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materials

Materials and their properties
. Ob]ecls @ made of different

et

make objects. Materials have

observable properties (e.g.
shape, texture, colour,

hardness, flexibilty).
Soils and rocks have different
properties, including firmness,

texture, colour, and heaviness.

Material properties and uses

* Materials take up space and have

mass.
» Mass s the amount of matter present

in an object.
» Materials can have diffe

rent
mechanical properties (they behave
differently when pushed, pulled, or

twisted):

© flexible materials can be bent

© elastic materials can be stretched or
bent and returned to their original
shape

o

some elastic materials can return to

their original shape faster than
others.

» Materials can be cut, broken, and worn
down into smaller Iragmenls These

Heat and states of matter

Mater is anything that has mass and takes up e
Mt exss incifentsstes — s qud,
2 S0id 9 sato of mater hat has a dfints Shape and
volume (e.g.
aliquid is a state of matter that has a defiite volume but no
definite shape (e.g. water, milk)
aliquid flows and takes the shape of the container it is in
agas is a state of matter that has neither definite shape nor
definite volume
agas flows easily and expands 1o the size of the container it
is in (e.g. air in a balloon)
volume is the amount of space a solid, liquid, or gas takes

powdsrs are granular solids and can flow and be poured,
fike liquids.
Matter can change state if heated or cooled (melting,

boilingfevaporation, freezin ).
At sea level, freshwater boils at 100°C and freezes at 0°C.

Mass, volume, and density

© Mass is the amount of matter in an object, measured in kilograms (kg) or
grams (g).

Volume is measured in cubic metres (m?) or ltres (L).

Objects may have the same volume but different masses and vice

versa.
The relationship between mass and volume s known as density.
o The density of an object determines whether it wil loat or sink in
another material:
o less dense materials wil float on more dense materials (e.g. foam on
water, oil on water, helium balloons in air, air in water)
o more dense materials will sink in less dense materials (e.g. coins in
water, vinegar in oil, dishwashing liquid in water).
The French Academy of Sciences (1790s) developed the metric system
(e L e o e e
science, industry, and educ:
+ Nate: Floaing ah inking ony ocours n qukls and gases,

Material properties

« Plasticity is a property that leads to permanent changes in an
object’s shape (e.g. bending a paper clip).

« Elasticity is a property that enables temporary changes in an object's
shape (e.g. stretching a rubber band).

« Conduction is the ransfer of heat or electricity through a material
without the material itself moving.

 Thermal conductivityis a property that measures the abilty to
transfer heat by conduction (see Year 4, Matter Interactions and
Ener

« Insulating materials have poor thermal conductivity.
States of matter

» Most matter exists in one of three states: solids, liquids, and gases.
» Changes of state ocour when thermal energy is added to or removed
from a substance, causing it to change between solid, liquid, and
gas forms (during condensation, evaporation, freezing, melting,
deposition, and subhmanon) (see Year 4, Matter Interactions and

Mixtures

« Mixtures are physical combinations of substances

« Mixtures can be homogeneous (e.g. salt dissolved in water) or heterogeneous (e.g.
sand mixed in water).

Homogeneous miurss have a unforn sppearance and poperts de o the

arange

o He (ercgenecus B appearance and properties.

Heterogeneous mixtures can be separated based on their properties (particle size,

densky)by setling and decanting slevmg and firaton,

« Homogeneous mixtures are har

o S e e s by evaporation or distilation.

.

.

Solutions and concentration

« Solutions are homogeneous mixtur

O D A (solute) is dissolved in another substance
(solvent), creating a uniform mixture.

» The observable properties of a solution (e.g. TR A e

Elements, molecules, and compounds

o All mater is composed of atoms.

o The particles that make up substances are composed of atoms.

o The different types of atoms are known as elements.

o Each element has an atomic symbol (e.g. H, O, Ag).

« Compounds are substances made of more than one element (e.g. water, carbon
dioxide).

. Chemial symbols s fomus epresenthe ypes ahd numbers of atoms in

stances. Common substances and their chemical formulas: 02, H2, H20, CO2,

S0 Gl A Febs.

o Molecules are particles made of two or more atoms bonded together (e.g. water,
oxygen, nitrogen, carbon dioxide) and may be compounds.

o Substances may be pure or mixtures:
o asubstance is pure if it includes only one type of atom, molecule, or compound
o asubstance is a mixture if it includes more than one type of atom, molecule, or

ccompound.

Jons Jakob Berzelius (1779-1848) introduced chemical symbols and determined
atomic weights, helping standardise chemical notation and atomic theory.

Atomic theory.

‘The Bohr model describes an atom as having a nucl de of subatomic neutrons), surrounded by shells of electrons.
‘The Bohr model's deve\opment from Rutherford's discovery of the nucleus demonstrates that lmpmved scientific understanding builds on earlier
evidence and ideas
R T s, e SR G charges and relative masses

protons and neutrons have approximately the same mass

the element number of an element is equal to the number of protons, and elements on the periodic table are sorted by this number

the mass number of an element is equal to the sum of neutrons and protons

electrons have relatively no mass

protons have a single positive charge and electrons have a single negative charge.

neutrons do not have a charg
TR T S A 1 G T S et
‘The electronic structure of an atom determines how it bonds and reacts with other atoms:
atoms in the first three periods of the periodic table have electron configurations that follow the pattern 2,8,8
the valence shell s the outermost electron shell of an atom; electrons in this shell are called valence electrons and are involved in chemical
bonding
compounds form when atoms transfer or share electrons to obtain a full s (the octet rule for elements in periods 1-3 means the
i full when it has 8 total valence electrons, except for h and helium, which can have 2 total valence electrons)

form when metals transfer electrons to non-metals, resulting in posmvely cnarged metal cations and negatively charged non-metal anions

smaller parts remain (. . the solvent used and the concentration (amount) of solute. o
e AR « Robert Boyle (1627-1691) established the relationship Ener . e not solutions, and may sep: time Periodic table A e S e A A e R T A e L e SO e
» Materials can be natural or between temperature and pressure in gases, known as Boyle's » Mass is conserved when a substance undergoes a change of sta depending on particle size. o ionic substances are commonly referred to as salts
manufactured (made by humans). Law. He is considered one of the founders of modern  Antoine Lavoisier (1743-1794) was known for quantitative s o Elements are arranged in the periodic table based on their physical and chemical o some ions are polyatomic, including carbonate (CO32-) and nitrate (NO3~)
chemistry. based on the law of conservation of mass and for his work with Solubility properties. o the chemical formula for an ionic substance is balanced to cancel out the total charge
oxygen, among other discoveries + The perodctable i rganised it vertical coluns called groups and horizotal o molecules form when non-metals share electrons to create bonding electron
« Solubility depends on the combination of solute and solvent. rows called peri « 1. Thamson (1656.1640) discovereti he eiscton; evesling the exisance of subatorc partices.

Particle nature of matter

* Al matter is made of sub-microscopic particles.

» The particle model explains the properties of the states of matter and
changes of state.

» Inany state of matter, particles don't change size, and there is no

matter between the particles — only empty space.

Particles are held together by attractive forces.

Particles move faster when heated, overcoming attractive forces

(see Year 4, Matter Interactions and Energy).

The particles that make up a substance do not change in size,

shape, o type when the substance changes state (e.g. from sold to

liquid) or expands/contracts due to heating or cooling.

Reversible physical changes like melting, freezing, or expansion

affect how particles are arranged and the distance between each

partcle but do ot alter the particles themselves.

Democritus (c.460-370 BCE) proposed that all matter is composed

ible atoms, laying the philosophical foundation for atomic

.

* The solut
* The solut

ity of most solids and liquids increases with temperature.
ity of gases decreases with temperature.

Chemical change

» Chemical change occurs when paricles are rearranged to form new substances.

 Signs a chemical re
production of electricity or light, and appearance of new solids or gas bubbles.

