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How to use this book

PEARSON BIOLOGY QUEENSLAND STUDENT BOOK UNITS 1 & 2 2NP EDITION

Pearson Biology Queensland Student Book Units 1 & 2 29 edition has been written to the 2025 QCAA Biology
Syllabus. The book includes an additional Skills and Assessment Toolkit online as well as a depth of additional
resources, to support every aspect of teaching and learning. Explore how to use this book below.

Design

The best-practice literacy and
instructional design supports all
learners.

A simple to navigate, predictable
design enables ease of use. The
high-quality, relevant photos
and illustrations assist students’
understanding of the concepts.

Chapter 1

The Skills and Assessment Toolkit
provides support across the Science
Inquiry Skills and Assessment
requirements. The material is
presented as a handy reference to
enable confident, complete coverage
of the syllabus across the course.
Reworked and fully updated to meet
the evolved requirements of the
revised QCE 2025 Syllabus and to

respond to the needs of teachers and

students.

€ Peptidoglycanis a
macromolecule made of protein
and carbohydrate, found only
in bacteria.

Highlight box

Highlight boxes focus on
important information such as
key definitions, formulas and
salient points.

Chapter opener

The syllabus subject matter
addressed in each chapter is clearly
listed, and mapped to the modules
in which the content is addressed.

Module opener
Module openers outline the key

concepts and skills to be developed
and link to the syllabus subject
matter listed in the Chapter opener.

7.1 Non-infectious disease

BY THE END OF THIS MODULE, YOU SHOULD BE ABLE TO:

: ®
: Transforming decimal notation to scientific notatior
1 Sckntists use scisntific natation to handie very large To transtorm a very ke
+ 8nd very small numbers, For example, instesd of writing scientific notation, perfom
I 0000000035, scientists would write 35 % 108, 1 Move the decimal place
A number in scientdic notaticn (3o called standard rumber until you get a
L tormor power of ten notation) & written as: aqual to 1 but less thar
: ax 10 2 Count the number of pl
where: mowed. This number is.

L @5 called the coeffcient, and is & real number between (Figure 1.2.1)
I land10.thatis1ss<10 « M the decimal point |
¢ niscalled the exponent, and is an integer (2 positive be 8 positive rumbe
or negative whole numbsr), n is the power that 10 is * W the decmal pamt i
raised 10, nwillbe 8 mh‘v n

Worked ple 2.4.1 .

SURFACE AREA AND VOLUME

Considar the two objects shawn below, Both objscts have o velume of 8 cm”
Which shape has the greater surface area-to-velume ratio?

2 om

| -

4 Acn
=TaE=7" ==

Thinking Working

Look ot shape A Identfy | Shaps A:

!h::"ﬂ-nnoﬂw‘ the 6 5ies, sach with width of 2 cm and height of 2 cm
cul

Cakulate the surfsce Surbice area=6x2x2
area of shape A, ghven -24 o
thit thare are six sides,
each with the same area

Cakulate the surface SA_24
area (SA)-to-volums (V) V-5
ratio of shape A =3

Look at shape B. identity | Shape 8:
the dimensions of the 2 sides, sach with width of 2 cm aed height of 1 em
cube, 2 cirdme aach with width of 4 ~m 3wl haichs ot 1 e

CHAPTER

@7 Disease and its causes

The chupter = sxa.t cmase ared 2 comaen Yoo wil leam s50.f gueeic.

Skillbuilders

Skillbuilders outline a method
or technique. Each is instructive
and self-contained. Skillbuilders
provide students with the

steps needed to apply the skill,
supporting development of key

: science inquiry skills.

Worked examples

Worked examples use sequential
steps of thinking and working

to model a best-practice
approach to scaffolding student
development of subject matter.
Each Worked example is followed
by a Try yourself task where
students apply their learning to a
mirrored problem.

Fully worked solutions to all Try
yourself problems are available
from Pearson Biology Queensland
Units 1 & 2 2" edition eBook.

Vii



Case studies

Case studies provide
opportunities to engage with
current applications and research
in biology and address essential
syllabus objectives beyond typical
learning and understanding
conventions. Case studies develop
skills in analysing, interpreting,
evaluating, decision-making and
predicting. Skills are modelled for
students in the Case studies and
then learning is applied in the
Case study review.

Practical manual

Practical investigations offer
students the opportunity to
develop, practise and refine
their Science inquiry skills.
These activities involve gathering
primary data to analyse and
respond to scaffolded or open-
ended science tasks, supporting
deeper understanding and
proficiency in scientific methods.
Additionally, these tasks allow
teachers to formatively assess
students’ science inquiry skills
and set students up well with the
insights for Student experiment
IA2, pertinent to Assessment
objectives 1 to 6. All Practical
investigations have been trialled
and tested to ensure they

can be safely performed and
yield effective results. Full risk
assessments and additional
support are provided in the
eBook.

Using statistical evidence to establish causal
links for lung cancer
A G G NG Tl

oo v n i d workimde oer & illon secple By the 1950s, acentits and doctorswere becoming
die from smoking-related diseases every year. About 50%  more concerned about the rising incidence of lung

of those deaths are from lung cancer. In Australia, smoking-  cancers and noted that the use of cigarettes was also
related lung cancer kills about 7500 people each year.

e BN I T Do)

experi \ments e stmng Gt m e ik betwesn
‘smoking and lung cancer.

Tobacco consumption and lung cancer mortality in Australia
1917-1995

mpton
deciined, s did death

tobaccp
consumpti

20
ferhale death rate
0
male death rate

90 1950 190 1950 190 1970 190 1990
Year

PRACTICAL INVESTIGATION 1 iﬁ

Investigate the effect of surface area-to-volume ratio on
rate of diffusion

Forming and Finding

Science as a human
endeavour

Science as a human endeavour
(SHE) features provide stimulus
for the Research investigation.
The SHE features are structured
to develop the foundational
skills relevant to supporting the
relevant Science inquiry skills
through the lens of Science as
a human endeavour, providing
a suitable foundation from
which students can launch into
Research investigation IA3 and
draw upon building proficiency
for Assessment objectives 1, 2
and 3.

Module summary

Each module concludes with
a summary to help students
consolidate the key points and
concepts.

2.2 Review ‘

[ summay |

. nganeHesave the functioning units of the - Golgi apparatus, rough and smooth endoplasic.
eukaryotic cel. reticulum, and vesicles are involved in transport
e plant cell include the. of substances within the cell,
nucleus, tonoplast, vacuole, Golgi appam 5, rough - Ribosomes (proteins) and smooth endoplasmic
and smooth endoplasmic reticulum, ribosomes, reticulum (iipids) are responsible for synthesis
plastids, mitochondria ar nds

s are responsible.

chior
for energy transformations.
and smooth endoplasmic reticulum, vacuoles, - Lysosomes assist in the destruction of waste

mitochondria, lysosomes, vesicles and centrioles. materials.

- The nucleus contains DNA and controls all cellular
functions.

KEY QUESTIONS

Describe
1 Whatis the common role of mitochondria and

chloroplasts in a cell?
2 Label the parts of the following plant cell

e following images. Identify which is a plant
cell and which is an animal cell, Explain your reasoning.

3 Which organelles are responsible for each of the
following functions?
a protein synthesis

m Golgi apparatus to the

U :
: Module review

Key questions are provided to
test students’ understanding
of concepts of the module.
Questions are presented under
the three Assessment objectives
of Describe, Apply and Analyse.
This structure allows students
to demonstrate their progress in
developing an understanding of
the science subject matter.

SCIENCE AS A HUMAN ENDEAVOUR 1

Organising complex biological systems

Scientific approaches to the ‘meaning of ife' have been
to investigate the origin
der

There are also levels of organisation below cells and
atoms that form

are part of higher

s populations,

phere (Figure 10.1.2).

properties of chemicals are

predictable. When many molecules associate to form cell

organelles, things become more complex. Scientists start

with the smallest unit, usually biomolecules, then describe

for genes to be passed on. Ths s referred to as a gene-
centred view of evolution and is a modern development
from Darwin's thecry Df natural selection. Jamts Watson,
who helped di tior an organelle as a collection of molecules, then group the
is famously quoted s 5: are orgneles o acolagihr, e simiar s o s,
horaforanios Wl st proscs of sl then tissues that co

Advances in technology work tagsther o for s
e e e e e
fncten. e complyf s wrl g s s

Scientists continually revise, refine and update their
 becomes available. The

igs usually requires simplified
5. Oft

thinking as ne,

further knowledge, Adva
fundamental to ur understancing of bioogicl cels, rom
the earlet observation of dead cor cels by Robert Hooke »
(1665),with his simple hand-made light microscope,tothe _coordination

sophisticated electron microscopes of today.
KEY QUESTIONS

The fundamental question of what s alive and what
is not was addressed by the cell theory proposed in the

1830s—that living things are composed of cells and cell  Forming and finding

R know\edge progressed, it was understood 1 Identify and explain how two technologies have
cells cialised subunits called organelles extended biological knowledge.

ezchw\lhsuecmcDvouer\esloenab\slhermnclmnmthe ol £ the hinlnaieal levels af




Chapter review

Each chapter finishes with a

list of key terms covered in the
chapter, and a set of multiple
choice and short response
questions, reflecting the style
and experience of the External
Assessment (EA). These questions
are organised under the four
Assessment objectives for the
subject matter: Describe, Apply,
Analyse, and Interpret.

Data analysis

T nferation tafew 3pphes to Questions 1-5.

apcen el The namer ot
100 prv nn

33nTad 402 ecreamd O, corcdtan.

T cels gattures o fhe expariTaT! B ¥b2en N Table 1

L1 T worbes cl et vl 00, o e O3, corciiors o S d e e

Wi o 10 o ook
Swad €5, [

G s Lot 01 16 £03

nam tont a3+ 083 04 £ 083

Pcn e 1ans 14 23418

g vy 024 088 08 4 08

Data analysis

Data analysis tasks at the end
of each Chapter review, provide
an opportunity to respond to
questions that use a range of
qualitative and quantitative data
relevant to that subject matter.
The Data analysis tasks are
structured to reflect the approach
taken in the Data Test IA1 and
align with the Assessment
objectives 2, 3 and 4.

