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Unit Overview

Background information / abstract

In this topic pupils examine the growth of scientific ideas in Ancient Greece, from the first natural philosophers of Ionia, through Plato and Aristotle in Athens to Ptolemy of Alexandria.

They are encouraged to reflect on the influences of Ancient Greek ideas on the growth and direction of science, religion and culture.

The great achievements of the Ancient Greeks were that they were the first people to recognize that:

· Nature embodies profound truths that go beyond appearances;

· These realities can be observed, measured, modelled and used for prediction;

· There is an underlying cosmic order which is open to being understood.

Background information

Rational beginnings

The first Greek ‘natural philosophers’ began the search for rational order and meaning in the world. This was distinct from the accepted contemporary world-view that human lives were at the mercy of a pantheon of powerful yet fickle gods and goddesses.

What began this sea-change in human thought?

The Ancient Greeks were a maritime people, and it was the voyages of ancient Greek traders which first led to concepts of the world being round. Anaximander in the sixth century BC produced the first map of the known world based on trader explorations.

It was important to these seafarers to be able to measure distance and direction accurately. Geometry, concerning itself with the properties of shape and angle, grew out of the need for such measurements. (The word ‘geometry’ literally  means ‘measuring the world’.) With geometry, the Greeks could make accurate maps and charts of both land and sky. This led in time to recognition of the abstract and eternal properties of shapes.

These Greeks gave a name to what they began to see as the eternal, rational truth written into the fabric of the universe. They called it LOGOS. It was recognition of intelligence, purpose and uniformity at the heart of the cosmic structure.

The Greeks also understood that through the use of logic and reason, knowledge of cosmic patterns and structures was accessible to the human mind.

All their observations led naturally to the conclusion that the Earth was at the centre of the cosmos. Aristotle composed a geocentric (earth-centred) model which was later developed by Ptolemy.

Influences on scientific and religious development

The effects of Greek thought on later European and Islamic development cannot be overestimated.

St. Augustine (354 – 430) was strongly influenced by Plato’s theories of the soul, and these became, through him, incorporated into Christian theology. This led to a mediaeval emphasis on the need for redemption of the human soul. Linked to this was the idea of free will. Individuals had responsibility for their own salvation. Europe settled into a time of scholasticism, during which Christian teaching was integrated into Platonic and Aristotelian philosophy.

Islamic science flourished in mediaeval times (see Topic 3c: The Golden Age of Islam) and Islamic cities were centres of scientific learning. In 1085 the Muslim city of Toledo in Spain fell to Christian knights, and thousands of astronomical observations and instruments were introduced into Europe. One such instrument was the astrolabe, a model of the universe used for solving problems in maths and astronomy. It was also used for telling the time, prior to the invention of the mechanical clock in 1386. 

During the mediaeval period, the Ptolemaic geocentric model of the cosmos prevailed. Aristotle’s concept of a Great Chain of Being permeated the middle ages, with a being’s moral worth or value assessed by its place on the chain, or ladder and reflected in their position within the social hierarchy.

The Renaissance began in northern Italy in the fourteenth century and spread through Europe. Ancient Greek manuscripts previously unknown to Europe were brought to Italy by Greek scholars fleeing Constantinople after it fell to Muslim invaders in 1453. Ancient ideas about the openness of the physical world to being understood were revived as new attitudes swept through Europe. 

In the sixteenth century, the Polish astronomer Copernicus published his book De Revolutionibus, which included the theory that the Earth travelled round the sun.

Then in the early seventeenth century Johan Kepler proved that the planets moved in ellipses, not perfect circles as had been upheld from the time of Aristotle.

Until the 19th century Aristotle’s Doctrine of Fixed Species – that species could not change – was the prevailing western view. Then Darwin, with a different perspective, produced a more dynamic view of the natural world.

Although today we may hold changed views of the substance and structure of the world, European scientific language, classification and logic systems and much computer science are based on Ancient Greek ideas. So too are the political, ethical and judicial systems of western societies. Whilst being constantly challenged and modified, Greek ideas pointed Western thought in certain directions which have remained key – those of reason, logic, and the search for truth and purpose in a world open to being understood.

