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TOPIC 15
Student research project  
and skills

15.1 Overview
Numerous videos and interac-
tivities 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.

15.1.1 Why learn 
this?
Previously you probably com  
pleted a student research project 
which involved designing and 
carrying out your own investiga-
tion. It’s time to have another go! 
You will be using many of the 
skills you learned in stage 4. In 
this topic we will extend these 
skills and apply them to more 
complex problems.

LEARNING SEQUENCE
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INVESTIGATION 15.1

Paper helicopter
AIM: To investigate variables that affect a helicopter’s drop speed

You will need:
stopwatch
ruler
paperclip 
a copy of the helicopter cut-outs
• You will need to work in groups of three for this experiment.
• Before cutting out the helicopters, copy the table below into your 

exercise book and fill in the first three columns.
• Cut out the helicopters (cut along solid lines only), then fold along 

the dotted lines. Fold one blade in one direction and the other in the 
opposite direction.

• Attach a paperclip to the bottom of the helicopter. This will weigh it 
down and hold the flaps in place. The diagram below right shows what 
the helicopter should look like.

• Find an elevated place to drop your helicopters. A balcony or open 
window on the second floor of your school would be ideal. One student 
from each group should be at the dropping point at the top. Two 
students from each group will need to be at the landing point at the bottom.

• Drop the helicopters one at a time and use the stopwatch to time how long it 
takes for each helicopter to reach the ground. After you have dropped all of 
the helicopters, one student will need to walk them upstairs for the second 
trial. Each helicopter will need to be dropped five times. As the helicopters 
fall, record any other relevant information. For instance, you may wish to 
record whether the helicopters spin as they fall.

Discussion
1. Write an aim for this experiment.
2. Calculate the average time taken for each helicopter to fall.
3. List all the variables that may affect the time taken for the helicopters to land.
4. In this experiment two variables were deliberately changed: the length of 

the blades and the width of the blades. In what way is this different to most 
experiments you have done in science?

5. Which pairs of helicopters could be compared to find out the effect of the 
width of the blades on the drop time?

6. Which helicopters could be compared to find out how the length of the blades affects drop time?
7. Write two separate conclusions about the effect of blade width and blade length on the helicopter drop time.
8. Discuss the validity of this experiment. (Hint: Are there any variables you were not able to control?)
9. Why was the experiment repeated five times?
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15.2 Before you start: safety and ethics
15.2.1 Safety first
When deciding on a research question for a student research project there are two very important things 
to think about: safety and ethical considerations. If the project you are planning to do is not safe or raises 
ethical issues such as cruelty to animals, your teacher is unlikely to let you do the project.

The most important thing to consider when planning an investigation is safety. Your teacher will prob-
ably expect you to submit a risk assessment before you can start your investigation. A risk assessment is a 
document where you list the hazards associated with an activity and how you plan to minimise these. If the 
risk associated with an experiment is too high, you will be asked to modify your plan. On the next page you 
can see part of a sample risk assessment for a class experiment. It was prepared by a teacher using software 
called riskassess. You probably will not be required to prepare such a detailed risk assessment.

15.2.2 Hazardous substances
Hazardous substances are chemicals that are harmful to humans. The harmful effects might be seen 
straight away, or over a long period of time. If you get concentrated sulfuric acid on your skin you will 
feel it burning and blisters will form rapidly. Some substances do not appear harmful at first but repeated 
exposure can affect health over time. Carcinogenic substances are substances that cause cancer. Their effect 
may take many years to show up. Before using any chemical in an investigation you need to be aware of 
any associated hazards.

Safety data sheet (SDS)
Manufacturers that supply chemicals to schools and other organisations are required to supply a safety data 
sheet (SDS) with the chemicals they sell. The SDS is also available online. An SDS provides information 
about any health risks associated with a chemical, guidelines for safe storage and handling, and information 
about what to do if the chemical is spilt or comes in contact with the skin or eyes. Disposal information 
is also provided. Schools and other businesses that use chemicals (including those used for cleaning) are 
required to have the SDS for the chemicals they store readily available, either in printed form or electron-
ically. When writing your risk assessment for your student research project you could consult the SDS for 
any chemical you are intending to use. They are lengthy documents, however, and your school may have 
a summary of the safety information about chemicals available in other forms such as risk assessment 
software.

A picture is worth a thousand words
Another way to convey safety information is through the use of pictograms. The symbols on page 
606 are used as warnings on chemicals and other materials and devices. You may have seen different 
safety symbols used, but the pictograms on page 606 are part of the Global Harmonised System (GHS) 
system of classification and labelling of chemicals and by 2016 they were the standard symbols used 
in Australia.

Hazardous substances and risk assessment
If your investigation involves the use of hazardous substances, you will need to include this in your risk 
assessment. Your risk assessment should list any hazardous substances you plan to use, as well as any 
hazardous substances that may be produced in your investigation. For example, if you burn sulfur powder, 
sulfur dioxide gas is produced. Sulfur dioxide is a toxic gas, so it needs to be included in the list. Once 
you have listed all the substances, you need to look up the safety information for each and note the risks 
associated with each substance. You then need to think about how you will minimise these hazards. The 
main risk associated with sulfur dioxide is that it is toxic by inhalation. It can cause breathing difficulties, 
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  A section of a risk assessment prepared with a risk assessment software package 
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particularly for people who have asthma. The gas can also irritate the eyes. To minimise these risks, the 
experiment could be done in a fume cupboard and with the classroom windows open or classroom extrac-
tion fans turned on for good ventilation.  

 Other hazards 
 Even if you are not planning to use hazardous substances in your investigation it is likely that there are 
other hazards associated with your experiment. Some risks relate to the equipment you use and minimising 
the risk involves using the equipment in a safe manner. A Bunsen burner, scalpel or even scissors can be 
hazardous if used incorrectly. When assessing risk you should consider who will be using the equipment 
and whether they are properly trained to use it. Risks can also result from the setting up or dismantling 
of equipment, and from allergic reactions. Using latex gloves to carry out a dissection is a sensible safety 
precaution for most students, but not for a student who has an allergy to latex. For some investigations it 
may also be necessary to consider the emotional impact of the investigation on the test subjects. Testing 
the impact of horror movies on heart rate may pose too high a risk if the test subjects are primary school 
students for example. 

 15.2.3 Too high a risk? 
 Once you have identifi ed all the risks associated with your investigation, you should assess the inherent 
level of risk for the activity. Grids such as the one on the next page are useful to do this. If you cannot bring 
the risk level to the acceptable range (by wearing protective gear, for example), then you should modify 
your investigation plan.  

 Exploding bomb  Flame  Flame over circle 

   
 Explosive  

   
 Flammable  

   
 Oxidising  

 Gas cylinder  Skull & crossbones  Exclamation mark 

   
 Gases under pressure  

   
 Acute toxicity  

   
 Health hazards  

 Corrosion  Health hazard  Environment 

   
 Corrosive  

   
 Chronic health hazards  

   
 Environmental  

 The GHS pictograms 
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SCIENTISTS ADD JELLYFISH GENE TO MONKEYS
Japanese scientists have produced the world’s first transgenic primates, a monkey that has a gene which 
makes its skin glow fluorescent green. The fluorescence is the result of a jellyfish gene. The gene has been 
added to the monkey’s cells at the embryo stage and the scientists have shown that it can be passed on to 
the next generation when the monkey reproduces. Previously it had been possible to insert genes from other 
species into the DNA of certain monkey cells, but 
these genes were not inherited by the next 
generation.

This research shows that it should be possible 
to create monkeys with genes from various other 
species, including human genes, and that these 
genes could be inherited. It may be possible to 
produce breeding colonies of monkeys with human 
genetic disorders and then use these monkeys to 
learn more about these disorders and try to find 
a cure. This is already being done with rats, mice 
and other rodents, but monkeys are more similar to 
humans. This is important because many disorders 
such as Alzheimer’s and Parkinson’s are too 
complex to reproduce in rodents.

There are fears, however, that this type of research 
could be used to create genetically engineered 
humans, with genes from other species. Some 
scientists are also concerned about the welfare of 
the animals used for this type of research.

Newborn transgenic marmoset Kei, left, and Kou.  
The green glow on the soles of their feet is the 
result of a jellyfish gene.

15.2.4 Ethics
Ethics deal with moral values and a sense of what is right or wrong. Some ethical values are fairly uni-
versal. That means that they are accepted by most people worldwide. Most people throughout the world 
would agree that murder is wrong and looking after the old and sick is right. Many ethical values vary 
between countries, religions, different groups in societies or even between members of the same family. 
This is where things become tricky. A scientific investigation or use of technology that may be perfectly 
acceptable to some people may deeply upset others. The news stories below are a few examples. 

A risk assessment matrix

Minor

Estimated risk levels: Red: unacceptable risk Yellow: tolerable risk Green: acceptable risk

Li
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Rare
Unlikely
Likely
Expected
Certain

1 2 3 4 5
Moderate

CONSEQUENCE
Serious CatastrophicMajor

1
2
3
4
5

Harm severity levels
• Catastrophic: multiple deaths
• Major: possibility of death or major permanent  
 loss of function (motor, sensory, physiologic or  
 intellectual)
• Serious: major injury/adverse health outcome  
 (e.g. possibility of permanent lessening of bodily  
 functioning)
•  Moderate: moderate injury/adverse health
 outcome (e.g. increased length of stay)
•  Minor: no or minor injury/adverse health
 outcome

year)

possible

Harm occurrence likelihood levels
•  Certain: will occur on every occasion
•  Expected: is expected to occur in most
 circumstances (e.g. more than 2 times a year)
•  Likely: could occur in many circumstances
 (e.g. probable to happen up to 2 times a 

•  Unlikely: could occur occasionally 
   (e.g. possibility of happening once a year)
•  Rare: not expected to happen, but is
                  (even if no occurrence registered)
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Discussion
After reading the two articles, answer the following questions:
1. Do you think this type of research should be carried out? Give reasons for your answer.
2. Who should decide what type of research is allowed?

