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Welcome
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From a young age, I found joy in studying and understanding the natural world. Science made sense
and, unlike languages, the same laws of nature were applicable all over the world. I knew I wanted
to work in an area related to science, so at the end of Year 10, I decided to take Physics, Chemistry
and Mathematical Methods in VCE. This allowed me to do an undergraduate degree in biomedical
science, in which I learned that I could not handle anatomy — goodbye medical career! However,

I did discover that I loved maths and physics, so I pursued a master of engineering. Through the
degree and various volunteering opportunities, I discovered my passion for education. Now I apply
my engineering skills to the educational publishing field where I manage print and digital science
resources for teachers and students.

Science was never the end goal, but it was the way in which I discovered all the things that I was
good at and passionate about. You might have a solid idea of what you want to do in life, for which I
congratulate you — keep it up! But if you don’t know where you are headed, then I encourage you to
keep embracing new experiences, choose to work hard through the struggles and develop your skills in
whatever area of interest brings you excitement and joy.

Naomi Sutanto is a science publisher at Cambridge University Press. She graduated from
her Masters of Engineering degree with first class honours, and her final year project
investigated how thermal imaging could be used in preventive measures for pressure
sores in wheelchair clinics. Naomi and her project partner won the departmental award
for best project. During her degree, she volunteered for Engineers without Borders and
was an ambassador for the Melbourne School of Engineering, which involved sharing her
experiences and helping run engineering workshops for high school groups. She has also
studied abroad in Beijing, China, and Delft, the Netherlands.

In her spare time, Naomi enjoys meals with friends, reading books like Freakonomics
while curled up uncomfortably in a corner, and bushwalking on very flat ground.
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How to use this book

Overview of the print book

These are short facts

that contain interesting

information.

Students are encouraged to

conduct research online to
find and interpret information.

Glossary
definitions of
key terms are
provided next
to where the
key term first
appears in the
chapter.

These are recent developments in the particular area of

Did you know?

Explore!

> N

o—

VIDEO

Videos are found
in the Interactive

Textbook.

WIDGET

Widgets are found
in the Interactive
Textbook.

N\

N\

checks for recalling
facts and understanding content.

These are short activities to
explore concepts that are
currently being covered.

Practical investigations consolidate student
learning.

Science as a human endeavour

science being covered. They may also show how ideas in
science have changed over the years through human discovery and inventions.

Section questions

Review questions to check students’ understanding and application of the section content.
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How to use this book

Overview of the Interactive Textbook (ITB)

The Interactive Textbook (ITB) is an online HTML version of the print textbook powered by the
Edjin platform, included with the print book or available as a separate digital-only product.

Definitions pop Quizzes contain Worksheets are provided
as downloadable Word

documents

automarked questions that
up for key terms

. enable students to quickl
in the text 1 Y

check their understanding

Camorage
Science for VIC

Cambridge Victoran Sclence 7 ~

Classification

2.1 Classification and keys

Cantent Resources Scorcher

You do it all the time!
Classification is the process of arrarging similar things into groups. You do this
every day without even thinking sbout it.

Videos summarise,
clarify or extend student
knowledge

When you are looking for a show on a streaming platform you automatically seroll
through dfferant genres such as comedy. horror, drama, theiller o sci-l to find what
you want, Just imagine if all the shows that are available 10 you were just placed
online in ro particular order. it would be nex: to impassidle to find what you were
fo0king foe, This Is why classification is necessary.

Peaple are also classified in many different ways. How many times have you been
asked year level, school name or date of birth? These are all ways that people can
8o Informaton about you and place you Into a group.

Widgets are accompanied
by questions that encourage
independent learning and

observations

Aim

You will work in groups, allocating each person with at least one role covered in this chapter. Your group will
Practicals are available as a act as a team of consultant engineers, working towards finding a solution to a problem by using the engineering

design loop.
Word document download,

. Define the problem/
with sample answers and ety she nood
guides for teachers in the Redesign \
. . . (as needed)
Online Teaching Suite Research
’ the problem
Communicate the
design and the process
Engineering
1 design loop
Brainstorm/develop
solutions
Test and evaluate
prototype I
Select the
Build/construct solution
prototype «
Figure 1.9 The engineering design loop
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How to use this book

Workspaces enable students
to enter working and answers Combrdge Vit Scince
online and to save them. Input £ It st >
is by typing, handwriting and
drawing, or by uploading

images of writing or drawing.

Question 1.

Defioe the term ‘classification in your own words. Add the term to your giossary,

Self-assessment tools enable N Warkspace | [ hecknmer | [

students to check answers, M e N
mark their own work, and

rate their confidence level in
their work. This helps develop

responsibility for learning and

C[-I=[+H [El=[=~R [[e][-H

How did 1 go?

communicates progress and )
performance to the teacher.

Student accounts can be linked
to the learning management
system used by the teacher in
the Online Teaching Suite.

Overview of the Online Teaching Suite (OTS)

The Online Teaching Suite is automatically enabled with a teacher account and is integrated with the

teacher’s copy of the Interactive Textbook. All the assets and resources are in one place for easy access.

The features include:

* The Edjin learning management system with class and student analytics and reports, and
communication tools.

* Teacher’s view of a student’s working and self-assessment.

* Chapter tests and worksheets with answers as PDFs and editable Word documents.

+ Editable curriculum grids and teaching programs.

* Teacher notes and downloadable Word document guides to Practicals and STEM activities.

Cambridge
Science for VIC CAMBRIDGE

Cambridge Victorian Science 7 ~

\x b
Ex:  Dashboard -

My text

This is the portal for you to access all of your
Cambridge Victorian Science 7 content.

Last unit accessed
Classification

2.1 Classification and keys
15/03/2019 02:48 PM
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Chapter introduction

In previous year levels you have learned about what science is and what it means to think scientifically.
By Year 10, you are probably starting to think about what the future holds for you, and that may be a
career in science! Scientists work in highly varied fields and settings: from medicine to mining, forensics
to physics, but they do have skills in common. A career in science depends upon your ability to think
creatively, construct and answer questions, and propose innovative solutions to scientific problems.
Your scientific practices need to be rigorous and sound if the results are to carry any weight. Advances
in technology allow people to do more in science than ever before, yet scientists must also question
‘What should | do?’ as they consider the ethical implications of their work.

4 . - 35 -
Curriculum

Science Inquiry Skills

*  Questioning and predicting: Formulate questions or hypotheses that can be
investigated scientifically, including identification of independent, dependent and
controlled variables (VCSIS134)
Planning and conducting: Select and use appropriate equipment and technologies
to systematically collect and record accurate and reliable data, and use repeat
trials to improve accuracy, precision and reliability (VCSIS136)
Analysing and evaluating: Use knowledge of scientific concepts to evaluate
investigation conclusions, including assessing the approaches used to solve
problems, critically analysing the validity of information obtained from primary and
secondary sources, suggesting possible alternative explanations and describing
specific ways to improve the quality of data (VCSIS139)
Communicating: Communicate scientific ideas and information for a particular
purpose, including constructing evidence-based arguments and using appropriate
scientific language, conventions and representations (VCSI1S140)

Victorian Curriculum F-10 © VCAA (2016)
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accuracy
beneficence

confidentiality

control group

controlled variable
convenience sampling
dependent variable
double-blind procedure
ethics

experimental group
external validity

extraneous variable
independent groups design

-
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independent variable
informed consent
internal validity

matched participants design
measurement uncertainty
outliers

placebo

placebo effect
population (study)
precision

random allocation
random sampling

random stratified sampling
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random uncertainty
repeatability

repeated measures design
reproducibility

safety data sheet
sample

significant figures
single-blind procedure
systematic uncertainty
titration

validity

withdrawal rights
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A career in science

This section addresses some aspects of a Remember from Year 9 Science that all
career in science: from how to generate scientific investigations should follow the
WORKSHEET a research hypothesis to learning safe scientific method framework.

and accurate experimental methods and
communicating your findings with the world.

STEP 1: OBSERVE AND ASK QUESTIONS
A research question may be identified once an area of scientific interest has been analysed.

\

STEP 2: DO BACKGROUND RESEARCH
A scientist who is interested in conducting an experiment on a certain topic of interest will first search
relevant scientific literature.
e This requires the ability to find and analyse past research articles and results.

v

STEP 3: CONSTRUCT HYPOTHESIS
A hypothesis is a testable prediction about the relationship between two or more variables. It is
formulated using the scientific knowledge obtained from the scientific literature. It is not just simply a
haphazard guess without any prior knowledge — it is more of an educated guess.

\

STEP 4:TEST BY CONDUCTING AN EXPERIMENT
An experiment may include controlled laboratory experiments, naturalistic observations, case studies,
surveys and interviews. Conducting the experiment requires a specific methodology. The method
usually contains at least two sections:
e Materials (lists the scientific apparatus required to conduct the experiment); and
e Method (a step-by-step procedure of how the experiment is conducted).
If human participants are used in the experiment, it also needs to include a section on participants
(this states how many were used, gender, age ranges, how the participants were sampled, and the
research design used). Ethics approval may need to be sought.

\

STEP 5: GATHER DATA
Data collection is of utmost importance in any scientific experiment. This step involves organising,
summarising and representing the data that was collected in the experiment (raw data) in a
meaningful way. Generally, descriptive statistics are used to organise and summarise the data.
Graphs and tables can be used to represent the data; calculation of means, medians or modes can be
used to summarise the data.
\/

STEP 6: ANALYSE THE DATA
The tables and charts of data then need to be examined. Analysing data can reveal relationships,
trends and patterns. The meaning of each of the results should be summarised.

v

STEP 7: EVALUATE HYPOTHESIS
This step involves drawing conclusions relating back to the hypothesis using the data to back up the
conclusions. Inferential statistics are needed to infer from the data and draw valid conclusions.