(A rather different path was followed by Islamic science and culture – see Topic 3c: The Golden Age of Islam.)

In this topic, pupils examine fragments of text left by the early natural philosophers; Plato’s Theory of Ideas or Forms; Aristotle’s classification of the natural world; and the Aristotelian/Ptolemaic geocentric cosmos and its influence on cultural development. 

Key Players

The Pre-Socratic philosophers.

Thales. (c 644BC)  Lived in a Greek colony in Ionia, Asia Minor.  Left little written for posterity, but is known to have searched for a basic substance, which he believed to be water.  His major contribution to the history of ideas was the rejection of mythology as a means of explanation.  He emphasised gaining knowledge through observation.

Anaximander. (c 610 BC)   Believed the basic substance to be, not water, but the ‘Unlimited’, from which all things come and to which all things return.  He also made the first known map of the earth.

Anaximenes.  (c 550 BC)   Thought the source of all things must be ‘air’ or ‘vapour’, which when condensed becomes other materials, such as earth, fire, water.  Primordial air for Anaximenes is infinite, without beginning or end, and  constantly in motion.

The above three Ionian philosophers are sometimes called ‘natural philosophers’ because they are concerned with the world and its processes.  They all thought there must be an underlying substance - the source of everything that is. (The word ‘philosopher’ literally means ‘lover of wisdom’.)

From about 500BC a group of philosopher/scientists from a Greek colony in Elea, Southern Italy, became very interested in a new question.   They wondered how one substance could suddenly change into something else.

Parmenides  (540 – 480 BC)   Did not trust his sense perceptions.  He believed that you had to use reason to find the rational truth behind appearances.  The Ancient Greek word for this eternal truth was LOGOS.  Some came to believe that LOGOS guided the whole world.  Reason told Parmenides that it is not possible for one thing to change into another: he deduced, therefore, that the perception of change must be an illusion.

Parmenides was the first rationalist - someone who believes that you can use pure reason to work out how things really are.

Heraclitus  (540 – 480 BC)   Took a different view from Parmenides.  Our senses tell us, said Heraclitus, that everything is in constant flux and movement.  He famously said, ‘We can’t step into the same river twice’. We must therefore be guided by the evidence of our senses.

Pythagoras  (586 – 572 BC)  Was influenced by time spent in Egypt and Babylon (as a captive in the Persian Wars). Famous for his work in mathematics.  His studies in mathematical science and musical harmonies led him to expound that number and numerical relationships are the basis of the universe.  He also first expressed the idea of an eternal soul re-born many times.

Empedocles (490 – 430 BC)  Agreed with Heraclitus that we must trust the evidence of our senses.  He decided that the source of nature is not one single thing, but four; he called them ‘roots’ – earth, air, fire and water.  Everything is a mixture of the four roots, and change is the constant mixing of them, coming together and separating.  But earth, air, fire and water themselves remain everlasting.  Empedocles also distinguished between substance and force - love, which binds things together, and strife, which separates them.  Even today, scientists distinguish between elements and natural forces.

Democritus (460 – 370 BC) formulated the idea that everything was made up of tiny, invisible, immutable blocks which he called ‘atoms’.  (The word ‘atom’ literally means ‘un-cuttable’.)  The almost infinite number and variety of atoms joining together and separating, gives us a sense of change.  Modern science broadly supports this theory, although the atom has been found to be divisible.

Democritus did not believe in forces, or LOGOS in the sense of universal truth.  He said, however, that the movement of atoms is not random. Rather, everything that happens has a natural cause, inherent in the thing itself. The only things in existence, he said, are atoms and the void.  This makes him a materialist – one who believes that only material things exist.

Greek philosopher/scientists generally, though not universally, concluded that, although individual things change, there is that which is eternal and unchanging behind everything.  Some believed in a guiding LOGOS: others did not.

Three great Classical philosophers.

Socrates (470 –399 BC) Loved standing on the steps of the Temple of Zeus or sitting in a shady corner of the Agora, in Athens, debating and discussing human morals and how they relate to absolute values.  He was condemned by the state for not believing in the state gods and for corrupting the youth of Athens. He chose poison over exile, dying with great dignity surrounded by pupils and friends.

