaccharide 11.00
Carbohydrate — sugars 10.00
Cholesterol   0.02
Calcium   0.10
Potassium   0.80
Sodium   0.05

4. The following table shows the uses of plastics in Australia.
(a) Select a suitable graph type and prepare a graph from this table.

Nutrients in 30 g serving of ice-cream

Effect of mass on spring stretch

Mass attached to spring (kg)
L

en
g

th
 b

y 
w

h
ic

h
 s

p
ri

n
g

 s
tr

et
ch

ed
 (c

m
)

2.01.51.00.50

30

20

10

0

40

Using a line graph for extrapolation

Mass attached 
to the 
spring (kg)

Length by 
which spring 
stretched (cm)

   0   0

0.5   8

1.0 16

1.6 26

? 32

Amount that a spring stretched when 
various masses were attached to it
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Use Percentage (%)

Agriculture  4.0
Building 24.0
Electrical/electronic   8.0
Furniture and bedding   8.0
Housewares   4.0
Marine, toys and leisure   2.0
Packaging and materials handling 31.0
Transport   5.0
Others 14.0

(b) Choose two uses of plastic from your graph. For each use, state a particular item that is made of plastic.
(c) There has been recent controversy about the waste products that humans create.

(i) Can you suggest any uses of plastics that would contribute to waste products? List them and explain 
your choices.

(ii) Can you suggest alternatives to reduce the amount of plastic waste products?
5. The data in the following table relate the speed of a car to its stopping distance (the distance the car travels 

after the brakes are applied).

Speed of car (m/s) Stopping distance (m)

  0     0
10   12
20   36
30   72
40 120

(a) Construct a graph of the data.
(b) Make a conclusion about the information in the graph.
(c) How could this information be applied to your everyday 

life?
6. The following graph shows the increase in mass of pondweed 

(a type of plant that grows in ponds).

(a) What was the mass of the pondweed after 312 weeks of 
growth?

(b) How long did it take for the pondweed to reach a mass of 
250 grams?

(c) Predict the mass of pondweed after 6 weeks of growth.
(d) Can you be sure that your extrapolation in part (c) is valid? 

Justify your answer.
(e) Would the interpolations in parts (a) and (b) be more valid 

than your extrapolation? Discuss your ideas in class.

Uses of plastics in Australia

Relationship between the speed of a car and its stopping distance

 Complete this digital doc: Worksheet 17.3: Presenting results (doc-0000)
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Increase in mass of pondweed with time

D
ry

 w
ei

g
ht

 o
f 

p
o

nd
w

ee
d

 (m
g

)

0

600

400

200

0
2 4 6

Time (weeks)

UNCORRECTED P
AGE P

ROOFS



TOPIC 17 Student research project and skills 711

c17StudentResearchProjectAndSkills Page 711 11/07/17  2:34 PM

  Cell B3 is the active cell. 

  17.8  Using technology: spreadsheets 
 A spreadsheet is a document that stores data in columns and rows. Spreadsheets used to be written on paper 
by hand. Shopkeepers and bank tellers needed to keep neat handwritten ledgers to record all transactions. 
Today, computers and software such as Microsoft Excel are used to create and edit spreadsheets. Spread-
sheets can also be used to create graphs and charts at the click of a button. 

 17.8.1 Some spreadsheet 
terminology  
 In a spreadsheet, the data are organised in rows and 
columns. The columns are named using letters (such as 
column A) and the rows are named using numbers (such 
as row 3). Cells are the boxes in the spreadsheet. The 
cell reference tells us which column and row the cell 
is in. For example, cell B3 is in column B and row 3. 
The active cell is the cell you will type the data in. In 
Excel, it has a dark border around it. This is shown in 
the diagram at right. 

 17.8.2 Working with spreadsheets on a computer 
 When you create a spreadsheet, you need to decide how many columns and rows you will need and enter 
a suitable heading for each column. This is similar to designing a table. Make sure that you include units 
where relevant. 