Ethics and your SRP
You may need to consider ethical issues if your SRP involves the use of animals or human subjects. Any 
SRP that involves cruelty to animals is unlikely to be approved by your teacher. If you are planning to do 
tests or surveys on other people, think carefully about the wellbeing of your test subjects. Your SRP should 
not involve harming others physically or emotionally in any way.

ARTIFICIAL LIFE WARNING: HOW IT COULD GET OUT OF CONTROL
Craig Venter, a researcher and co-author of the first sequencing of the human genome, has unveiled his latest 
invention: he has made a living cell. It is similar to a bacteria and, like bacteria, it can replicate. Cells such as 
these could be designed to have particular characteristics. They could have genes which give them the ability to 
produce biofuels or break down harmful chemicals.

Venter has been accused of playing God. There are concerns that human-made cells could mutate and 
spread out of control in the environment or be used as biological weapons.

HOW ABOUT THAT!

A gut feeling
When Barry Marshall and Robin Warren came to the conclusion that 
stomach ulcers were probably caused by a bacteria, they were faced with 
some tricky ethical and safety considerations. A stomach ulcer occurs 
when the lining of the walls of the stomach becomes damaged and the 
acid inside the stomach eats away at the stomach wall. It is a very painful 
condition. Previously it was thought that ulcers were caused by lifestyle 
factors, including stress, so it was difficult to treat ulcers. People were 
usually told to avoid stress, for example, by changing their job or cutting 
their work hours, and to cut out particular foods, sometimes with no 
improvement to their health.

Barry Marshall and Robin Warren suspected that ulcers were actually 
caused by bacteria called Helicobacter pylori. They had found this 
bacteria in the stomach of people suffering from stomach ulcers but 
not in the stomach of healthy individuals. They had also studied the 
bacterium. The only way to know for sure would be to deliberately 
infect someone with the bacteria and find out if they developed a 
painful ulcer. There were risks involved; for instance, the bacteria could cause other health problems. It 
could even kill the patient. There were also ethical issues associated with deliberately trying to make a 
healthy person sick. In the end Barry Marshall carefully weighed up the risks involved and decided to test his 
hypothesis on himself. He swallowed a solution of the bacteria and soon became ill and developed the early 
symptoms associated with the development of stomach ulcers. He then treated himself with antibiotics. Now 
when a patient is diagnosed with a stomach ulcer, treatment is simple — a course of antibiotics usually fixes 
the problem.

Helicobacter pylori bacteria 
in the human stomach 
cause stomach ulcers. 
They move their hair-like 
structures to travel around 
the stomach lining.
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15.3 Planning your investigation
15.3.1 Finding a topic
Your teacher will probably ask you to submit a plan before you start on your investigation. In your plan 
you will need to state the problem you want to investigate and provide an outline of the procedure you will 
use. After reading your plan, your teacher may suggest modifications to your investigation. In this subtopic 
are some of the steps involved in writing a plan for your SRP, although your teacher may ask you to use a 
different format.

Complete this digital doc: Worksheet 15.1: Safety (doc-12837)

 RESOURCES — ONLINE ONLY

15.2 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. Define the following terms: ‘risk assessment’, ‘SDS’, ‘carcinogenic’ and ‘ethics’
2. Explain what minimising risks means.
3. (a) What do the following symbols represent in the GHS pictograms?

(i) An exclamation mark
(ii) A skull

(b) Describe the GHS pictogram that indicates:
(i) a corrosive substance
(ii) gases under pressure.

4. Extract the answers to the following questions from the risk assessment shown on page 605.
(a) What is the main hazard associated with this experiment?
(b) How will the teacher minimise the hazard?
(c) Which protective gear will need to be worn when doing this experiment?

Think
5. Explain why it is important for an organisation to have access to the SDS for the chemicals they use and 

store.
6. The introduction of the Global Harmonised System of classification and labelling of chemicals in Australia 

has meant that many work places have had to change many of their labels and signs. Outline some 
of the advantages and disadvantages of adopting a global system of classification and labelling of 
chemicals.

7. Describe the safety and ethical issues associated with the experiment carried out by Barry Marshall.

Discuss
8. In small groups discuss the following statements:

(a) Cosmetics should never be tested on animals.
(b) All medical research including research into new drugs should be done by non-profit organisations rather 

than by companies out to make a profit.
(c) Food made from genetically modified crops should have a special label to show that it contains GM 

ingredients.

Investigate
9. Find other examples of scientific research that raise ethical questions.
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Your investigation is much more likely to be of high quality if you choose a topic that you will enjoy 
working on. These steps might help you choose a good topic.
1. Think about your interests and hobbies. They might give you some ideas about investigation topics.

2. Make a list of your ideas.
3. Brainstorm ideas with a partner or in a small group. 

You might find that exchanging ideas with others is very 
helpful.

4. Find out what other students have investigated in the past. 
Although you will not want to do exactly the same topics, 
investigations done by others might help you to think of 
other ideas.

5. Do a quick search in the library or at home for books or 
newspaper articles about topics that interest you. You might 
also find articles of interest in magazines or journals. You 
could use a table like the one below to organise your ideas.

15.3.2 From observations to ideas
Many ideas for scientific investigations start with a simple observation. Some well-known investigations 
and inventions from the past started that way. The development of penicillin was the result of a chance 
observation of a mould growing in a dish of bacteria. The bacteria near the mould were not multiplying. 
This observation was made by a Scot, Sir Alexander Fleming, in 1928. An Australian, Howard Florey, saw 
the possibility that the mould could be used to treat infections caused by bacteria. After almost 20 years of 
further investigation, the mould, called Penicillium, was used to produce penicillin. This is a powerful drug 
that can rid the body of many infectious diseases.

Danish scientist Hans Oersted discovered the connection between electric current and magnetism when, in 
1819, he noticed that a compass needle pointed in the wrong direction every time it was placed near a wire 

Think about your interests. Think about your hobbies.

Brainstorm your ideas with others.

Topic area
Name of book, 

magazine, website etc. Chapter or article Topic ideas
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carrying an electric current. His discovery started a flood of 
inventions, including electric generators and motors.

An investigation by 15-year-old student Catherine 
Pippos began with an observation that her friends seemed 
to perform better in track and field events when there was 
an audience cheering them on. You have probably seen 
this yourself. Her investigation ‘Does an audience affect 
the performance of an athlete?’ involved three different 
sporting activities and compared the performance of a 
large group of students under three different conditions:
 • no audience
 • a quiet audience
 • a cheering audience.

The sporting activities were:
 • goal shooting in basketball
 • sit-ups
 • shot put.

What do you think she found out? Perhaps you could 
try a similar investigation.

15.3.3 Defining the question
Once you have decided on your topic, you need to determine exactly what you want to investigate. It is 
better to start with a simple, very specific question than a complicated or broad question. For example, the 
topic ‘earthworms’ is very broad. There are many simple ques-
tions that could be asked about earthworms, such as:
 • Which type of soil do earthworms prefer?
 • How much do earthworms eat?
 • Do earthworms prefer meat or vegetables?
 • How fast does a population of earthworms grow?

Your question needs to be realistic. In defining the question 
you need to consider whether:
 • you can obtain the background information that you need
 • the equipment that you need is available
 • the investigation can be completed in the time you have 

available
 • the question is safe to investigate.

At this stage you should start using a logbook to keep a 
record of your investigation. Make sure you document how you 
decided on your research problem in your logbook and record 
the details of all books, websites and other resources you used to 
help you with your decision.

15.3.4 Setting up your logbook
A logbook is a lot like a journal. It contains dated entries where you can document your thinking and plan-
ning, as well as your research and the results of any experiment you carry out. Anytime you work on your 
SRP, you should make an entry in your logbook. You should start your logbook at the very beginning of 
your project. The first entry might be a mind map or brainstorm that you have used to try to come up with 
a project topic, or it might be a timeline that you will use to keep yourself on task.

There are many problems relating to 
earthworms that could be investigated 
in an SRP.

Could an audience really affect this athlete’s 
performance? To answer the question 
scientifically an investigation is needed.
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Below are some things you should include in your logbook:
 • evidence of the thought process you went through to select your topic (e.g. list of possible topics, brain-

storm, mind map etc.)
 • evidence that you planned your use of time (timeline, list of deadlines etc.)
 • notes from your background research. This includes conversations with teachers or experts as well as 

library research. Don’t forget to write down the details you will need for your bibliography. You may 
wish to attach photocopies or printouts of material you read.

 • evidence of the thought process you undertook to design your experiments (sketches, drafts of methods, 
revisions made and the reason why you modified your method(s))

 • raw results for any experiments you carried out
 • evidence of the planning of your final report and/or presentation.

Using a blog as a logbook
A blog or web log is a great way to present your logbook. Many sites will let you set up a blog for free. 
Once your blog is set up, each time you make a post it will automatically be dated. The advantage of a blog 
over a paper logbook is that you can upload documents as well as pictures and short videos and link them 
to your blog. You can also add links to other sites. Your friends, teachers and family can visit your blog and 
post comments about your work.