Glossary

Key terms are shown in bold
throughout the Student Book
and are listed at the end of
each chapter. A comprehensive
glossary at the end of the book
defines all the key terms and
aligns with the syllabus context.

:s—. Chapter review

heterotroph
Krebs cycle
lactic acid

[KEY QUESTIONS

Describe
ks down large
. itis said to be

IS

Recall that enzymes reduce the activation energy of
2 reaction by:
A

D all of the above

e

UNIT 1+ REVIEW

Unit review

Each unit finishes with a
comprehensive set of exam-style
questions, including multiple
choice, short answer and
extended response. These review
tasks assist students to draw
together their knowledge and
understanding of the whole unit.

Answers

Comprehensive answers and fully
worked solutions for all Module
review tasks, Try yourself, Science
as a human endeavour, Case
studies, Chapter reviews and Unit
reviews are provided via the eBook.

Go To icons make
important links to
relevant content within the
student books in the course. The
Go To icons indicate:
+ when a Practical investigation
would be suitable to engage
with
» where support is available for
skills and assessment tasks
in Chapter 1 of your eBook.
Every Practical
investigation is
supported by a
complementary SPARKIlab
alternative practical.
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CHAPTER

Biology skills and

assessment toolkit

This chapter provides important information and support in the study of the QCAA
Biology General Senior Syllabus for Units 1 to 4.

The Biology skills and assessment toolkit is designed to be used as a reference
tool. It should be consulted on a need-to-know basis, where relevant, during this
course of study. It is not intended that this chapter be worked through as a whole.

Focus

This chapter focuses on providing support and guidance in:

» Development and application of scientific skills
- Mathematical and statistical processes used in Biology
- Sl units
- Visual representations
- Graphical representations
- Measurement errors and uncertainty
- Scientific writing conventions
« Completing the assessment tasks
- Data test
- Preparation in skill development
- Student experiment
- Forming a relevant research question
- Justifying experiment modifications
- Developing a methodology
- Finding sufficient relevant data
- Interpreting and analysing evidence
- Evaluating experimental process
- Scientific writing and representations
- Referencing sources
- Research investigation
- Developing a research question from a claim
- Collecting relevant and sufficient evidence to answer research question
- ldentifying and analysing trends, patterns, relationships in the evidence
- Evaluating the quality and limitations of the evidence
- Evaluating the research process
- Scientific writing and representations
Referencing sources




Assessment

In Units 1 and 2, students are required to complete at least two and no more than
four assessment tasks developed by the teacher. At least one assessment task
must be completed per unit. In preparation for Biology Units 3 and 4, teachers
may choose to mirror some of the assessment requirements of Units 3 and 4 in
assessing Units 1 and 2.

The support material in this chapter is based on requirements in Units 3 and 4
and relates to the following assessments:

* Data test (Internal Assessment IA1)
«  Student experiment (Internal Assessment IA2)
« Research investigation (Internal Assessment IA3)

Chapter organisation

The chapter is arranged in three parts:
«  Part A: Working scientifically
« Part B: Student experiment
« Part C: Research investigation.
An outline of these parts is provided below.

QCAA Biology Syllabus objectives
describe ideas and findings
+ apply understanding
+ analyse data
* interpret evidence
» evaluate conclusions, claims and processes
+ investigate phenomena

Biology General Senior Syllabus 2025, © State of Queensland (QCAA) 2024



Part A: Working scientifically (IA1)

Part A focuses on basic mathematical skills and their applications. It features
many worked examples and opportunities to apply these examples yourself.
These skills are assessed, directly and indirectly, in assessment tasks and by
analysing data in practical investigations. Part A focuses on skills for the data
test (IA1) and experiments. These skills are useful when completing sections
of the student experiment, research investigation and the examination. Part A
also provides support in writing scientifically, avoiding plagiarism, referencing
sources and in-text citations to assist a student’s OR student experiment and
research investigation.

Refer to the following outline of Part A: Working scientifically, to learn, revise and
practise the skills in the areas in which you need help.

Look here for eBook
page

1.1 Biological + areas of biology e/
science » the work of scientific research
1.2 Orders of + scientific notation el2
magnitude and » transforming decimal notations to scientific notation
estimation » converting between scientific notation and scientific
units, orders of magnitude and prefixes
S| prefixes

» examples of calculations

1.3 Mathematical » examples of maths used in biology el8
basics for biology » analysing straight line graphs
1.4 Units * measurement and units e26
 correct use of unit symbols
» Sl units

* unit conversions

1.5 Measuring » explanations of the terms: uncertainty, error, e31

precision and
accuracy using
uncertainties and
percentage error

accuracy, precision

causes of errors

calculations with uncertainty and error

writing measurements with uncertainty and error
values

writing measurements and calculations to the
correct significant figure

determining the absolute uncertainty of a value
converting between absolute and percentage
uncertainties

calculating a value along with the associated
uncertainty

calculating percentage error
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1.6 Tables and
graphing

1.7 Data analysis

1.8 Scientific writing

arranging and recording data in summary tables
converting data from tables to graphs

types of graphs

- pie charts

- line graphs

- bar graphs

- scatterplots (with trendline and R2)

- column graphs (with error bars)

outliers and how they are represented on graphs
representing missing data on graphs

calculating mean, median, mode, range
correlational investigations: regression analysis,
Pearson’s correlation coefficient, Spearman’s rank

writing scientifically

developing scientific representations
maintaining a science journal
referencing sources

in-text citations

plagiarism

referencing Al sources

multimodal presentations

e49

e60

e75
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Part B: Student experiment (I1A2)

Part B focuses on the student experiment. This internal assessment task requires
students to follow the full scientific method over an extended and defined period.
Students develop their own research question to investigate, based on an identified
experiment related to Unit 3 subject matter (or as relevant for Unit 1).

Part B supports all aspects of the student experiment. The QCAA objectives and
instrument-specific marking guide (ISMG) for the assessment are explained.

Part B provides examples of how to modify (extend, refine or redirect) the initial
experiment to write an experiment research question. Included is a step-by-

step guide to evaluate the quality of the question and explanations of scientific
methodology. Part B also covers data types, data collection and analysis of data
to draw valid conclusions. It includes how to evaluate the quality of data, including
its reliability and validity, and how to link these to logical improvements and
extensions. Also provided is support in writing your scientific report, covering
writing conventions and referencing sources.

Refer to the following outline of Part B: Student experiment, to learn, revise and
practise your skills in the areas in which you need help.

m Look here for eBook page

1.9 Forming « establishing background information e90
» developing a rationale
+ defining variables
» developing the research question
+ evaluating the research question
+ justifying the question modification
» putting it all together—sample report

1.10 Finding » determining the risk assessment elOl
* managing risk
» considering environmental and ethical issues
+ collecting sufficient and relevant raw data
+ collecting data electronically
» putting it all together—sample report

1.11 Analysing » presenting the data ellO
» processing data using mathematical techniques
+ identifying patterns, relationships, trends in data
 interpreting results
« identifying uncertainty and limitations in the
evidence
» putting it all together-sample report

1.12 Interpreting + drawing a conclusion that is linked to the ellé
and evaluating research question
« discussing reliability and validity
+ identify improvements and extensions to the
research
+ putting it all together-sample report
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Part C: Research investigation (1A3)

Part C focuses on the research investigation. This internal assessment task requires
students to gather secondary evidence on a research question. It is completed over
an extended and defined period. Students develop their own research question

to investigate, based on a claim related to Unit 4 subject matter (or as relevant

for Unit 2).

Part C supports you through all aspects of the research investigation. The QCAA
objectives and instrument-specific marking guide (ISMG) for the assessment
are explained.

Part C assists with writing your research question. It considers examples of claims
and how to analyse claims for context, and guides you in developing your own
research question. You will be guided in writing a specific and relevant research
question that encompasses a small sub-section of the claim that is linked to
Biology syllabus concepts. You will consider the information on locating and
evaluating suitable secondary sources for the research, including identifying
relationships in data and assessing validity. You will learn how to formulate a
justified conclusion and describe improvements and extensions. There is support
for writing your scientific report including using the scientific writing style and
structuring your report.

Refer to the following outline of Part C: Research investigation, to learn, revise and
practise your skills in the areas in which you need help.

m Look here for eBook page

1.13 Forming  + understanding a claim el27
and finding « classifying elements in the claim
« identifying variables, terms and concepts related to the
claim

» developing a research question

» planning the research

» refining a research question

» putting it all together: sample report

1.14 « collecting sufficient and relevant evidence el39
Analysing  identifying trends, patterns, relationships in the evidence

+ assessing limitations of the evidence

» putting it all together: sample report

1.15 » assessing if the evidence justifies the claim eld6
Interpreting « presenting an argument whether the claim is justified

» reaching a conclusion about the claim

» putting it all together: sample report

1.16 » evaluating the quality of the evidence eld8
Evaluating » suggesting any extrapolations of the claim
» suggesting any improvements/extensions to the
investigation
» putting it all together: sample report
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1.1 Biological science

BY THE END OF THIS MODULE, YOU SHOULD BE ABLE TO:

» understand that science provides a systematic approach for
comprehending the world

» recognise that biology is the field of science that investigates living
organisms and systems J

» understand that biology comprises a range of divisions

» explain the difference between scientific models, theories, laws, principles
and facts.

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Science is a human endeavour to understand the world and the known universe. It
is one method of many used to develop knowledge. This knowledge is continually
refined and redefined. Science follows a methodology to observe, test, measure,
analyse and evaluate natural phenomena in a way humans can understand and
construct meaning. There is no single scientific method; however, it is a cyclical
process including observation of natural phenomena, questioning, hypothesising
and predicting, experimentation and gathering data, refining and altering all
previous elements, and theorising (Figure 1.1.1).