« Many chemical changes are irreverslble (e.g. burning, metal corrosion) and some are
reversible (e.g. recharging a

 Jabir ibn Hayyan (721-815) es'ah\lshed systematic experimentation and classified
substances, laying the foundation for modern chemisiry.

ction has taken place include colour change, temperature change,

o B e e

 metals have the physical properties of higher melting points, lustre, and higher
electrical and thermal conductivity
Qe e ot e o ons (mast are gases
st o oeoediclend el ondlcli)

o @RS group h il chemical propertes (reactivity, metallic
characteristics).
The periodic table can be used to predict how elements will react (group 1, 2, 17,
18)

group 1 and 2 are metals, and groups 17 and 18 are non-metals (group 17 is
halogens, group 18 is noble gases)

reactivity increases down groups 1 and 2

o reactivity decreases down group 17

group 18 is non-reactive.

o Dmitri Mendeleev (1834— 1907) creaied the periodic table of elements and predicted
properties of

Emest Rutherford (1871-1937) proposed the nuclear model of the atom, identifying a dense central nucleus through gold foil experiments.

Chemical reactions.

Reactions with acids and bases



https://newzealandcurriculum.tahurangi.education.govt.nz/new-zealand-curriculum-online/new-zealand-curriculum/learning-areas/science-curriculum/5637165588.c
https://docs.google.com/document/d/1FwpzUjjbRXlau0nohm2K_cBpJxZ-cjwAIbJ6xD_h6HI/edit?usp=sharing
https://newzealandcurriculum.tahurangi.education.govt.nz/y0-10-draft-curriculum-consultation?fbclid=IwY2xjawN_C_JleHRuA2FlbQIxMQBzcnRjBmFwcF9pZBAyMjIwMzkxNzg4MjAwODkyAAEeW6pDRgFZ1vE1F30vkfIA0G_VHFXuQ-pLGwH5Mua8cYvWiYBkB2kZyzINzKw_aem_hJr2uH9CD7z1zXWoGJtziQ
https://docs.google.com/document/d/1Xw8U5CMeP_0YIt5eFj8k8cCWVO_AkLSQ6YWQzK118mo/edit?usp=sharing
https://docs.google.com/document/d/1z2Ix0ugWY2OBHIg_K48r5_mLwIMhmPyl3GWbSHvANr0/edit?tab=t.0
https://docs.google.com/document/d/1LDdolbAU2GTZRdYcWR43x4B65sRTXE48A-L_Z55VV_4/edit?usp=drive_link
https://docs.google.com/document/d/1u8DUaV1Wcn-bnS_y-2sGUXydNMrezQ-Eslb43wD6wyU/edit?usp=drive_link
https://docs.google.com/document/d/14VtftOMkEwxzvGFAU4Wzv-1aqWwM4j6Lhisx5NO367c/edit?usp=drive_link

theory.

Chemical reactions create new substances by rearranging particles and may be
observed as bubbles (gases), precipitates (solids), heat change (hotter or colder), or
colour changes

Reactants are the substances present at the start of a chemical reaction, and
products are the new substances formed during the reaction.

Chemical reactions involve energy Ee g Sl
energy transfers to

Chemical reactions, including wmbusnnn e ] e play key roles in
i (e e e (e.g. engines).

Chemical reactions can be represented using word equations (e.g. sodium
hydroxide + hydrochloric acid — sodium hiorida + w ter).

Jean Beguin (1550~1620) published the first recorded chemical equation, helping
formalise chemical reactions.

The pH scale can be used to measure acidity, and this can be identified by the use of chemical indicators.

Many acids and bases are corrosive materials.

Bases that are soluble in water are known s alkalis.

Acids react with bases to produce water and salts in neutralisation reactions.

Acids react with metals to produce hydrogen gas and salts.

Acids react with metal carbonates to produce carbon dioxide, water, and salts.

There are tests to determine which gases have been produced in a reaction (hydrogen, carbon dioxide).

Common acids and bases: hydrochloric acid (HCI), sulfuric acid (H2S04), nitric acid (HNO3), sodium hydroxide (NaOH), potassium hydroxide
(KOH), ammonia (NH3),

«  Chemical reactions can be represented using balanced chemical equations.

« Soren Peter Lauritz Serensen (1868-1939) introduced the pH scale, quantifying hydrogen ion concentration in solutions.

Combustion

Sce e ool eacionlie oo Ll DRk dR
«  Oxygen is a common oxidising agent on

«  Combustion is a process s energy 5 vansvenem primarily as heat and light.
«  Combustion of hydrocarbons with oxygen produces water and carbon dioxide.

Combustion of hydrogen with oxygen produces water.
Common hydocarbone: mefhan (Cti4) ocane (CaH10) ethanal (21150
John Warnatz (1944-2007) studied high-temper

advancing combustion kinetics,
Displacement

Amore reaciive metal can replace a \ess reactive metal in a salt solution (e.g. iron placed in a copper sulphate solution will take the place of the
copper). This is called single displ

O e e A e b TS may form a precipitate, identified as a solid that may settle to the bottom. This is.
called a double displacement or precipitation reaction.

«  The solubility of ion combinations can be determined using a solubility table, and this can be used to predict precipitation reactions.

 Common precipitates: silver chloride (AgCl), barium sulfate (aSO4), calcium carbonate (CaCO3).

« John Daniell (1790-1845) invented an early battery in 1836 that relied on a singl between zinc and copper sulfate, providing
a clear and practical example of the principle.

Rate of reaction

© The rate of a chemical reaction can be increased with temperature, concentration, surface area, and catalysis.

Matter
Interactions
and Energ

Light and shadow

jhtis needed for humans to see objects.
ight travels from a source and can be reflected,
scattered, or absorbed
The Sun is a source of light; the Moon is not (i reflects
light from the Sun).
Jo  Itis dangerous to directly observe the Sun
o Oblectsappeer smaler when they srefartrer away. This
effectis due to visual perspecii
e T e e
lo Shadows are formed when light is blocked by an object.
lo Materials may be opaque, translucent, or transparent to
fight:

o opaque materials block light (they reflect or absorb it)

o rnslucent mateials t some lht trrough rflecing.
scattering, or absorbing some light)

o (e e A e

Sound

Sound travels as a wave through materials.

‘Shaking or vibrating materials creates sound.

Sound causes materials to vibrate.

The size of a wave or vibration affects how loud a sound
is; larger waves produce louder sounds.

| Volume is how loud or quiet a sound is.

Heat

Thermal energy comes from many sources (e.g. the Sun, fire,
friction, electricity).

Thermal energy moves from warmer materials to cooler
materials, not the other way around.

Thermal energy continues to transfer between materials until
they both reach the same temperature.

Light can warm objects when it shines on them because some
of the light is absorbed and is transformed into thermal energy.
Temperature is a measure of how hot a substance is.
ErEEm =] be measured using thermometers, usually in
degrees Celsius (°C).

Andors Golsus (1701—1 744) created the Celsius temperature
e G e b OGO
physical and chemical proce:

ot Sisdonis at i lvalar not xpected fo know that
temperature is a measure of the average kineic energy of a
substance.

Behaviour of Light
(See Year 3, Light and Sound)

e Everything we either a light source or reflected light. For

o e bR el el oot

the object to the eyes. This occurs when light travels from a

source directly to the eyes or when it reflects off objects and

then reaches the eyes

When an object appears to be reflected (e.g. in a mirror or

water), light has travelled from a light source to the object, then

10 the reflective surface, then to the eyes.

o Refraction of light occurs when light changes direction as it
passes from one medium to another (.. from i into water).

Simple circuits

«  Simple circuits involve a closed loop connecting a source of
electricity, wires, and a load (e.g. lightbulb, buzzer)

Switches can open and close a circuit to control the flow of
electricity.

Electricity is conducted in a circuit through metal wires.

Circuit diagrams represent the components of b 73
standard symbols for the battery, wires, switch, and load,
Thomas Edison (1847-1931) developed oracical sloctic
circuits for lighting and invented the incandescent light bulb. He
held over 1,000 patents and revolutionised modern technology.

Thermal energy

.
.

Thermal energy is transferred by conduction, convection, and

Vatorils typically expand when thermal energy increases (heated)
and contract when it decreases (cooled
Mcst materials are denser as a solid than s a liquid (e.g. wax,

ey v Sz freezes
Water s less dense as a solid than as a

Jean Bapisto Josaph Fourir (1768.1630) aevelopeu the theory of
e e R ) A
essential in physics, engineering, and signal processing.

WM. Raniinb (1820-1672) mwostigated e anomalocs
expansion of water and developed the Rankine cycle, a key
thermodynamic model for steam engines.

Electric charge and static electricity

«  Eleciric charge is a property of matter that causes electric fields, which can cause
attraction or repulsion. Charge can build up on surfaces or flow through conductive
materials.