Staying safe online
A blog is a fantastic way to share your enthusiasm about Science. Publishing your work online does have 
some drawbacks, however. It makes your work more public than a paper logbook. When you create your 
blog, check who has access to it. Can the whole world see your blog or is it accessible only to students at 
your school? If your blog is on the internet follow these tips to keep yourself safe:
 • You wouldn’t put a photo of yourself with your full name, address, phone number and school in the news-

paper would you? You could have anyone ringing you or turning up at your place or school to find you. 
For the same reason it is not a good idea to put too much information about yourself online.
 – If your blog is on the internet it will become part of your ‘digital footprint’ — the information about you 
that can be accessed on the internet. If 
you have a Facebook page, a Tumblr 
account, a YouTube channel or any 
other account that you use to share 
photos, videos or anything else about 
yourself these are also part of your 
digital footprint. Think carefully about 
what you upload to the internet and 
whether you provide details such as 
your full name, information about the 
school you attend (including photos 
that show your school uniform) and 
where you live. Depending on your 
blog’s privacy setting it may be pref-
erable to use only photos or narrated 
videos of your experiment rather than 
a video of yourself talking about the 
experiment.

 – If you do post photos or videos of 
yourself online, make sure that your 
clothing and other information on your 

A blog used to document progress on a student research 
project. Use the SRP blog weblink in the Resources tab to 
access this blog.
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blog passes the ‘Nanna test’: would you be embarrassed if your Nanna (or Pop, or auntie) came across 
your blog? If you would be embarrassed do not post it online!

 – Ensure your blog posts relate to your SRP only. Do not post information about what you do in your 
spare time, for example.

 • Depending on the type of blog you set up you may be able to choose certain privacy settings. It may be 
possible to set up your blog so that only your school community can see it. This is the safest option. If 
this setting is not available you could password protect your posts so that they can be seen only when the 
correct password is entered. This is a good option if you do not want your work or photos to be visible 
to strangers. Check with your teacher to find out which settings he or she recommends.

15.4 Designing your investigation
15.4.1 One or more experiments
Once you have decided on a question to investigate, the next step is to design your investigation. Some 
questions will require you to carry out one experiment. More complex investigations may require a number 

 Explore more with this weblink: Mythbusters

 Explore more with this weblink: SRP blog

 Complete this digital doc: Worksheet 15.2: Setting up a logbook (doc-12838)

RESOURCES — ONLINE ONLY

15.3 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 SRP stand for?
2. Choosing a problem or question to investigate in your SRP does not mean the same thing as choosing a 

topic for your SRP. Distinguish between a question or problem and a topic.
3. Define the following terms: ‘brainstrom’, ‘logbook’, and ‘blog’.
4. List some of the sections that are often included in a SRP plan.

Think
5. Discuss the advantages and disadvantages of scientists using a blog to document their research.
6. Five topics are written below. Write down three student research project questions for each topic.

(a) High jump
(b) Chocolate
(c) Crystals
(d) Seed germination
(e) Energy conservation

7. Kiara told her teacher ‘getting us to write a plan is a waste of time, we should be able to start on our project 
straight away’. Discuss whether you agree with Kiara’s statement.

8. The television show Mythbusters involves a team led by Adam and Jamie carrying out investigations to test 
various myths. To see a list of the myths they have tested over the years and the outcomes of their tests use 
the Mythbusters weblink in the Resources tab.
(a) Define the term ‘myth’ (use a dictionary if necessary)
(b) Look at the list of myths Adam and Jamie have investigated and pick at least three that you could test 

using equipment available at home or at school.
(c) If your school has any episodes of Mythbusters available watch an episode. Make a list of the myths tested 

in the episode and discuss the validity of the experiments carried out by Adam, Jamie and their team.
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of experiments. Each experiment needs to have an aim and a hypothesis. To ensure that your results and 
conclusions are valid your experiments must be carefully designed, variables must be identifi ed and con-
trolled as appropriate, and the experiment should be repeated to ensure the reliability of the data. 

 In a valid experiment only one factor or variable should be 
deliberately changed. So if your question cannot be answered 
by carrying out such an experiment, more than one experiment 
may be needed. 

 Joshua wants to investigate whether his family farm is pol-
luting the local stream. He can answer this question by carrying 
out an experiment which will involve testing the stream water at 
various locations, including some locations upstream and down-
stream from the farm. The variable he is changing is the place 
from which the water is collected. Everything else, including 
the tests carried out, will be kept constant. He will carry out a 
number of tests on the water, but he is still doing one experi-
ment. Jasmina on the other hand is interested in fi nding out how 
to grow the largest possible pumpkins. She will investigate the 
effect of adding different amounts of fertiliser, temperature and 
amount of water. Each of these three variables will require a 
different experiment. She is going to do all three experiments 
at the same time, but she needs to isolate the three variables to 
make valid conclusions.  

 15.4.2 Aim and hypothesis 
 Each experiment should have an aim. An aim is a statement that starts with the word ‘to’ and states the 
purposes of the investigation. Jessica is investigating which biofuel releases the most energy per gram when 
burned. Her aim is ‘to compare the heat of combustion of a range of biofuels’. Simon wants to fi nd out 
whether the claim that ‘drink X contains three times the vitamin content of orange juice’ is correct. His aim 
is ‘to measure the vitamin C content of drink X and different types of orange juice’. 

 A hypothesis is a statement that explains a set of observations and can be tested by a scientifi c investiga-
tion. A sensible hypothesis is based on observations and prior research. Joseph is planning to grow radish 
seedlings. Some of the seedlings will be kept in a dark cupboard and some seedlings will be exposed to 
light for a set number of hours per day. He has done some background reading and expects that the seed-
lings that are exposed to light around the clock will grow fastest. His hypothesis is ‘increasing the number 
of hours of daily light exposure increases the growth rate of radish seedlings’. Joseph’s experiment may or 
may not support this hypothesis. 

 A hypothesis can be tested through a scientifi c investigation. ‘Girls are better at ice skating than boys’ is 
not a suitable hypothesis because ‘better’ is not something that can be measured scientifi cally. ‘Girls have 
fewer falls over a two hour session of ice skating than boys’ could be tested scientifi cally. You could collect 
data about the number of male and female ice skaters at an ice rink, the number of falls and whether the 
person who fell was male or female. This could be repeated over a number of ice skating sessions and the 
hypothesis could thus be tested. 

 15.4.3 Valid experiments 
 A valid experiment measures what it actually sets out to measure. If your aim was to fi nd out whether 
watering plants with sea water affects their growth rate, comparing the number of radish seeds that germi-
nate after one week when watered with tap water or sea water would not be a valid method because it does 
not actually measure growth rate. It tests the effect of sea water on seed germination. 

  Jasmina is interested in fi nding out 
how to grow really large pumpkins. 
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 Controlling variables 
 In a valid experiment it is important to control variables. A  variable  is an observation or measure-
ment that can change during an experiment. You should change only one variable at a time in an 
experiment. The variable you deliberately change during an experiment is called the  independent 
variable . The variable that you are measuring (which is being affected by the independent variable) 
is called the  dependent variable . For example, if you were performing an experiment to fi nd out 
which brand of fertiliser was best for growing a particular plant, the independent variable would be 
the brand of fertiliser. The dependent variable would be the increase in height of the plants after a 
chosen number of days. 

 When you are testing the effect of an independent variable on a dependent variable, all other variables 
should be kept constant. Such variables are called  controlled variables . In the fertiliser experiment, the 
type of plant, amount of water provided to each plant, soil type, amount of light, temperature and pot size 
are all controlled variables. The process of controlling 
variables is also known as fair testing. 

 The need for a control 
 Some experiments require a control. A control is 
needed in the fertiliser experiment to ensure that the 
result is due to the fertilisers and not something else. 
The control in this experiment would be a pot of plants 
to which no fertiliser was added. All other variables 
would be the same as for the other three pots. 

    Reliable experiments 
 A reliable experiment provides consistent results when repeated, even if it is repeated on different days 
and under slightly different conditions; for example, in a different room or with a different researcher 
collecting the data. Replication increases the reliability of an experiment. This can involve simply 
doing the same experiment a few times, or having different groups repeat the same experiment and 
pooling the data gathered by each group when writing the report. 

 In experiments involving plants and in some medical research it is more practical to do the experiment 
once but use a large number of plants or research subjects. To test the effectiveness of a drug the same drug 
is given to a large number of people and the effects are monitored. In the case of the fertiliser experiment, 
a more reliable result could be obtained by setting up two, three or four pots for each brand of fertiliser, or 
having a number of seedlings in each pot. The results are checked for consistency and an average result for 
each brand or the control could then be calculated. 

 15.4.4 Surveys 
 A survey is a list of questions that you ask to a large 
group of people. Some surveys are read out, some-
times over the phone. Some require participants to fi ll 
in a form and increasingly surveys are done online. 
Surveys are used to collect census data, for market 
research, to fi nd out what product characteristics 
consumers fi nd most appealing, to determine voting 
intentions and also for scientifi c purposes. A great 
deal of data about health and lifestyle has been gath-
ered through the use of surveys, sometimes in combi-
nation with other tests. To investigate whether there 
is a link between diet and blood pressure researchers 

1. How many hours of television do 
you watch each day?
         a. Less than 1 hour
         b. 1<–>2 hours
         c. 2<–>3 hours
         d. 3<–>4 hours
         e. more than 4 hoursUNCORRECTED P
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might collect data about the participant’s diet through the use of a survey. Below are some features of 
well-designed surveys:  
 •   A large sample size is used — many participants take part in the survey.  
 •   Questions are unambiguous — participants can understand the questions.  
 •   A control group is used or, where appropriate, different degrees of exposure to the factor under investiga-

tion. An investigation on the impact of loud music on hearing could include a survey where participants 
were asked about the number of concerts and dance parties they attended over the last 12 months and the 
participants’ hearing could be tested. The data would be of little value if all the participants had a similar 
level of exposure to loud music. The participants need to be people who are exposed to loud music fre-
quently, some occasionally and some rarely.  