[ idea to be investigated ]

L

[ research question ]

4>[ Design and perform the experiment. ]—»[ rationale ]

¥

Methodology:

* procedure

* materials and
equipment

* risk assessment

Modify the
experiment
and/or make a new
research question.

]
-»[ analysis and evaluation ]

research question. L

L

Do the results support
the research question?

‘ Check the ’< f conclusion ]

yes

Repeat the experiment several times. ]—

FIGURE 1.1.1 A schematic outlining the processes involved in the scientific method. The scientific
method is more of a cyclical process rather than linear.

Biology is the study of living organisms and systems. This includes implies not
limited to cells, multicellular organisms and the maintenance and regulation of their
internal environments; genetics, reproduction and inheritance; biodiversity and the
relationships between the living and non-living; and the continuation of life. Biology
can explain how the structure and function of cells interrelate with environmental
variables to exchange matter and energy. An understanding of biology informs us
about fundamental principles of the living world around us and can inform critical
evaluation of social issues and technology.
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Today, all scientific disciplines are expanding into new frontiers. The number
of divisions and fields in biology is ever-increasing, and the relationship between
disciplines is becoming more intertwined. Innovations today are crossing traditional
barriers between technology, chemistry, physics and biology of the past 100 or
SO years.

AREAS OF BIOLOGY

There are numerous areas of biology (Figure 1.1.2), and as technology develops
and scientific disciplines become increasingly transdisciplinary, the number of
areas increase.

Because living organisms are made up primarily of organic molecules, organic
chemistry forms the molecular foundation of the biological sciences and is
intimately linked with pharmaceuticals and drug design. Organic chemistry deals
with molecules formed predominantly from carbon, hydrogen, oxygen and nitrogen.
The range and diversity of organic molecules is enormous—millions of molecules
have been identified. LLong molecules can be made up of much smaller organic
building blocks and form polymers such as the proteins built from 20 different
amino acids. Biologically important molecules, such as vitamins, haemoglobin and
chlorophyll, also contain inorganic metal atoms.

Traditional divisions in biology are still of vital importance, such as taxonomy
(classification of living organisms), and palaeontology (study of fossils). However,
much of the exciting current scientific research is interdisciplinary and involves
collaboration with many other scientific and technical fields including chemistry,
physics, pharmacology, materials science, environmental science and engineering.
These types of interdisciplinary collaborations have led to developments in
nanotechnology, synthetic biology, bioinformatics, astrobiology, environmental
sustainability and many more.

FIGURE 1.1.2 Some of the many traditional divisions of biology




The role and work of a biologist

As the world is changing, science, technology, engineering and maths (STEM) fields
are integrating numerous disciplines into vocational roles. A STEM qualification
fosters skills in areas such as creativity and critical thinking, and is highly regarded
in public and private businesses. The Australian Government’s chief scientist report
(July 2020) states that 75% of jobs in the fastest growing industries require workers
with STEM skills. According to this report, the safest future occupations are STEM
related, such as doctors, nurses and teachers. Biological sciences had the equal
highest proportion of people working in the public sector across the STEM fields,
at 40% (along with Environmental Studies). There are numerous reports every year
outlining that the majority of future professions will be STEM related.

These are jobs directly related to a biology qualification and other employment
for which biology is a useful background subject (see Table 1.1.1).

TABLE 1.1.1 A degree in biology would be required or beneficial in these jobs

Job Typical role description

environmental They work on commercial or government contracts with
consultant various environmental issues for clients. This work covers a
wide range of disciplines such as assessment of air, land and
water contamination, surveys of flora and fauna, environmental
impact assessment, environmental audit, waste management,
development of environmental policy and management systems.

marine biologist They specialise in studying the ocean and marine life.

They conduct in-depth experiments, do surveys, restore marine
environments, rescue and rehabilitate sick or injured marine
animals, and monitor marine animal behaviours for research

purposes. May involve scuba diving.

medical scientist Biomedical scientists work alone or in teams in laboratories,
conducting research and carrying out tests, operating and
developing medical equipment, assisting doctors with diagnoses

and developing immunotherapies and vaccines.

sports scientist They provide expert advice and support to athletes and coaches
to help them understand and enhance sports performance, using
evidence-based and quality-assured practices to evaluate and

develop effective strategies for training, competition and recovery.

forensic scientist They collect, analyse and provide impartial scientific evidence
for use in courts of law to support the prosecution or defence in

criminal and civil investigations.

food and nutrition They cover a wide range of work from scientifically assessing

scientist peoples’ dietary needs to creating personalised nutrition plans,
checking safety standards of food production, developing new food
products, laboratory testing for nutritional values, testing of food
packaging and storage options.

animal attendant works directly with animals, providing basic care, exercise and
enrichment activities. These attendants perform the daily tasks to
keep animals in care appropriately fed and healthy in a veterinary

clinic, animal shelter, wildlife park, marine centre and the like.

secondary school Along with teaching biological sciences to students, lecturers in
teacher or university  particular, may also undertake academic or industry research, and
lecturer may be involved in school or departmental management.

science writer They research, write and edit scientific news articles and features
for environmental, agricultural and professional publications,

specialist scientific and technical journals, and the general media.

Some of the careers related to biology can be seen in Figure 1.1.3. The levels
shown indicate the amount of training required, with Level 4 being the highest.

6 The advances in scientific

endeavours as well as innovations
have seen a significant increase
in multiple scientific specialities
and disciplines working together.
When more than one discipline
is required to solve a problem

or develop an innovation, it is
said to be transdisciplinary.
Transdisciplinary approaches to
scientific endeavours form the
heart of STEM.
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Medical practitioner
Medical scientist
Microbiologist

LEVEL3

/ LEVEL 2 ~ Nuclear medicine
Agricultural % technologist

Biomedical engineer /" technical officer Aboriginal/Torres Strait

4 [slander health worker

Landscape gardener
Agricultural technical officer et

Laboratory worker \
\, Nurse - registered
Medical laboratory Nutritionist

i Nursery worker technician '\
Animal attendant LEVEI. 1 s o i
Aquaculture

technician controller ~ Occupational

Aboriginal/Torres Meat worker Primary products therapist
Artificial Strait Islander

inspector
insemination health worker Nursery worker o
technical officer

Arallatanda Pmatr!;ehg:l/ Naturopath | Paramedic
Audiometrist nimasavencans Pest and c

weed controller technician | Pathologist
Dairy products Artificial %
inspr:c:or insemination Quarantine

Taxidermist p Nurse - enrolled |
wmcidir| BIOLOGY b Prammcais
f Dental assistant Tisie aultiive Science |
Ecologist | Dental assistant eroir

| Farm hand technician field officer Physiologist
Entomologist |

Paramedic t
Farm manager \ Farm hand Ward assistant /. Tissue l:hcu.lt.ure | Physiotherapi
Environmental | Dental technician technician P st/
health officer Farmer Farm manager Winery worker Orthotist
Environmental Fisheries officer

Veterinary nurse Psychiatrist
scientist \ Dental therapist Zoo keeper {

Pharmacist

Gardener Ward assistant ~ Psychologist
Forest technical officer

Winery worker Tl::; c_ullluu / Radiation
s nician ist
Wool classer / therapi
Speech
pathologist

Sports doctor

Horticultural tradesperson

Veterinary nurse /

Marine biologist
Medical imaging
technolcgi:

FIGURE 1.1.3 Do you enjoy or are you good at biology? Have you considered these careers?
The diagram shows levels of 1 to 4 which relate to the level of education required for each career.

THE WORK OF SCIENTIFIC RESEARCH

The foundation of all sciences, including biology, is scientific research. Scientific
research works in the unknown to develop new understandings. To build evidence,
it may take years and many experiments. In interpreting scientific evidence,

scientists endeavour to establish models, theories, laws, principles and facts.
These are illustrated in Figure 1.1.4.
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It is important to note that all these deductions change over time as knowledge

develops.
Model: a representation of data
to quantify, or visualise, or
predict and simulate, a process
or phenomenon.
Fact: a known and witnessed T Theory: a well-established

from

entity that is distinguishable

definite, permanent and
independent of any subjective

transient theories. It is

interpretation.

Observation
and
research

e

and

Principle: the known
cause of any effectin a
system where the variables

conditions are known.

understanding and conceptual
explanation of phenomena based
on a body of evidence that is
supported by numerous
experiments and observations.

Law: a causal
relationship that
describes or predicts
phenomena under
known conditions.

FIGURE 1.1.4 Scientific research and observations are used to establish or develop models, principles, laws, theories

and facts.

1.1 Review

Science is a systematic approach to develop
knowledge through testable explanations and
repeatable methods.

Biology is the study of living organisms and
systems.

There are numerous divisions of biology, and as
technology improves and scientific disciplines
become increasingly transdisciplinary, the number
of divisions grows.

STEM (science, technology, engineering and
mathematics) research is a transdisciplinary
approach to scientific endeavours.

Scientific evidence is used to formulate and
establish models, theories, laws, principles

and facts.

A scientific model is an idealised representation
of a process, a phenomenon or data.

A scientific theory is a well-established
understanding and conceptual explanation of
phenomena based on a body of evidence.

A scientific law is a causal relationship that
describes or predicts phenomena under known
conditions.

A scientific principle is the known cause of

any effect in a system where the variables and
conditions are known.

A scientific fact is a known and witnessed entity
that is distinguishable from transient theories; facts
are definite, permanent and independent of any
subjective interpretation.
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PART A WORKING SCIENTIFICALLY

Part A will consider the basic mathematic

al skills, data skills and applications that will be required for the student

experiment, research investigation, data test and practicals.

_______________________________

SKILLBUILDER 1.2.1

Transforming decimal notation to scientific notation

Scientists use scientific notation to handle very large To transform a very large or very small number into

and very small numbers. For example, instead of writing scientific notation, perform these steps.

0.000000035, scientists would write 3.5 x 10°%. 1 Move the decimal place from its position in the original
A number in scientific notation (also called standard number until you get a number that is greater than or

form or power of ten notation) is written as: equal to 1 but less than 10.