 17.8.3 Using formulae in a spreadsheet 
 If you want to do calculations on the data in a spreadsheet, you need to enter a formula. In most spreadsheet 
programs, a formula starts with an equals sign (=). If you want the total of cell A2 and cell B2 to appear in 
cell C2, you would type the formula ‘=A2+B2’ in cell C2, and then press the  Enter  key. Most spreadsheet 
packages have a set of functions that can be used as a shortcut to typing a formula. For example, it is much 
quicker to use the Average function to calculate the average of 50 numbers than to type in a formula that 
adds up the 50 cells and divides the total by 50. 

 17.8.4 Drawing graphs and charts 
 The procedure for drawing graphs varies slightly for different software packages. In Excel you can create 
graphs by selecting the data, then clicking on  Insert  and the type of graph you want to produce. Once the 
graph has been created use the  Layout  tab to add axis labels and a title for your graph.   

 INVESTIGATION 17.4 

 Dissolving aspirin 
  AIM:  To investigate the effect of temperature on dissolving time 
   You will need:   
  beaker    Bunsen burner, tripod, heatproof mat  
  thermometer    2 effervescent tablets, such as Aspro  
  ice    stopwatch   
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 17.8 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1.   In the screenshot below, 

identify the letter pointing to:  
(a)   cell C2  
(b)   cell E5  
(c)   the active cell  
(d)   a formula  
(e)   the  Insert Function  button  
(f)   a column  
(g)   a row.      

2.   List two advantages and two 
disadvantages of using a 
computer spreadsheet program 
to store data rather than 
keeping handwritten records in 
a book.   

 Create  
3.  (a)       Collect the following data for 

each student in your class.  
(i)   First name  
(ii)   Gender  
(iii)   Foot length (cm)  

•   Your teacher will assign each group two temperatures to test. For 
example, your teacher might ask you to test 20 °C and 50 °C.  

•   Pour 200 mL water into a beaker. Adjust the temperature of the water 
by adding ice or by heating the water over a Bunsen burner until the 
water temperature matches one of the temperatures you are to test.  

•   Add one of the tablets to the water. Use the stopwatch to record the 
time taken for the tablet to dissolve completely.  

•   Repeat these two steps for the second temperature.   
 Use the following instructions to plot your data using spreadsheet 
software. 
  Note:  The following instructions assume that you are using Excel 2010. If 
you are using a different spreadsheet package, you may need to modify 
some of the steps accordingly.  

•   Create a spreadsheet with the column headings ‘Temperature (°C)’ 
and ‘Time taken to dissolve (s)’.  

•   Enter all the groups’ results in your spreadsheet.  
•   If necessary put the results in order from the lowest 

to the highest temperature by selecting (highlighting) 
all the data and using the  Sort function . You should 
end up with a table similar to the one below.    

•   With the data selected, click on the Insert tab, then 
on  X Y (Scatter) , and choose the option where the 
points are joined by a smooth line. A graph similar to 
the one below should appear. You can then add axis 
labels and a title by clicking on the  Layout  tab. The 
axis titles and   chart title icons are displayed in the 
ribbon.     

A

D

G
B

E CF
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(iv)   Height (cm)  
(v)   Favourite subject  
(vi)   Country where their mother was born    

(b)   Enter the data you collected into a spreadsheet.  
(c)  Construct   an  X Y (Scatter)  graph (without joining the points) showing foot length on the  x -axis and height 

on the  y -axis.  
(d)   Use your graph to decide if there is a relationship between foot length and height.  
(e)   Apply a fi lter to the ‘Gender’ column. If you are using Excel 2010, you can do this by 

selecting the column and then clicking the  Sort & Filter  icon.
(f)   Select the  Filter  option. A drop-down arrow should appear near the column heading. 

Clicking on this drop-down arrow displays options that allow you to display just the males, 
just the females or both.  

(g)     Construct   an  X Y (Scatter)  graph of height versus foot length for only the girls in the class. 
Is the graph different from the graph you produced in part (c)? In what ways?  

(h)   Look at the ‘Favourite subject’ column and count how many students liked each subject most. Create a 
new spreadsheet with the column headings ‘Favourite subject’ and ‘Number of students’.  

(i)   Create a column graph and a pie chart to represent the data in the table you constructed in part (g).  
(j)   Repeat steps (g) and (h) for the data in the ‘Country’ column.     

  17.9  Using technology: databases 
 Spreadsheets are useful for organising and presenting data. However, for very large amounts of infor-
mation, a database can make it easier to keep the data organised and to search quickly for data that match 
particular criteria. 