 •   Data can be analysed mathematically. Multiple choice or short answer questions often lend themselves 
better to this type of analysis.         

 INVESTIGATION 15.2 

 Gooey liquid races 
  AIM:  To compare the time taken for objects to fall through a range of liquids  

   You will need:   
  100 mL cylinder  
  a range of viscous clear liquids (e.g. detergent, shampoo, wallpaper paste, honey, oil, 
glycerine)  
  plasticine  
  cotton thread  
  marble  
  other small objects (e.g. washers)  
  stopwatch   
•   Collect one of the viscous liquids and fi ll a measuring cylinder to the 100 mL mark 

with the liquid.  
•   Attach a piece of cotton thread to one of the small objects.  
•   Drop the object into the liquid, keeping hold of the thread loosely so the object is 

not slowed down as it falls slowly to the bottom of the liquid. Use the stopwatch to 
measure the amount of time taken for the object to reach the bottom of the cylinder. 
The thread can be used to retrieve the small object from the liquid.  

•   Repeat the above step a further two times and calculate the average sinking time.  
•   To avoid waste and mess, keep the liquid in the measuring cylinder after use and 

pass it on to another group that might need it. At the very end of the experiment 
the liquids can be poured back into bottles so they can be reused the next time this 
experiment is done.   

  Design your own experiment   
1.   Make a list of the variables that can affect the time taken for the object to reach the 

bottom of the measuring cylinder.  
2.   Choose one of the variables you listed in question 1 and design an experiment 

to test the impact of this variable on the sinking time. You should include the 
following:  
(a)   the independent variable  
(b)   the dependent variable  
(c)   a table that lists at least three variables that need to be controlled and how you 

will control each  
(d)   an aim  
(e)   a hypothesis  
(f)   a method written as a list of steps.    

3.   Ask your teacher to check your method, then carry out your experiment.  
4.   Tabulate your results.   

   The basic experiment 
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15.5 Gathering and presenting first-hand data
15.5.1 Is it precise?
As you plan and carry out your investigation you need to ensure that the data you collect is precise and 
accurate. Choosing the most appropriate instruments to make your measurements is important. Your teacher 
will probably ask you to collect evidence of your practical work. This may include photos and videos. You 
will then need to decide on the most appropriate way of presenting your results.

Choosing the correct piece of equipment is critical to ensure that your results are precise. Your bath-
room scales and the electronic scales in a Chemistry laboratory both measure mass, but the laboratory 
scales are more precise. Your school might have different sets of scales that measure to one or two decimal 

 Complete this digital doc: Worksheet 15.3: Variables and controls (doc-12839)

RESOURCES — ONLINE ONLY

15.4 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. Define the following terms: ‘independent variable’, ‘dependent variable’, ‘controlled variables’, ‘control’, 

‘replication’, ‘hypothesis’, ‘sample size’, ‘survey’.
2. Explain why well designed plant experiments involve a large number of plants.

Think
3. For each problem below identify the independent and dependent variable and three variables that would 

need to be controlled.
(a) Jossie wanted to find out if the water in her drink bottle would stay cold longer if she wrapped her drink 

bottle in foil or a towel.
(b) Charlotte would like to know if ice blocks made from green coloured water melt at the same temperature 

as uncoloured ice blocks.
(c) Jayden is testing the hypothesis that tall people are faster long distance runners than short people.
(d) Shinji is testing the myth that plants grow faster if you play them music for at least two hours a day.
(e) Nikita has heard that most people shrink slightly (in height) throughout the day and stretch out at night. 

She would like to know if this is true.
4. Design experiments to test each of the following hypotheses:

(a) The waste water from the washing machine is suitable to water plants.
(b) Bean plants will grow faster under red light than green light.
(c) Ants are more attracted to sweet foods than cooked meat.
(d) Freezing CDs for 24 hours before playing them for the first time improves their sound quality.
(e) Paper towel A is more absorbent than paper towel B.

5. Use survey monkey or similar to design an online survey to test one of the following hypotheses, or another 
hypothesis of your choice (with your teacher’s approval):
(a) High school students spend more time using social media and less time watching television than their 

parents’ generation.
(b) Students who play competitive sport eat more serves of fruit and vegetables per day than students who 

do not play competitive sport.
(c) Students who scored an A in Science last semester get more hours of sleep a night on average than 

students who scored other grades.
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places. Scales that measure to two decimal places are more 
precise. High precision scales are needed for some of the senior 
Chemistry experiments.  

 For measuring instruments with a scale, such as thermometers, 
rulers and measuring cylinders, the gradations (lines) on the scale 
give an indication of the precision of the instrument. Generally 
an instrument with smaller gradations is more precise, so of the 
rulers in the diagram below, the ruler on the top is more precise 
than the ruler on the bottom.  

 15.5.2 Is it accurate? 
 Measurements can be very precise, but incorrect. 
Every so often current affair programs bring 
attention to service stations that overcharge cos-
tumers for petrol by having faulty petrol pumps 
that give inaccurate readings of the amount of 
petrol delivered by the pump. For each litre of 
petrol pumped the machine might give a reading 
of 1.1L and the customer is charged accordingly. 
The machine is quite precise, but not accurate. 

 Some measuring instruments require calibration to ensure 
that they provide accurate measurements. The calibration 
might be part of the manufacturing process, or it may need 
to be carried out by the user regularly. A pH meter is a device 
that needs to be calibrated regularly. pH is a measure of the 
acidity of a substance. You can measure pH with a universal 
indicator. For a more precise reading a pH meter can be 
used. It is a device that is placed in the solution and it gives a 
reading of the pH to one or two decimal places. Over time it 
can lose its calibration and give inaccurate readings. A reading 
of 6.25 might be displayed when the solution actually has a 
pH of 5.38. To calibrate the pH meter you place it in solutions 
of known pH and adjust the device until it reads the correct 
values for these solutions.  

 15.5.3 Qualitative or quantitative? 
 Qualitative data is not numerical. Combining hydrochloric acid with magnesium results in the formation of 
hydrogen gas. A qualitative observation might be that a gas was formed and a pop sound was heard when 
a lit match was placed in a sample of gas collected. Quantitative data involves numbers. ‘70 mL of gas 
was produced’ is a quantitative observation. In your SRP your teacher will probably expect you to collect 
quantitative data. 

 15.5.4 Presenting your data 
 Diagrams, photos and videos can be an effective way of providing evidence of your practical work and may 
form part of the results of your investigation. Analysing your results and identifying trends in your data will 
usually involve presenting some of your results in the form of tables and graphs. It is important to use the 
correct type of graph for your data.  

  Precision scales 

400

1cm 2 3 4 5 6 7 8

100px 200 300 400

1cm 2 3 4 5 6 7 8

100px 200 300

1cm 2 3 4 5 6 7 8

100px 200

  Which ruler is most precise? 

  A pH meter needs to be calibrated 
regularly to ensure it gives accurate 
readings. 
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Type of graph Applications Example

Line graph To present 
continuous data 
to show how the 
dependent variable 
(on the y-axis) 
changes as the 
dependent variable 
(on the x-axis) 
changes
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Experiment results can be presented in a 
variety of ways.

Pie chart and 
divided bar graph

To show the 
proportions or parts 
that make up a whole

Column graph To present data that 
is not continuous and 
cannot be connected
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Tang is powder that can be added to water to produce an orange drink. The intensity of the orange colour 
gives an indication of the concentration of Tang. To estimate the concentration based on colour, you need to 
have some way of calibrating your observations. In this activity you will be preparing Tang drinks of known 
concentration, then using these to estimate the concentration of two drinks of unknown concentration.

Type of graph Applications Example

Histogram Similar to column 
graphs except 
that the columns 
touch each other 
because the data is 
continuous
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INVESTIGATION 15.3

What does calibration involve?
AIM: To practise using data loggers

You will need:
Tang orange drink or similar (any coloured drink additive powder is suitable for this experiment. Schools that own 
a colorimeter may wish to do this experiment using a coloured salt rather a drink additive to avoid leaving a sticky 
residue on the colorimeter).
7 identical beakers
two jugs of pre-prepared Tang drink of unknown concentration
(optional) colorimeter
• Add 100 mL water to five of the beakers.
• Add Tang powder to each cup; accurately measure the amounts shown below.

• Line up the beakers on the desk in order from least to most dilute. These are the standards.
• Pour 100 mL of the drinks of unknown concentration in two separate beakers. Estimate the mass of Tang 

dissolved in each beaker of drink by comparing the intensity of the orange colour to the standards.

Beaker number 1 2 3 4 5

Mass of Tang powder (g) 2 4 6 8 10UNCORRECTED P
AGE P
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Discussion
1. A colorimeter is a device that measures the intensity of the colour of a solution. It does this by shining a 

particular wavelength through the solution and measuring how much light it absorbs. Tang is orange, so it 
reflects orange light and absorbs mainly blue light. Concentrated Tang is more orange, so it absorbs more 
blue light than dilute Tang. If your school owns a colorimeter you could use it to measure the absorbance of 
the standards you prepared and the drinks of unknown concentration. Otherwise, use the results below. The 
absorbance readings have no meaning unless a calibration curve is produced. Use your own results or the 
sample results below to produce a calibration curve, which is a graph that shows concentration on the x-axis 
and absorbance on the y-axis. The standard solutions are plotted on the graph.