2 Count the number of places that the decimal point has
where: moved. This number is the exponent — the power of ten
a is called the coefficient, and is a real number between (Figure 1.2.1).
1 and 10, thatis 1 <a <10 » |If the decimal point is moved n places to the left, n will
. . 2
n is called the exponent, and is an integer (a positive be a positive number; for example 510 = 5.1 x 10~.
or negative whole number). n is the power that 10 is * If the decimal point is moved n places to the right,
raised to. n will be a negative number; for example

-2
Note that if n is positive, then the number is larger than 0051=51x10"
one, and if n is negative, then the number is less than 1.

ax 10"

_______________________________
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1.2 Orders of magnitude and
estimation

BY THE END OF THIS MODULE, YOU SHOULD BE ABLE TO:

convert numbers to and from scientific notation
estimate the value of a quantity using its order of magnitude
estimate the value of a quantity of calculation

understand that the Sl prefixes are multipliers of powers of ten of the
base units.

YYVYY

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000

SCIENTIFIC NOTATION

In scientific research and literature, measurements are often written in scientific
notation to overcome confusion or ambiguity when displaying numbers with
magnitude, for example 2.56 x 107 (0.00000256). It is important to understand
the numbers in scientific notation, their order of magnitude and how to convert
them into other units.

Quantities are written as a number between one and ten and then multiplied by
an appropriate power of ten. Note that ‘scientific notation’, ‘standard notation’ and
‘standard form’ and ‘power of ten notation’ all have the same meaning.

Examples of some values written in scientific notation are:

+  6.022 x 10% particles
+ 2525mL=2.525x107L
« 2.0 x 10®m diameter of a virus.

Values given in scientific notation show the significant numbers and indicate the
precision of measurement during experimentation by the instrument. Precision and
accuracy are covered in more detail in Module 1.5.

___________________________________________________________

___________________________________________________________
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TABLE 1.2.1 Converting from scientific notation

S
Yy Scientific notation Number (expanded form)

£ SIS N

‘ N NN R\ N S

| SESE I NN
6.5 x 107 I —

f 1x107
decimal point

1

1

: . . A : 1x10°®

i FIGURE 1.2.1 The exponential value is determined by counting the

1 number of places the decimal point needs to be moved. 1x%1073

I . . 1x 107

' You will notice from Table 1.2.1 that when large

. numbers are written in scientific notation, the 10 has a 1

: positive exponential value. Very small numbers smaller 1x 10!

1 than 1 are written with 10 to a negative exponent. 0

: . 1x1

+ Test the skill < 10°
X

. Convert 121000 to scientific notation.

I 1x10°

0.000000001
0.000001
0.001

0.1

1

10

1000
1000000
1000000000

__________________________________________________________________________________________

Worked example 1.2.1

CONVERTING TO SCIENTIFIC NOTATION

A typical virus is 0.000000020 m in diameter. How many individual viruses of
this size can fit across a typical pinhead with a diameter of 1.5mm?

Thinking

Working

The size of a virus has too many
digits for a calculator or will take an
excessive time to calculate, so convert
it to scientific notation.

Move the decimal place to the final
digit.

Count the number of places the
decimal placed was moved.

Use the number of decimal places
moved as the power exponent to
base 10.

Determine whether the decimal was
moved left or right.

right

Place a negative symbol (=) in front of
the power of 10.

20%x 10%m

Convert 1.5mm to m.

1.5mm=0.15cm =0.0015m

Convert to scientific notation, using the
same steps as above.

1.5 x1073m

Calculate the number of individual
viruses that can fit on a pinhead by
dividing the pinhead diameter

(1.5 x 1073) by the virus diameter
(2.0 x 1079).

1.5x10°®
2.0x10®
=75000

number =

CHAPTER 1 | BIOLOGY SKILLS AND ASSESSMENT TOOLKIT
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» Try yourself 1.2.1
CONVERTING TO SCIENTIFIC NOTATION

Escherichia coli is a common disease-causing bacterium. It averages
approximately 0.000002m in length. Calculate how many E. coli bacteria could
fit across a pinhead if they were lined up length to length.

You should be routinely using scientific notation to express very large and
very small numbers. This also involves learning to use your calculator intelligently.
Scientific and graphics calculators can be put into a mode whereby all numbers are
displayed in scientific notation. It is useful when doing calculations to use this mode
rather than frequently attempting to convert to scientific notation by counting digits
on the calculator display.

An important reason for using scientific notation is that it removes ambiguity
about the precision of some measurements. For example, a measurement recorded
as 240g could be a measurement to the nearest gram; that is, somewhere between
239.5g and 240.5g, or it could have been rounded up to the nearest 10 g. By writing
this quantity as 2.40 x 10%g, it makes clear the accuracy of the value (in this case,
3 significant figures).

Writing numbers from scientific notation

To write a number into long form from scientific notation, follow these rules.

» If the exponent is positive, write the coefficient without the decimal point.
Continue to write zeros after the last digit in the coefficient so that the number
of placeholders after the first digit is equal to the exponent.

« If the exponent is negative, write a zero in the units placeholder, then a decimal
point. Continue to write zeros until the total number of zeros (including the zero
in the units placeholder) is equal to the value of the exponent. Then write the
coefficient without the decimal place.

Worked example 1.2.2
WRITING QUANTITIES FROM SCIENTIFIC NOTATION

The mass of one vaccinia virus is calculated as 1.675 x 107" kg. Write this value
in long form.

Thinking Working

The exponent is negative, which means | 0.00000000000000001675kg
the number in long form will be less
than 1.

Write a zero in the units column and
then a decimal point. After the decimal
point, write another 16 zeros followed
by the coefficient without the decimal
place.

>» Try yourself 1.2.2
WRITING QUANTITIES FROM SCIENTIFIC NOTATION

Write the following values in long form:
a the diameter of a magnesium ion is 144 x 107*?m
b the number of hydrogen molecules in 1 mole of hydrogen gas is 6.02 x 1023,




Scientific notation is the preferred way of communicating very large and very
small measurements and information in biology and biochemistry. Biologists
measure the number of DNA bases in a genome in the millions or the size of
biological molecules that are a millionth or a billionth of a metre. It is important to
understand the numbers in scientific text and their order of magnitude and be able to
convert them to other units. For convenience and ease of use, and to avoid mistakes
with numerous zeros, quantities in science problems should first be converted into
scientific notation before any calculations can be carried out.

ORDERS OF MAGNITUDE, PREFIXES AND UNITS

Two methods are used to write down a physical measurement: prefixes and scientific
notation.

The other form of communicating measured results is to use units that represent
the order of magnitude. If 2.56 x 10 m was measured, it could be written either
in the scientific notation as it is already, or as 256 um. The symbol i represents
the prefix micro (Table 1.2.2), which means ‘one millionth of the measured unit’.
So, when micro is placed in front of metre (as a prefix), it becomes micrometre,
meaning ‘one millionth of a metre’, therefore 256 um becomes 256 millionths of a
metre. Again, these are very small measurements and numbers.

An International System of units (SI) prefix is a symbol written at the front of
a unit to indicate that the measurement is a power of ten higher or lower than the
unit itself.

There are twenty SI prefixes in use and most of them denote units that are one
thousand (10%) times larger or smaller than the previous prefix. Table 1.2.2 lists the
twelve SI prefixes commonly used in biology. You should become familiar with both
scientific notation and prefixes for units of measurement. You should also be able to
interchange them.

TABLE 1.2.1 The 12 official S| prefixes used in biology

T e e g e

Over 10 Gigatonnes of carbon dioxide is produced from
1 MHz (megahertz) is close to the frequencies at which TV
Used for body weight or buying food e.g. 5 kg of potatoes.
1 hPa (hectopascals) meteorologic unit for atmospheric

pressure: typical sea-level air pressure is ~1013 hPa.

1daN (decanewtons) is approximately the force exerted by a

1dL a common unit of measurement in blood screening for

30cm pencil case ruler. 1cm equals 1/100%" (0.01) of ametre.
1000mm in 1 metric ruler and 1000mL in 1 Litre of milk
ug is commonly used as the unit for medicine dosage.

The wavelength of yellow sodium streetlights is 550 nm.

tera 102 trillion 1000000000000 1 TByte hard drives are now common.
giga G 10° billion 1000000000
burning coal.
mega M 10° million 1000000
stations broadcast.
kilo k 108 thousand 1000
1kgis 1000g.
hecto h 10? hundred 100
deca da 10! ten 10
1 kg object on the surface of the Earth.
- - 1 unit 1 The base unit e.g. metre or gram.
deci d 10! tenth 0.1
health conditions.1dm?® = 1L.
centi © e hundredth 0.01
milli m 1073 thousandth ~ 0.001
micro u 107 millionth 0.000001
nano n 107 billionth 0.000000001
pico P @ trillionth 0.000000000001

Blood concentrations of insulin are measured in
picomoles (pmol).
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6 Sl prefixes are used to avoid
writing very small or very large
numbers with lots of zeros. The
prefix is added directly to the
name of a unit, and a prefix
symbol attaches directly to the
symbol for a unit.

Leave a space between the last number and the unit but no space between the
prefix and unit symbols: 30 cm is correct. It is not correct to write 30cm or 30 ¢ m.
The larger prefixes are written as a capital letter, while the smaller prefixes are written
using a lowercase letter. It is important to give a symbol the correct case (upper- or
lowercase). There is a big difference between 1 mm and 1 Mm.

Note that the fundamental unit kilogram contains a prefix, but all multiples of
mass are written with the base unit grams. As an example, one million kilograms is
not written as one megakilogram, but as one gigagram (Gg).

Before any measurements with a prefix can be substituted into a mathematical
formula, they must be converted into SI units without the prefix, that is, written in
scientific notation.

0 When converting units, it is useful to write the conversions as fractions and then
cross-cancel out to ensure that the conversion is done correctly.

__________________________________________________________________________________________

SKILLBUILDER 1.2.2

Converting between units

however, it is used by some athletes to increase
performance. Normal levels of cortisol in the blood are

indeed!