\

STEP 8: REPORTING THE RESULTS
A scientific report is completed to document the research and share the finding with other scientists.
Common methods used to report the research findings include: practical reports, oral presentations
and poster presentations.

Figure 1.1 Scientific method framework
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Section 1.1 A CAREER IN SCIENCE

From question to hypothesis: The dependent variable (DV) is what is
the importance of experimental  being measured in the form of the results
variables of the experiment. You need dependent variable
to identify the DV and then the variable that is measured to see
Let’s say you have your research question: . fy .. . U e RS e
operationalise it by stating an effec

Does sleep deprivation influence stress levels? . .
pdep precisely how it will be measured. For

example, in the experiment mentioned,
stress level is the DV, and it might be
operationalised as the score on a rating

You have done the necessary background
research and have started to come up with
some hypotheses. Before you can perform

! scale of stress levels ranging from 0 to 10,
an experiment, you must first construct an

with 10 being highest levels of stress and

appropriate hypothesis. To do this, you must 0 representing no stress at all

identify the research variables.

Extraneous variables refer to any variable

other than the independent variable (IV)

that can affect the dependent variable (DV)

and thus affect the experiment

) extraneous variable
in an unwanted way. The a variable other than the

. independent variable that can
presence of extraneous variables affect the dependent variable and

Recall from Year 9 that the independent
variable (IV) is what is being manipulated

by the experimenter in the

independent variable . e
the variable which is experiment (that is, it is the

systematically manipulated . : [y
or ehanged In order 1o key difference in conditions

investigate its effectonthe  hetween the control and

dependent variable i A )Y makes it difficult to conclude mevzea%ea;f\i?ythe experiment in an
experimental groups). You .
P group : that the change in the DV was T
can further extend your understanding of : :
solely caused by the change an extraneous variable that is
the IV by ‘operationalising’ it. This means, . L kept constant so as not to affect
in the IV. Scientists seek to the dependent variable during an

you need to state exactly how it will be experiment

minimise extraneous variables

manipulated or measured. For example, if the hroueh preci h desi d
through precise research design and accurate

independent variable within an experiment .
p p procedures. When a potential extraneous

is sleep deprivation, then you need to define e e o
b cep ’ Y variable is eliminated by keeping it constant,

exactly what you mean. The two experimental . . .
Y Y P it is referred to as a controlled variable.

conditions of the operationalised IV could

be documented as amount of sleep (sleep Once you have identified and operationalised

deprivation = receiving less than six hours of . . .
P 5 the experimental variables, a hypothesis

1 r night for one week; normal sl . .
sicep per night for one week; normal sieep can be constructed using the ‘if ... then ...

= receiving more than six hours of sleep per when’ approach (Table 1.1).

night for one week).

Construct a hypothesis (a—f)

b

Table 1.1 How to construct a hypothesis using the 'if ... then ... when’ approach
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Chapter 1 SKILLS

Operationalising the variables Try this 1.1

Take the research question ‘Does eating chocolate result in weight gain?’. Imagine a possible
experiment you could conduct. Copy and complete the table below.

List variables here Operationalise the variables

1 What are extraneous and controlled variables? m

2 State what it means to ‘operationalise’ the independent and dependent variables.

Evaluating an experiment Try this 1.2

A student was interested in conducting an experiment to address
the research question ‘Does light intensity affect the growth of
alfalfa sprouts?’.

They were thinking of setting this experiment up under three
different conditions: darkness, ambient light and a greenhouse
setting.

1 The best independent variable for this research question is:

2 thetotal length of alfalfa sprout growth

b light
length (cm)

« level of light intensity.

Operationalise the V.
©  Forthis research question, the dependent variable is:

2 length of alfalfa sprout growth

b light levels

< length (cm)

o level of light intensity.

4 QOperationalise the DV.

(2]

Figure 1.2 Scientists conducting an
experiment on alfalfa sprouts

continued...
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Section 1.1 A CAREER IN SCIENCE

...continued

5 Come up with a possible research hypothesis for this investigation using the ‘if ... then ... when’ framework.
Remember, it should be a prediction of what the results will be (including the IV and DV), and as specific as
possible.

6 List three variables that must be controlled in this experiment.

 Explain why the above three variables should be controlled.

Integrity of the experimental is, with different equipment and in a
method different location), but when using the
o ) . ) same experimental method, test material
If a scientific experiment is to fairly test a .\ . .
and conditions. Ensuring an experiment
is reproducible is one of the reasons why
writing a clear and reproducible method

isso important.

hypothesis, it must test what it claims to test,
and yield consistent and repeatable results.

It is important that experimental results

are more than one-off findings, especially I . .
: i n summary, the overall integrity of
if you are going to extrapolate to other the scientific study depends upon both
repeatability and reproducibility. Both

the individual measurements within an

circumstances or apply the conclusions
more broadly. In the field of scientific
research, experiments are conducted

experiment and the overall outcome of the

sometimes thousands of times to ensure .
experiment can be used to assess these two

the result is reliable. Experiments that
L ) concepts.

rely on subjective data collection do not

always produce reliable results, just as

experiments with small sample sizes may

Iso yield liable data. Imagine tryi
a'so yie ¢ unretable data. Unagine tying Repeatability Reproducibility
to decide if doctors should prescribe a new
Lo L. i measurement measurement

painkiller medication by asking one person == ; o

if it reduced their pain. It would be silly = : W ]

to make decisions about the healthcare

of all Australians based on the subjective

opinions of one person!

Repeatability is how well the results match
up when the same scientist repeats the
experiment under the same conditions as
the original experiment, including the same

repeatability equipment and laboratory or

how well the results align field site
when the experiment is :
repeated under the same

conditions
- Reproducibility is how well
reproducibility
how well the results align the results match up when
when the experiment is . .
reppesiied by & & itareni the experiment is reproduced
sclentist by a different scientist (that Table 1.2 Importance of repeatability and reproducibility within experiments.
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SKILLS

Chapter 1

For example, imagine detecting the core body
temperature of a captured bandicoot with a
thermometer. If you took the measurement
when the animal was stationary and then
double-checked the reading again immediately,
you would expect the same result, with perhaps
some small variation due to equipment or
technique. The results from the repeated test
can be averaged to produce a more accurate
measure. In the science laboratory, repeatability
of results can sometimes be improved through
repetition. The more similar the repeated
measurements are, the more reliable the results

are likely to be.

If on the next night you captured lots more
bandicoots under similar conditions and
measured their core body temperatures, you
would get an idea of how body temperature
varies between individuals. You have
replicated your test on additional subjects, so
you now have a larger sample size on which
to base your conclusions.

While repetition can check the repeatability
of the results, it does not ensure results are
reproducible. Replicating the experiment on
additional samples is an important process
because it gives you an idea of the natural
variability (or margin of error).

Good experiments should use a sound
experimental design and an experimental
method that minimises experimental
uncertainties.

Validity

Experimental validity assesses whether

the experiment is suitable for the research

- question and whether it measures what

validity
the degree to which we
accept the suitability of an
experiment in addressing
the research question, and

whether it measures what it
says it measures

it claims to be measuring. For example,
a psychological experiment that claims
to be testing memory must ensure the
questionnaire does not actually measure
intelligence, reading skills or emotional state.
The validity of an experiment depends on both
the experimental design and the procedure.

ISBN 978-1-108-62920-1

Internal validity relates to
how confidently you can
attribute change in the DV
to the change or presence of

internal validity

the confidence we have that
the change in the dependent
variable was solely due

to the change in the
independent variable

© Eddy de Jong, Kerrie Ardley and Emma Bone 2019

the IV. An experiment may

have poor internal validity because of poorly
controlled extraneous variables. Internal
validity can be improved by better identifying
and controlling the extraneous variables,
using accurate and appropriate measuring
equipment, and using standardised
instructions and procedures.

External validity relates to
the extent to which the results
of an experiment can be

external validity

the extent to which results
can be generalised and
extrapolated to other

. contexts or populations
extrapolated (generalised) to

other contexts or populations. For example,
will the conclusions hold for participants
of a different age, species or in a different
location? External validity can be improved
by conducting experiments in natural
settings, accurately analysing the results
and ensuring that a representative sample
is used.

In summary, the validity of an experiment
relates to how appropriately the experiment
addresses the overall aim. Is the experiment
suitable for testing what it is meant to test
so that it can measure what it is claiming to
measure? The equipment used, experimental
design, experimental method and method
of analysing the results all contribute to

the validity of an experiment. It is essential
that only one variable is changed at a time
if you want to determine the effect on the
dependent variable. If other variables are
introduced, or extraneous variables are not
adequately controlled for, then you cannot
draw a valid conclusion, because you cannot
distinguish which variable has actually had
the impact.

To sum it up, research with high internal and

external validity enhances the integrity of the
experimental method.
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Section 1.1 A CAREER IN SCIENCE

1 Using the same set of scales when measuring the weight of a beaker on Day 1 and m

Day 2 of an experiment is a factor relating to the of an experiment.

2 The likelihood that another scientist performing exactly the same experiment under the same conditions will
generate the same results depends on .
3 Why is it important to reproduce experiments in the field of science?