Sample results

2. The colorimeter is then used to measure the absorbance of the 
two orange drinks of unknown concentration. The results are 
shown at right.
What is the concentration of drinks A and B? (Express your 
answer in terms of the mass of Tang dissolved in 100 mL  
of water.)

3. Explain why it was necessary to construct a calibration curve.

Mass of Tang added to 100 mL water (g) Absorbance

2 0.15

4 0.30

6 0.45

8 0.60

10 0.75

15.5 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. Distinguish between precision and accuracy.
2. Outline what calibrating an instrument involves.
3. Explain the difference between qualitative and 

quantitative data.
4. Distinguish between a column graph and a 

histograph.

Think
5. The two graphs at right show data from 

the same investigation. The student was 
investigating the effect of different brands of 
fertiliser on the growth of plants.
(a) Write an aim for the experiment.
(b) Which graph shows more information? 

Explain your answer.
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15.6 Using technology: data loggers and  
data collection probes
15.6.1 Collecting numerical data
Your student research project might provide you with 
the opportunity to use a data logger to carry out your 
investigations. A data logger is a device that can col-
lect and record many measurements very quickly. It 
can also be used to collect data more slowly over a 
long period of time. Various sensors can be plugged 
into the data logger. The sensors can measure tem-
perature, pH, light intensity, mass, oxygen concen-
tration and a whole range of other parameters. Some 
data loggers have a small screen and function like 
mini-computers. They can display the data collected 
in the form of a table or graph, and calculations on the 
data can be carried out directly from the data loggers. 
More basic data loggers simply collect and store the 
data, then they need to be connected to a computer so 
that the data can be downloaded to the computer. Software installed on the computer is then used to pro-
duce graphs and analyse the results. There are also probes that can connect into the USB port of a computer 
with a simple connecting device, so that a separate data logger is not actually required.

INVESTIGATION 15.4
Using a data logger and probe
You will need:
data logger
pH probe
ammonium chloride salt
dropper bottle of dilute sodium hydroxide (*)
temperature probe
magnesium ribbon
dilute hydrochloric acid (*)
(*) a solution of 0.5 mol/L is suitable for this experiment.

(c) Identify two problems with the second graph.
(d) Write a conclusion for the experiment.

6. Identify the type of graph that would be most appropriate to display the following data:
(a) data from Taronga Zoo showing how the mass of baby elephant Luk Chai has increased over time
(b) the mass of each elephant at Taronga Zoo
(c) the proportion of visitors using various modes of transport to travel to Taronga Zoo
(d) the ratio of cordial to water in a drink
(e) the amount of milk absorbed by different brands of breakfast wheat bars
(f) the relationship between the concentration of salt in a sample of water and its boiling point.

 Complete this digital doc: Worksheet 15.4: Analysing results for a projectile investigation (doc-12840)

RESOURCES — ONLINE ONLY

Some probes can connect to a computer via 
a simple connecting device without the need 
for a separate data logger.
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 15.6.2 What are the advantages of data loggers 
and data collection probes? 
 A data logger is particularly 
useful if you need to take 
many measurements very 
quickly. Recording the tem-
perature of a solution every 
0.1 seconds for 3 minutes 
would be an impossible task 
for a human, but not for a 
data logger. As the data is 
automatically recorded, there 
is also no need to frantically 
write down numbers. 

 This is important when 
values change rapidly. If 
you wanted to measure the 
amount of heat released 
when caustic soda dissolves 
in water you would need to dissolve some caustic soda in a certain amount of water and record the max-
imum temperature reached. This might be diffi cult to detect using a thermometer — you could miss the 
maximum temperature before it begins to fall again. With a data logger it is possible to plot the change 
in temperature and easily identify the maximum temperature reached by looking for the highest point on 
the graph. 

Plant

Mass-sensor 
balance
connected to 
data logger

Data logger

Light probe 
connected to 
data logger

Plasticene
or Blu-Tack

  The plant is sitting on a scale connected to the data logger. The mass of 
the plant is collected every hour for a week. The light sensor measures light 
intensity and the data from this sensor is also collected every hour and 
stored by the data logger. 

•   Safety glasses must be worn for this investigation.  
•   Do not handle any chemicals with your fi ngers. Use a spatula to handle salts.  
•   Connect a temperature probe and a pH probe to your data logger or computer and set up the data logger or 

computer to collect data every second for 3 minutes (180 seconds).  
•   Place 25 mL hydrochloric acid in a 50 mL beaker.  
•   Lower the probes into the acid. You may need to use a retort stand and clamp to hold the beaker in place to 

ensure it does not tip over.  
•   Using a dropper gradually add 50 mL of the sodium hydroxide solution. Try to add the solution evenly over 

the full 3 minutes if you can.  
•   Save the results from this part of the experiment.  
•   Repeat all the steps above but instead of combining acid and sodium hydroxide combine the following:  

  – Place 50 mL water in the beaker and add one spoon of ammonium chloride salt.  
  – Place 50 mL acid in the beaker and a add small piece of magnesium ribbon.     

Discussion  
1.   Copy and complete the following aim into your notebook: 

 ‘To investigate how __________ and __________ change over time in three different chemical reactions’.  
2.   Print the graphs produced for each part of the experiment. If you are using a computer to write your report, 

you can cut and paste the graphs directly into the results section of your report.  
3.   Exothermic processes give off heat whereas endothermic processes take in heat. Identify the exothermic and 

endothermic processes.  
4.   Write a sentence to describe the change in pH for each reaction.  
5.   This experiment could be done with a thermometer and universal indicator or a pH meter instead of a data 

logger. List some advantages and disadvantages of using a data logger in this instance.  
6.   In this experiment what was:  

(a)   the independent variable  
(b)   the dependent variable?     
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Sometimes an experiment runs over a number of hours or days and measurements need to be collected 
regularly, even at night. If you wanted to investigate the effect of light intensity on the growth of a plant 
you could set up the experiment shown on the previous page. You could then use the data logger to record 
the light intensity and mass of the plant every hour for a week, and the experiment could run without the 
need for anyone to come into the lab to take any readings.

15.6 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. Describe a data logger in a way that a year 7 student would understand.
2. Match each of the words listed below with their meaning:

Think
3. Extract the answers to the following questions from the figure below left.

(a) Estimate at what time the pH was approximately 5.
(b) Approximately when was the maximum temperature reached?
(c) What was the pH and temperature after 180 seconds?

4. The graph above shows the change in temperature after 20 g of salt X was added to 100 mL water. Extract 
the answers to the following questions from the graph.
(a) What was the temperature of the water at the start of the experiment?
(b) What was the lowest temperature that the solution of salt X and water solution reached? How long after 

first adding the salt X crystals did this occur?

Word Meaning

(a) Sensor (i)    You may need to download the data from the data logger to one of these

(b) Data logger (ii)  Piece of information

(c) Computer (iii) These are plugged into the data logger and they take the measurements

(d) Data logger software (iv) Allows you to input data into the data logger or computer by touching it 
with your finger or a stylus

(e) Touch screen (v)  Software that allows you to process the data collected by the data logger

(f)  Data (vi) A device that can collect and store data from sensors connected to it
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15.7 Using technology: spreadsheets and 
databases
15.7.1 Spreadsheet or database?
A good SRP involves the collection of large amounts of data that need to be processed and analysed. You 
may need to use graphs to present your results and carry out complex calculations. Using a spreadsheet or 
database program can save you time when analysing your data and help you produce professional looking 
graphics.

The main reasons for using a spreadsheet program such as Excel are to make calculations faster, reduce 
the potential for calculation errors and produce high quality graphs quickly and easily. If your teacher had 
to add up all the marks for each student in your class using a calculator it would take a very long time. It 
would also be very easy to accidentally type the wrong number into the calculator. With a spreadsheet the 
same task can be done a lot more quickly and efficiently.

A database allows you to do most of the things you can do with a spreadsheet: you can carry out cal-
culations and create graphs, for example. A database has the added advantage that it allows the user more 
flexibility when searching for data that matches particular criteria. For this reason a database is preferable 
if there is a large amount of data that will need to be searched. Also, the use of forms makes it possible 
for users to enter and retrieve certain data from the database without seeing all the data. This is important 
for sensitive data such as health information. Most large databases have different levels of permission and 
users have access only to the information they need.
Note: Basic Excel and Access skills were covered in stage 4. In the activities below instructions are 

provided for Excel and Access. Depending on the version of the software you are using, the exact methods 
may vary slightly from these instructions.

(c) Is dissolving salt X in water an exothermic or endothermic process? How do you know?
(d) Suggest why the line is not a smooth line. What might have caused the sharp drops in temperature?

5. Sensors are the devices that take the measurements that the data logger collects. Outline scientific 
investigations that could use data collected by sensors that measure:
(a) electric current
(b) acidity of solutions
(c) concentration of carbon dioxide in the air
(d) total dissolved solids (salt content)
(e) light intensity.