 17.9.1 What is a database? 
 You use  databases  all the time without even 
thinking about them. When you shop for shoes 
online and you narrow your search by looking 
only at shoes available in your size or at a par-
ticular type of shoe, such as fl at sandals, you are 
actually searching a database and applying fi l-
ters. Some databases are printed on paper. If you 
own an address book, it’s actually a database that 
stores information about your friends, including 
their addresses, landline phone numbers, mobile 
phone numbers, email addresses and perhaps 
also their birthdays. You can store the same infor-
mation in your phone or other electronic device, 
allowing you to search for a particular friend’s 
details faster.  

 The data contained in a database can be organised in a table, although in some instances it would be a 
table with so many columns that it would not fi t easily on a page. For this reason, printed databases are 
not always set out as a table, but it helps to think of databases as tables of data. If you organised the data 
in an address book into a table, it would have a number of columns including ‘First name’, ‘Last name’, 
‘Address’ and ‘Phone number’. 

 17.9.2 Electronic databases 
 A database on paper has limitations. You can cross-reference only two things and then usually only in a 
specifi c order. For example, in an address book you can look up a person’s phone number easily if you look 

  An address book is a database that contains 
information about your friends. 
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up their name. You can’t do the reverse; that is, you can’t look up a phone number and fi nd out the name of 
the person who has that number (unless, of course, you have enough time to look through the entire address 
book). Also, the entries are in alphabetical order according to your friend’s last name. It is not possible to 
re-organise the data in order of phone number or street name. If you wanted to fi nd all your friends who 
live in a particular street, you would need to look through the whole address book. 

 For this reason, most databases are now stored electronically. Library catalogues used to consist of 
printed cards stored in drawers but, now, to fi nd a library book you can use a computer to access the 
library’s catalogue. You can  search  for topics, authors, date of publication and more. You can  refi ne  your 
search and perhaps look for just magazine articles or videos. You can even read a short summary (synopsis) 
of each article. This is all possible because computers are very good at storing lots and lots of data and 
retrieving information very quickly. 

 Unlike a database on paper, a computer can store data (such as the topic and author of a book) in a table 
with as many columns as you like and it can search any of the columns rather than just the fi rst one. And it 
does all this very quickly. The only problem is that a computer can’t actually think, so it is up to the person 
who designs the database to do so very thoughtfully so that it will be easy to search. 

 Why use an electronic database in science? 
 Scientists often have huge amounts of data that they need to 
organise and search (or allow others to search). In 1977, a team led 
by Australian scientist Fiona Stanley set up the Western Australian 
Maternal and Child Health Research Database. It stores infor-
mation about the health of babies and their mothers. Searching and 
analysing these data has enabled researchers to identify trends and 
to test whether programs aimed at improving the health of new-
born babies are having any effect. This information would have 
been collected routinely by the doctors and midwives looking after 
mothers throughout pregnancy and during birth. The database pro-
vides a central place to store all the data, and makes it much easier 
for researchers to fi nd patterns in the data. Important discoveries 
have already been made using this tool. 

 Astronomers gather huge amounts of data about the solar 
system using optical telescopes, radio telescopes and information 
sent back by space probes. The large amount of information they 
gather is organised in computer databases so that they, or other 
astronomers around the world, can search the data to use in their 
research projects.  

 17.9.3 Designing databases 
 Just as a table is made up of columns and rows, so too is a database — except that the columns are called 
 fi elds  and the rows  records . If you made the telephone directory into a computer database, it would have 
three fi elds: Name, Address and Phone number. Each person’s details would then be a record. It would look 
something like the screenshot below.     