Often in science you need to convert from one unit around 400 nmol L. To put this into context, you can X
to another to complete a calculation. Knowing how to convert this value into a unit you can easily visualise, like X
change between units is an important skill; however, grams per litre (gL ™). :
conversion factors should be used carefully. As some To convert 400 nmol L™t to mol L™} (before converting :
units of measurement are difficult to visualise, knowing to gL‘l)y you need to move the decimal seven places to :
the size of different units in relation to each other will the left, so it becomes 0.0000004 mol L L. :
aid your understanding and help you avoid errors in This can also be written as 4.0 x 10~ mol L. :
your calculations. The most common mistake made with One mole of cortisol weighs 362.46g, therefore E
conversion factors is multiplying rather than dividing. 0.0000004 molL! is equal to :

Cortisol is a natural hormone found in the body; 0.000145gL! (or 1.45 x 10*gL"1)—very small E

__________________________________________________________________________________________

el6

6 A mole (symbol: mol) is the SI
unit to quantify a substance. For
a biology student, it is sufficient

to just follow the calculation,
not to understand the concept
(frequently used in chemical
science and defined as the
amount of a substance that
contains as many particles as

Worked example 1.2.3
CONVERTING BETWEEN UNITS

Convert 60700 grams to kilograms.

there are atoms in exactly 12 g of
carbon-12 isotope, also known as
Avogadro’s number, 6.022 x 102
particles).

BIOLOGY | UNITS1AND?2

Thinking Working
Convert the units from grams to g _kg
kilograms. a 7X§
_E. ke
4
= kg
To convert grams to kilograms, 60700 kg
multiply 60700 by kg per g. Since B XE
1kg =1000g, the kg is replaced by
1 and the g is replaced by 1000. = 60700 Xﬁ
=60.7 kg




» Try yourself 1.2.3
CONVERTING BETWEEN UNITS

The photosynthetic rate of CO, by a plant was measured to be 6.2 umolm™2s™1,

Calculate the number of moles of CO, that are photosynthesised per square
metre per second.

When converting from one unit to another it is essential that you check that the
answer makes sense. For instance, if converting from mm to km, you would expect
that there are many mm (millimetres) in a km (kilometre). The inversion of prefix
conversions is one of the major sources of mistakes in general science calculations.

1.2 Review

» ‘Scientific notation’, ‘standard notation’, ‘power of - nis called the exponent, and is an integer
ten notation’ and ‘standard form’ all have the same (positive or negative whole number). n is the
meaning. power that 10 is raised to and is sometimes
« A number in scientific notation is written as a x 107, called the index value.
where: » A range of scientific prefixes can alternatively be
- ais called the coefficient, and is a real number used to represent 10". Some examples are milli-,
between 1 and 10; thatis, 1 <a < 10 micro-, kilo-.

KEY QUESTIONS

Describe 7 Determine the order of magnitude of the following
1 State the prefix and symbol for the following orders of values.

magnitude. a 641 x10°m

a 1000000000 b 1.201 x 10°m3

¢ 0.000000001 Number Scientific notation

2 Identify what the following units mean. 3
0.002 2x10
ay
b p 2000 1.234x 107!
¢k 0.1234 2x 1073
3 Explain why scientists communicate using scientific
notation. 123.4 1.234 x 10?
Apply 12.34 1.234 x 102
4 Convert the following to scientific notation.
a 0.000000000012 Analyse
b 0.00045 9 Convert the following lengths into the unit in brackets,
¢ 73000000000000000 presenting the information in scientific notation.
5 Represent the following values in scientific notation. a 1.56mm (um)
a 637nm b 835nm (cm)
b 319s 10 A human hair is about 50 um wide, whereas a virus
6 Write the expanded form of the following numbers. is 2 x 10°® m wide. How many times wider than the
a 1.1x10°m width of the virus is the width of the human hair?

. b 0.000001 8 Match each number with its scientific notation.
b 7.031 x 10°ms™
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Worked example 1.3.1
MATHEMATICAL BASICS IN BIOLOGY

1.3 Mathematical basics for biology

BY THE END OF THIS MODULE, YOU SHOULD BE ABLE TO:

- » understand that the rules of mathematics apply for solving mathematical

operations in biology
» perform basic mathematical operations using percentages and fractions
» rearrange and substitute formulas using algebraic rules
» use the equation of a straight line to determine its gradient and y-intercept.

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Science uses mathematics in working with data. The evidence can be quantified,

measured and analysed. This is known as statistical analysis (a branch of mathematics).
When conducting mathematical operations or calculations, remember all the

rules of mathematics apply, including:

e order of operations

» rules for transposing formulas and working with fractions

* substitutions

e approximations.

EXAMPLES OF MATHEMATICAL BASICS IN BIOLOGY
Measuring cells under a compound light microscope

A compound light microscope can be used to examine in detail thin sections of
plant and animal tissues and determine the size of the cell and its visible components
(Figure 1.3.1 e21).To do this, you need to determine the magnification and field of
view of the microscope.

Total magnification of a microscope

The total magnification of the microscope is calculated by multiplying the
magnifying powers of the objective and the eyepiece lenses. The eyepiece (or ocular
lens) of a microscope is the lens closest to the eye, and usually magnifies objects by
10 times (10x) their actual size. The other lens is the objective lens and is located on
the rotating part of the microscope barrel closest to the stage and specimen. There
are usually three or four objective lenses, each allowing for a different degree of
magnification. The magnification value is marked on the side of each lens.

For example, a 10x objective used with a 10X eyepiece gives a total magnification
of 100x.
Worked example 1.3.1 demonstrates examples of the use of mathematics in biology.

Calculating the magnification of a microscope

Eyepiece—
magnification 10x —¢

Objective lens—
magnification 100x —__

Thinking Working
Record the magnification of M; =My x M,
each lens: ocular (eyepiece) and - 10'x 102
objective. - 101"

Write down the calculation. - 103 or 1000x

M, = total magnification
M, = eyepiece magnification
M, = objective lens magnification

Substitute in the values.
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To estimate the size of specimens viewed, you need to calculate the field of view under the microscope (the circle of light
visible when looking through the ocular lens). Also, all biological drawings require a scale. You can measure the initial field of
view by using a stage micrometer slide, which is a mini-grid on a microscope slide.

Calculating the field of view diameter and converting from magnification 40x to magnification 400x

’\
] \ Thinking Working

To determine the size of microbes M

or specimens under the microscope, | D, = —2xD,

you need to know the field of view b

diameter. D, = original diameter

The diameter for this field of view at | D, = new diameter
magnification of 40x is 4.6 mm.

M, = original magnification

] M, = new magnification
To calculate the field of view

1 mm 100{um
diameter at 400x:
M
= 40 x 4.6
400

The field of view of this microscope using the
40x lens is 4.6 mm (or 4600 um). You can work =046 mm
this out by using the mini-grid.

1 division = 0.01 mm

100 X 0.01 mm =1 mm

Calculating the size of a specimen in the microscopic field of view

Thinking Working

To complete a If the field of view diameter at 400x is
comparative study, 0.4mm and using length, 2.5 cells fit across
estimate organelle the diameter.

size, determine _ D

organelle density (or Size (length) =
concentration) and
sometimes calculate
rates of cellular 3
processes for cells, you =0.13 mm
need to know the size of
a specimen.

Determine the field of
view.

Decide if width or
length of each cell is to
be counted.

Count the specimens
that fit across.

no. of speciment across D
04 mm
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Calculating the area of a microscopic field of view

Thinking Working
For bacterial studies, A=nr?
including lawn cultures — 12252
and colonies, it is difficult '
=15.896 25 mm?

to count the number of
bacteria so you use the area
of population.

Use the same calculation
as for area of a circle

A = 7r?)

Convert diameter (D) to
radius ().

=15.9 mm? (considering significant
figures, see Module 1.5)
r = the radius (half of D the diameter)
= the mathematical constant pi, a key
on your calculator, or use 3.14 or 22/7

Calculating cell size using a scale bar

—
3.33 um

Human cheek cell, unknown magnification

Calculate the length of the human cheek cell to the left.

Thinking

Working

Measure the scale bar.

0.5cm

Convert to um.

Every 0.5cm =3.33um

Measure the length of the
cell image using a ruler.

The cell is approximately 4cm in

length.
4

— =8, 8x3.33 =26.64,
0.5

The cell is approximately 27um across

Convert the length of the cell
to um.

4 x2x333=26.64pum

Calculating the surface area (SA) of a cube

Thinking

Working

2cm Dimensions of cells (or SA = (length x length) x 6 sides
2cm simulated cells) are required =(2cmx2cm) x 6
2cm when determining a 2
) , =24cm
cell’'s capacity to undergo
diffusion.
SA = (length x length) x
6 sides
Calculating the surface area to volume ratio (SA:V) of a cube
Thinking Working
2cm This is required to SA:V = (length x length) x
2 cm understand the relationship 6 sides:length®
2cm between cell size and rate of

diffusion.

This also helps to
understand the structure
and function relationship
for cells.

SA:V = (length x length) x
6 sides:length®

=2°%x6:2°

= 24:8 divide by 8 (highest common
factor)

=3:1 (in simplest form)
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o Increase field of view = decrease magnification
Decrease field of view = increase magnification

» Try yourself 1.3.1a
CALCULATING TOTAL MAGNIFICATION OF A MICROSCOPE

Calculate the total magnification of a light microscope if a 10x ocular lens and a
40x objective lens were used.

» Try yourself 1.3.1b
MATHEMATICAL BASICS IN BIOLOGY

0 School microscopes typically
have the magnifications and fields
a the surface area of the cell of view shown in the table and

b the SA:V ratio of the cell Figure 1.3.1. Microscopes usually
have 10x eyepieces. The total

Objective lens Total magnification with 10x eyepiece Field of view magr.'nflcatlon IS .the _product o i
eyepiece and objective lenses. The

4x 40x 4.5mm field of view units will differ for
lower and higher magnifications.
Measurements will typically be in
40x 400x 450um millimetre (mm) or micrometres
(um, 10"6, one millionth of a
metre and one thousandth of a
millimetre).