6. Ethan wanted to find out if sand heats up faster than water in the sun. He filled one beaker with sand 
and another with water. He placed a temperature probe connected to a data logger in each beaker and 
placed the two beakers in a sunny area of the playground. Half an hour later Ethan came back to collect 
the beakers, probes and data logger. Once back in the lab he downloaded the results to his computer and 
analysed the results.
(a) Describe another way this experiment could be done if you did not have access to a data logger.
(b) What are the advantages of using temperature and a data logger for this experiment?
(c) List some variables that should be controlled to ensure this is a fair test.
(d) When all the groups had finished the experiment, Ethan’s teacher asked a student from each group to 

write the increase in temperature for each beaker on the board. Why is it a good idea to collect data from 
all groups?

Investigate
7. Acids are corrosive substances; they react with most metals, such as the magnesium in part 1 of the 

experiment in investigation 15.4. The temperature probe is made of metal but it doesn’t react with acids. 
What sort of metal is it and what protects it from the acid?
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15.7.2 Using spreadsheets to process data
In your stage 5 SRP you may want to use a spread-
sheet program to carry out calculations on the data you 
collect. Below are some tips for entering formulas into 
spreadsheets:
 • A formula always starts with =
 • The following symbols are used for mathematical 

operations:
+ for addition
− for subtraction
* for multiplication
/ for division.

 • You can save time and avoid errors when writing for-
mulas by using functions. A function is a short cut for 
a particular formula. For example, if you wanted to add 
cells A1 to A6 you could type in the formula
=A1+A2+A3+A4+A5+A6 or simply =sum(A1:A6).
The table below shows some commonly used functions.
A formula can be copied to the cells in the same 

column or row by ‘filling down’. In Excel that means 
dragging the little cross in the corner of the active cell 
down or across to the cells where the formula needs to be 
copied. When you do this, cell references in the formula 
will automatically adjust to match the row or column in 
which the copied formula ends up.

This is the formula that was typed in cell E4 to
calculate the average of cells B4:D4.

Dragging this handle down the column 
copies the formula down the column.

Note that the cell coordinates have automatically
adjusted to match the row number.

Name Application Example Result

AVERAGE Calculates the average of 
the argument values

=AVERAGE(1,2,3,4) 2.5

COUNT Counts the number of 
values in the argument

=COUNT(A3:A6) 4

MAX Returns the largest value 
in the argument

=MAX(1,9,5) 9

MIN Returns the smallest 
value in the argument

=MIN(1,9,5) 1

MODE Returns the most 
common value in the 
argument

=MODE(1,1,5,5,1) 1

ROUND Rounds the argument to 
the number of decimal 
places specified

=ROUND(12.251) 12.3

SUM Calculates the sum of the 
values in the argument

=SUM(1,9,5) 15

Common spreadsheet functions
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Spreadsheet software can also be used to graph data. In Excel graphs can be produced by clicking on the 
insert tab and choosing the appropriate type of graph.

15.7.3 Using a database to store data
In a database each record (row) has a number of fields (columns). Your school probably uses a database to 
store information about students. Each student is a record and has an ID number. Some of the fields might 
be: first name, last name, home phone number, mother’s first name and last name, father’s first name and 
last name, each parent’s address, etc. The same database might also store information about your timetable, 
medical information, and your school grades and report comments. Most databases store huge amounts of 
data and allow users to search for data that meets particular criteria very quickly. The technical term for 
this is ‘running a query’. A teacher planning an excursion might run a query to access all the medical infor-
mation for the students attending the excursion. To enter data into the database a form is usually used. A 
form is a particular screen where the user types in the information. The enrolment secretary at your school 
probably types information about new students into a form.

15.7 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.

Using data
1. Follow the instructions below to construct a spreadsheet showing sample results for an investigation where 

a student tested the effect of temperature on the bounce height of squash balls.
Note: These instructions are for Microsoft Office 2010.
(a) Open a blank spreadsheet and enter the data below.
(b) Enter the following formula in cell H3: =average(B3:G3).
(c) Drag the fill down handle all the way down to cell H14. The averages should appear in column H.
(d) Select columns A and H, click on the insert tab then ‘scatter’ and choose the option where the points are 

joined by a smooth line.
(e) Add a title and axis labels by clicking on the ‘layout’ tab and selecting the appropriate icons.
(f) Format your graph as you wish by clicking on the ‘format’ button and investigating the various options

Temperature (°C)  

10 35 33 34 35 33 32

15 39 38 37 38 42 39

20 42 42 41 40 39 38

25 45 44 46 47 42 40

30 48 47 49 50 46 47

35 50 49 52 51 50 49

40 55 55 54 56 57 52

45 62 60 59 63 62 59

50 66 65 70 55 62 79

55 61 60 54 61 62 59

60 55 54 53 50 49 56

65 50 48 48 52 48 49
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2. The table at right shows the results of 
an experiment that tested the amount 
of time taken for eucalyptus oils and 
other substances (0.1 mL of each) to 
evaporate at a particular temperature. 
The experiment was done twice.
(a) Enter the data into a spreadsheet.
(b) Use the spreadsheet function to 

calculate the average time that each 
substance took to evaporate.

(c) Present the data in the form of a 
column graph.

3. The table at right shows the distance 
travelled by Nicole at 3-second 
intervals during a 100-metre sprint. The 
data was recorded during the sprint 
by attaching a paper tape to Nicole’s 
waist. As she ran, the tape was pulled 
through a timer that printed a dot every 
3 seconds.
(a) Enter the data into a spreadsheet. 

Calculate the average speed 
travelled in each 3-second interval 
by applying a formula to the first cell 
in the column, and then copying it 
down. Remember that average speed 
can be calculated by dividing the 
distance travelled by the time taken:

speed = distance
time

(b) What was Nicole’s average speed over the total time?
(c) Construct a line graph showing time versus distance, then a separate line graph showing time versus 

Nicole’s speed.
4. The data at right was collected 

by two car servicing centres in 
Canberra in 1998, at the request of 
a student. The table shows the level 
of carbon monoxide and carbon 
dioxide emissions (as a percentage 
of total emissions) from cars of 
various ages.
(a) Enter the data into a spreadsheet 

and create a graph to display 
these results.

(b) Create formulas to work out the 
average carbon monoxide and 
carbon dioxide emissions for:
(i) cars manufactured up to 1985
(ii) cars manufactured from 1987 onwards.

(c) Car manufacturers were required to install catalytic converters in cars made after 1986. Catalytic 
converters cut down carbon monoxide emissions by converting some of the carbon monoxide to 
carbon dioxide. What can you conclude from these data about the success of catalytic converters?

5. For her SRP Jossie is making acid/base indicators using flowers and other plant parts. She would like to 
find out which flower colours make the best acid/base indicators. On the next page are the results she 
has collected so far.

Substance 

Time (s)

Trial 1 Trial 2

Methylated spirits 4.17 1.85

Turpentine 63.48 43.02

Water 54.42 57.05

Oil from E. rossi 195.92 191.23

Oil from E. nortonii 103.99 105.39

Time (s)
Distance travelled 
in time interval (m)

Average speed for 
time interval (m/s)

0 0  

3 35  

6 25  

9 15  

12 15  

15 10  

Year car 
manufactured

Carbon monoxide 
(%)

Carbon dioxide 
(%)

1977 3.17 11.8

1983 2.48 13.6

1985 3.7 11.4

1987 1.6 13.1

1989 1.08 10.2

1996 0.19 15.2
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 Use the instructions below to construct a database for Jossie’s results. 
Note:  The instructions below are for Access 2010.  
(a)   Open Microsoft Access and create a blank database with the name ‘plant indicators’ and save where you 

normally save your Science work.  

(b)   Click on the  Design view  icon . You will be prompted to 

give the table a name. Table 1 is an appropriate name.  
(c)   Type in the fi elds shown in the screen clipping at right. 

    As you type in the fi eld names the data type will automatically 
be entered as text.  

(d)   In the next step we will be creating a lookup (or drop down) 
menu. This means that when we enter the data into the 
database we will be able to choose from a list of options 
for this fi eld. Click on the word ‘text’ that appears to the right of the fi eld name ‘colour at pH 1’. Select 
‘lookup wizard’ from the drop down menu. Work through the wizard choosing the following options as you 
go:  

(i)   step 1: choose ‘I will type the values that I want’.  
(ii)   step 2: enter the following in column 1: Red, Pink, Yellow, Blue, Purple, Green  
(iii)   step 3: Use the default label (colour at pH 1) and check the option ‘limit to list’, then click the ‘fi nish’ 

button.    
(e)   Work through the instructions in part (d) above to create look up 

wizards for the next 4 fi elds. Save the table.  

(f)   Click on the  Table view  icon  . You will be prompted to save 
the table.  

(g)   You could now type the data into the table, but instead you will be 
creating a form to make it easier to enter data. Click on the  Create  
tab and select  Form . A form will automatically appear. The fi gure 
at right shows a section of the form. You can format it as you wish 
by clicking on the format tab. Use it to enter the data into the 
database. Click on the right-hand arrow to go to the next record.     

 (h)   The real value of a database is that it allows you to search for data 
that matches particular criteria. You can do this by running a 
query. Click on the Create tab again but this time select the  Query 
wizard  and select  Simple Query wizard .  