  As each person on the planet has 
a unique set of DNA, police can 
solve crimes by matching DNA 
samples from crime scenes to DNA 
information stored on a database. 
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 17.9 Exercise: Remember and think 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Analyse and evaluate 
Creating a database of Nobel prize winners  
 Before creating your database, you will need to fi nd some information to put in it. This is best done as a class 
activity with each student in the class researching one or two Nobel prize winners.  
•   Use the  Nobel prize   weblink  in the Resources tab to fi nd a list of Nobel prize winners.   
•   Each student in the class should research one or two different Nobel prize winners. Choose people who have 

won a Nobel prize for work in the categories of Chemistry, Physics or Medicine.  
•   For each prize winner, collect the data listed below. Ideally the data should be written on cards that can 

be passed around the class, or they could be typed into a Google doc or wiki so the whole class can add 
information and access information from other groups. 
 –  First name 
 –  Last name 
 –  Country of birth 
 –  Year of birth 
 –  Category of award (such as Chemistry, Physics and Medicine) 
 –  Organisation (where the person worked) 
 –  Nobel prize awarded for (one sentence or phrase that outlines the work for which the scientist received the 
award) 

 –  Share received (if the award was shared by a group of people)  
•   Microsoft Access software is commonly used to create databases. The following instructions are for the 2010 

edition of this software. If you are using different software, the following instructions will need to be modifi ed.  
•   Open Access 2010. Click  New  and then  Blank database . Select the location where the database will be 

saved, give it a sensible name such as ‘ Noble prize winners ’, and then click  Create .  
•   A table will appear. To set up your database, go to design view by clicking on the  Design view  

icon in the left-hand corner of the screen. You will be prompted to give the table a name such 
as ‘Table 1’;  then click  OK . A screen should appear. Type in the information that appears in 
Zthe screen below. Note that the data type should be Text for all fi elds, even the Year of Birth. 

   
•   Now that have designed the database, you can click on the  Datasheet view  button in the top 

left-hand corner of the screen. You will be prompted to save the table.  
•   The  table [ A  ]  should appear. You are now in datasheet view. 
•  Enter the data that you and your classmates found into the table. In the screen given below, the 

fi rst row is partially completed. When you have entered all the data, save your database.   
 The great thing about databases is that they allow you to search for data that match particular 
criteria. This is called running a query. We are going to create a query to fi nd all the Nobel prize 
winners in our database who were awarded a prize for Medicine and were born in the United States.      
•   Make sure you are in datasheet view. Click on the  Create  tab. Select  Query wizard  from the ribbon and then 

Simple Query wizard , and click  OK . The fi elds in your table will be displayed; click on the ones you want to 
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  17.10  Writing your report 
 A variety of formats can be used to present a student research 
project. Your teacher might expect you to give an oral pres-
entation to your class or to prepare a poster or PowerPoint 
presentation about your project. In most instances, though, 
your written report should use some of the headings used by 
scientists when they publish their investigations in scientifi c 
journals. You should check with your Science teacher which 
of the following sections to include in your report.  

 Abstract 
 Briefl y describe your experiments and your main conclu-
sions. Even though this appears at the beginning of your 
report, it is best not to write it until after you have com-
pleted the rest of your report. 

 Introduction 
 Present all relevant background information. Include a state-
ment of the problem that you are investigating, saying why 
it is relevant or important. You could also explain why you 
became interested in the topic. 

 Aim or problem 
 State the purpose of your investigation: that is, what you are trying to fi nd out. 

appear in the query and then click on the single arrow to move them into the  Selected Fields  box. Select the 
following fi elds: First Name, Last Name, Country of Birth and Category. When you have done this, click  Next . 
In the next dialog box, enter a name for your query, select  Modify the Query design  and click  Finish .  

•   The  screen [ B  ]  will appear. Now enter the criteria you want the query to look for in the appropriate boxes as 
shown in the screen. Note that the quotation marks should not be typed in. These will appear automatically. 

•      Now click on the red exclamation mark ( Run  button) in the toolbar near the top of the screen. The query will 
run and a table displaying the Nobel prize winners that match your criteria will appear.  

•   Create a new query to display the Nobel prize winners who won the Nobel prize for Physics and were born in 
England.   

B

A

  You may be required to present your 
research project to your classmates. 
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Hypothesis
Using the knowledge you already have about your topic, write a statement that will be tested in your 
investigation.

Materials and method
Describe in detail how you did your experiments. Begin with a list of the equipment used and include 
photographs of your equipment if appropriate. The description of the method must be detailed enough to 
allow somebody else to repeat your experiments. It should also convince the reader that your investigation 
is well controlled. Labelled diagrams can be used to make your description clear. Using a step-by-step out-
line makes your method easier to follow.