Accuracy, precision and outliers
Experimental accuracy refers to how closely
the experimental results match the ‘true’

accuracy values. For example, if you

how closely measures
match the ‘true’ or accepted

values of a chemical reaction as

record the mass of a product

1.55 g, but the chemical equation suggests

that based on the amount of reactants you Precise but Precise and Accurate but

should only have 1.20 g, then you have a not accurate accurate not precise

measurement error of 0.35 g. Choosing the

best equipment and using a method that Figure 1.3 A faulty piece of measuring equipment might consistently
quip g

avoids systematic errors will improve the give wrong values, like the target on the left. This measurement

would be precise but the results are inaccurate and do not measure

accuracy of the experiment as a whole. For what they claim to measure, therefore, have low validity.

example, you could use an electronic timer
system to record measurements at given time . .
) error, such as human error in reading the
intervals rather than rely on a human to use . . .
scale or a fault in measuring equipment. It
is important that outliers are investigated

and accounted for in the discussion of your

a hand-operated stopwatch.

Experimental precision refers to how closely . . .
) results. Sometimes, repeating the experiment
repeated measurements agree with each . .
, eliminates the outlier, but you need to

ST other. For example, let’s say you
how closely repeated
measures agree with

each other of a chemical reaction, and you

mention that this has occurred. The most
record the mass of a product o
common causes of outliers in a data set,

] 3 - within the scientific laboratory are:
repeat the experiment four times, getting

results of 1.54 g, 1.55 g, 1.55 g, 1.54 2. The
data shows low variation from the mean (it
is clustered tightly) and can be said to be
precise. Note that, even though this data is

* data entry faults (human miscalculation)

* measurement inaccuracies (instrument
faults)

* data extraction or experiment planning/

o . .. executing deficiencies.
precise, it is not necessarily accurate. Precision

does not give us an indication of how ‘true’

the data is; that is, how accurately it matches 1 Define an outlier. m

the actual values. 2 If a data set had a number
of outliers, would the data be said to have high or low

Outliers are extreme data values that do not precision?

appear to fit with the other recorded values. 3 Anexperiment is conducted and the results align very
outliers These values are often situated closely with the true values. This experiment could be said
exdreme date ielues (0Ld0 3 long way from the mean, and to have high
s ekl may represent an experimental
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10 Chapter1 SKILLS

Using specialised equipment

Specialised equipment can often give accurate
and precise results, thereby enhancing the
reproducibility and internal validity of the
experimental data.

Titration equipment
Titration is a specialised procedure used
in the study of Chemistry to determine the

titration
a procedure used to

determine the concentration

of an acid or alkali solution

alkali) that is needed to neutralise a carefully
measured amount of a second solution.

A burette is a long, thin, glass
tube used to measure the
volume of solution needed
for neutralisation. A burette
can release the solution by
turning the tap. To release
concentration of an acid or alkali & . P .
; i ‘ the solution, the tap is placed
solution. It involves measuring the

. > in a vertical position and to
amount of one solution (an acid or an

stop the flow the tap is placed
into a horizontal position.

Titrations require specialised equipment such

as:

a pipette, a burette, a pH probe or data-

logging devices.

Figure 1.4 A pipette filler pump (left) and
a volumetric pipette (right)

~<— Pipette

filler pump

~<—— Pipette

Volume mark

_

S
o
=

) Figure 1.5 A burette is set up in a retort stand to perform a titration.
~Tip

Instructions on using the pipette

To use a pipette to deliver a fixed volume of solution, a pipette filler

pump is attached to help fill and empty the pipette with solution.

1
2

7

Never use your mouth to suck solution up into the pipette.
Attach the pipette filler pump to the end of the pipette by gently
twisting and securing it.

A thumb wheel found on the pipette filler pump can be turned to
allow the solution to be drawn into the pipette.

A pipette is an important tool to use within the
laboratory, as very precise amounts of solution
can be measured out accurately.

)
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'/Tap (stopcock)

~Tip

Figure 1.6 A burette

Meniscus

_4

Rinse the pipette using a small amount of the solution being used.
It is easiest to draw the solution up above the mark of the pipette.
Release the solution from the pipette until the bottom of the curve of

the meniscus sits just on top of the volume mark.
Now you are ready to deliver a precise amount of your solution.

Volume mark
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Handy hint: when drawing the solution up
into the pipette, make sure the tip is in the
solution at all times to prevent bubbles from
occurring within the solution.

A pipette bulb may also be used with a

pipette to withdraw and deliver solutions.

They can be quite tricky to use and a pipette
can be easily damaged if it is not used the

right way.

Things to remember when using a bulb type
pipette filler:

*  When inserting the pipette, hold the
pipette close to the end being inserted so
that the pipette does not break.

* To create a seal, the pipette should not be
inserted too far into the bulb (1 cm should
be enough).

* Never allow solution to enter the bulb. Tell
your teacher immediately if this occurs.

Titration skills

Materials
burette
pipette
funnel
retort stand
clamp
100 mL 0.6M sodium hydroxide solution
20 mL 0.56M hydrochloric acid solution
2 x beaker
volumetric flask
white tile (to help detect colour change)
2-3 drops phenolphthalein indicator

Part 1 - Practicing reading from a burette

When reading from the burette, always record volumes to two decimal
places. For example, if a reading is exactly on the 2.7 mL mark then it should 2

be recorded as 2.70 mL

Try this example — it would be read as 1.32 mL
To calculate the titre volume, write down the initial and final burette readings 3
and then subtract the final titre volume from the initial titre volume.

ISBN 978-1-108-62920-1
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A CAREER IN SCIENCE

Section 1.1

* Make sure there is more than enough
solution in the beaker to draw up into
the pipette.

* Be careful when removing the pipette
from the bulb at the end of an experiment.
A gentle twisting motion will help, to
allow the pipette to be removed safely
without breakage.

Hold down valve 1 and
squeeze the air out of
the bulb through

valve 1 (labeled ‘A’ for
release "air’).

Press valve 2 to draw
the solution into the
pipette (labeled 'S’ for "siphon’

End of pipette —> solution).

should NOT go

past here Press valve 3 to release

the solution out of the
pipette (labeled 'E’ for ‘empty’

Pipette pipette).

Figure 1.7 This diagram shows the correct way to use the three valves.

Be careful

protective equipment is worn.

e — 1.30 mL
N =
\

1.40 mL

continued...
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12 Chapter1 SKILLS

...continued

4

Calculate the titre volumes in the following examples:
Example 1:

Titre = final reading — initial reading

Titre =37.91 mL—0.21 mL

Titre = 37.70 mL

\HHEH\H

W
©

Initial reading: 0.21 mL  Final reading: 3791 mL

Example 2: Try this one yourself.
Titre = final reading — initial reading

Titre =
Titre =
14 == [—36——H
| — —
15 —— 31 ——
Initial reading: Final reading:

Part 2 - Using a burette

1 Measure 100 mL of 0.5 M sodium hydroxide solution into a clean beaker.

~ Use aclamp to secure the burette.

©  Making sure the tap of the burette is closed, add approximately 5 mL of the sodium
hydroxide solution from the beaker to the burette using a funnel.

% Open the burette tap to drain this solution into a waste beaker.

5 Using afunnel, add the 0.6M sodium hydroxide solution to the burette, getting close to the
0.00 mL marking line. (Make sure the burette's tap is shut).

4 Toeliminate any bubbles in the burette tip, allow several drops of the solution to rinse through.

7 Slowly release the solution and try to get as close to 0.00 mL as possible.

4 Record the precise scale reading from the burette. Be as accurate as possible by using 2
decimal places. This is your initial scale reading.
NOTE: For practicing purposes, 0.00 mL has been chosen, but it is not necessary to start a
titration at 0.00 mL, as long as your initial reading is accurate.

continued...
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Section 1.1 A CAREER IN SCIENCE 13

...continued

Part 3- Using a pipette

1 Rinse the pipette using a small amount of the 0.5 M hydrochloric acid by drawing the
solution up above the volume mark of the pipette.

2 Carefully release the hydrochloric acid from the pipette until the bottom of the curve of the
meniscus sits just on top of the volume mark.

& Pipette the 20 mL hydrochloric acid solution into a volumetric flask.

Part 4 - Titration

1 Add 2-3 drops of phenolphthalein to the hydrochloric acid solution in the flask.

~  Place the volumetric flask on the white tile under the burette.

©  Open the tap (stopcock) and start releasing the solution into the flask.

4 If working in pairs, one can gently swirl the flask and the other can control the release of the
solution from the burette.

5 Once the colour pink starts to appear, start adding the sodium hydroxide solution drop by
drop and keep swirling the volumetric flask.

& Once the solution maintains a constant pink colour, close off the stopcock. This is called the
endpoint. It is worth noting that the lighter the shade of pink, the more accurate your titration.

7 Record the final reading from the burette to calculate the volume of hydrochloric acid
solution that has been added.

& Repeat for another three trials.

9 Record the volume of sodium hydroxide solution for these trials to then calculate the
average titre volume. The table below can be used.

Initial reading from Final reading from | Titre (Final reading
burette burette — Initial readmg)

Example of titration set up from
this experiment.
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14 Chapter1 SKILLS

Data loggers and probes * highly accurate measurements

A data logger is an electronic measuring * an automated process that can be

tool that accurately records data over time. It programmed and left to take readings

features a built-in instrument, such as a probe regularly over a long period of time (for

or sensor, that can measure a physical stimulus example, overnight) or many readings over

such as temperature, light, pressure, humidity a very short period of time

or pH. The device is connected to a computer ~ * removing the risk of human faults

and converts the stimulus into a readout on or miscalculations in interpreting a

the screen. This means the experimenter does measurement scale and recording data.

not have to manually take a reading at set The data collected from the experiment

intervals, as the data logger takes very frequent ~ can be processed by specialised software

(almost continuous) readings over time. or placed into a spreadsheet to allow for
further analysis at a later point. This allows

The benefits of using a data logger in scientists to easily generate tables of values

scientific experiments include: and graphs.