Plato (428 – 347 BC)  Had been a pupil of Socrates,  was 29 when Socrates drank  hemlock, and was deeply affected by this.

He believed, after Heraclitus, that everything flows, changes and erodes, but that everything physical is a copy of an unchanging, eternal ‘form’ or pattern.  A particular horse is born, grows old and dies, but the form of horse is eternal and unchanging.  This explains why all horses have characteristics in common. In Plato’s view, Truth, Beauty and Justice too have their eternal and perfect forms, which may be mirrored imperfectly in our world of change and imperfection. Through exercise of reason, thought Plato, philosophers may penetrate beyond the world of appearances into the world of forms.

Plato poetically described his theory of forms in ‘The Allegory of the Cave’ in which the world as we know it is shown to be but a shadow of the real world of forms. He believed, after Pythagoras, that the soul is re-born to earth many times – hence we have a vague memory of the eternal world from which we came.

Aristotle (384 – 322 BC)  Born in Macedonia, and came to study in Plato’s Academy when Plato was 61.  Aristotle disagreed with some of Plato’s ideas.  He argued that we form an idea of ‘horse’ only after seeing many horses.  He believed in following the evidence of our senses, so we could call him an empiricist. In studying nature he recognised the importance of classifying both living and non-living things, which he arranged in a great chain of being, stretching from rocks and minerals at the bottom to complex animals and humans at the top.

‘Look carefully first, then make your theory.’ Aristotle developed a system of valid reasoning and argument which has underpinned scientific reasoning ever since. Computer science evolved around Aristotelian logic.

Aristotle was also interested in motion.  The Ancient Greeks, alongside other cultures of their time,   studied the movements of the stars and planets, which many thought guided all movement on earth.

Aristotle posited the existence of a ‘Prime Cause’ or ‘Unmoved Mover’ which is itself at rest, but is the cause of all movement in ‘the heavenly bodies’ and hence in the natural world.  (This idea later became incorporated into cosmological arguments by the Muslim scholar al-Ghazali in the 11th century, and by the Catholic Thomas Aquinas in the 13th.)

The Alexandrian school.

Ptolemy  (c.100 – 170 AD) Of Greek descent, lived in Alexandria in Egypt. Astronomer and geographer. The Almagest developed Aristotle’s theory that the Earth is the centre of the cosmos, with the sun, moon and stars revolving around it. This model was accepted until 1543 when it was challenged by Copernicus. His other major work Geography was also a standard work of reference until the 16th century. 

Aims of the topic

At the end of the topic most students will have:

· understood that the first Greek natural philosophers searched for rational order and meaning in the world, and that this contrasted with the accepted world-view of their time 

· developed an awareness of the influence of the differing ideas of Democritus and Plato on the growth of science and religion  

· thoughtfully discussed aspects of Aristotle’s world view and its contribution to the development of science and religion

Some will not have progressed as far but will have:

· understood in a basic way that the first Greek natural philosophers searched for rational order and meaning in the world, and that this contrasted with the accepted world-view of their time 

· developed an awareness of the influence of the ancients Greeks on the growth of science and religion  

· discussed one aspect of Aristotle’s world view and thought about how this relates to the development of science and religion

Others will have progressed further and will have:

· understood that the first Greek natural philosophers (of whom they will be able to give examples) searched for rational order and meaning in the world, and that this contrasted with the accepted world-view of their time 

· developed a detailed awareness of the influence of the differing ideas of Democritus and Plato on the growth of science and religion  

· expressed both orally and in writing and in a thoughtful and developed way aspects of Aristotle’s world view and its contribution to the development of science and religion

Key Concepts

· The search for a basic world substance

· Early explanations of how things change, yet stay the same

· Reality and the world of appearances

· Classification of the natural world and its influence on science

· Models of the universe

Learning Objectives / Outcomes

Learning objectives

· To interpret some surviving writings of early Greek natural philosophers

· To understand the term materialist and use it of Democritus in relation to his explanation of variety and change in the world (his theory of atoms)

· To know that Plato taught about a metaphysical World of Forms, of which this world is but an imperfect shadow

· To understand the significance of Aristotle on the development of science and religion

· To compare the Aristotelian/Ptolemaic model of the universe with medieval and modern models

Learning outcomes

1. To perceive that the first Greek natural philosophers searched for rational order and meaning in the world, and that this contrasted with the accepted world-view of their time 

2. Through consideration of the differing ideas of Democritus and Plato, to develop an awareness of their influence on the growth of science and religion

3. To discuss thoughtfully aspects of Aristotle’s world view and their contribution to the development of science and religion.