Static electricity happens when electric charge builds up on a surface, often due to
friction between materials.

Current is the flow of electric charge through a conductor. It transfers energy to make
devices work

Current s the rate at whlch electric charge flows. It is measured in amperes (A) and
indicated with the symbol

Voltage s the difference i m  elecric potential between two points in a circuit Itis
measured in volts (V).

o Resistance restricts the flow of electric current. It is measured in ohms (Q).

o Ohm's Law: resistance is calculated as the ratio of voltage to current (Q = V/ ).

Conductors allow electric cnarge to flow easily (e.g. metals), insulators do not (e.g.

plastic), and resistors limit the f

Resistors can convert electrical ensrgy into other forms, like thermal or light.

Series circuits and parallel circuits are types of electrical circut
series circuits are a single continuous path for electric current

o parallel circuits are continuous paths for electric current with several branches

in a series circut, one break stops the flow; in a parallel circut, i there is a break in

one path, other paths can stil work

voltage is equal across all branches of  parallel circuit

the current of each branch of a parallel ciruit will sum to the total current of the.

circuit

the resistance in a series circuit is equal to the sum of the resistance of each

Energy

+  Energy is a quanifiable property of a system that s conserved and can be calculated based on other measurable quantities, but it cannot be directly
observed or measure
« Work is done when a force causes an object to move in the direction of the force, resulting in a transfer of energy.
o Energy in a system may be associated with different properties, commonly described as kinetic or potential energy:
- sk e e ey e e e e e i ! ereroy
o potential energy is associated with the pos S T e Gl Fol e
i e 1 A R TR o o e £ (4 5 P s S e
A i i @t o i i ey e
o Energy is measured in the standard unit Joule (J).
P B e uansfer and T g T 11 S
o energy transfers and not I in forms that are not useable
BT S ML e P =
o energy efficiency is the pe input energy that s usefull or transformed for the intended purpose.
- el s 0 e e e e e g
deci
b @ o energy:
+ U s O i e i e G N B G
o photosynthesis involves a transformation of energy from sunlight into chemical energy stored in sugars (see Year 7, Body System:
»  Combustion of fuels involves chemical reactions that release energy stored in molecular bonds. This energy increases the thermal snergy of the
system and can result in light emission:
o in combustion engines (e.g. cars), the increase in thermal energy causes gases to expand rapidly, generating pressure that drives mechanical
components (e.g. pistons), resulting in motion.
o in rockets, combustion increases the temperature and pressure of gases, which are expelled at high velocity through a nozzle. the resulting
thrust is produced by the reaction force, in accordance with Newton's third law.
« Julius Robert von Mayer (1814-1878) established the mechanical equivalent of heat, linking energy conservation to thermodynamics.




The volume o' e decreases as the distance from its
source increa
Pitch is how mgn orlow a sound is (e.g. a whistle has a
high pitch, a drum has a low pilch).

und frequency is a measure of how often a sound
happens every second. Higher frequency means a higher
pitch, and lower frequency means a lower pitch.
How much a material vibrates affects frequency (how high
or low the sound is),
SR ) A BTN 7 S T
remains cons
R e i clarity of sound as it

travels.
The way sound travels through a material depends on the
material’s properties, such as its size (length and
thickness), how stretchy or hard it is, and how smooth or
rough its surface is.

Note: Concepts related to the scientific defini
frequency are not expected at this level

jon of

individual resistor
o the resistance in a parallel circuit is less than the resistance of any individual

Electric fields are regions around charged objects where other charges experience
force, even without contact.

Electricity can be generated by converting other forms of energy (e.g. motion in
turbines, light in solar panels) into electrical energy.

Alessandro Volta (1745-1827) invented the electric battery and discovered methane,
laying the foundation for electrochemistry and electrical energy storage.

André-Marie Ampére (1775-1836) formulated Ampére's law and pioneered the study
of electric currents in circuits, contributing to electromagnetism.

Georg Ohm (1789-1854) established Ohm's law, describing the relationship between
voltage, current, and resistance in electrical circuits.

Note: Electromagnetic induction as a concept s introduced at this level; however,
in-depth understanding is not expected at this level s it is conceptually advanced.

James Prescott Joule (1818-1889) quantified the relationship between heat and mechanical work, contributing to the first law of thermodynamics.
William Thomson (Lord Kelvin) (1824-1907) defined absolute temperature and helped formulate thermodynamic laws.
William Pickering (1910-2004) was a New Zealand born rocket scientist who directed NASA's Jet Propulsion Laboratory and contributed to the
development of space exploration and satellite technology.

Waves

e Waves are an oscillating disturbance in matter or a field (region of space) that transfers energy but not matter.

Mechanical waves transfer energy through matter and include sound and water waves.
Electromagnetic waves transfer energy through fields and include visible light; they can travel through a vacuum with a constant speed, the ‘speed of
light (c).

Waves can be transverse or longitudinal:
o transverse waves oscillate perpendicularly to the direction of travel
o longitudinal waves oscillate i the direction of the travel.

'« Sound travels as a longitudinal mechanical wave:

sound waves transfer kinetic (vibrational) energy
sound s produced by and produces vibrations of matter
sound is sensed when waves of sound cause sensors or ear drums to vibrate

the range of sounds heard by animals varies

sound travels more quickly through denser materials (e.g. faster through water than air)
soundwaves are measured in hertz (Hz, frequency, pitch) and decibels (dB, amplitude, volume)

o Light travels as a transverse electromagnetic wave:

when light interacts with matter, energy can be transferred (e.g. absorbed as heat)
when light interacts with a surface it may be absorbed (and thus transferred or transformed), transmitted, o reflected

when light is transmitted through the boundary of two different media (e.q. water, glass, air), it can be refracted, bending the path of light
reflection can be specular, where light rays maintain parallel paths of travel, or diffuse, where light rays travel in different directions, aiso known as

scattering
o electromagnetic waves, including light waves, are characterised by their wavelength (A), which ranges from kilometres (radio) to picometers
(gammay), and their frequency (Hz)
there is an inverse relationship between wavelength and frequency
o the spectrum of ight visible to most humans has wavelengths of approximately 400~700 nanometres (nm)
thefrequency of kot Waes determines thek colo o percelved by humans (e.5. ed has lowerfequency and longe wavelength than vilt
whi horter wavelength)
all visible wave\englhs of light
e A T ST i e ) G e i
black s not a colour of light, but how we perceive an absence of ig
A T T T T e T S S e D D GG o
transparenl matetls et ght rough. Coloued ranspatent s ransmit wavelangths thatcoraspond 1 ther percaved calour oter
ihs are absorb
Chstan Huygens (1629— 1595; proposed the wave theory of light, explaining reflection and refraction phenomena.
James Clek Mava (1831-1876) formuiated elctomagnatic wave theay,uniying eleticty, magnetm, and gt

o Heinrich Hertz (1857-1894) provided proof o /aves, validating theory.

Motion and
Forces

Motion and changes

Pushes and pulls are interactions
en two or more objects and can

actin diferent directions.

Magnets can cause pushes or pulls

ih Some metas or olhr magnets.

Pushing or pulling an object

e T T,

speed, or shape.

Objects can move in different ways

(e.g. rol, slide, bounce) depending on

Materials and objects can be changed
physically by pushing, pulling, and
twisting.

AT T )
can make it move

Different surfaces and shapss can
change how fast an object moves.
Note: Units for speed are not
expected at this level.

Contact forces and movement

AT OOpEGE e s object to move, stop,
change direction, or change

Foroes have directon and size, e represented by
simple force-arrow diagrams.

Friction is a force that opposes the relative movement of objects
in contact. The type of surface changes how much friction there
is between two objects.

Speed s the distance an object travels in a given time and can
be measured in kilometres per hour (km/h) or metres per
second (m/s)

Speed can be described as fast, slow, changing (increasing or
decreasing), or constant

Leonardo da Vinci (1452-1519) studied the laws of friction and
motion through mechanical designs and observations. His
e e T S e CICE
See Technology Leamning Area for further referer

Note: Studerts at 1 vl are not expectod t callate speod,

Shorthand for units of speed is not required. Focus should be on

describing, comparing, and observing movement and forces
using everyday language and observable features (e.g. fast,

Non-contact forces
(See Year 2, Materials)

Some forces need contact between two objects, but non-contact forces
can act at a distance.
Magnetic force i anon-contac forco tha can pul o push

o Magnets have two poles (north and south). Opposite poles attract
(northisouth), and like poles repel (north/norih or south/south).
Magnets attract some metals (e.g. iron). Not all metals are atiracted to
magnets.

|+ Graviy s a noncontact for thatpuls bjects towards the ceire o the

o We\gh( is the force of gravity acting on an object due o its mass.