Practical 1.2

Titration using pH probe

) Be careful
Aim

To complete a titration using a pH probe linked up to a data-logging - -
program to produce a graph showing pH changes as an alkali (base) o

s addedtoan acid. cquipmentshould beworn,

Materials
Four different combinations of acid and alkali solutions
are supplied for the class to test. Such combinations Acid-base titration
include: strong acid-strong alkali; strong alkali-weak acid; 12
strong acid — weak alkali; weak alkali — weak acid.
< pipette 10
©  pipette bulb
©  burette 8
©  burette funnel s
©  burette clamp 6
© retort stand
©  boss head 4
« clamp
: 2 . : . : . : . )
© conical flask 0 10 20 30 40
* wash bottle Volume NaOH (mL)
©  pH probe
© computer Figure 1.8 A graph showing how the pH (concentration)
© computer software changes as a volume of sodium hydroxide (a base) is
titrated into an acid
continued...
ISBN 978-1-108-62920-1 © Eddy de Jong, Kerrie Ardley and Emma Bone 2019 Cambridge University Press

Photocopying is restricted under law and this material must not be transferred to another party.



Section 1.1 A CAREER IN SCIENCE

...continued

Method
Each lab pair will be provided with one of the four different
combinations of acid and alkali solutions to titrate. Decide
who will be in charge of the continual stirring of the solution
within the beaker and who will be in charge of releasing the
alkali into the beaker using the burette.
Set up the burette and apparatus as shown in the
diagram by using a clamp and a retort stand to secure
the pH sensor.
Rinse the burette throughly with a few millilitres of the

alkali solution.

Fill the burette using approximately 560 mL of alkali solution
and record the precise volume in your logbook.

Add 50 mL of distilled water to a 2560 mL beaker.

Pipette 10 mL of the acid into the beaker of distilled water.
Connect the pH sensor to the computer and open up the
relevant ‘Acid-Base’ titration program.

Monitor the pH for approximately 20 seconds and wait for
the reading to stabilise.

Enter OmL as the first data point of alkali added in the
computer program.

Slowly start to add some of the alkali solution until the pH has risen approximately 0.2 units.

Wait for a stable pH reading and record the burette reading (volume of alkali left in the burette) to the
nearest 0.01mL.

Repeat steps 9 and 10 until the pH starts to get close to 3.5.

Start adding smaller equal volumes of approximately 0.1 mL of alkali solution to the beaker, making sure to
record the burette reading into the software after each increment.

When the pH reaches close to 10, add larger amounts of alkali solution that raise the pH approximately 0.2
units.

Continue the adding of alkali solution until the pH remains constant and stable.

Click stop on the software and save copies of the table and graph.

Dispose of the beaker contents as directed by your teacher and the safety data sheet.

Figure 1.9

Results
Print out your table and graph and paste these into your logbook.

Evaluation
Compare your results to the class results. Comment on the different shapes of curves that were produced in
relation to the strength of the acid and alkali combinations used.
Would this experiment have been possible without the use of a data logger?

Conclusion
Make a claim about the usefulness of data loggers in titrations based on this experiment. What claim can be
made regarding the pH when an alkali is titrated into an acid?
Support your statement by using the data you gathered and include potential faults with the experiment.
Explain how the data supports your statement.
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Chapter 1

Minimising experimental error

Systematic and random errors
Measurements are never perfect; for example,
even though you may try to measure a mass at
exact 15 second intervals, the best you can do
is measure time correct to the nearest second.
So, when a value of 15 seconds is recorded in
the table, the actual time the measurement
was taken could be anywhere between 14.50
and 15.49 seconds. Such

et errors in collecting data are

error that occurs through
inaccurate measurements

, : | called random uncertainties.
(slightly high or slightly low)

The first reading could be an
underestimate and the next an overestimate,
and so on without any pattern.

If, on the other hand, the scale used to
measure the mass was not calibrated, so that
all the readings were 3.00 grams greater than
they should be, then all the measurements
of mass (for example, 150.00, 148.25 and
145.17) would be consistently

systematic uncertainty .
error that occurs through overestimated by 3.00 grams.
a poorly calibrated device
(consistently high or

consistently low)

This would be a systematic
uncertainty because the data
is all wrong by the same amount each time a
measurement is taken.

Random uncertainties are an unavoidable
part of doing experiments and can only be
reduced by repeating the experiment and
taking average values. Systematic errors can
be avoided by carefully calibrating measuring
instruments. If systematic errors are
discovered, the data can be corrected.

Using more accurate measuring measurement uncertainty
the range of values within

Instruments can 1mprove the which lies the true value

measurement uncertainty. significant figures
the number of digits needed
to be as exact or consistent
as required

In the example given, the
measurements of mass (to five
significant figures) would
normally have a smaller measurement
uncertainty than than the measurements of
time (to two significant figures).

Random uncertainties need to be taken into
account during experiments when accurate
measurements are important. Note that
experimental uncertainty is not the same as
mistakes or carelessness. Misreading a scale,
or spilling chemicals, are just mistakes.
Experimental uncertainty is an estimate
of the range of values within which the
actual value may fall, that still remains in
an experiment that has been done very
carefully and with no mistakes.

1 What sort of

Quick check 1.4
uncertainty does

each of the following scenarios represent?

a A measuring tool is incorrectly
calibrated and regularly
underestimates the mass.

b A measuring tool is not very precise
and the temperatures vary by
approximately 0.5 of a degree in
either direction.

2 How can the effect of random

uncertainty be reduced?

Figure 1.10 Measurement tools vary in their precision.
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Reproducibility and repeatability: does mass change in a chemical reaction?
Aim

To consider the accuracy of measurements before and after a chemical
reaction in determining whether there has been a change.

Be careful
Appropriate personal protective
equipment should be worn.

Materials
8 mL sodium hydroxide solution test tube
4 mL ferrous sulfate solution thread
conical flask with stopper balance

Part 1: Reaction between ferrous sulfate and sodium hydroxide solutions
Copy the results table below.
Using a measuring cylinder, measure 10 mL of sodium hydroxide solution and pour into the conical flask.
Add 5 mL of ferrous sulfate solution into a test tube that has a piece of thread tied around the upper lip.
Place the test tube carefully into the conical flask, ensuring that the thread around the lip of the test tube is
secure and that the end of the thread is pulled through out of the flask.
Insert the stopper on the conical flask and carefully weigh the whole apparatus.
Record the mass in the table below.
Invert the conical flask which allows the mixing the two solutions thoroughly.
Wait for the complete reaction to occur, and try not to let any of the contents of the flask escape.
Reweigh the flask and contents on the same balance as before.

Results

Mass of flask and contents (g) Range of possible values
(£0.08 g)

Before reaction
After reaction

Evaluation
Consideration needs to be taken before drawing valid conclusions from results. If you and your partner measure
the mass of the same object (or even if you measure it twice), there's a good chance that you will not get exactly
the same result. This is because of slight differences in technique or in the conditions in which the measurement
was taken. These moment-to-moment fluctuations are called random uncertainties.
What may influence the measurement accuracy of an object or mass?
What is the range of possible values for a measurement of 87.26 with an experimental uncertainty of £0.06 g?
How confident can you be of a change in mass occurring during this reaction? Could the mass change be
simply caused through experimental uncertainties?
Compare your individual results to the class results.

Part 2: Reaction between calcium carbonate and hydrochloric acid
Copy the results table into your logbook.
Use the same apparatus as was used for Part 1 of the practical. Place a few lumps of calcium carbonate into
the flask.
Fill the small test tube with hydrochloric acid solution (about 3/4 full), and suspend the test tube inside the
flask by means of the thread.
Stopper the conical flask.
Weigh the whole apparatus and record the mass in the results table.
continued...
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...continued

Remove the stopper and pour the contents of the test tube onto the calcium carbonate. Do not put the stopper
on the flask during the reaction.

Wait for the complete reaction to occur.

Once the reaction is complete, do not remove the test tube and replace the stopper on the conical flask.
Reweigh the whole apparatus and record the weight in your table of results.

Results

Mass of flask and contents (g) Range of possible values
(%0.08 g)

Before reaction
After reaction

Evaluation
What evidence was there to suggest that a chemical reaction was taking place in this experiment?
Suggest reasons for the possible change in weight of the flask before the reaction and after the reaction.
Describe the key difference in experimental procedure between Part 1 and Part 2 of this experiment.
Relate the findings of this experiment to your understanding of the law of conservation of mass.

Conclusion
Make a claim about the accuracy of your measurements in detecting changes in mass based on this
experiment. Did the method influence your accuracy or precision?
Support your statement by using the data you gathered and include potential experimental faults or sources
of measurement uncertainties.
Explain how the data supports your statement.

Comparing the effect of stomach powders

Background
We already know from Year 9 that the stomach is an essential organ involved in the breakdown and digestion of
food. It achieves this by creating a highly acidic environment (pH of approximately 2 or 3) through the production
of hydrochloric acid. However, an excess of acid in the stomach can cause painful ‘indigestion’.

Antacids are a common treatment option as they are alkaline, allowing for the excess stomach acid to be
neutralised. Now that you have a much more accurate way of measuring volume, design an experiment that will
compare three different antacids (A, B and C) to determine which is most effective in relieving indigestion.