A cubic shaped cell has 6 equal sides of 5 mm length x 5 mm width. Calculate:

10x 100x 1.8mm

100x 1000x 180um

FIGURE 1.3.1 Leaf epidermal cells under a high power objective lens (40x) with total magnification
400x. The field of view is 450 um. There are about 30 cells across the field of view, so the average
width of these cells is about 450/30 = 15 pm.

ANALYSING STRAIGHT LINES

A straight line is the simplest relationship between two variables. The dependent
variable is plotted on the y-axis and the independent variable is on the x-axis
then the relationship between the two variables is represented by the gradient.
The y-intercept and gradient can be easily calculated by hand or with technology.
Figure 1.3.2 shows a typical straight line relationship.
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FIGURE 1.3.2 A graph representing a simple relationship between two variables

The gradient of any straight line is calculated using:

gradient, m = IS¢ _
run Ax

The y-intercept, ¢, is read off the y-axis.

The equation of any straight line is determined by the gradient and y-intercept:

y=mx+c

Ay

In the example in Figure 1.3.2, the equation of the straight line is y = 2x — 1 with

a gradient of 2 (the rise is 7 — 3 = 4 divided by the run = 2) and y-intercept of —1.

__________________________________________________________________________________________

SKILLBUILDER 1.3.1

Interpreting the slope of a linear graph

Scientists often represent a relationship between two
variables as a graph. For directly proportional relationships,
the variables are related to each other by a straight line,
where the slope (or gradient) of the line represents the
constant of proportionality between the two variables.

The slope or gradient of the line is defined as the ratio
of change between two points in the vertical axis (Ay),
divided by the change between two points in the horizontal
axis (A x). In other words, it measures the rate at which
one variable (the dependent variable) changes with respect
to the other (the independent variable).

The graph below has two straight lines with different
slopes (Figure 1.3.3). The steeper slope (solid line)
indicates that the rate of change is higher. This means the
change is happening more quickly. On the other hand, the
flatter slope (dashed line) indicates that the rate of change
is lower. This means the change is happening more slowly.

FIGURE 1.3.3 Straight lines with different slopes indicate different

rates of change between points on a graph.

T
4 X

__________________________________________________________________________________________
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Worked example 1.3.2

INTERPRETING THE SLOPE OF A LINEAR GRAPH

A a faster rate of change

B a slower rate of change

C the same rate of change

D a much slower rate of change

On a graph with two sloped lines, identify what the steeper sloped line indicates.

Thinking

Working

The slope or gradient of the line is
defined as the ratio of change between
two points in the vertical axis (Ay),
divided by the change between two
points in the horizontal axis (Ax).

Ais correct. The steepness of the slope
indicates the rate of change. A line
with a steeper slope indicates a faster
rate of change.

» Try yourself 1.3.2

INTERPRETING THE SLOPE OF A LINEAR GRAPH

Identify which of the following options indicates the rate of change of a straight

line on a graph:

A area under the graph
B y-intercept

C x-intercept

D gradient
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1.3 Review

When conducting mathematical operations or

calculations, remember all the rules of mathematics

apply, including:

- order of operations

- rules for transposing formulas and working
with fractions

- substitutions

- approximations.

KEY QUESTIONS

Describe

1 Name three ways that mathematics can assist in the

study of biology.

Apply

2

a Calculate the missing figures to complete the
following table.

Ocular lens | Objective lens | Total magnification
x10 x4
x10 x100
x10 x400
x10 x100

b Which magnification and field of view would be best

for viewing cells about:

i 20pum long

ii 0.7mm in size?
A microscope was set up to view some cells as
illustrated in the following diagram.

a The microscope is set up with an ocular lens of
x10 magnification and an objective lens of x4
magnification. Calculate the total magnification.

BIOLOGY | UNITS1AND?2

Mathematics is frequently used in biology for
calculations with microscopy and graphing work.

b Looking down the microscope, the field of view
is determined to be 450 um. Calculate the actual
length of each cell measured in um.

Analyse
4 Calculate the field of view area of a microscope, for the

following field of view diameters.
a 1l.4mm
b 445um

Calculate the surface area to volume ratio of a block

measuring 5um X 4um x 8um.

A student recorded the following temperatures of
water as it was heated.

Plot a simple straight line graph from the data.

Time (min) | Temperature (°C)
0 22
2 34
4 43
5 50
8 64
10 78

a Calculate the average temperature change per
minute during the experiment.

b Determine whether the increase was constant
throughout the experiment.



7 The following diagrams represent the field of view
visible when various cell types are viewed at different
magnifications. The lines in the grids are 100 um
apart.

The names of the cell types in the diagrams A to F are
in the list below:

skin cells

phloem, palisade, Diplococcus, epidermal, Spirilli, cheek red blood cells
cells, human skin cells, Streptococcus, red blood cells, ‘
amoeba, Paramecium, Bacillus

a Use the information in each image to estimate
the length of each type of cell from the below. In
this instance, the length of the cell is the longest E Cells from a plant stem
dimension of the cell, top to bottom or left to right.

b Organise the cells in the list in order of size from
smallest to largest.

A Protozoans

\\l\ phloem cells

|

1
o .
26 é‘»! — Paramecium
/ I~
\
|
|
\ / amoeba
=
S
NN .
100% epidermal cell

palisade cell

B Bacterial cells

Diplococcus

Spirilli 1000%

Streptococcus

Bacillus

C Animal cells

dNh
o3

( (. . k)—ﬁ—cheekcells

=y

400X
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1.4 Units

BY THE END OF THIS MODULE, YOU SHOULD BE ABLE TO:

appreciate that biology uses the International System (SI) of units
recall fundamental units, their symbols and definitions
write measurements and communicate quantities using Sl units

convert between various units of the same type using Sl and some
non-S| units.

YVYVYY
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Science uses a specific system of units to describe measurements that are made. In
all sciences, measurements are made using the International System (SI) of units
(from the French name: Systéme International d’unités). Most countries around
the world use and understand these units as they are internationally accepted in
science, industry, construction, commerce, sport and everyday life.

MEASUREMENT AND UNITS

Make sure the units you measure or observe are accurate and remember to use SI
units when recording your experimental evidence. Table 1.4.1 presents common
quantities and SI units used in biology. Three temperature scales are commonly
used: the SI unit is Kelvin (K), however the unit Celsius (°C) is routinely used in
Australia. (Figure 1.4.1).

Kelvin Celsius Fahrenheit

p
)
)

water boils - 372K 100°C fpffee -100°C 212°F ol foees - Water boils
human body 2 o - o o E human body
temperature | ] | 310K 37°C B 37°C 98°F e " temperature
water |- o I R o I water
freezes | |} - 273K 0°C 1 AU 32°F -1 freezes
absolute - 0K —459°F /L absolute
zero zero

FIGURE 1.4.1 Comparison of the three temperature scales: Kelvin, Celsius, Fahrenheit. Celsius is the
scale used for school experiments and for everyday life in Australia




TABLE 1.4.1 Common quantities and Sl units used in biology

mass

gram (g)
kilogram (kg)

Quantity S| symbol Other commonly used unit
for quantity (symbol)
m

volume % litre (L)
millilitre (mL)
energy E joule (J) calorie (cal) used in food
kilojoule (kJ) nutrition
1 kilocalorie equals
4.184 kilojoules
concentration c moles per litre (mol LY grams per 100mL
(molarity) M or moldm™) (g/100 mL))
per cent % weight per volume (% w/v)
solution weight per weight (% w/w)
volume per volume (% v/v)
density d gmL™! or kgL
temperature T Celsius (°C), Kelvin (K) Fahrenheit (°F) still used
in USA
pressure P atmospheres (atm), millibars are used in
pascals (Pa), millibar (mb) meteorology. Average air
pressure at sea level of
1 atm =1013.2mb.
time t second (s) minute (min) hour
(h/hr)
distance d metre (m) millimetre (mm),
(length) kilometre (km)

Correct use of unit symbols

The correct use of unit symbols removes ambiguity, as symbols are recognised
internationally. Some important points to keep in mind when writing units and
recording measurements and numbers are given in Table 1.4.2.

Uppercase letters are only used for the symbols of the units that are named after
people. For example, the unit of energy is joule and the symbol is J. The joule was
named after James Joule who was famous for studies into energy conversions. The
exception to this rule is ‘L.’ for litre. Uppercase ‘L is used because a lowercase ‘I’
looks like the numeral ‘1°.

The product of a number of units is shown by separating the symbol for each
unit with a space. The division or ratio of two or more units can be shown in fraction
form, using a slash or using negative indices. Prefixes should not be separated by a
space.
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TABLE 1.4.2 Examples of correct and incorrect use of symbols for derived units

_

Do not mix written numbers and thirty grams thirty g
symbols. 30g 30grams
Do not put spaces between prefixes and kg kg
unit symbols. mL m L
kPa k Pa
Write the correct case for symbols 1mm 1Mm
(upper- or lower-case). 84 kg 84KG
5.2mL 5.2ml
Sl units should not be followed by a mL m.L.
full stop unless they are at the end of a
sentence. The symbols for units are not
abbreviations.
Only use upper-case letters for unit J (the unit of energy j
symbols named after people. The is joule, named after Joule
exception is ‘L for litre, to avoid confusion  James Joule)
with ‘1" and the numeral ‘1’. L
Only the symbol, not the name, uses mL |
upper-case. Litre
milliLitre
Units named after people can take the two kilojoules 2 kJs
plural form by adding an ‘s’ when used
with numbers greater than one. Never do
this with the unit symbols.
The product of a number of units is 0.1 moldm™3 0.1 moldm™3
shown by separating the symbol for each
unit with a space.
The division or ratio of two or more units 0.1 mol dm™ 0.1 moldm™3
can be shown in fraction form, using a Jgrtecit Jgtec!
slash, or using negative indices. kd/s kds
When units are displayed with a negative 1000 kJmol™ 1000kJ/mol™
exponent such as g mL™}, the negative 13°C/g 13°C/g™t

value of the exponent signifies the
division of the units, or per unit. In this
case, g mL™! is the same as g/mL, or
grams per millilitre.