/o Note: at this level, units for mass are expected (e.g. kilogram, tonne) but
not units for weight (newton, N)

o Wiliam Gilbert (1544-1603) studied magnetism and non-contact forces,
He coined the term ‘electricity".

Simple machines

o Simple machines (e.g. levers, pulleys, ramps) make it easier to move
objects by reducing the amount of force needed or increasing the force

Deformation and friction

cesee

.

Forces may be intemal or extemal to an object.
Internal forces include tension and compression.
Extemal forces include applied force and friction.

can change the shape, size, or position of objecs.
Frlcuon opposes me re\al\ve motion of objects in contact with each
other, and causes h
Leonhard Euler (1707 1783) made foundational contributions to
mathematics and mechanics, including the analysis of stress and
strain in materials.
c de Coulomb a theory of
friction and formulated Cnulcmb s law, describing ms elec(rosmlc
force between charged p:
Note: Mathematical analysls ov tension and compression is not
appropriate for this level.

Pressure.

Pressure is the perpendicular force applied to a surface, divided by the area over

which the force is applied.

The amount of pressure depends on both the total applied force and the total area it is

applied to.

+  Pressure is produced when a force pushes on an area of a solid, liquid, or gas (e.g.

appliedforcs o gaviy
smaller areas create higher pressure with the same total force (e.g. a pin vs a
knife)

o larger areas spread the force and reduce pressure (e.g. squashing vs cuting

).

+ The shape and design of a tool determine its effect when pressure is applied.
Note: In Year 8, the focus is on solid pressure. Fluid and gas pressure are introduced
later and do not need to be covered here.

The effect of forces

The action ul lorces on the movement of objects can be described using Newton's
Laws of Moti
Newton's s
net force s the overal force acting on an object, after all the individual forces
(including their directions) are combined
‘when the net force on an object is zero (forces are balannedi the object stays at
est or continues to move at constant velocity in a straight i
when the net force on an obyecl D the object’s e changes. This
n be a change in velocity or directior

objects resist changes in motion. This pmpeny is called inertia and depends on
the object's mass.
wlon's Second Law of Motion:
more force causes more acceleration on the same L
objects accelerate less when the same force s applie
the relationship between force, mass, and e given by F =ma
fo easured in newtons ().
lewton's Third Law of Motion:

forces are always paired as action and reaction force pairs

every interaction between objects involves equal and opposns forces acting on

each object.

o o o
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slow, constant, changing).

able to be applied.

Fluids, resistance, and buoyancy
(See Year 5, Materials)

/o Fluids are either liquids or gases.

o Fluids exert a pushing force, called resistance, on objects that move
through them.

P e e o e e P S LD
gases (e.g. parachute)

o Drag (water resistance) opposes the movement of objects moving
through water (e.g. a hoe (paddle) on a w

p Eis e et liquid on an object (e.g. a

o Euayem force depends on the density of the fluid and the object.

/o An object floats when the upward buoyant force from the liquid is equal to
o greater than the object’s weight. An object will sink if the buoyant force.
is less than the object’s weight

/o Denser fluids exert a greater buoyant force. Saltwater is denser than
fresh water, which is why objects float higher and more easily in salt
water.

/o Buoyancy does not explain all movement in water (e.g. flowing water can
move rock and soil fragments by pushing them, not by buoyancy).

/o Archimedes (c.287-212 BCE) formulated the principle of buoyancy.

/o Note: Measurable quantities should be interpreted through relative
comparison rather than absolute measurement.

o Friction opposes relative motion across surfaces and through fluids (e.g. air

resistance and water resistance are types of friction) (see Year 5 and Year 7, Motion
Forces).

Equal forces acting on the same ke (an object whose shape cannot change)

in opposite directions will cancel o

Forces acting on a rigid body can e e body diagram to

determine net force.

Velocily is the rate at which an object moves.

Acceleration is the rate at which an object's velocity changes.

e T T 4 ) G (V2 T3, e

over time (see Year 8, Motion and For

Isaac Newton (1643-1727) ﬂeve\cped e gravitation,

forming the foundation of classical mechanics and celestial dynamics.

Note: At this level, itis not necessary to break down a Newton into its base units

(kg m/s?).

Fluids and pressure

(See Year 5 and Year 8, Motion and Forces)

| Atmospheric pressure decreases with altitude because the weight of air above
reduces as height increases.

/o Pressure in liquids increases with depth due to the increasing weight of liquid above.

Upthrust determines whether objects float or si

o Blaise Pascal (1623-1662) formulated Pascal’s principle of pressure and contributed
to fluid mechanics and probabilty theory.

Earth Note: See Social Science learning | Note: See Social Science learning area — | Note: See Social Science learning area — Geography strand. | States of matter in the atmosphere Rocks and minerals Rocks and minerals Spheres of the Earth Carbon cycle
Systems area — Geography strand. Geography strand (See Year 4, Materials, and Matter Interactions and Energy)
o Soils are composed of decaying organisms, living organisms (including * Minerals are natural materials with repeating patterns that give 0 MoamEinsa e T D O eI R T
o The Sun transfers thermal energy to the Earth's surface, fungi, plants, and animals), rock particles, air, and water. them unique shapes and properties (e.g. shiny crystals, hard The atmosphe ‘mixture of gases (e.g. nitrogen, oxygen, argon, carbon dioxide, | o i
warming the air, water, and land during the da Rocks are composed of minerals, which can be characterised by the surfaces). water vapour) .
o Thermal energy from the Sun causes water to evaporate from size, shape, and colour of crystals. »  Rocks are made of minerals and crystals and sometimes contain » Thelithosphere is the focky surface and interiorof the Earth. o Carbon in the lithosphere is found in carbonate minerals and fossil fues.
rivers, lakes, oceans, soi, and plants. Fossils are formed when organisms are buried in sediment and, over fossils. o The biosphere is al cently living Earth «  Carbon enters the atmosphere from natural processes including respiration, decomposition, combustion, and volcanism.
o Wateris present in the air as an invisible gas called water time, minerals replace the organic material. «  Earth deposits (e.g. minerals, coal, petroleum) are natural materials  The hydrosphere is e T e «  Carbon dioxide from the atmosphere becomes part of living organisms (the biosphere) through photosynthesis.
vapour. /o James Hutton (1726-1797) formulated the Theory of the Earth, with observable properties. «  Tracking the cycling of matter and the transfer of energy shows how Earth's spheres | o Human activities remove carbon from the lthosphere (e.g. combustion of fossil fuels, cement production) and biosphere (e.g. logging) and release it
o When water vapour in the air cools, it condenses into liquid proposing that geological processes occur over vast timescales. + Different earth deposits are used based on their properties (e.g. iron affect each other (e.g. water evaporates from the hydrosphere into the atmosphere into the atmosphere.
droplets and forms visible clouds. is strong and dense, aluminium is strong and less dense). and retums as precipitation) « Carbon, as carbon dioxide or methane, is a greenhouse gas.
o Changes of state (evaporation, condensation, and freezing) Earth materials have important uses for humans (e.g. salts, mica). «  Solar radiation the Earth receives decreases with increasing latitude (e.g. moreat | o Greenhouse gases e the amount of thermal energy trapped by the atmosphere and include water, carbon dioxide, and methane.
infiuence the weather (e.g. rain, fog, frost, snow, types of cloud « Charles Cotton (1885-1970) advanced the study of New Zealand's the equator — latitude 0°, less at the poles — latitude 90°N and 90°S). o Anincrease in greenho G e gluba\ heating, leading to cn
cover). landforms and authored key texts in geomorphology that shaped « Global ocean convection circulates water and stabilises the global climate. = Joseph Prestly (1753 1604) i and explored it role in plant-based air renewal and the carbon cycle.
o Rain, snow, and hail ocour when water in clouds changes state geological education. o Matter cycles and energy transfers occur within and between Earih's spheres « Thomas Chamberin (1843-1628) developed a model oftha carbon Cyc\e linking geological and atmospheric processes
and falls to Earth. through global systems, such as the water and carbon cycle. Note: See Social Science leamning area — Geography strand.
o Rain, snow, and hail are called precipitation «  Eduard Suess (1831-1914) introduced the terms hydrosphere, lithosphere, and
o The movement of water through different states and between biosphere in 1875, helping define Earth's major interacting systems in geology.
the Earth's surface and the atmosphere is called the water
cycle
o John Dalton (1766-1844) proposed the hydrological cycle and
atomic theory. His work in me«eorology and chemistry advanced
the understanding of weather and m:
o Note: See Social Science Learning R Geography strand,
Earth and The Earth and Sun Matariki Earth, Moon, and Sun The Solar System The Universe Expanding Space
Space
| The movement of the Earth in relation to the Sun causes o Matariki is a star cluster that becomes visible in the eastemn The Earth, Moon, and Sun are roughly spherical, | The Earth is one of eight planets orbiting the Sun in the Solar '« The universe contains trillons of galaxies. Most galaxies hold bilions of stars, many of

observable patterns, including the rising and setting of the:
Sun, the length of a day, and the length of a year.
e g i

The Earth rotates on its axis once every 24 hours.