Materials
titration equipment spatula
3 x antacids Congo red indicator
hydrochloric acid (1 M) watch glass
electronic balance

Method

Design the method: Plan out your experiment with a lab partner, taking into consideration:

your aim

the independent variable and dependent variables

the variables that will be controlled in this experiment

how you will document the results.
Carry out the experiment and derive your conclusion. Consider how you could improve the accuracy of your
results in future.
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Safe experimental practices
P P students relevant information about the

Experiments sometimes require the use of health risks and safety of products (such
hazardous chemicals. A safety data sheet as chemicals) that are classified as being
(SDS) must be provided dangerous goods or hazardous substances.
safety data sheet . . ! .
a document that provides during all experiments. The Ultimately, the safety data sheet provides
information regarding . . . .
hazardous chemicals and SDS is a document that precise information about how to use a
substances provides both teachers and substance during and after the experiment,

Standard Operating Procedure

Science - General @’@ //m\\
Personal Protective Equipment (PPE)
Safety glasses, gloves, fully enclosed shoes, lab coat

Procedure:

Science Experiments - general SOP
Step Procedure Photo

1 Pre-start checklist:
» Isall PPE worn appropriately?
* lIs the spill kit available?
* Has long hair been tied back?
» Have you checked you're not wearing loose clothes?
* Has the risk assessment been completed?
* Have you been trained in the operation of any relevant equipment?
» Have you read the SDS for specific chemicals used?
DO NOT COMMENCE TASK IF UNSAFE

2 Prepare equipment Before the experiment, ensure all
Pre-use inspection equipment is in working order.

— No physical damage to equipment being
used

— Electrical leads in good condition and
tested within date

3 Chemical use:
Identifies that chemicals involved should only be
used in well ventilated areas.

CAUTION: Use air vents, do not breathe vapour
4 Dispose of waste chemical

Do not place harmful chemicals down the sink.
Appropriate disposal of chemicals in place.

5 Wash hands and exposed skin with soap and
water

This SOP does not cover all possible scenarios.

Figure 1.11 An example standard operating procedure sheet
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including the associated health risks and how
to dispose of waste products.

A standard operating procedure sheet details
the PPE (personal protective equipment)
that is required when conducting a specific
experiment. It also provides five steps to
tollow before conducting any form of

experiment.
stand for?

2 Why are SDSs essential within the
science classroom?

Documenting and
communicating experimental
findings

Within all Science classes, writing up
experiments or investigations is a common
form of assessment. Students who undertake
any experiment will be involved in collecting
primary data (qualitative and/or quantitative),
analysing and evaluating data, identifying
limitations, developing a valid conclusion and
deriving suggestions or further investigation
which may be undertaken.

You can document the scientific method
from start to finish in a logbook. You can

record the background research, development

© Eddy de Jong, Kerrie Ardley and Emma Bone 2019

of a research question, identification of
variables and construction of a hypothesis, use
of method and materials, data and analysis,
and conclusions. You can also document in
your logbook questions relating to the safety
and ethical aspects of your experiment.

Logbooks

The logbook is a record of practical work
and resultant data. It may include records
of teacher demonstrations, experiments

and research activities and formal practical
reports. Entries should be dated and have
clear titles. It is also important to recognise
the input of partners and appropriately
reference secondary data. Essentially, the
logbook is a dated workbook of scientific
information that can be drawn upon at a later
date. It acts as a record of practical work for
authentication and assessment purposes.

Scientific posters

The scientific poster is a prerequisite form
of assessment for all VCE Science subjects:
Biology, Chemistry, Environmental Science,
Physics and Psychology. Experimental results
can be communicated in a scientific poster
format according to the following possible
template. The specifications of size, word
count and content of a scientific poster
depends on the context in which it is to

be displayed. The content may include the
sections shown in Figure 1.13.

Figure 1.12 A
scientist records
the results of an
experimentin a
loghook.
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Figure 1.13 An example template for a scientific poster
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Summarise as a poster
Analyse the information provided in the article below and summarise the data presented in this
article in a scientific poster format.

New Method Helps You Learn Skills Twice As Fast (R. Andrews, February 2016)

What's the best way to learn a new skill, such as playing the guitar? Multiple hours spent doing
the same task over and over is thought to be the optimal strategy — practice makes perfect, as
many would say. However, a new study in Current Biology has revealed that varying your training
regime, and not making it so repetitive, may actually double the speed at which you learn.

Eighty-six volunteers were recruited by a team of researchers from Johns Hopkins University
[in Baltimore, United States] and asked to learn a new skill: Moving a cursor around a screen by
squeezing a small, touch-sensitive device, rather than using a traditional mouse.

The volunteers were segregated into three groups. The first (the controls) were only given
one 45-minute-long training session. The second group were given one training session, then
asked to wait six hours before they repeated the same exercise. The third group had the same
experience, but their second training session modified the sensitivity of the controlling device,
meaning they had to quickly adapt to the new conditions.

The next day, all three groups were asked to repeat the first training session with the original
device sensitivity restored. At the end of each group’s sessions, they were scored on how
accurately and rapidly they were able to move the cursor around the screen.

Intuitively, one would expect the third group to perform worse than the second group, with
the changing parameters of their gaming sessions increasing the overall difficulty of the task.
Remarkably, the situation was reversed, and the third group did twice as well by the end of the
experiment than the second group did. The control group performed the worst.

“What we found is if you practice a slightly modified version of a task you want to master,
you actually learn more and faster than if you just keep practicing the exact same thing
multiple times in a row,” said lead researcher Pablo Celnik, from Johns Hopkins University,
in a statement.

The secret lies in the six-hour gap between training sessions that the groups were given.
The memory of their new skill is “consolidated” within the brain during this time period,
wherein the neural connections in the brain form and “preserve” the memory. With this memory
consolidated, the volunteers could reactivate it during the second training session in order to
perform the task with increased ease.

However, these consolidated memories can be modified. Changes to the parameters of
a second session practicing any motor skill —attempting a video game level with different
obstacles, for example — “reconsolidates” these memories, slightly altering then reinforcing the
original neural connections. This allows them to become more adaptive and flexible to future
changing conditions.

This explains why the third group performed best in this study. Celnik noted that a massive
change in the parameters of the game would not produce the same beneficial effects, however.
“The modification between sessions needs to be subtle,” he added.

Although this study tested only one specific skill, its finding could hopefully be applied to
many other situations. Amputees could be taught to learn to use their prosthetics more rapidly
by using memory reconsolidation techniques, for instance.

Source: 'New Method Helps You Lean Skills Twice As Fast, Robin Andrews, /FLScience!, February 5, 2016
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Section 1.1 A CAREER IN SCIENCE

23

1 Why is alogbook an essential part of the scientific student’s life? Quick check 1.6

2 List the components that should be included in a scientific poster.
3 A student was interested in determining whether the cup colour influences the taste perception of coffee.
What could be a possible title for this research?

Section 1.1 questions

I
o=0O

Remembering ouIZ
1 Name one specialised piece of equipment used in a titration.

2 State two pieces of information that should be included in a logbook.

3 Whatis an outlier?

Understanding
4 Explain how the use of a data logger can be beneficial to an experiment.
5 Classify the following errors as either random errors or systematic errors.

Random or systematic
uncertainty?

Applying
6 Take the readings from the burette below to determine the overall titre.
] 33 ===
= —
— [l
8 —— 34—
Initial reading: Final reading: Titre:

7 You are constructing a scientific poster. Select and describe one situation when it would be
appropriate to include a line graph (instead of a table of data) in the results section.

continued...
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...continued

8 Biology students were learning that, on a hot day, plants lose water out of pores (called
stomata) in the underside of their leaves. The students were asked to design an experiment
that would test how factors of their choice influence the rate of water loss. After conducting
some background research, one student identified that humidity and temperature should
affect the rate at which water is lost out the stomata. She set up the experiment below:

(- > (E/ -

Set-up A Set-up B Set-up C
21°Cdry air 30°Cdry air 21°C humid air

Figure 1.14 The three experimental conditions

a What are the two independent variables manipulated in this experiment?
b What would be a relevant dependent variable in this experiment?
¢ Which set-up acts as a control with which to test all three factors?

Analysing

9 A farmer noticed that his leaky tanks
seemed to lose water quicker if the
hole is closer to the top of the tank.
He designed the research question:

Do tanks leak water faster when

the hole is positioned higher on

the tank?

a What was the independent
variable of this experiment?

b List three variables that must be
controlled.

¢ The farmer repeated his
experiment on five different

occasions and found the same

result: that the water flows more
strongly from the highest hole in a water drum. Infer whether this is showing high or
low repeatability.

Evaluating

10 Jake took 12 identical pots and 12 identical plants. In four pots he placed soil and 10 grams
of fertiliser A and one plant. In another set of four pots he placed in each a plant, 15 grams
of fertiliser B and the identical amount of soil as in the previous four pots. In another four
pots he placed the same amount of soil with a plant but provided no fertiliser. All 12 pots
were placed in the same location and received the same amount of water and sunlight
every day. Plants with fertiliser B grew much larger than all the others. Jake concluded that
fertiliser B was better than fertiliser A. Is his conclusion a valid one?
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Science is done by humans for humans.
Humans also play a role as participants in
some experiments, and this raises a number
of ethical issues that need to be
addressed. Ethics refers to the
principles and standards upheld
by scientists that guide them to

ethics

the standards used to
appraise and guide what is
considered as acceptable
conduct

display acceptable and appropriate conduct
during experiments.