 Plant part 
used 

 Colour at 
pH 1 

 Colour at 
pH 5 

 Colour at 
pH 7 

 Colour at 
pH 9 

 Colour at 
pH 13 

 Beetroot  Red  Red  Red  Red  Purple 

 Blackberries  Red  Red  Blue  Blue  Blue 

 Blueberries  Red  Blue  Blue  Blue  Blue 

 Cherries  Red  Red  Purple  Blue  Blue 

 Curry powder  Yellow  Yellow  Yellow  Red  Red 

 Geranium 
petals 

 Red  Red  Red  Blue  Blue 

 Petunia petals  Pink  Pink  Pink  Violet  Violet 

 Red cabbage  Red  Red  Purple  Green  Yellow 

 Rose petals  Red  Red  Pink  Blue  Blue 

 Purple peonies  Pink  Pink  Pink  Purple  Purple 

 Buttercup 
petals 

 Yellow  Yellow  Yellow  Yellow  Yellow 
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15.8 Writing your report
15.8.1 Your report
A report for an SRP follows an particular format. Below are some of the sections that are usually included 
in an SRP report, although you should check with your teacher to find out exactly what is required as your 
school may use a slightly different format. The left-hand side of the table describes the features of the 
different sections of the report. The right-hand side shows a partially completed example. You could work 
through the experiment described and complete the report to practise your scientific report writing skills.

 Complete this digital doc: Worksheet 15.5: Spreadsheeting and graphing (doc-12841)

 Complete this digital doc: Worksheet 15.6: Calculating using a spreadsheet (doc-12842)

RESOURCES — ONLINE ONLY

Report section Example

Heading
• Write down the problem you are 

investigating as a question.

Which flowers produce the best acid–base indicators? Can you predict 
whether a flower will make a suitable acid–base indicator from its colour?

Abstract
• Write this last.
• An abstract gives an overview of 

the project. The abstract allows 
the reader to decide whether the 
research paper will be useful to 
them.

• In scientific journals, abstracts 
are usually written in the past 
tense and in the passive voice; 
i.e. rather than writing ‘I poured 
50 mL water into a beaker’ you 
should write ‘50 mL of water 
was poured into a beaker’.

This abstract may not match your results. Modify it to match the data you 
obtain when you do this experiment.
The purpose of this experiment was to find out whether there is a 
relationship between the colour of flowers and whether certain flowers 
are suitable to make acid–base indicators. A range of flowers of various 
colours were used to make indicators. The flowers were ground up with 
a small amount of methylated spirit to extract the pigment. The coloured 
extract was then added to solutions of various pH levels. The extract 
from most flowers except yellow flowers was a different colour in acid 
and alkalis, although the colour change did not occur at the same pH for 
all flowers tested. All the purple flowers tested were suitable for making 
indicators. Some of the purple flowers went through a number of colour 
changes as the pH was changed.

Hypothesis
• A testable statement that explains 

a set of observations

Pigments extracted from purple and red flowers work as acid–base 
indicators whereas pigments extracted from yellow and white flowers do 
not.

(i) In the next dialogue box move ‘plant 
part’, ‘colour at pH 1’ and ‘colour at 
pH 9’ to the right-hand column by 
selecting each one and clicking on 
the right-hand arrow. Click on ‘next’.

(ii) Choose an appropriate heading.
(iii) On the next screen choose ‘modify 

the query design’.
(iv) Fill in the next table that appears as shown above right. Note that the inverted commas do not need 

to be typed in. They will appear automatically when you click on a different cell.
 (i) Click on ‘run’ (red exclamation mark). A table showing all the indicators that are red at pH 1 and blue at 

pH 9 should be displayed.
 ( j) Modify steps (a)–(j) to design and run a query that will identify indicators that are yellow at pH 1.

(Continued )
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Report section Example

Apparatus
• A list of equipment used in the 

experiment

You should read the method below and write your own list of equipment.

Method
• A list of steps that explain how to 

do the experiment
• In scientific journals methods 

are written in the past tense 
and passive voice. At school, 
methods are sometimes written 
in the text type called ‘procedure’ 
and the present tense may be 
used. Check with your teacher 
how you should write your 
method.

1. A range of flowers of various colours was collected.
2. The petals of each flower were removed and ground up with 20 mL 

methylated spirit in a mortar and pestle.
3. Small amounts of 1 mol/L hydrochloric acid, citric acid powder, water, 

baking soda and 1 mol/L sodium hydroxide were placed on a sheet of 
plastic (e.g. overhead projector sheet).

4. A few drops of the coloured extract obtained from each flower were 
added to each substance.

5. The colour of the indicator in each substance was recorded.
6. Universal indicator solution was used to measure the pH of the 

hydrochloric acid, citric acid, water, baking soda, and sodium 
hydroxide. Two drops of universal indicator solution were added to 
each substance and the colour produced was compared to the colour 
chart provided with the universal indicator solution.

Results
• Include your observations and 

measurements.
• Where possible, present the 

results in a way that allows the 
reader to identify trends and 
patterns easily (e.g. as a table or 
graph).

A table with the headings shown below could be used to present the 
results for this experiment. You will also need another table to record the 
pH of the solutions tested.

  Colour in each substance

Flower 
used

Hydrochloric 
acid

Citric 
acid Water

Baking 
soda

Sodium 
hydroxide

           

           

           

Substance pH

Hydrochloric acid

Citric acid  

Water  

Baking soda  

Sodium hydroxide  

The graph at right shows  
another way to present  
your results, although  
the names of the flowers  
you use should replace  
the names of the indicators.

Table 1: Colour of flower extracts in a range of substances

Colours of common indicators at various 
pH levels

pH

In
d

ic
at

o
r 

co
lo

ur
s

 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Methyl violet
Thymol blue

Methyl yellow
Bromophenol blue

Methyl orange
Methyl red

Litmus
Bromothymol blue

Phenol red

Alizarin yellow
Thymolphthalein

Phenolphthalein

Table 2: pH of substances that were combined with the flower extracts
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Report section Example

Discussion
In this section you should:
• identify general trends in your 

results
• explain how your results might be 

useful
• identify sources of error
• suggest improvements to your 

experiment
• suggest further experiments that 

might be carried out in this field.

To complete this section write a paragraph that answers the questions 
below:
1. Can you identify any trends in your results (which colour flowers tended 

to work as indicators, which ones didn’t work)?
2. Were there any problems or limitations with your method?  

For example:
– Were you able to test a large number of flowers of each colour?
– Did you follow exactly the same method to make the indicator each 
time?

3. How could your method be improved in terms of its validity, 
accuracy and reliability? Note: Remember that a valid 
experiment measures what it set out to measure and is a fair 
test with all the necessary variables controlled. In this instance 
the validity of the experiment could be improved by ensuring 
that the same weight of flower petals and the same amount 
of solution and powders were used for each flower. Reliability 
means that the same results will be obtained consistently if the 
experiment is repeated.
For instance, an experiment where only two purple flowers were 
tested is not a reliable way to check whether most purple flowers 
make good acid–base indicators. Repeating the experiment and 
including many flowers of each colour would improve the reliability 
of the experiment. You should also discuss the accuracy and 
precision of the measurements. How could pH have been measured 
more accurately in this experiment?

4. Are there further experiments that could be done to gather more 
knowledge about this problem (e.g. obtain pure samples of the 
coloured chemicals found in flower petals and test whether they work 
as acid–base indicators)?

Conclusion
• An overall statement that 

summarises the trends in your 
results and relates back to the 
aim

• Your conclusion should state 
whether your results support your 
hypothesis.

Can you write your own?

References
• A list of all the books, journal 

articles, websites etc. you used 
as a source of information 
for your SRP. There are a few 
different formats used for 
reference lists (also called 
bibliographies) so you should 
check the format required by your 
school.

• You may also wish to have an 
acknowledgements section where 
you thank people who helped 
you.

The Harvard referencing format for books is as follows:
Author(s), date of publication, title (in italics if typed or underlined if 
handwritten), publisher, city where published.
So if you wanted to include the book you are reading now in a reference 
list you would write it as:
Warnant, P, Arena, P, Burrows, K, Evergreen, M and Lofts, G 2018, Core 
Science Stage 5 NSW Australian curriculum, John Wiley and Sons, 
Milton.UNCORRECTED P
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15.9 Sample SRP
15.9.1 Investigating muddy water
Sean, who is a Year 9 student, conducted an investigation to compare the turbidity (cloudiness) of water in 
the following three locations:
 • a creek near his school
 • a creek near his home
 • a river near his home.

His search for information in the library revealed that the cloudiness was caused by particles of soil (and 
sometimes pollution) suspended in the water. Sean chose his topic because he was interested in the environ-
ment. He felt that clean water was the right of all living things. His research and background knowledge led 
him to form the hypothesis that ‘the clearest water will be in the river’.

Sean took water samples from each of the three locations on four days. He found a method of measuring 
turbidity from a library book. It involved adding a chemical called potash alum to a sample of water in a 
jar. The potash alum makes the particles of suspended soil clump together and fall to the bottom of the jar. 
A layer of mud is formed. The height of the mud at the bottom is then measured.

A summary of Sean’s method, including a list of materials and equipment required, is given below. You 
will notice that Sean used a fourth sample. It was needed as a control and contained distilled water. This 
was to ensure that there was nothing in the pure water to cause a layer at the bottom of the jar when the 
potash alum was added. His results are in the table on the next page.

 Complete this digital doc: Worksheet 15.7: Report modelling (doc-12843)

 RESOURCES — ONLINE ONLY

15.8 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.

Think
1. Explain why it is best to write the abstract last.
2. Explain why the method you describe in your final report is often significantly different to the method you 

described in your SRP plan.
3. Write the following instructions in the past tense and passive voice. An example has been done for you.