Results
Observations and measurements (data) are presented in this section. Wherever possible, present data as a 
table so that they are easy to read. Graphs can be used to help you and the reader interpret data. Each table 
and graph should have a title. Ensure that you use the most appropriate type of graph for your data (see 
pages xxx–xxx).

H
ei

g
ht

 o
f 

p
la

nt
 (c

m
)

Number of days

151050

25

20

15

10

5

30

20

25

20

15

10

5

Black Brown Red Blond

Colour of hair

0

N
um

b
er

 o
f 

p
eo

p
le

Aluminium 
10%  

Food 
40%

Paper 
30%

Plastic 
20%

Rubbish found in the schoolyard 
(percentage by weight)

(Left to right) A line graph, a bar graph and a pie chart. Choose the type of graph that is appropriate to your data.

Discussion
Discuss your results here. Begin with a statement of what your results indicate about the answer to your 
question. Explain how your results might be useful. Any weaknesses in your design or difficulties in meas-
uring could be outlined here. Explain how you could have improved your experiments. What further exper-
iments are suggested by your results?

Conclusion
This is a brief statement of what you found out and may link with the final paragraph of your ‘Discussion’. 
It is a good idea to read your ‘Aim’ again before you write your conclusion. Your conclusion should also 
state whether your hypothesis was supported. Don’t be disappointed if it is not supported. Some scientists 
deliberately set out to reject hypotheses!

17.10.1 Bibliography
Make a list of books and other printed or audiovisual material as well as websites that you have referred 
to. The list should include enough information to allow the source of information to be easily found by the 
reader. Arrange the sources in alphabetical order.

The information required for your bibliography depends on the type of resource. For books and journal 
articles, the following information should be included:
 • Author(s) (if known)
 • Title of book or article
 • Publisher or name of journal/magazine (if not in title)
 • Place of publication (if given)
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 • Date of publication
 • Chapter or pages used
 • Some examples are listed below.

Breidahl, H., Australia’s Southern Shores, Lothian, 
 Melbourne, 1997, Chapter 2.

World Book Encyclopedia, Volume 4, 1991, pp. 
234–236.

‘The Battle of the Bathroom’, Choice, Sydney, 
November 1990, pp. 34–37.

It can be more difficult to find an author and date of pub-
lication for a website. In addition, you should also provide 
the name of the website, the URL and the date on which the 
website was accessed (as web pages may be updated regu-
larly). The easiest way to create a bibliography in the correct 
format is to use an online bibliography building tool. Use the 
Bibliography tools weblinks in the Resources tab.

Acknowledgements
List the people and organisations who gave you help or advice. You should state how each person or organ-
isation assisted you.

Acknowledge the help you received.

17.10 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Identify which section of your investigation report you should write each of the following in.

(a) A list of the books and other resources you used to find information for your project
(b) A table showing all the measurements you recorded
(c) A diagram of the equipment you used
(d) The purpose of the experiment
(e) A brief summary of your investigation and findings
(f) A statement that relates the results back to the aim and outlines what your results show

2. In a bibliography, why is it important to include the date that a web page was accessed?

Think
3. When scientists write up their investigations for publication in a scientific journal, the abstract is one of the 

most important parts of the report. Explain why the abstract is usually read by many more people than the 
full report.

4. Justify why it is important for scientists to clearly describe the method they used when they write a report of 
their investigation.

5. Explain why it is important for researchers to publish their investigations in scientific journals and to read the 
reports written by other scientists.

6. Many researchers choose to have their reports published in journals written in English, even if English is not 
their first language. Suggest why.

Investigate
7. Find out what a patent is and why scientists sometimes patent their ideas.
8. There have been instances where scientists have faked their results or committed other types of scientific 

misconduct.
(a) Use the term ‘scientific misconduct’ in a search engine to find examples of such instances.
(b) Outline why you think that some scientists might be tempted to fake or fabricate their results.
(c) Explain why cases of scientific misconduct are damaging to all scientists.
(d) What do you think might happen to scientists who are found to have faked their results?
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  17.11  Project: Bigger, better beans 
    Scenario 
 The local agricultural show will be running its annual  competition to fi nd the biggest bean plant and you 
are determined that this year you are going to win. In pre-
vious years, you have just planted your seeds in their pots, 
added some fertiliser, put them in the sun and watered them 
every day but, while the plants did grow, they didn’t grow 
big enough to have a chance at the prize. As a good science 
student, you know that the growth of plants depends upon 
the process of photosynthesis, whereby light energy from 
the sun causes water and nutrients and carbon dioxide to 
be combined by the plant to produce oxygen and starch 
(which is a form of chemical potential energy). The plant then uses this starch to grow. So, if the growth of 
the plants depends upon how much starch is produced, maybe there’s something you could do to the plants 
that would make them produce more starch and grow faster and bigger? 