Ethical implications of human
participants

In fields such as psychology, using people

as participants is a critical source of data in
experiments. Before the commencement of
any research involving humans, a research
plan is submitted to an ethics committee for
discussion and approval. This ensures that
the participants’ physical and psychological
welfare is considered by a team of medical
and non-medical professionals. Any scientist
who conducts research on human participants
must follow two sets of guidelines.

The national statement on ethical
conduct in research involving humans
The National Statement on Ethical Conduct in
Human Research was issued by the National
Health and Medical Research Council in
2007 and updated in 2018. The statement
aims to protect the welfare and rights of
human participants and to ensure that the
research conducted benefits the community
and does not harm the participant.

All researchers — often they are psychologists

or scientists — who are using human

participants (regardless of the area being

studied) most follow these four principles:

i Research merit and integrity — the
research must be worthwhile and
justifiable (have merit), and the researcher

ISBN 978-1-108-62920-1
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Section 1.2 THE HUMAN SIDE OF SCIENCE

1.2 The human side of science

should be committed to behaving in

&

WORKSHEET

an honest and ethical manner when

conducting the research and disseminating

and communicating on the findings of

research (have integrity).
ii Respect — the researcher has a

responsibility to show consideration for

the privacy, welfare, rights, beliefs, customs

and cultural heritage of the participants

involved in the research.
iii Beneficence — the researcher has a )
beneficence
the responsibility of a
researcher to maximise

benefits and minimise harm
to participants

responsibility to maximise benefits
and minimise risk of harm to
participants. The dignity and welfare
of the participants must have a higher
priority than the expected benefits to
knowledge of the research.

iv Justice — the researcher has a
responsibility to ensure there is a fair
distribution of the benefits and burdens
of the research within a population of
research interest.

Australian Psychological Society
code of ethics

The Australian Psychological Society (APS)
is a highly esteemed professional organisation
to which most Australian psychologists
belong. The APS Code of Ethics describes the
researcher’s responsibilities to not bring into
disrepute the profession of psychology, and
the rights of participants to not be harmed
either physically or psychologically by their

involvement in the research.

The APS Code of Ethics outlines the ethical

rights of all participants in a study, including:

i No harm — the welfare of participants
must be the researcher’s priority, and no
physical or psychological harm must be
caused by the participants’ involvement in
the research.

Cambridge University Press
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informed consent

where possible, participants
are informed about the risks
and procedures involved

in an experiment and they
sign to say they agree to

participate

confidentiality

participants’ data and
results must be kept private

ISBN 978-1-108-62920-1

ii Voluntary participation — participants’ v
involvement must be voluntary and people
must not be placed under any pressure to
participate in a study.

iii Informed consent — where possible,
participants must be informed of relevant

important information about the

experiment; for example, their ethical ~ vi
rights, a brief description of any risks
involved, an outline of the procedure,
and the purpose and nature of the

experiment (provided the experiment

does not require deception). The
participant (or a parent or guardian) must
sign a document to indicate they agree to
participate and that they are fully aware
of what is required of them in the study.

iv. Confidentiality — participant’s data (such
as test results) must be kept private
unless their written consent is given.
Before the experiment begins, the

experimenters must explain how the data

will be stored.

When ethics goes wrong
Unfortunately, some very distressing research has
been conducted on participants in the past. One
of the most infamous experiments is the Stanford
Prison experiment, conducted by Professor Philip
Zimbardo and his colleagues in 1971 at Stanford
University. Research what exactly took place in
this experiment and outline the ethical rights that
were followed and the ones that were breached.
Present these findings in a table.
Why is an ethics committee important when
using humans as participants?
If a scientist carries out an experiment using
humans as participants, list the six ethical
rights of the participant.
When would deception be used within an
experiment?

Figure 1.15 Phillip Zimbardo at the 2015 opening night
of Stanford Prison Experiment, a movie based on true
events that happened during the 1971 experiment

© Eddy de Jong, Kerrie Ardley and Emma Bone 2019

Withdrawal rights — a participant has

the right to withdraw from (leave) a study
at any time for any reason. ihdrawal rights
the right for a participant to

leave a study at any time for
any reason

They also have a window
after the experiment to
have their results excluded
from the study if they wish.
No distress from deception — sometimes
it is necessary to deceive participants
about the true purpose or nature of a
study in order to yield accurate results.
The experimenter must ensure the
participants do not experience any
distress as a result of being deceived, and
that they are offered the chance to debrief
after the experiment.

Debriefing is a process in which the
experimenter informs the participants about
the nature and purpose of the experiment,
after it has been completed. This aims to
alleviate any confusion or misconceptions they
have. Participants should be directed towards
counselling services afterwards if required.

Explore! 1.1

Cambridge University Press
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Define the term

Quick check 1.7

Define the term ‘informed consent’.

‘beneficence’.

Define the term ‘withdrawal rights'.

The effects of human
participants

If you are using participants in a scientific
study, it is important that they do not know
whether they are part of the control condition
or the experimental condition. Participant
expectations can act as an extraneous

variable within an experiment. For example,
participants may try harder than they usually
would if they believe they belong to the
experimental condition or to please the
experimenter. Conversely, they may be very
nervous and not able to perform at their usual

ability level.

The placebo effect

To counteract the effect that participant
expectations may have within scientific
experiments, especially those that deal

Section 1.2 THE HUMAN SIDE OF SCIENCE

with medications (drugs), both groups

of participants will receive some form

of treatment. However, only one of the
groups — the experimental group — will receive
the actual treatment (such as a new drug), and
the other group — the control group — will
receive a placebo (a fake drug). A placebo is

a fake or false treatment used so that placebo

none of the participants know whether  @fakeorfalse treatment
they belong to the control or experimental

condition.

The placebo effect is a strange and P

a phenomenon where
participants who receive a
placebo perceive a benefit or
improvement

misunderstood phenomenon that
occurs during scientific studies. It
occurs when a patient who is given a
placebo (fake) treatment is tricked, by their
own mind, into thinking that the treatment
has beneficial effects. The improvement a
patient may experience cannot be attributed
to the treatment, but rather to the patient’s
belief in the treatment. In some studies,

the placebo effect is so strong that the
control group can improve as much as the
experimental group!

27

Here are some unusual examples of how the placebo effect has been documented. Did you know? 1.1

Dogs believe in placebos too!

In a canine study (the participants were
dogs) a pharmaceutical company allocated
epileptic dogs to either the placebo or
experimental group. The experimental group
received an anti-epileptic drug being trialled
and showed positive results. However, the
control group also responded positively,
indicating the placebo effect is not just
limited to humans!

Were they actually drunk?

Researchers tricked participants who believed
they were drinking vodka (it was actually

just tonic water and lime) into feeling drunk!
Participants had impaired judgement and
performed worse on simple memory tests.

ISBN 978-1-108-62920-1
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Figure 1.16 A dog receives a check-up from a veterinarian.
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...continued

Placebo pills

Humans are visual creatures, and the colour and shape of a tablet actually influences our belief in how effective
the medication is. Studies have found that yellow placebo pills are rated as the most effective in treating
depression, while white pills are perceived as soothing stomach issues. Pills with a brand name stamped on
them are rated as more effective than generic unlabelled pills. Some studies have suggested the placebo effect
still exists even when the participant knows they are in the placebo medication group!

..1 | ..
— 14 A

Figure 1.17 Medications come in a range of colours, shapes and sizes.

Controlling for the placebo effect

A single-blind procedure can be used to
control for the placebo effect. This occurs
when the experimenter

ensures that none of the single-blind procedure
.. . an experimental design
PafthIPantS kl’lOW Wthh where the participants are

unaware of whether they
are in the experimental or

group they have been

assigned to — the control control group
or the experimental group. double-blind procedure
X an experimental design
ThlS reduces the chance Of where the participants and
.. . researchers are unaware of
participant expectations which experimental group

playing a factor in the results. ~eparticipantisin

A double-blind procedure is when the
experimenter collecting the data also does
not know who is in which group. This

is considered the ‘gold standard’ when
conducting an experiment, as it controls
for both experimenter bias and participant

expectations; both the experimenter and

Figure 1.18 Single and double-blind procedures do not literally participant are unaware as to which group
mean blindfolds! each participant has been assigned to.
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1 Inastudy measuring the impact of a new drug on attention deficit  Fle T {ed i i 1=0ed 16y I

hyperactivity disorder (ADHD), the placebo group is usually also

knownasthe _____ group, whereas the participants exposed to the independent
variable and taking the medication being tested for ADHD are part of the
group.

2 List one way in which the placebo effect could occur.
3 How can you control for the placebo effect?

Experimental designs with Target population
human participants

Aside from the ethical issues, using human
participants demands certain experimental li
designs and processes. It is essential that
our sample of participants represents the

population we hope to generalise the results to.