Example:
Read the book. The book was read.
(a) Chop up some flower petals.
(b) Combine 20 mL hydrochloric acid with 40 mL sodium hydroxide.
(c) Add three spoons of sugar to 100 mL water.
(d) Measure the time taken to dissolve with a stopwatch.
(e) Wrap some aluminium foil around a test tube.

Method:
• 4 large jars or bottles with lids for collecting water samples (capacity of about 1 L each)
• 4 identical jam jars with lids, labelled 1, 2, 3 and 4
• metal teaspoon (not plastic, in case it breaks)
• potash alum (potassium aluminium sulfate)
• 4 water samples from different locations
• ruler with 1-millimetre graduations
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15.9.2 Analysing the data
Sometimes it is necessary to refine the ‘raw data’ (the data initially collected), presenting it in a different 
way. Sean was planning to use his average measurements to make a column graph. He decided to simplify 
his table so that it was easier to construct the column graph. The simplified table and column graph make it 
easier for others to read the results, and easier for Sean to see patterns and draw conclusions.

15.9.3 Being critical
Sean was pleased with his results and was able to draw conclusions. In the discussion section of his report, 
he suggested that further studies be done. The turbidity was affected by weather conditions and the sam-
pling needed to be done over a longer period, and in different weather conditions. Sean had recorded 

• 100 mL measuring cylinder
• permanent marker

1. Water samples (about 1 litre each) were collected from a specific part of the creeks and river on the same day.
2. Each of three clean jars was filled to the same level with the water samples — a labelled jar for each 

location. A fourth labelled jar was filled to the same level with distilled water.
3. One level teaspoon of potash alum was added to each jar. Lids were put on the jars and the jars were shaken.
4. The jars were left for 30 minutes to allow the particles to settle.
5. The height of the layer of mud on the bottom of each jar was measured and recorded.
6. The jars were emptied and washed and the experiment was repeated three more times.
7. Water samples were collected from the same locations on three other days over a ten-day period and the 

entire experiment was repeated three more times.

Results

 
 
 
Water 
sample

Height of mud (mm)

Day 1
 
 
Average

Day 2
 
 
Average

Day 3
 
 
Average

Day 4
 
 
Average

Test Test Test Test

1 2 3 1 2 3 1 2 3 1 2 3

1. Home 
cretek

3.5 4.0 5.0 4.2 5.0 4.5 5.0 4.8 4.5 5.0 4.5 4.3 5.0 4.5 4.0 4.5

2. School 
creek

2.5 2.0 2.0 2.2 3.0 2.5 2.5 2.7 2.0 2.5 2.5 2.3 2.0 2.0 2.5 2.2

3. Barnes 
River

1.0 0.5 0 0.5 2.0 1.0 1.5 1.5 0.5 1.0 0.5 0.7 0.5 0.5 0.5 0.5

4. Distilled 
water

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Results table measuring the levels of mud in water samples from three areas

Day 1 Day 2 Day 3 Day 4

Home creek
School creek
River

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0

H
ei

g
ht

 o
f 

m
ud

 (m
m

) Key

Sean’s graph makes it easier to see patterns and draw 
conclusions.

Sample 
number and 
source 

Height of mud (mm)

Day 
1

Day 
2

Day 
3

Day 
4

1. Home creek 4.2 4.8 4.3 4.5

2. School creek 2.2 2.7 2.3 2.2

3. River 0.5 1.5 0.7 0.5

Table showing average heights of mud in 
water from three different areas
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weather details on each day that he sampled water and was able to explain the very high mud level in the 
river on day 2. It is almost always possible to suggest improvements to an experiment.

15.9.4 Drawing conclusions
Sean’s hypothesis, that the clearest water would be in the river, was supported. His conclusion was written 
in point form.
1. The home creek has the mud-

diest water, with sample values 
ranging from heights of 4.2 to  
4.8 mm of mud per 200 mL 
of water. The school creek 
has moderate amounts of 
mud compared to the other 
two samples. Sample values 
ranged from 2.2 to 2.7 mm 
of mud per 200 mL of water. 
The river water is the clearest, 
with sample values of 0.5 to 
1.5 mm of mud per 200 mL of 
water.

2. Weather conditions can alter 
the amount of mud in water 
bodies by either adding run-off 
from drains or stirring up the 
water. This was particularly 
noticeable in the samples taken from the river site on day 2, which followed a period of rain.
Sean’s teacher was pleased and suggested that Sean carry out further research and rewrite his material. 

And what did he think about entering his project for the Crest awards, or the BHP or Young Scientist 
competitions?

The last word comes from Sean. After successfully completing his student research project, he said: ‘It 
all depends on the experimental design — get that right and the rest is likely to run smoothly.’

Chemical waste running into a river. How might you test for such 
materials in a water sample from this site?

15.9 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.

Think
1. For Sean’s experiment identify:

(a) the independent variable
(b) the dependent variable
(c) the variables he controlled.

2. Explain why a sample of distilled water was included in Sean’s experiment.
3. Explain why Sean repeated the experiment 3 times on 4 separate days.
4. Suggest how Sean could improve the reliability and accuracy of his experiment.
5. Why did Sean use a column graph rather than another type of graph to present his results?
6. Explain why it was a good idea to graph only the averages rather than graph all the data.
7. Suggest other tests Sean could have carried out on the water samples.
8. The turbidity of a creek usually increases after rain. Explain why.
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to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1.   Match the words in the list below with their meanings:  

2.    Outline  some of the information that needs to be included in the risk 
assessment for an experiment.  

3.   Give an example of a substance that would need to be labelled with 
each of the pictograms at right.        

4.   It has been proposed that adding iron sulfate to the oceans could 
reduce atmospheric carbon dioxide levels and thus bring global 
warming under control. The iron sulfate would promote the growth of 
algae. As algae carry out photosynthesis they take up carbon dioxide. 
Would it be ethical to test this idea by dumping large quantities of iron sulfate in all the world’s oceans? 
 Justify  your answer.  

5.   Miranda wanted to test the following hypothesis: 
‘Hot soapy water washes out tomato sauce stains 
better than cold soapy water.’  
(a)   List the equipment she will need.  
(b)    Identify  the independent and dependent 

variables in this investigation.  
(c)   List fi ve variables that will need to be 

controlled.  
(d)    Outline  a method that could be used to test 

the hypothesis.  
(e)   Miranda’s results are shown the table above right.  
(f)   Write a conclusion based on Miranda’s results.    

6.   Gemina and Habib wanted to investigate whether the type of surface affects how high a ball bounces. Habib 
thought the ball would probably bounce the highest off a concrete fl oor. They dropped tennis balls from different 
heights on a concrete fl oor, a wooden fl oor and carpet. Their results are shown in the table  on the next page.  
(a)    Write a hypothesis for this experiment.  
(b)    Construct  a line graph of Gemina and Habib’s results.  

 Words  Meanings 

 (a) Conclusion (i)  Concerns that deal with what is morally right or wrong 

 (b) Abstract (ii)  A document that lists the risks associated with an activity and the steps 
that must be taken to minimise these risks 

 (c) Discussion (iii)  The variable that is deliberately changed in an experiment 

 (d) Results (iv)  The part of a journal article where a brief overview of the article is given 

 (e) Hypothesis (v)  A list of steps to follow in an experiment 

 (f)  Risk assessment (vi)  The answer to the aim or the problem 

 (e) Ethical considerations (vii)  A list of equipment needed for the experiment 

 (h) Independent variable (viii)  The variable that is measured in an experiment 

 (i)  Dependent variable (ix)  States what was seen or measured during an experiment. May be 
presented in the form of a table or graph. 

 (j)  Method (x)  Testable statement that explains a set of observations 

 (k) Apparatus (xi)   The part of a report where problems with the experiment and 
suggestions for improvements are discussed 

 Water 
temperature (°C)  Observations 

 40  Faint stain left after washing 

 60  No stain left after washing 

 80  No stain left after washing 
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(c) Use your graph to estimate the values X, Y 
and Z.

(d) List the equipment needed for this experiment.
(e) Identify two variables that had to be kept 

constant in this experiment.
(f) Identify two trends in the results.

(g) Do the results support the hypothesis you 
wrote?

(h) Predict how high the tennis ball would bounce 
off each floor if it was dropped from a height 
of 225 cm.

Test yourself
1. In which part of a SRP report do you write a brief 

overview of the project?
(A) Discussion
(B) Introduction
(C) Abstract
(D) Method (1 mark)

2. In a valid experiment the variable that is deliberately changed is called the
(A) independent variable.
(B) dependent variable.
(C) controlled variable.
(D) fixed variable. (1 mark)

3. A scientist decided not to do an experiment because it may cause the test animals to experience pain. This 
is an example of
(A) safety considerations.
(B) economic considerations.
(C) legal considerations.
(D) ethical considerations. (1 mark)

4. Jossie used universal indicator to test the pH of a solution. To increase the accuracy of her measurement she 
could
(A) use a pH meter rather than universal indicator to measure pH.
(B) repeat the measurement 5 times and calculate the average reading.
(C) ensure that she uses exactly 100 mL of solution.
(D) use a sample of distilled water as a control. (1 mark)

5. Design an experiment to test the following hypothesis: ‘lemon juice and vinegar can prevent sliced apple 
from turning brown’. Outline a suitable method and describe the observations that would be recorded. 
Construct a suitable table that could be used to enter the results. (6 marks)

Distance ball 
dropped (cm) 

Average height of bounce (cm)

Concrete Wood Carpet

25 22 14 8

50 46 34 18

75 70 50 26

100 94 66 34

125 X 85 Z

150 128 94 48

175 129 Y 50

200 130 100 51
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