The side of T e o e

jt, and warming through the day. The side
facing away fom he Sun experinces night-me, and
gradually cools through the night.

e O =T O S

mor mmg sky during mid-winter in New Zealand.

The visibility of Matariki in the morning sky is used as an
indicator of seasonal change for many iwi

o Puanga (Rigel)is a star that rises shortly before Matariki and is
more visible in some regions. It also serves as a seasonal
indicator for many iwi

‘The Matariki star cluster is known by many cultures, including
25 Makaln Hawait, Motar in Tah, Suberu in Japan, and
Pleiades in Greece.

 Earth s tilted on its axis. As the Earth orbits the Sun, this causes
different parts of the Earth to be angled towards or away from the sun,
e less direct sunlight. This causes seasonal change.

+ Seasons aro associtod withchanging mperaures and longth of
dayiight through the year

+ The Maon oois the Earh and rflctslight emitd from the Sun (soe
Year 3, Matter Interactions and Energy).

e The Moon appears to change shape (full, crescent, quarter, gibbous) in
aregular waxing and waning patter called the lunar cycle.

System
lo The order of the planets from the Sun is Mercury, Venus, Earth,

Mars (th rocky pants) and Jupte, Satum, Urans, Neptune
(the gaseous planets).

The Solar System includes the Sun, planets, moons, asteroids,
and comets

The Solar System s located within the Milky Way galaxy.
Celestial bodies are natural objects in space and include
planets, moons, stars, comets, asteroids, nebula, and galaxies.

which have planetary systems. Galaxies also contain gas, dust, and dark matter.
Stars, including the Sun, are large luminous bodies that emit vast amounts of radiation
through a process called nuclear fusion. (Note: Students are not expected to.
understand the process of nuclear fusion.)

ravity is a force of atiraction between objects that have mass, so the greater the
mass of a celestial body, the greater its gravitational pull
Pranetsare colsta bodies tht ot stars and are arge enough forthef own gravly
to pull them into roughly spherical shay
e e e e e ey e el et

©  Gravity is the fundamental force that governs the behaviour and interactions of all matter in the universe. It influences the motion of objects on
Earth, the orbits of celestial bodies within the Solar System, and the structure and dynamics of galaxies such as the Milky Way.

«  The observable universe is Iimned by the speed of light and the e ol the universe.

o Alight yearis the it travels in a vacuum in one Earth ye

«  An astronomical unit (AU) is the average distance between the Ebch a

.

.

the Su

L s B P o o T S0 T 3 e G i

Evidence for the Bg Bang heary Incuces the observaton tha galexis aro moving away from each afr — stowing tht the niverse s
expanding — and the kground, whic s it e\ectmmagneuc radiation from the early univers

316 Romer (1644-1710) demonsiratod e light travels at a finite: R S B
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position in the sky.

o The Earth orbits (revclves around) the sun and takes one
year (365 and a quarter days) to complete one full orbit.

lo A planetis a large object that orbits  star. Planets do not
emit light.

o Astaris a massive ball of hot gases that emits light and
other radiation.
The Sun is a star and the Earth is a planet.

lo  Aristotle (384-322 BCE) proposed the theory of a
spherical Earth. His philosophical and scientific ideas
influenced scientific thought for centuries.

/o Note: Patterns related to seasons and lunar phases are
addressed in Year 5.

P I ey e 0
this lev

Dr Pauline Harris (1970-) revitalised Maori as(mnomma\ =
lore and contributed to Indigenous science education ar
astrophysics.

o The

« The lunar cycle occurs because the Moon orbits Earth, changing the.
portion of ts sunlit surface that is dEED from Earth depending on the
relative positions of the Moon, Earth, ay

Moon rises and sets at slightly m"emnl times and places in the sky
each day, following a regular 29.5-day

o o Macumatoka s v wactiona Mo aar calendar based on cycles.
of the moon and stars.

The Sun is a star that Tz larger and brighter than others
because it is closer o Eart

The Sun, Moon, and stars lollow observable and predictable
patterns that vary by location.

Understanding of the Solar System has evolved from a
geocentric to a heliocentric model.

Accurate and detailed star charts have been created through
direct human observations and instruments such as tlescopes.
Many
know\sdgs (e 9. Eabyloman Chinese, Indian, Celtic,
Polynesian

Galileo Galilei (1564-1642) supported the heliocentric model
with telescopic observations. He discovered moons of Jupiter
and phases of Venus. Also demonstrated that density is a
measurable property of matter and conducted experiments on
falling bodies and motion

away, or captures nearby obje

ject
«  Dwarf planets are celestial e large enough for their own

gravity to pul them into roughly spherical shapes but are not large enough to clear
their orbits.

¢ Planets can be rocky or mostly gaseous.

|« Moons are rocky or icy natural satellites that orbit planets.

'« Asteroids are smaller rocky bodies that orbit stars or drift through space, often found in
System.

belts or scattered across the Solar

e Comets are icy bodies that may orbit stars or travel through interstellar space.
|« Johannes Kepler (1571-1630) formulated the laws of planetary motion, describing

elliptical orbits and supporting the heliocentric model.

supporting the Big Bang theory.
o Bearice Tinsley (1941~1981) made pioneering contributions to galaxy evolution and cosmology, influencing models of the expanding universe.

Organism
Diversity

Discovering life

Allliving things are organisms.
iere is a wide variety of
organisms (this is diversity),
including plants, animals, and
fungi.
Plants exist in many forms,
including grasses, ferns, trees,
and seaweeds; they can be
flowering o cone-bearing,
deciduous or evergreen. Algae
such as seaweeds, share some.
similarities with plants
Common structures of flowering
plants (including trees) include
leaves, flowers, fr, roots
seeds, trunk, branches, and
stem.
Ocean plants have different
structures to land-based plants.
Animals include

Life cycles

o Animals, including humans, reproduce.

and grow into adults

o Offspring often resembie their parents

but are not exactly the same as them.

Organisms eventually die.

o Different organisms have m«erem life

cycles (e.g. butterfly, frog, h

broad bean, kowhai tree).

Plants grow from seeds, mature, and
roduce.

o Flowers are primarily for reproduction.

Flowers play an important role in the
life cycle of flowering plants:
pollination, seed formation, and seed
dispersal.

f Aseed contains smred nuiriems and

needs water to germi

b Varia Sioyla Meran (1647-1717)

observed and recorded insect

such = fish, ampmmans,
reptiles, birds, and
i E (mcludmg numans)
Each group has distinct

O O T
are different from plants
include mushrooms.
Theophrastus (c.371-287 BCE)
described plant forms and
structures. His botanical texts
were used for centuries as
primary references.

illustrations. Her work bridged art and
science and advanced entomology.

How organisms meet their needs

| In plants, each structure has a function (e.g. roots and
stems help support the plant and transport water and
nutrients).