 Your task 
 You will design and carry out an investigation that will test a number of different growth conditions (such 
as different amounts of sunlight or different substances added to the soil) to determine which will give the 
greatest rate of growth over a three-week period of time. Your fi ndings will be presented in the form of a 
scientifi c report. 

 Process  
 •   Open the ProjectsPLUS application for this chapter located in 

the Resources tab. Watch the introductory video lesson and then 
click the ‘Start Project’ button to set up your project group. You 
can complete this project individually or invite other members 
of your class to form a group. Save your settings and the project 
will be launched.  

 •   Navigate to your Research Forum. Here you will fi nd some 
topic headings that you can use to start your research. As you 
fi nd more information and different research topics suggest 
themselves, you may add new topic headings.  

 •   Start researching. Make notes of information that you gather 
that will provide background for your investigation and direct its 
design. Enter your fi ndings as articles under your topic headings 

TOPIC 17 Student research project and skills 

  Start researching. Make notes of information that you gather 
that will provide background for your investigation and direct its 
design. Enter your fi ndings as articles under your topic headings 
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in the Research Forum. You should each fi nd at least three sources (other than the textbook, and at least 
one offl ine such as a book or encyclopaedia) to help you discover extra information about factors that 
may infl uence the growth of your bean plants. You can view and comment on other group members’ 
articles and rate the information that they have entered. When your research is complete, print out your 
Research Report to hand in to your teacher.   

 •      Design your investigation by determining what will be the dependent, independent and controlled vari-
ables, the use of controls and repeated measurements, what substances you will test and how you will 
measure the plants’ growth rates.  

 •   Perform your investigation. Take photographs during your investigation for inclusion in your report.  
 •   Visit your Media Centre and download the report template to help you build your experimental report. 

In each section of the template, you will fi nd directions on what information should be included in each 
report section. Delete these directions as you complete each section. You will also fi nd an Excel spread-
sheet that you may use to enter your data from your investigation as you go and that will allow you to 
produce a line graph of your results. The table and the graph can then be copied and pasted into your 
report. Your Media Centre also includes images that you may like to use in your report.                                     

 17.12 Review 1: Looking back 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly.  
1.   The boiling point of water changes with air pressure. For example, water may not boil at 100 °C at the top 

of Mount Everest, where the air pressure is less than the pressure at sea level. The following data show the 
boiling point of water at various air pressures.    

  Air pressure in kilopascals (kPa)    Boiling point of water (°C)  

     0      0 

     1    20 

     7    40 

   21    60 

   45    80 

 101  100 

 200  120 

Boiling point of water at different air pressures
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(a)   Graph the data.  
(b)  Describe   the shape of your graph.  
(c)   What is the pressure of the atmosphere at sea level?  
(d)   Would it take a longer or shorter time to boil water at the top of Mount Everest, compared with the time it 

would take at sea level?   Explain   your answer.    
2.   Draw a cluster map that   summarises   the key ideas in  section 17.5 .  
3.   Singalia and Sallyana are two red panda cubs born at Sydney’s 

Taronga Zoo. The table below shows their masses during their 
fi rst 22 weeks. The photograph below shows one of the cubs 
being weighed.     
(a)        Construct   a line graph showing both sets of data on the 

same set of axes. Use different symbols for the points for 
each panda and label each line with the panda’s name. You 
may have to extend the vertical axis to fi t in the scale for the 
pandas’ masses (or else convert the masses to kilograms 
and plot in kilograms). 

    Interpret   the graph from part (a) to answer the following 
questions.   
(b)     Describe   the growth of each of the panda cubs. How do 

they compare with each other?  
(c)   How long did it take the cubs to double their mass measured in week 1?  
(d)   Did the pandas grow at the same rate during the 22 weeks?  