Sampling participants
In scientific research, a population is

Figure 1.19 A sample is a smaller version of the target population.

considered to be the entire group of people
of research interest, which usually depends
on the research question. It is Convenience sampling

population (study) rarely possible to perform an In convenience sampling, the sample

the entire group of people
who form the larger group of  experiment on every member comprises of participants selected from a
research interest i i i i .

of the population so a sample group or region that is readily available for
sample . . .
a subset of participants (subset) is selected for the the experimenter. Example: testing the

selected from the population convenience sampling

experiment. The purpose of a students in your Year 10 Science class. 22'&;};’;9[)‘3;2%%@%”;;2‘3
sample is to make the research manageable. ease of accessibility to the
Random sampling SOEEST _
For the research to be meaningful, the In random sampling, the sample ;ZT;%%ZZ?EE: that had
sample must be representative of the comprises participants selected from 27,24 chance o Lgiiunlgtion
population of research interest. That is, it the wider population using a random
should reflect the characteristics of the procedure (such as a random number
population. Therefore, the procedure for generator app or pulling names out of a hat).
selecting the sample should take into account  This technique is better than convenience
relevant personal characteristics, so they sampling as it tends to avoid bias because
occur in the same proportion in the sample it makes sure every individual within the
as they do in the population. population has the same chance of being

selected for the study. Example: allocating
There are a variety of ways to obtain a sample  all population members a number and
of participants from a population of research ~ using a random number generator app to
interest. These include convenience sampling,  generate a list of random numbers to select
random sampling and stratified sampling. the sample.
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Step 1
Identify the
population
of research

interest

Step 2
Assign a number
to each individual in
the population

Step 3
Generate random
numbers based on

how many individuals
are to be used in the
sample

Step 4
Select individuals to
include using the
corresponding
assigned number

Figure 1.20 A flow chart showing
the process of selecting a random
sample for research from a
population

Stratified sampling

Purely random sampling still involves a
chance that the sample (particularly if it is
small) does not accurately represent the entire
population. For example, by chance you may
select the only two people from a pool of
1000 that have a heart condition, and this
could skew the data.

One way of getting a more representative
and unbiased sample is by using stratified
sampling. The population of research interest
is divided into distinct subgroups (called
strata). For example, they can be grouped

by age or gender, 1Q, salary or political
ideologies. Then a random sample is selected

© Eddy de Jong, Kerrie Ardley and Emma Bone 2019

All members of
an Australian Rules
football competition
100%

Population

Strata
(% in each age
bracket)

Stratified sample:
number of
members in each
age bracket

Figure 1.21 An example of a stratified sample using
20 participants that reflect the accurate proportion
of age ranges within an Australian Rules football
competition. The size of the sample from each age
range reflects the proportion of the whole football
population made up by that age range. (For example,
more participants needed from the 15— 19 age range

and the 25—-29 age range).

from each stratum in the population in
the same proportion as they occur in the

population. This method
is called random stratified
sampling because all

members of each stratum

random stratified sampling
the population is organised into
sub-groups (strata) and then a
random sample is selected from
each group

have an equal chance of being selected as part

of the sample.
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Here is an example of a stratified sampling travelled to their school every morning. There
process: were 300 students in the school and the

researcher wanted to sample 30 participants.
A researcher was interested in investigating

the student’s attitudes towards the morning Knowing the number required from each
starting times at a particular school. The group, you can then use a random number
researcher decided to obtain a stratified generator to select students in each group,
sample based on the distance that students resulting in a random stratified sample.

e ,. = )

Less than |5-10km from 10-20 km More than
5km school from school 20km
i == = 1‘ Tal e
p —

Table 1.3 Calculating the percentage of each stratum

Sampling M&Ms Try this 1.5

M&Ms are a favourite confectionery worldwide. Figure 1.22 shows the proportions of each
colour produced in the factory.

Green 19.5%
Orange 18.7%
Blue 18.7%
Red
Yellow
Brown

Figure 1.22 The proportion of different colours of M&Ms

Your teacher will give you a snack pack size of mini M&Ms.

1 Copy the table below and complete the following information by counting out the total numbers of M&Ms and
distributing them into the colour groupings below.
Original sample size of snack pack: ____

Gl Brown | Green | Orange | Red | Yellow |

continued...
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...continued

Within the class, calculate the total population of M&Ms by collating everyone's data.
Total population of M&Ms:

|| Blue | Brown | Green | Orange | Red | Yellow

Number of M&Ms
Proportion (%)

Graph the results of the total population of M&Ms of the class. Make sure you label the axes and complete a
valid title.

How do the percentages of colour proportions from your graph compare to the graph obtained using the
colour breakdown from the factory?

Analysis
How could you gather a convenience sample of 50 M&Ms from our population of M&Ms?
How could you gather a random sample of 560 M&Ms from our population of M&Ms?
How could you gather a random stratified sample of 50 M&Ms from our population of M&Ms?
What do you think would happen as your sample size increased?
What is the best sampling method? Explain.

Figure 1.23 Take your pick!
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Disadvantages

Advantages

-l
(=]
=
c
=
©
(a]

Interestt—%?

Type of sampling

Intere%ed?

H./
Table 1.4 An overview of sampling
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Participant allocation

After a sample has been selected, participants
are randomly allocated to either the control

or experimental group. The
random allocation
participants are randomly

placed in the control group  participants to groups ensures
or the experimental group

systematic random allocation of

that the personal characteristics
of participants that may affect the results are
evenly distributed across the different groups.
In other words, it allows for extraneous
variables to be spread out across the groups.

Random allocation can be generated by
selecting names from a hat, assigning the
participants a number and using a random
number generator, or flipping a coin.

Experimental Control group - < ‘

Food fortified
with vitamins

e

Figure 1.24 Cows on the left trial the fortified food. They were randomly
allocated to the experimental group.

Do brands influence taste?
Aim

Remember that the experimental group is
the group of participants that are exposed

to the experimental condition e

: the group of participants
where the mdependent who are exposed to the

variable is present, and the independent variable (the
experimental condition)

control group is the group S —

of participants that are not the group of participants
. who are not exposed to the
exposed to the experimental independent variable (the

condition (the independent experimental condition)

variable). The control group provides the
comparison or baseline performance on
the dependent variable against which the
performance of the experimental group can
be compared.

What is the

difference

between random sampling and random
allocation if you are using participants in
your experiment?

What is similar about random sampling
and random allocation if you are using
participants in an experiment?

What is a convenience sample?

Food packaging and brand names can influence how consumers perceive the

quality and/or taste of a food product. Consumers make judgements based
on intrinsic cues (such as taste) and extrinsic cues (such as brand name,
packaging quality and product price). The following information relates to a
study that sought to analyse the effects these cues have on brand preference.
Read the background, and then conduct an experiment of your own.

Background

Be careful

No food items are to

be consumed in the
laboratory. Another
setting should be used.

Home brand food products are commonly perceived by consumers to be lower quality than products from
famous brand names, even though they sometimes come out of the same factory! However, in recent years, the

continued...
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...continued

difference in perceived quality between the cheapest and most expensive brands has narrowed, as retailers have
devoted more effort to marketing their own brands. You have probably seen many different brands of food in the
supermarket. It is not a coincidence that the big food brands (including the supermarket's own brand) are given
pride of place at eye level!

In a 2011 study, a team of psychologists investigated how brand packaging and taste affect brand preferences
in consumers. The participants were all regular supermarket shoppers, and were chosen through a stratified
process according to gender (70% females and 30% males) and occupation (70% employed, 30% not currently
employed).

Data was collected from 93 participants. The median age category was 35-49 years. Participants were given
three biscuits to taste: two were from leading manufacturing brands and one was a home brand product.
Preference was measured on a Likert scale with a range of seven points, where the value 1 corresponded to very
low preference and 7 to very high preference.

NOTE: A Likert scale is a rating scale that provides participants with a series of statements about a topic, by
allowing them to express how much they agree or disagree with a particular statement.

For example: The following statements can be answered by ticking your level of agreeance using a scale
of 1—5 (with 1 representing strongly disagree through to 5 representing strongly agree). There is no right or
wrong answer as it is based on opinion.

Strongly Disagree Strongly
disagree 2 agree
1 5
Monday is my favourite v
day of the week
Friday is my favourite v
day of the week

Participants were asked to rank the biscuits on their taste. The participants were then shown the packaging
for each product and asked to rank the products for a second time.

The results showed that when the participants were not aware of the brand or packaging, they generally
ranked the products according purely to taste. However, when shown the brand packaging, some participants
who had previously rated the home brand product highly for taste, adjusted their rating down. Extrinsic cues
were found to clearly affect consumers’ taste preferences.

Your task
Create a scientific poster addressing the following research question:

Does knowing the brand of a food affect a consumer's taste perception?

On the cola market within Australia, the leading brand, Coca-Cola, is considered to lead the way in both taste
and brand-packaging influence. The participants gave all cola categories lower preference ratings during blind
taste testing than when they knew the brand. Participants rated the manufacturer-branded colas higher on the
branded taste test and overall preferred the well-known manufacturer brand Coca-Cola.

Coca-cola 5.01 Coca-cola 6.32
Pepsi 3.86 Pepsi 5.03
Home brand 3.65 Home brand 3.68
continued...
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...continued

You will use this information as background information on the effects of the brand of food on the perception of
taste. As this is quite a subjective experiment, every participant will conduct both the blind taste test and the
branded taste test. You will also be expected to obtain informed consent from all participants. If every member of
the class can recruit and test at least two participants, then the combined data from each can be used as part of
the class results.

Materials
Smith’s brand original flavoured potato chips cup of water (to clean palate during taste test)
Woolworths or other home brand original taste preference data sheet
flavoured potato chips pen
plate informed consent sheet
Method

Copy the results table below for the class results.

Choose two participants to perform the taste test. Consider sample size and demographics of your study.
Inform participants about the experiment and provide an informed consent sheet for further explanation and
their signature. See the example sheet on page 37. Copy the sample data record sheet (see page 38) for each
participant.

Present the participant with chips that they do not know the brand of. Ask them to rate the flavour in the blind
taste test section of the sample data record sheet. Repeat with the second brand of chips.