Resources

Books

For students: 

Ancient Greece from the I was there series (Bodley Head): a good resource for reminding students (who have probably already encountered the Greeks at KS2) of Greek culture. The sections on The Greek World and Knowledge and Philosophy are particularly relevant (written for 7-14 year olds).

Ancient Greece (Dorling Kindersley): the sections entitled Gods, goddesses and heroes, Festivals and Oracles and Temples provide an illustrated background to the topic.

Teach yourself philosophy by Mel Thompson (Bodley Head) mentions the Pre-Socratics, Plato and Aristotle in sections What can we know? and Philosophy of science.

The Philosophy Files by Stephen Law (Dolphin)

see File 4: What’s real? and File 5: Can I jump in the same river twice?  

Fun philosophy!
For teachers

The world of Parmenides by Karl Popper (Routledge) includes writings on Greek science, philosophy and history.

Early Greek Science: Thales to Aristotle by Geoffrey Lloyd (Norton)

Greek Science after Aristotle by Geoffrey Lloyd (Norton)

For general interest: 

Fuzzy Thinking by Bart Kosko (Flamingo 1994). Contests Aristotelian logic statements such as ‘either A or not A’ maintaining that ‘A and not A’ may be equally valid and that the world is largely neither black nor white, logically speaking, but varying shades of grey with black and white as the two extremes. Links to probability theory and eastern philosophies. 

Web  

· www.drury.edu/Ess/History/Ancient/PresocOV.html
(very informative website on pre-Socratic philosophers, with useful links)

· www.fordham.edu/halsall/med/nasr.html
(‘Science and Civilisation in Islam’: an illuminating article written by Dr Seyyed Hossein Nasr, world renowned Islamic scientist, in which the significance of Pythagorean number in Islamic science is discussed)

· www.indiana.adu/~kglowack/athens/sites.html  
(see the sights of Ancient Athens)

· www.historyguide.org/ancient/lecture8b.html 
(information on Socrates, Plato, Aristotle)

· www.historyguide.org/ancient/allegory_bb.html  
(Plato’s Allegory of The Cave)

Curriculum Links 

Science (11-14) QCA Unit 7D  
Variation and Classification

History (11-14) QCA Unit 14  
Who were the Ancient Greeks?  

History (11-14) QCA Unit 21
From Aristotle to the atom, scientific discoveries that changed the world

History (11-14) QCA Unit 15  
How do we use Ancient Greek ideas today?

Citizenship (7-14) 
Develop communication and participation skills; research and debate topical issues.

RE (11-14) QCA Unit 9B
Are science and religion in conflict?

RE (11-14) QCA Unit 7A
Where do we look for God?

Art: 
The Impressionist movement was rooted in the awareness of the ephemeral nature of experience. Cézanne wrote that ‘Nature is always the same, but of that aspect which appears to us, nothing lasts.’ This would seem to be an echo of Pre-Socratic concerns with processes of change in the natural world.

       
The painting entitled ‘The School of Athens’ (1508 – 11) by Raphael was commissioned by Pope Julian II for the Vatican library. It depicts, among others, Aristotle who is symbolically pointing downwards and Plato who is pointing upwards. Pythagoras is shown explaining musical ratios to pupils. There are interesting links here between the Catholic Church (who commissioned it), the time and place in which it was painted (Renaissance Italy), and the subject matter (celebration of the Ancient Philosophers).

This lesson links well to Terraforming Unit [Unit 5e] Lesson 3 ‘Do Rocks have Rights?’ which raises issues embedded in Aristotle’s Great Chain of Being and deals with how the Aristotelian chain still affects thinking today. 
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