  Week    Singalia    Sallyana  

 1  213  219 

 2  285  290 

 3  330  349 

 4  365  377 

 5  403  408 

 6  465  452 

 7  536  514 

 8  564  576 

 9  594  610 

 10  650  637 

 11  703  680 

 12  714  740 

 13  814  796 

 14  872  812 

 15  956  806 

 16  1111  786 

 17  1043  890 

 18  1130  1000 

 19  1163  1083 

 20  1182  1162 

 21  1225  1218 

 22  1335  1270 

Red panda cubs’ masses 1996-97 (grams)
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(e)   Which were the fastest and slowest growth periods for each panda?  
(f)   What age was each of the cubs when they reached 1 kg?  
(g)     Predict   the age at which each cub will reach 1.5 kg.   Explain   how you made your prediction. What 

assumption did you make to answer the question?     

 Test yourself 
 Use the following scenario to answer  questions 1  and  2 . 
 Kimberley and Glenn were walking past their neighbour’s house when they noticed that a front window was 
broken. Glenn told Kimberley that somebody had probably thrown a ball through the window. They had a closer 
look and noticed clothes scattered all over the fl oor and drawers open. Kimberley noticed some blood on the 
broken glass. She told Glenn that the house had been burgled. Glenn agreed and they called the police.  
1.   The statement ‘Kimberley noticed some blood on the broken glass’ is  

(A)   an observation.  (B)   a hypothesis.  
(C)   a conclusion.  (D)   an inference.     (1 mark)  

2.   Who suggested a hypothesis?  
(A)   No-one  (B)   Glenn only  
(C)   Kimberley only  (D)   Both Glenn and Kimberley     (1 mark) 
  Use the following scenario and graph to answer  questions 3  and  4 . 
  Jane and Greg decided to test how quickly water would boil when using either the yellow fl ame or blue fl ame 
of the Bunsen burner. They set up identical experiments, except that Jane used a blue fl ame and Greg used 
a yellow fl ame. Their results are graphed below. 
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3.   What was the temperature of Greg’s water when Jane’s water reached 100 °C?  
(A)   100 °C  (B)   60 °C  (C)   62 °C  (D)   70 °C     (1 mark)  

4.   Jane removed her beaker and Greg quickly placed his beaker over Jane’s Bunsen burner. Assuming that the 
temperature of Greg’s beaker did not drop while swapping Bunsen burners, at what time will his water boil?  
(A)   17 minutes  (B)   22 minutes  
(C)   15 minutes  (D)   18 minutes     (1 mark)  

5.   Huang and Tina conducted an experiment to fi nd out if radish plants 
grow better in the shade. They placed three plants under a veranda at 
the back of the house and another three in a sunny place in the front 
yard. All plants were planted in the same soil. Huang and Tina watered 
each of the plants equally each day.  
(a)   Did they conduct a fair test?  
(b)   How could Huang and Tina improve the design of their experiment? 

List as many improvements as possible.     (2 marks) 
6.      If you have a front-loading washing machine, you should use 

‘low-sudsing’ washing powder, which produces less foam than 
other washing powders. Emily did the following experiment to 
compare how much foam was produced by three brands of 
washingpowder.  
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•   She put one teaspoon of each washing powder into separate 100 mL measuring cylinders.  
•   She added 60 mL warm water to each measuring cylinder.  
•   She shook each measuring cylinder vigorously.  
•   She measured the height of the foam produced in each measuring cylinder.       The amount of foam produced 

can be measured with a ruler.   

(a)  Identify   the independent and dependent variables in Emily’s experiment.  
(b)  Identify   the variables that Emily controlled.  
(c)   Which variables could have been controlled better?  
(d)   Suggest how Emily’s experiment could be made more reliable.     (4 marks)   

20 mL

40 mL

100 mL

One teaspoon
washing powder
+ 60 mL water

Use a ruler
to measure
the height
of the foam.

Foam

20 mL20 mL20 mL20 mL20 mL20 mL20 mL20 mL20 mL20 mL20 mL20 mL20 mL20 mL20 mL
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The amount of foam produced can be 
measured with a ruler.
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