Then present the participant with chips that they know the brand of. Ask them to rate the flavour in the brand
taste test section of the sample data record sheet. Repeat with the second brand of chips, again showing the
participant what brand they are.

Record the age and gender of each participant.

Collate the data in class and summarise it in the results table to determine whether the taste preferences
varied when the brands were known versus unknown.

Results
Average numerical Average numerical Difference in taste
score for taste quality | score for taste quality quality score
(from a scale of 1-6) (from a scale of 1-6)
during blind test during known brand
test
Smith's
Home brand

Summarise the class results in table.
Represent the data as a graph with relevant axis labels and title.

Evaluation
List and explain two possible extraneous variables that may affect the results.
List and explain two possible limitations that may affect the results.
What future improvements would you recommend should this experiment be reproduced?

Conclusion
Make a claim about the effect of knowledge of brand on taste preferences in a food product based on this
experiment.
Support your statement by using the data you gathered and include potential faults with the experiment or
measurement uncertainties.
Explain how the data supports your statement.
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Sample informed consent form for experiments using people as participants

Dear Participant,

Year 10 Science students are required to complete research as a part of their
scientific studies. Part of the requirements of their assessment is to obtain
appropriate, clear and informed consent from potential participants. We thank
you for your time in assisting our students with the research.

Informed Consent Form to Participate in Research

Project Title: Is taste perception influenced by knowing the brand being tasted?

I, , accept the invitation

to participate in this study conducted by a Year 10 Science student of
school.

The purpose of the study is to investigate the impact of brand awareness on taste
perception. On the day of data collection, I will be asked to complete a short taste
test of some original flavoured potato chips and to rate them on taste quality.

This research will take approximately two minutes in total.

* T understand the purpose, procedure, expectations and commitment
required of this study.

* T understand that the project may not benefit me directly.

* To the best of my knowledge, there is nothing hindering me from
participating in this study, and I have no allergies.

* T understand that all results I provide will remain confidential.

* T understand that I can refuse to consent or withdraw from the study at any
time without explanation, as well as withdraw my results from the survey if

I wish.

* T understand that my results will be published in the student’s report and
my identity will not be revealed.

* T understand that at the completion of the research I can discuss any
concerns I may have with the researcher.

I have read the above and hereby voluntarily consent and offer to take part in

this study.
Signature of Participant: Date:
Signature of Parent: * Date:

(*required if participant is under 18 years of age)
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Water taste test

Try this 1.6
Create an experiment that tests different brands of water for

taste quality. Evaluate the cost per litre and taste quality Be careful
rating. Do this test on people who are not in your class ~ ~rismprommrrommmmmm oo

to make sure that your study participants have no prior - oo

knowledge or expectations. o
ol ~ setting should be used.
Create an experiment where you trick or deceive the

participants to taste test different brands of water. In fact, just use tap water at each taste

station, but place bottles of branded water next to some stations to determine whether the

perceived brand of the water affects the perceived taste quality of the water.

Sample datarecord sheet

Participant:

Gender

Age

Blind taste test:
Taste rating | Very | Low | Adequate | Satisfied | Good | Very

Low quality | High

Sample A 1 2 3 4 5 6
Sample B 1 2 3 4 5 6

Brand taste test:

Taste rating | Very | Low | Adequate | Satisfied | Good | Very
Low quality | High

Home brand 1 2 3 4 5 6

Smith’s 1 2 3 4 5 6

Sample A for this participant was

Sample B for this participant was

ISBN 978-1-108-62920-1 © Eddy de Jong, Kerrie Ardley and Emma Bone 2019 Cambridge University Press
Photocopying is restricted under law and this material must not be transferred to another party.



Section 1.2 THE HUMAN SIDE OF SCIENCE 39

Research designs with human
participants

Three different experimental designs are used
to minimise the effect of extraneous variables
when using humans in experiments.

An independent groups
design uses two or more
entirely separate groups

independent groups design
a design in which two separate
groups of participants are used
in an experiment

of participants, with each
participant exposed to
only one of the different

repeated measures design
a design that uses the same
participants for both/all
conditions in the experiment

conditions tested.

A repeated measures design uses the
same participants for each condition in an
experiment; for example, half the group is

Experimental design | Advantages of design

description

first allocated to the control group and the
other half is allocated to the experimental
group — then they swap over and complete
the experiment again, but this time under the
different condition being tested.

A matched participants design
pairs participants who are similar (in
age, gender, fitness, 1Q, or baseline

matched participants design
a design in which similar
participants are paired and then
allocated to different groups

performance on a test), and then

randomly allocates them to the different
groups in an experiment. Each participant will
only be exposed to one condition, and their
matched partner will be exposed to the other
condition.

Table 1.5 summarises the differences.

Limitations of design Example of procedure: When

testing the effects of sleep

deprivation on driving ability

Table 1.5 Summary of the procedures and advantages and disadvantages of three experimental designs
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Example of procedure: When
testing the effects of sleep

Experimental design | Advantages of design Limitations of design

description

Table 1.5 (Continued)

ISBN 978-1-108-62920-1

Drawing conclusions and
generalising

When drawing conclusions, a judgement is
made based on whether the results of the
experiment support or do not support the
hypothesis. The conclusion can be generalised
to the wider group of research interest if
certain criteria are met. These criteria include:
* The results are statistically meaningful
(and valid); for example, sufficient
participants were tested and any
differences are statistically significant.
* There are no limitations that mean that
the results for the sample cannot be

deprivation on driving ability

generalised to the population of research
interest; for example, the sample was

truly representative of the population of
research interest and the sampling method
was appropriate.
*  Wherever possible, all extraneous variables
are controlled.
Therefore, while you can always draw a
conclusion from a study by either accepting
or rejecting the hypothesis, it is much harder
to go further and generalise these results to
the wider population of research interest
when humans are used as the participants in
a study.

1 Listthe three different experimental designs that may be used with [leINTe 180 sT=Ted 164 15 (1)

humans.

2 List one limitation of a matched participants design.
3 What three criteria must be met in order to generalise results using humans?
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Section 1.2 questions

Remembering =g
1 What is the importance of sampling in scientific research? =0
2 What are some branches of science that of science usually requires human participants?

Understanding
3 Explain the differences between random sampling and random allocation.
4 What is one key advantage of using a stratified sample in an experiment?

Applying

5 Pauline was interested in conducting research on humans to look at the effect of extreme
temperature on memory recall. What three key pieces of information should be included in
an informed consent form?

6 Outline one procedure that could be used to obtain a random sample of 30 participants from
your school, which is the population of research interest.

Analysing

7 If deception is to be used within an experiment using humans, what must be done to
combat any negative effects that may have been experienced by the participant?

8 Why would a matched participant design be considered a better research design than an
independent groups design when looking at the effects of stress on memory ability?

Evaluating

9 A researcher was interested in investigating how driving ability was affected if people were
sleep deprived and under the influence of alcohol — specifically with a blood alcohol content
(BAC) reading of 0.05. She tested 30 participants who responded to an advertisement on
Facebook. They were tested in a driving simulator in one of three conditions: control, sleep
deprived and BAC 0.05. Results are shown in Figure 1.25:

Performance on driving simulator
0 25
3]
= 20
[
]
= 15
[}
2
E 10
[=
§ 5
=
0
Normal Sleep deprived BAC 0.05
(Day 1) (Day 2) (Day 3)
Condition of driver undertaking driving simulation
Figure 1.25

a What research design was used?
b Why would this design be the best to use in this study?
¢ Summarise the results found, using data from graph.
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Review questions

= Remembering
w 1 Name two ethical principles that must be upheld by a scientist conducting research using
SCORCHER humans.

2 Define the following:
a independent variable
b dependent variable
c extraneous variables
d controlled variables.
3 Whatis the placebo effect?
4 What information is located on an SDS?

Understanding

5 How can the placebo effect be eliminated?

6 Explain why a repeated measures design is considered to control for most participant-related
extraneous variables.

Applying
7 The table below shows results that a changing pH of a pond has on the number of tadpoles

that are found there.

‘!.‘-“' =g

a ldentify the IV and DV of this study.
b Which pH is the optimum for tadpole growth?
c Construct a scatterplot with correctly labelled axes and title, to display this data.

8 A researcher wants to gather information about the reflex times of senior high school students.
A local high school obtains informed consent from all guardians and the researcher is provided
with the following enrolment information from the school:

T e eartt | Year2 |
7 i T i A B ". ¥ — = e

L

If the researcher wants a sample of 40 students, suggest a method for stratified random sampling
she could employ, and state the number of students that would be selected for each subgroup.

Analysing

9 A faulty burette is being used during a titration and this causes the results to all be overstated
by around 0.5 mL each time.
a What type of error does this represent?
b Discuss the effect in terms of accuracy, precision, validity and repeatability.
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10 Read the following excerpt from a recent study and answer the questions below.

Research studies using mice and rats have shown that just 10 minutes of mild,
almost easy exercise on a daily basis can immediately alter how certain parts of
the brain communicate and coordinate with one another and improve memory
function. The findings suggest that exercise does not need to be prolonged or
intense to benefit the brain and that the effects can begin far more quickly than
many experts had thought. Multiple studies with mice and rats have found that
the animals develop more new brain cells if they run on wheels or treadmills than
if they remain sedentary. Many of the new cells are clustered in the hippocampus,
a portion of the brain that is essential for memory creation and storage. The active
animals also perform better on tests of learning and memory.

Equivalent experiments examining brain tissue are not possible in people. But
some past studies have shown that people who exercise regularly tend to have
a larger, healthier hippo