Plants gain nutrition by absorbing sunlight in their leaves
to produce sugar (this is photosynthesis); they take up
water and nutrients from the soil through their roots.
Animals gain nutrition by digesting other organisms.

lo  Different types of animals have varied diets, with some
eating plants (herbivores), some eating other animals.
(camnivores), and some eating a variety of foods.
(omnivores).

| Animals have body structures adapted for their diets (e.g.
teeth, jaw size, snoutibeak length, tongue shape).

| The teeth of camivores and herbivores look different,
related to their different functions.

o Alfred Brehm (1829-1884) recorded observations of
animal diets and feeding behaviours. His writings
popularised zoology and animal studies in Europe.
Note: Photosynthesis as a procsss e beyond the
conceptual level for ip. Focus should re
G oo o i SunBart el sugar prodocion
and that this is called photosynthess

Taxonomy

The scientific classification system (or taxonomy) uses accepted

S e lsamres o divide organisms into
categories and sub~categori
Categories of organisms nciude animals, plants, fungi, and
bacteria.
Animals can be vertebrate or invertebrate:
vertebrates include fish, amphibians, repties, birds, and
mals
M T e 25 ETEISETUELTR) L,
spiders, and in;
Plants include ﬂowenng plants (including grasses) and
non-flowering plants (ferns and mosses)
A species is a group of organisms that are the same kind and
can have offspring together. These offspring can also grow up
end s ko ofprn
Organisms have a scientific name, based on their species (e.g
hlmens!scioni neme I Homo salens)
Some orgarisma can only be obeerved though a microscope,

Imusrooms, moukds an yeass eoch whh Une sirucres
Bacteria are microorganisms that are found everywher

B e D L (00 L e A
system), neutral, or harmful (e.g. germs) to humans.

There are many plants and animals that are now extinct.
Organisms that have very different observable features (that
ook different) are less likely to be closely related.

e D D e
alike) are often closely rel

Carl Linnaeus (1707 1775) deve\oped a system for classifying
organisms by type and habitat. His binomial nomenciature
system is still used in taxonomy today.

Reproducti

o an(s d
o Seeds h:

offcuts,

ive strategies

/o Organisms have different strategies to enable them to successfully
reproduce.

tevelop from flow
ave specialised pans that aid in dispersal (e.g. wings, hooks,

fleshy coatings).

P B e e s Ry 73
eggs, giving birth to live young, and producing seeds or spor

soeliree o e ook Cerany e g wélépunga‘
mice), while others produce few

+ Some organiam can reprociics fom pirts o themselves (s.g. potalo

(e.g. humans, ki

stem cuttings).

/¢ Note: Students at this level are not expected to understand the /K model.

Evolution and inheritance.

Offspring inherit characteristics from their parents, but there is

variation among offspring (they are not identical to their

parents)

Organisms that are better adapted to their environment are

more likely to survive to reproduce. This is called natural

selection.

Natural selection means that over generations, certain inherited

characteristics become more or less common in a population.

Over a very long period of time, the process of natural selection

can lead to the evolution of new species (e.g. kaka, kea, and

kakapo evolved from a shared ancestor into forest, alpine, and

nocturnal parrot species).

Fosslt provida evidencs that organisms have changed over

millions of years.

All organisms share common ancestors. Over long periods of

time, those ancestors have gradually evolved into different
ecies

Scientists try to understand what the family tree of all organisms

{theree o ) looks ke by sicyin fossis and the physicl

features of s

Joan Wifen (1622, 2000) discovered the frst dmosaur fossils in

New Zealand. Her work changed the understanding

prehistoric lfe in the region

Note: At this stage, students are not expected to understand

how genes and chromosomes work.

Cells and organisation
(See Year 7, Body Systems)

The invention of the microscope allowed scientists to observe cells,
leading to major advances in biolo
Cells are the fundamental unit of living organisms and contain parts
(structures) called organelles.
o Organelles are structures inside cells that have specialised
functions:
G the cell membrane is a thin layer around the cell that controls what
enters and leaves
G the cytoplasmis a jelly-like substance inside the cell where most
cell activities happen
G the nucleus s a structure that contains genetic material (DNA),
which provides instructions for how a cell is shaped and how it
works

‘mitochondria break down glucose (sugar) via cellular respiration
the vacuole is a fluid-flled space that stores water and nutrients; it
is large in plant cells and smaller in animal cells.
o the cell wall is a rigid outer layer found in plant cels that gives
strength and shape
o the chloroplasts are green structures in plant cells that use sunlight
to make sugar (glucose) through photosynthess.

o Plant cells have a cell wall, chioroplasts, and a large vacuole.

s Animal calls do not have a call wall or chloroplasts.

Cells can be specialised for different jobs, such as movement,
storage, or sending signals.

o Organisms can be single-celled (unicellular) or be made of more
than one cell (multcellular).

/o Unicellular organisms have structural adaptations that are unique to
their environment and way of lfe (€.. euglena has a tail to swim and
S e e i)

/s Organisms which are too small to be seen without a
T T AT Wk S e A A
yeast (fung), protists).

P s i Jow ey sl
tissues to organs to systems to organi

+ Robort Hooko (1635.1703) invanied tha microscope and was the

first to describe cell structures, laying the foundation for cell theory.

Genetic material and inheritance

|+ Sexual reproduction involves the fusion of gametes, each carrying half the genetic

information from a parent. This process is called fertiisation (see Year 5, Body.

Systems).
Gametes are reproductive cells (.g. sperm, egg, pollen) that carry one set of
S
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Offspring inherit a unique i genetic material, resulting in both similarities
and differences among individuals.

'« In humans, biological sex is determined by the combination of sex chromosomes.

inherited at fertiisation (XX usually results in a female, XY usually results in a male),
although variations in chromosomal patterns can resultin diverse sex characteristics.

'« Gregor Mendel (1822-1884) founded the science of genetics through his experiments

on inheritance in pea plants, establishing the laws of heredity.
Adaptation and evolution

 Individuals of the same species have differences in their genetic material. This is due
to mutations’ changing DNA and sexual reproduction’s creating new combinations of
DNA.

 These differences mean that some orgabnisms within the same species are better
adapted to their environment than others.

« When there is selection pressure, better-adapted organisms are more likely to survive
e 10 S T D e e T Bl o

+ Selecton pressure s a feaure of e ablat b that means not all
individuals will survive or reproduce, ation or compeition for space.

o BT make—up of a population over many
generations.

« Adaptation can lead to evolution when inherited variations that improve survival or
reproduction become more common over generations (.g. elaborate peacock tais
inuiating uron Arts oxes; dferent vk and sdut foms i homeka, pokaka,
and putaputaweta plants, likely an adaptation that reduced gra: 0a).

« Chatts barwin (1803.1882) ciscoverad tha orchids hawe Bighly spemahsed floral
structures that promote cross-poliination by insects. He showed that thess
adaptations evolved through natural selection, and predicted specific msecl
pollinators based on flower morphology, among many other discoveries.

« Alfred Wallace (1823-1913) co-developed the theory of natural selection and
pioneered the fild of biogeography through his studies in Southeast Asia.

Determining organism traits

| A phenotype is all the observable characteristics or traits of an organism. This is
influenced by genes and the environment.

DNA is packaged in chromosomes and stored in the nucleus.

A gene is a section of DNA that contains instructions for making  protein or part of a
protein (e.g. insulin).

Proteins are large molecules made by cells. They help build body structures and
E I el L S E S S T
reactions, and protecting against disease (e.g. h , enzymes, antibodies).
Proteins determine an organism's traits (e.g. chlomphyH in leaves, keratin in har,
nails, feathers)

o Some traits ar influenced by a single gene, but most traits are infiuenced by many

genes
|+ When a gene is active, its protein is made; when inactive, the protein is not made.
/o Traits are also influenced by the environment, for example:
G in humans, height is influenced by nutrition and genes
o in reptiles like tuatara, sex is determined by nest temperature.
Variation refers to differences in traits among individuals in a population
o discontinuous variation shows distinct categories (e.g. blood type, flower colour)
o continuous variation shows a range of values (e.g. height).
Maurice Wilkins (1916-2004) was a New Zealand-born British biophysicist best
known for his pivotal role in the discovery of the double helix structure of DNA.
Rosalind Frankiin (1920-1958) captured key X-ray images that revealed DNA's
helical structure.
James Watson and Francis Crick (20th century) used Frankiin's discovery to build the
double helix model, explaining how genetic information s stored and replicate

Disease and immunity
(See Year 7, Body Systems)

Infectious diseases are caused 13 ENITETSO BERETS TS FEED fungi) and can spread through body fluids, contaminated food or water,
or aitbome particles (e.g. influenza spreads via respiratory droplets, myrtle rust spreads by wind and contact). Infectious disease can be managed
trough hygiene, cuarehtne, e preventative measures.
e E e e
s, suich as exposure to harmful chemicals, radiation, or air pollution. These
cnnamans can damage cells or msmpt = body ey (e.. asbestosis, some cancers)
eg. cystic fibrosis)
many e i e e by a combination of genes e (e.g. asthma, diabetes, some cancers)
e The human body has non-specific defence systems against pathogens, including physical barriers (skin, har, cilia), chemical defences (tears, saliva,
gedeillendh oS
the ommunity of microorganisms v

i oenieoo il ened i uenes el oo

mi robiome help the immune system, such as by prot the skin and mouth from other harmful microorgan

The immune system protects the body from disease using white blood celis, anﬂbudles el memory calls that rcogrias and respond (> palhogens
Vaccines prevent disease by stimulating the immune system to produce a protective response without causing iliness.