Table 1.4.3 provides some examples of correct and incorrect use of symbols for

derived units.

TABLE 1.4.3 Examples of the use of symbols for derived units

Correct symbol v/

Jgtect Jgtec!
gmol™? gmol™1
kPa K Pa

Incorrect symbol X

0 When units are displayed with a negative exponent, such as mol L%, the negative
value of the exponent signifies the division of the units; in other words, per unit.
In this case, mol L is the same as mol/L, or moles per litre.
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Worked example 1.4.1
UNIT CONVERSIONS

Calculate how many litres are in one cubic kilometre.

Thinking Working

Write each unit in terms of m®. 1L=0.001m3
Remember that a litre is the volume of a| and

cube 0.1 x0.1 x0.1m 1km3=1000m x 1000m x 1000 m
Remember that a km? is a cube that has =10°m?
sides of 1000m by 1000m by 1000 m.

Take the inverse of each equation to s 1 o5 3
find the equivalent volume in mS. Im® = 10° 107 km
and
1m® = 1 =10°L
0.001

Now equate them since they are both 10°km® =103L
equal to 1 m?3. 10°L

TAS 3 = 1012 L/km3
107 km

State the answer. There are 102 or one trillion litres in
1 cubic kilometre.

>» Try yourself 1.4.1
UNIT CONVERSIONS

If a person weighs 6.0 x 10 kg and the mass of a single carbon atom is
1.99 x 1023 g, calculate how many carbon atoms would be needed to equal the
mass of the person.
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1.4 Review

Scientists use conventional ways of writing
numerical measurements. The common standard is
to use System International (SI) units.

Units with a prefix should be converted into
scientific notation before they are used in
calculations.

When converting units, it is very useful to write the
conversions as fractions and then cross-cancel out
to ensure that the conversion is done correctly.
When units are displayed with a negative exponent
(power of ten), the negative value of the exponent
signifies the division of the units. For example,

g mL! is the same as g/mL or grams per millilitre.

KEY QUESTIONS

Describe

1 State the standard unit of measurement, and the
symbol, for the following quantities.
a time
b temperature
¢ length
d mass

2 List the following units from largest to smallest:
centi, milli, deci, mega, kilo, nano, micro.

Apply

3 Explain why it is important that general society, not

just the scientific community, needs a systematic and
consistent set of units for measurement.

When writing and recording measurements,

remember:

- use numerals for numbers that are accompanied
by a symbol

- numbers and symbols should not be mixed

- do not put spaces between prefixes and unit
symbols

- always put a space between the last numeral and
the unit symbol

- write the correct case for symbols (upper- or
lowercase).

Analyse
4 Convert 30.00mL into L.

5

Identify any errors in the recordings below, and correct
them.

a 23mlL/gh™

b 79Kls™

c four litres

d 1.56grams

In some plants, the rate of photosynthesis is
measured by measuring the change in atmospheric
CO, in moles per m? of leaf area, per second
(mol/m?/s or molm™2s™). If a plant was measured

to photosynthesise CO, at a rate of 25umolm=s™"
calculate the number of moles of CO, this plant would
photosynthesise per second and per hour.
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1.5 Measuring precision and
accuracy using uncertainties and
percentage error

BY THE END OF THIS MODULE, YOU SHOULD BE ABLE TO:

» explain the difference between accuracy and precision
explain the difference between uncertainty and error
write measurements with uncertainty and error values

write measurements and calculations to the correct number of significant

figures

perform calculations using significant figures

differentiate between accuracy and precision, and know how to express

these quantitatively using significant figures

» explain the difference between mistakes, systematic uncertainties and
random uncertainties

» perform calculations that contain uncertainty or error values

» understand that all measurements made in biology experiments are
subject to a level of uncertainty.

Yvyy

Yy
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All measurements are limited by the instrument used and the observer. Accuracy of
the measurements and results is therefore affected. Instruments have a prescribed
level of precision and cannot measure to less than the smallest increment of the
device. In addition, a scientist’s technique and experience with the instrument
influences the precision with which the reading can be made. Environmental
conditions, such as the ambient air temperature, can affect the instrument and the
observer’s accuracy with measurements.

Thus, in science it is impossible to measure a true value, as there will always be
some degree of uncertainty. This results in error and uncertainty in the values
measured or observed. Well-designed experiments can measure closer to the true
value than others, and experimentation in closed systems enables more accurate
and precise measurements. However, closed system measurements do not reflect
true natural values.

Therefore, science can be thought of as developing evidence-based results that
have some limitations. Measurements with uncertainty and errors are normal in
science and so results are presented with a range (e.g. £0.5) indicating possible
precision or are processed through statistical calculations.

ACCURACY AND PRECISION

In science and statistics, the terms accuracy and precision have very specific and
different meanings.
* Accuracy is the ability to obtain the correct measurement. To obtain accurate

L . 0 Any measurement made in
I esults, you must minimise systematic errors.

. - . . ) biology needs to be both accurate
* Precision is the ability to consistently obtain the same measurement. To obtain and precise.

precise results, you must minimise random errors.

To understand more clearly the difference between accuracy and precision,
think about firing arrows at an archery target (Figure 1.5.1). Accuracy is being able
to hit the bullseye, whereas precision is being able to hit the same spot every time
you shoot.
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Precision

Low

If you hit the area around
the bullseye each time but
do not always hit the
bullseye, you are accurate

If you hit the bullseye every
time you shoot, you are both
accurate and precise

Accuracy

If you hit a different part of
the target every time you
shoot, you are neither
accurate nor precise

If you hit the same area of
the target every time but not
the bullseye, you are precise
but not accurate

FIGURE 1.5.1 Using a dartboard with darts illustrates the difference between accuracy and precision. In summary, measurements should be both precise
and as accurate as you can make them.

Recording numerical data

When using instruments to measure data, the number of significant figures (or digits)
and decimal places you use is determined by how precise your measurements are.

The overall precision of the measurement depends on the scale, accuracy and
precision of the instrument and technique you are using (Figure 1.5.2). For example,
a beaker may be used to measure volumes approximately and has limited accuracy of,
for example, £5%; however, a graduated pipette is much more accurate, with accuracies
of £0.1% or 20.2%. In addition, your pipette may be accurate but if your technique
using the pipette is variable, the overall accuracy and precision will be limited.

When you record raw data and report processed data, you must use the
number of significant figures available from your equipment or observation.
(This is discussed in more detail in Module 1.5.2) Using either a greater or smaller
number of significant figures can be misleading. For example, Table 1.5.1 shows
measurements of five tissue samples taken using an electronic balance accurate to
2 decimal places. The data was entered into a spreadsheet to calculate the mean,
which was displayed with 4 decimal places. You would record the mean as 20.83 g,
not 20.8260¢g, because 2 decimal places is the precision limit of the instrument.
Recording 20.8260 g would be an example of false precision.

FIGURE 1.5.2 A 10mL graduated pipette is
calibrated to deliver volumes to an accuracy of
one-tenth of a millilitre, or 10mL £ 0.1 mL. The TABLE 1.5.1 An example of false precision in a data calculation
pipette has major divisions of 1 mL and minor

divisions of 0.1 mL. You can estimate to 0.05mL m 1 2 3 4 5 Mean
and record volumes to 2 decimal places, for
example, 3.80mL or 4.55 mL. Mass (g) 20.13 20.62 21.22 20.99 21.17 0.8260

e32 BIOLOGY | UNITS1AND2



UNCERTAINTY AND ERROR

Uncertainty is a range of measurements from the experiment, within which the
true value is expected to lie. Due to variations, an estimation is made to suggest
where the true value should be found among the measurements. Uncertainty is
one indicator of a limitation. Expressed as a *+ value, uncertainty can be derived
either from the known precision of the equipment or alternatively from calculations
involving the range of trials.

Error is the difference between a measurement and the true value. This is not an
indication of human error or mistakes. It is due to an inability to achieve the true
value. Error can be reduced but cannot be eliminated, and therefore it is important
to understand and record the error and report it. Two types of errors can occur—

systematic error and random error (Table 1.5.2).

TABLE 1.5.2 Systemic and random errors

I S [ S

systematic

random

An error in measurements
caused by the design of a
system (e.g. methodology)
or instrument (uncalibrated),
which results in the
measurements shifting in a
systematic direction.

The mean may be displaced
or varied in a predictable way
affecting the accuracy of the
measurement.

It is quantified by calculating
percentage error.

An error that affects

the measurement in an
unpredictable way, resulting in
an even variation (fluctuation)
in measurements above and
below the expected true value.

This affects the precision of the
measurement.

It is quantified by calculating
percentage uncertainty.

instrument calibration

choice of instrument

precision of instrument
(increments)

precision of instrument (sample
rate—per second)

sampling (choice of population
or representatives)

heat loss or gain with the
surroundings

estimation (measuring between
increments)

sampling (frequency, spread,
increments)

parallax

instrument sensitivity

noise

The balance used for weighing out samples
reads 0.05g too high for all your masses
(because it was improperly tared (set to
zero) at the start of the experiment).

Consistently reading liquid volume
measurements incorrectly from the top of
the meniscus instead of the bottom.

Error of parallax — reading a meter display
consistently from an angle instead of
directly in front.

Using a universal indicator to determine
the pH of a solution, in which the pH must
be estimated by the shade and colour of
the paper (e.g. yellow/orange versus bright
orange).

Measuring the time taken for a reaction to
occur has a random error associated with
the identification of when the reaction is
judged to be complete.

If a person’s pulse was counted for 20s
and then the measurement was multiplied
by three to determine beats per minute,
this methodology allows the heart rate

to change over 20s while the pulse is
measured. The measured heart rate will
shift in an unpredictable way.