Louls Pasiel (18221885} ormulated germ ooy and developed vaceines o ebles and cihar iesasee

Edward Jenner (1749-1823) developed the smallpox vaccine, founding the field of immunology.

Body
Systems

Body basics

‘The human body consists of
melorpats such s the head
neck, ms (includi
elbows) (e ey
face, ears, eyes, nose, hair,

What organisms need to survive

o Animals and fungi depend on other

organisms for nutrients, whereas
plants can produce their own nutrition.
xide

o Plants need water, carbon

(often from the air) ight, and space to

Support and movement

lo Humans and some other animals have internal skeletons
nclcing i, ribcage,snd skl)and musces for

support, protection, and movement, These are called the
skeletal and A S T S
together

Digestion

Animals’ digestive systems break down food and absorb
nutrients for fuel and growth

The human digestive system has parts, and the structure of
each part relates to its function, including

o
o Sexual

plants) and prod
characteristics.

Reproduction
(See Year 2, Organism Diversity)

Allliving organisms reproduc

Seproduction ivaives two parens (e.g. humans, birds, flowering
luces offspring that exhibit a mix of both parents'

Interconnected systems (digestive, respiratory, circulatory)

The respiratory system allows animals to take in oxygen, which
they need o live, and exchange itfor carbon dioxide. This is
called breathing.

Airis a mixture of gases such as nitrogen, carbon dioxide,
oxygen, and water vapour.

Diffusion

o Diffusion is when particles spread from where there are more:
particles o where there are fewer.
Orygen and carbon daxde pricies move ko and aut of cols by

o Adow Fick (1829-1901) formulated Fick's laws of diffusion,

Reproductive structures and processes
Many plants and animals reproduce sexually using specialised cells and organs that
enable fertiisation and development
Flowerscontinreproduclive sructures such s anthrs, sigmss,syls,ovaries, and

Flowenng plants reproduce through pollination (e.g. by wind or insects), fertisation,

Transport systems in plants and humans

Regulation and response in the human body.

/¢ Multicellular organisms require transport systems to move substs flicient

throughout their bodies due to their size and complexity.

Human transport system (circulatory system)

o is the a
o Principles of homeostasis:
e in e nemal envonent
. clive
.

Detection by a receptor, followed by /e mechanism and negative feedback
e R e e




mouth, and teef

Different body psns @

associated with ser

il heanng touch,
taste, and s

sunvive.
Animals need food (nutrition), water,
oxygen (often from the air), and space

survive.
Organisms have siructural features
and behaviours that help them to
survive where they live. These are
called adaptations.

Animals have body parts for sensing,
movement, protection, and resource
gathering (e.g. kiwi have long,
sensitive beaks for finding insects and
worms in forest leaf litter and soil).
Organisms sense stimuli (e.g. light,
heat, contact) in their environment and
respond to them.

Is h s
in insects like the weta and in spldsrs S e

|+ Some animals have no skeleton (e.g. slugs) and some.
also have no musces (e.g. jellyfish).

| Animals with an interal skeleton are called vertebrates.

Animals without an interal skeleton are called

invertebrates. Most animals are invertebrates.

Some plants have a structural support system (e.g. trunk,

branch, stem). Woody plants (e.g. trees) can grow taller

than non-woody plants (e.g. grass, ponga).

e et (1514-1564) aocurslely described and

illustrated the muscles and skeletal structure of humans.

ggoccooo

teeth (incisors, canines, premolars, and molars, which all
have different functions)

tongue

oesophagus

stomach

small intestine:
P e

Eeci e aid digestion by breaking down and helping absorb

Asexually produced offspring are copies of their parent (potato tubers,
yeast budding, strawberry plants through runners).
Animals reproduce sexually through:
o sperm and egg formation
o fertiisation.
Flowering plants reproduce sexually through:
Pollination
fertilisation (seed formation)
I
germin
Most hmgl rsproduce sexually, involving
Fertlisation
fruiting bodies (e.g. mushrooms)
spore formation

0000

dispersal

©  germination

The human respiratory system includes the trachea, lungs,
diaphragm, ribs, and intercostal muscles. The structure o
part supports its role in breathing (e.g. the ribs form a protective
cage, while the diaphragm and intercostal muscles draw air into
the chest caviy).

Some Bl fish, respire using gils, which take oxygen
out of wi

The cnrcu\a(ory system transports nutrients and gases
throughout the body.

The human circulatory system moves blood around the body
and includes the heart, blood, and blood vessels. The structure
of these parts relates to their function.

The digestive, respiratory, and circulatory systems work together
to supply oxygen, water, and nutrients to the human body.
William Harvey (1578~1657) discovered the modern pulmonary
system and circulation of blood. His experiments laid the
foundation for cardiovascular physiology.

Note: Detailed anatomical knowledge such as the names of
heart chambers, valves, and specific blood vessels (arteries,
veins, capillaries) and formal classification of cell types are not
required.

descring how substances move through dffrent media and
influencing physiology and physi

Cellular respiration

| Respiration is a process in cells where sugar (glucose) is broken
‘down using oxygen, to release chemical ener

Carbon dioxide and water are produced as ‘waste' during respiration.
| Chemical energy released during respiration is used by cells for

oxyger
that plants renew air quality, contributing to eany underslandlng of
photosynthesis and atmospheric chemistr
Note: Respiration at this level refers to aerobic respiration only.
Students do not need to leamn about anaerobic respiration at this
stage.

Photosynthesis

| Photosynthe:
use to make their
water, and carbon dioxide.

‘The sugars made during photosynthesis can be stored as starch (for
fuel) or used to build materials like cellulose (which gives plants
strength and structure).

Leaves are adapted for photosynthesis by bemg thin and containing
light-capturing organelles called chloroplasts

0 changes the relative e gases oxygen
and carbon diuxlde o lhe almosphere creating condiﬁuns that
support other life o

Jan Ingenhousz an 799) discovered that green plans produce
‘oxygen during photosynthess in sunlight, confirming the role of light
in plant respiration

a process that plants, algae, and some bacteria
fuel in the form of sugar (glucose) using light,

seed and fruit formation, seed dispersal, and germination.
e Human reproduction includes temnsanon and development through stages called
zygote, embryo, and foetus, leading to
o Puberty is a life stage when nrgamsms i lop reproductive ability.
‘The menstrual cycle in females involves ovulation and menstruation and is regulated
by hormones.
S A iy iffertilisation does not occur
(e.g. menstruation in h
Sperm production in s regulated by hormones.
Ahormone is a chemical substance (e rogen, progesterone, testosterone),
carried by the blood, which alters the activity of one or more specific target organs.
«  Karl Emst von Baer (1792-1876) discovered the mammalian ovum and laid the
foundation for modern embr

«  George Washington Comner (1889-1981) studied hormonal regulation and reproductive

‘anatomy, contributing to the understanding of human development and fertiity.
Digestive system

e The human digestive system includes the mouth, teeth, tongue, salivary glands,
oesophagus, stomach, liver, pancreas, smallintestine, large intestine, rectum, and
i, which work togeiher o digest food

o Digestion involves mechanical and chemical processes:

o mechanical digestion includes chewing and churning

o chemical digestion uses chemicals, such as stomach acid, bile from the liver, and
enzymes from saliva, the stomach, and the pancreas, to break down food

g D\ge ive organs and tissues have adaptations for their functions, such as teeth for

chewing, vill for absorption, and peristalsis for m
o Beneficial bacteria in the gut support digestion and health
o Ahealthy diet includes carbohydrates, fats, proteins, vitamins, minerals, fibre, and

water.
Digested nutrients are used as building blocks for growth and other life processes.
o William Beaumont (1785-1853) studied chemical digestion in the stomach through
experiments on a patient with a gastric fistula.

Gas exchange

« Breathing, gas exchange, and cellular respiration are connected processes that
invove the movement and uss ofoygen and caban dioide;

. respiratory system includes the outh, trachea, lungs (bronchi,
e S e A e s A e o
exchange.

+ Breatting nvoves hanges n i pressure and voume, conroled by the disphragm.
ribs, and intercostal muscles (see Year 6, Motion and Fort

. Planl \eaves are adapted for gas exchange through 'eamms such as stomata, guard
cells, and a thin, flat shape.

o Substa

The circulatory system wnslsls of the heart, blood vessels (arteries, veins,

capillaries), and blood (plasma, red and white blood cells, platelets).

The circulatory system uanspons oxygen, nutrients, hormones, and waste products.

throughout the body.

inces move in and out of the blood via diffusion, osmosis, and active transport
jen, carbon dioxide, glucose, water, ions).

JCX
/o Diffusion s the passive EEnad of particles from an area of higher concentration

/o Active transport is the

toan area of lower concentratio
Osmosis is the passive. e TEMEEDIETE
from higher water concentration to lower water concentratior

s temperatue detscion by skin receptrs and the ypathalamus olowsd by
| Tt e e R ey 21 7Y ST ST R 5 T e
D o e e g B R R S

¢ Clauds Bemard (1613-1876) explored intemal physiololca eguiation laying th foundaton (cr homeostass.

e Walter Cannon (187

Hormonal control

A hormone is a chemical substance, produced by a gland, carried by the blood, which alters the activity of one or more specific target organs.

e A R T e higher
using energy and transport proteins, against the concentration gradient.
e e M ek 2] 2 50 € B G 6 ST

The. c.rcmamry system works closely with the respiratory and digestive systems to
support cellular function.

René-Joachim-Henri Dutrochet (1776-1847) identified osmosis as a key
physiological process in cells.

Pl

lant transport system

The xylem transports water and mineral salts from the roots to the rest of the plant.
The prioer franspors sugars (muslly sucrose) produced in the leaves to other parts
of the plant for growth and stt

Pelor Raven, ey Evet and Suaan Extihom (Goniemporasy) sxplorsd the s
and function of xylem and phioem, advancing plant biology education.

P S ST R e BT (O 5 S o ) e

e Blood glucos is regulated by insulin and glucagon as a hom mechanism. This is an example of hormonal contro.
S Disbotasiaan example of a CEem by inability to regulate blood glucose concentration.

o Ernest Stariing (1866-1927) discovered hormonal control mechanisms and introduced the term ‘hormone’.

Nervous control

e The nervous system has distinct structures and functions in humans, including specialised adaptations such s the brain, spinal cord, and neurons
(synapses, axons, dendrites) that transmit nerve impuises:
G the central nervous system includes the brain and spinal cord
o the peripheral nervous system includes all the nerves outside the brain and spinal cord.
The nervous system produces stimulus-response actions, including both voluntary actions and reflex arcs.
«  Sensory neurons, receptors, motor neurons, and effectors work together to detect stimuli and produce coordinated responses.
o The eye is a sensory organ, and its parts — including the iris, comea, crystalline lens, and retina — have specific structures and functions. The pupil
ple of an automatic response to light.
o Ivan Paviov (1849-1936) identified conditioned reflexes through experiments with dogs, influencing behavioural psychology.

Ecosystems.

Where and how organisms live

Organisms are found in almost
every place on Earth

Som isms are active
during the day, others at night
(noctuma)

Some organisms live alone
(eg. tree), and others live in
groups (e.g. hive of bees).

Karl von Frisch (1886-1982)
investigated social behaviour in

Prize in Physiology or Medicine
in 1973

Habitats

b Habitats are places where organisms.

interact with other organisms i)
find the resources they

survival (e.g. Maui dolpmns ain
coastal waters where they can catch
small fish)

Communiies are groups of organisms
Co A
Animals and plants vary acros

habitats (e.g. beach, ocean, ram(oresn
A habitat supports a variety of

organisms.
A microhabitat is a small habitat (e.g.
under stones or leaf litter).
Whakaotirangi (Tamuli (1300s)

ra to New Zealand
B Polynesian

Food chains

lo Nutrition is transferred from one organism to another when
organisms eat other organisms.

Plant producs heff own nution and fom thebeginning
o R e (T 5 R S

camivores.
Charies Elon (1900-1991) nroduced the concepts of

ins and ecological pyramids. He is considered
e o et A ecology.

Relationships in an ecosystem

An ecosystem is a community of organisms interacting with each other
and with their habitat (e.g. water, land, ai
Organisms in an ecosystem are .merdspendem and have roles that cycle
matter through the system, for exampl
a producer makes sugars through pnctosymhesls
a consumer eats plants or other animals for sugars and other nulrients
a decomposer breaks down dead organisms, returing nutrients to the
soll.
There is a range of ways o describe relationships between organisms in
an ecosystem, for exampl
apredator is an argamsm that hunts and eats other organisms
©  prey are organisms that are hunted and eaten by predators
in mutualism, two organisms benefit from helping each other (e.q.
bees and flowers)
in parasitism, one organism benefits while the other is harmed (e.g.
fleas on a dog),
Soils are composed of decaying organisms, living organisms (including

o

o

Ecosystem interactions

Ecosystems are composed of biotic and abiotic factors, which
interact with each other and are important to the survival of

organisms.
Abiotic (physical) factors include air, water, temperature, light, and
minerals.

Blollc 1ac«ors include living or once-living organisms in the

orgamsms need fuel (sugars) and nutrients to carry out ife

pro
e Sun s the primary source of energy on Earth (light and heat).
Energy transfers and nutrients flow through loed chains and food
webs, through producers, consumers, and osers, and
including processes such as photosynthesis e respiration.

Human activity and technology impact the environment

Humans benefit from managing other species to T
(food, clothing, building materials, medicines, dyes, fuels)

Humans are part of ecosystems and can change them through their

Ecosystems.

o Ecosystems are organised from individual organisms to whole systems.
» Biticand abotc facors i ecosystems can affct the distrbuton and abundance of

organisms; changes in one part car e balance and wellbeing of the whole

T, T e B AT, R | s e e

Indigenous knowledge systems, such as matauranga Maori, are often founded on
fong-term observations of environmental ey For example ;s tohu o te taiao
in be used to monitor seasonal changes and e

Carbon, nitrogen, and wty cycle mmugh living B Ilvlng pans of ecosystems
(see Year 9, Earth Systems):

o T e e e help cycle it

o the carbon and water cycles are vital o life.
Microorganisms help recycle materials in ecosystems.
G. Evelyn Hutchinson (1903-1991) regarded as the founder of modern ecosystem
ecology, he advanced the study of nutrient cycles and ecological niches.

Environmental impacts of human activity

+ Human acivly (e, saricuture, ursanisaton, rsourco exracton industy,rcteaion) can cause habia desrucon. plltn, and clmatechange.
which threaten ecosystem stabilty and biodiversity (see Year 9, Earth Syst

Human activity can alter environments faster than some species can e e,

Homan sty influences argeScale Eath sysems, leading o changes such as lmat change and ocesn aoidfcton

Some human activities, such as agriculture, can reduce or offse AR and practices.

Indlvldually, in communities, or as nations, humans can help protect and restore eousys(ems through suslalnable practices, including conserving

es, supporting regeneration, and developing alterate methods for resource use.

T
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e Marama Muru-Lanning (Contemporary) explores métauranga Maori as environmental knowledge, linking Indigenous perspectives to ecological
science.




), rock particles, air, and water.
5) introduced the concept of the ecosystem,
| their environment into ecological studies.

actions (e.g. clearing land, growing crops, changing waterways,
planting trees, restoring habitats).

Humans can support the health of the environment (e.g. composting,
reusing, producing less waste, planting native plants).

Ernst Haeckel (1834—1919) defined the term ‘ecology’ and studied
the relationships between organisms and their environments,
influencing evolutionary biology.

Rachel Carson (1907—1964) pioneered environmental science
through her work in marine biology and her book Silent Spring, which
raised awareness of ecological harm.