Uncertainties and errors should always be calculated or measured and then
reported. They then form part of the Analysis and Interpretation (see Module 1.7
Data Analysis and Module 1.10 Finding) as well as the Evaluation in a report. Also,

it is a good idea to consider uncertainty and error when planning experiments.
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Calculating uncertainty in measurement

The goal when taking measurements is to obtain repeat values (trials) that closely
agree. We expect repeat measurements to vary somewhat based on the precision
of the equipment. For example, when using a measuring cylinder for the volume
of solution, the measurement uncertainty of an analog instrument is half the
smallest increment (for digital it is the smallest decimal place on the readout). Using
the particular instrument, the true value is expected to fall within this range (e.g.
measured value £ 0.15 mL, for a 150 mL volumetric cylinder).

smallest increment
2

measurement uncertainty ==

When averaging repeat measurements, the uncertainty should be reported
alongside your average. Known as uncertainty of the mean, it represents the
precision of the method expressed as the range of experimentally obtained values.
The following equation is a simple way to calculate the uncertainty of the mean.

n=+ (upper value - lowest value)

uncertainty of the mea 5

Worked example 1.5.1
CALCULATING UNCERTAINTY OF THE MEAN

An experiment was conducted to measure the length of time it takes to convert
a substrate to a product in an enzymatic reaction. Three replications of the
experiment produced the times 2.50, 3.48 and 2.81s, the average time being
2.93s. Calculate the uncertainty of the mean.

Thinking Working

Write down the formula. (upper value —lowest value)

uncertainty = +

2
Insert the values and then (3.48 -2.50)
calculate. uncertainty = if
=+0.49s
Combine measurement with 293s+0.49s

uncertainty.

>» Try yourself 1.5.1
CALCULATING UNCERTAINTY OF THE MEAN

Students measured the amount of oxygen produced by a plant over an hour.
They performed the trial three times over three consecutive days. The results
were 4.9, 5.5 and 5.2mL. Calculate the uncertainty.

In experimental investigations where a number of trials are performed, you
have the opportunity to describe the level of uncertainty in two numerical ways—
measurement uncertainty and uncertainty of the mean. When these uncertainties
are expressed in the same units as the value they describe, they are an absolute
uncertainty * (eg. 50cm * 0.5cm).

Uncertainty can also be reported as a percentage of the measurement; this is
known as percentage uncertainty. To calculate the percentage uncertainty, apply
this formula:
absolute uncertainty

measurement

percentage uncertainty = =+ [ j x 100



__________________________________________________________________________________________

SKILLBUILDER 1.5.1

Calculating absolute measurement uncertainty for instrumental error

Calculate the absolute measurement uncertainty for 3 Combine the measurement with the uncertainty.
instrumental error during an experiment where the 32°C + 0.5°C

temperature was measured at 32°C using a glass
thermometer with increments of 1°C and also a digital
thermometer with increments of 0.1°C.

1
1
1
1
1
1
1
1
1
|
For the digital thermometer E
For digital instruments, the absolute uncertainty is equal to |
the smallest decimal place displayed. !
1 Write down the formula. :

1 Write down the formula. uncertainty = smallest increment

uncertainty = + smallest increment 2 Insert the values and calculate.
B 2

2 Insert the values and calculate.

uncertainty = 0.1

E For the glass thermometer
1

1

1

1

I

| 3 Combine the measurement with the uncertainty.
1

1

1

1

1

1

uncertainty = i% 32.0°C £ 0.1°C
=+0.5°C
Worked Example 1.5.2

CALCULATING PERCENTAGE MEASUREMENT UNCERTAINTY FOR
INSTRUMENTAL ERROR

The temperature during an experiment was measured and then reported as at
32.00°C £ 0.05°C. Calculate the percentage measurement uncertainty.

Thinking

Working

Write the formula
for percentage
uncertainty.

absolute uncertainty
measurement

percentage uncertainty = i[ Jx 100

Insert the values and
calculate.

percentage uncertainty = i(%) x100

=016 %

Combine the

32.00°C £ 0.16%

measurement with
the percentage
uncertainty and
express to the
appropriate number
of significant figures.

» Try yourself 1.5.2

CALCULATING PERCENTAGE MEASUREMENT UNCERTAINTY FOR
INSTRUMENTAL ERROR

The pH of a solution was determined to be 11.4 + 0.6. Calculate the percentage
measurement uncertainty.
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Calculating percentage error in values

As stated above, scientist try to calculate the ‘true’ or ‘correct’ value. However, due
to equipment and/or method, experimental results may give an inaccurate value.
The density of water is generally stated to be 1kg m>; however, the exact density at
4.0 °C is 0.9998395 kg m™>.

The percentage error between the measured value and the true value provides
information about validity and systematic error (see Part B) and can be calculated
using the percentage error formula:

_ |measured value — true value| + 100

ercentage error (%
P & ) true valued | 1

In this case, the measured value is replaced with the accepted value. The
percentage error in the accepted (rounded) value of 1 kg m™ is less than 0.02 %.
This indicates that using 1 kg m™ is acceptable since the percentage error is very
small and likely to be much smaller than experimental uncertainty.

Worked example 1.5.3
CALCULATING PERCENTAGE ERROR

Calculate the percentage error between the true density of water at 4.0°C
(0.9998395kg m™) and the generally accepted (rounded) value of 1kg m™—.

Thinking Working
Write down the measured value — true value| 100
formula. percentage error (%) = A
true value "1
chﬂsirt tTe \llatlues percentage error (%) = w x @
en caleutate. °)=| 709998395 | 1

~0.00016505 100

~709998395 1
~0.01605 %

» Try yourself 1.5.3
CALCULATING PERCENTAGE ERROR

The laboratory technician made up a standard solution of 0.200 M. A student
calculated the concentration of the solution to be 0.185 M. Calculate the
percentage error.




Significant figures

When measuring phenomena during experimentation, the precision of the
instruments determines the number of significant figures and decimal places you
record in the data.

Significant figures convey meaning and precision and the number of significant
figures used depends on the scale of the instrument. You should record data using
the number of significant figures available from the equipment or observation.
Using either a greater or smaller number of significant figures is misleading.

When writing an answer to the correct number of significant figures, you may
need to use rounding if the initial answer has more figures (digits) than you need.
These extra figures are called ‘non-significant figures’. If the first non-significant
figure is =5, round up the number. If the first non-significant figure is <5, then do
not round up. For example, if the initial answer for a calculation was 2.1259 but you
only needed an answer to 3 significant figures, you would round it to 2.13. If the
initial answer was 2.1241, then to 3 significant figures, this becomes 2.12.

__________________________________________________________________________________________

Identifying significant figures

When giving an answer to a calculation, it is important to Working out the number of significant
take note of the number of significant figures that you use. ﬁgures

You should give an answer that is as accurate as
possible. However, an answer cannot be more accurate
than the data or the measuring device used to calculate it.
For example, if an electronic balance that measures to the
nearest gram shows that an object has a mass of 56g, then
the mass should be recorded as 56g, not 56.0g. This is it

only measures to the whole gram so you do not know if it
is 56.0g, or 56.1g, or 56.2g or 55.8g. 3 A zero to the right of a decimal point and following a

Use the following rules to avoid confusion in determining X
non-zero digit is significant; for example, 0.5700 has 4 :

how many significant figures are in a number.

1 All non-zero digits are always significant; for example,
21.7 has 3 significant figures.

2 All zeros between two non-zero digits are significant; for
example, 3015 has 4 significant figures.

The number 56 has 2 significant figures. Recording
to 3 significant figures (e.g. 56.0g or 55.8g) would not be
scientifically ‘honest’.

significant figures.

4 Any other zero is not significant, as it will be used only
for locating decimal places; for example, 0.005 has just
1 significant figure with the leading zero and the two
zeros after the decimal point not significant, they just
place the decimal point in the correct position.

If this mass of 56g is used to calculate another value, it
would also not be ‘honest’ to give an answer that has more
than 2 significant figures.

Determining the number of significant figures for an
answer depends on the kind of calculation you are doing.

+ If you are multiplying or dividing, use the smallest
number of significant figures provided in the initial
values.

» If you are adding or subtracting, use the smallest
number of decimal places provided in the initial values.

__________________________________________________________________________________________

CHAPTER 1 | BIOLOGY SKILLS AND ASSESSMENT TOOLKIT e37



e38

BIOLOGY | UNITS1AND?2

Worked example 1.5.4
IDENTIFYING SIGNIFICANT FIGURES

A 30.1
B 0.00040
C 05
D 512

A 1.66
B 1.664
C 165
D 1.7

a lIdentify which of the following is written to 2 significant figures.

b George multiplied 1.22 by 1.364. Identify which of the options below shows
the result of this multiplication with the correct number of significant figures.

Thinking

Working

a The zeros that come before the
integer 4 are not significant,
whereas those that follow the integer
are significant.

B is correct.

A has 3 significant figures.
C has 1 significant figure.
D has 3 significant figures.

b 122 x 1.364
=1.66408
Answer is to have 3 significant

figures
=1.66

A is correct.

When two numbers are multiplied,
use the smallest number of

significant figures in the initial values
to report your answer. In George’s
multiplication, the answer is 1.66408,
but since 1.22 has 3 significant
figures, the correct answer is 1.66 with
3 significant figures.

» Try yourself 1.5.4
IDENTIFYING SIGNIFICANT FIGURES

A 0410
B 4.100
C 41.00
D 4100

Identify which of the following shows 41 written to 4 significant figures.




Worked example 1.5.5

ACCURATELY RECORDING MEASUREMENTS FROM INSTRUMENTS

When measuring the amount of solution for an acid/base experiment, you need
to record the results accurately and be able to identify the appropriate number

of significant figures to use.

a State the measurement shown on
this plastic pipette, and identify
the number of significant figures in
this result.

=)

[
(Y

[
-
)

b State the measurement shown on
this glass pipette, and identify the
number of significant figures in
this result.

HH‘

\S)

Thinking

Working

a The increments shown on the plastic
pipette determine the accuracy with
which the result can be recorded. If
you add extra numbers to the result,
it becomes inaccurate.

The plastic pipette is marked with
increments of 0.05mL. Therefore
all results must be recorded to the
nearest 0.01 mL.

Determine where the meniscus (the
lowest point) <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>