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ABSTRACT

This thesis is a report on a research programme aimed at promoting the
more widespread teaching of astronomy by addressing two principle
issues: demonstrating its value as a part of balanced science and

showing that it can be taught in a style compatible with mainstream

science teaching.

A literature search, carried out to identify forces which influenced
past levels of astronomy education, revealed that throughout history
astronomy has been held within priesthoods and that calls for its more
widespread teaching were related to the Nation's economy or security.
This search identified early theories about astronomy which parallel
ideas frequently subscribed to by both pupils and teachers today, and
revealed areas from astronomy's history which can be used as a vehicle

to develop childrens' concept about planet Earth in space.

Postal surveys indicate that the amount of astronomy presently taught
in schools (1986) has undergone little change from the past; astronomy
only features in 47% of‘English secondary schools and the coverage
tends to be superficial. Heads of Science departments are
dissatisfied with their school's provision for astronomy education,
their pupils' and their own understanding of the subject; 68%

requesting Inset before they can teach astronomy with confidence.

Surveys of childrens' understanding of astronomy show that they
frequently construct their own explanations (alternative frameworks)

for many of their observations, and that these alternative frameworks

II1



are commonly preCopernican in structure and are often carried into

adulthood.

Pupils' alternative ideas were used as the central focus for the
production of astronomy teaching materials. This material has

received favourable evaluation and has achieved one of the principle

aims of the study.

The significance of this research is reviewed against the statutory
requirements of the National Curriculum (1988) [i] for science and
recommendations are made about Attainment Target 16 sequencing changes,
cross—curricular links, Inset and the role of various agencies in an

attempt to identify the best way forward for astronomy education.

[i] The National Curriculum for Science 1989 comprised 17 Attainment
Targets, each attainment target being associated with a
particular area of science. Astronomy featured in Attainment
Target 16, 'The Earth in Space'. In May 1991 the Secretary of
State for Education and Science proposed reducing the number of
attainment targets from 17 to 5. In this proposal almost all
the astronomy content of the original Attainment Target 16 has
been included in tﬁe new Attainment Target 3 'Earth and

Environment'.
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The monk's view, although dangerously controversial at the time, has
pervaded almost all cultures over the past four hundred years, and it
is now commonly assumed [ii] that adults and children have drawn up the

same sphere-like veil to gain a similar view.

In this thesis I will demonstrate that this assumption about childrens'
understanding of astronomy is flawed, and that they, and adults,
frequently hold notions about the universe which have undergone little
change from those ideas supported by their ancestors living before the

time of Copernicus.

I will propose that an understanding of humankind's early cosmography
gives an insight into how childrens' ideas about certain aspects of
astronomy develop, and provides a suitable context against which they
can challenge their view. Nunn (1919) emphasised this potential when
he claimed that the history of science is:

".eo. a most useful guide to the teacher in choosing his

exposition and for seeing the childs point of view."

The development of our understanding of astronomy has a long history
and, 1like other branches of science, its advancement has been
influenced by both social and intellectual pressures; Russell (1974)
maintains that:
"Science has not developed only, or even chiefly, in
response to pressures from within, but has been moulded by

external forces of various kinds."



These influences have often directed the growth of understanding along
paths compatible to the persuasion of particular pressure groups.

Possibly the most well known example of external pressure group
influence on astronomy is the maintenance of geocentrism by  the

Catholic Church (see chapt. 1.02-1.04).

Teaching astronomy - or any science - in isolation from its past fails
to utilise the valuable resource offered by the subject's history and
leads to misconceptions about the scientific process by presenting
science, as Selley (1986) claims:

".... as entirely a pre-existing, non-negotiable body of

concepts and theories."

To Gingerich (1988), presenting the historical perspective shows:
",.... how science works in an evolving self correcting way

The historical outline of astronomy given in this chapter is intended
to serve three main purposes:
(i) To didentify internmal and external forces which have
influenced the amount of astronomy taught in schools.
(ii) To demonstrate that the history of astronomy offers a rich
fund of material which curriculum planners and writers may
focus on to illustrate the tentative nature of scientific
proof [iii], the scientific process, and the development of
cross curricular material.
(iii) To equate the growth of astronomical knowledge with
humankind's changing view of the universe and his place

within the scheme of things.



1.01 Astronomy of Prehistory

If modern interpretations of the function of Stonehenge are correct, -
Hawkins (1963), Colton and Martin (1969) and Hoyle (1977) - the ancient
Britons seem to have developed a considerable expertise in building
megalithic computers for predicting certain astronomical events. It
appears that these astronomically aligned constructions were not
confined to Britain; both Streit (1977) and 0'Kelly (1982) consider
the tomb at Newgrange, the stones structure at Carnac and many of those
to be found in Ireland, were built with a detailed knowledge of
astronomical alignment. Clearly, these structures could not have been
built without making precise observations over many years before
construction began. Hoyle (1977) claims that these observations must
have been handed down from one generation to another. If so, this

must have formed an early system of recording and training in

astronony.

Both Thom (1954) and Hadingham (1983) consider ancient astronomy to
have been held within a priesthood, with its aims essentially
practical; namely the training of an elite on how to construct and use
these megalithic structures for predicting dates important to their
particular culture. Although the idea of an astronomically
sophisticated prehistoric cult imagined by the more enthusiastic
followers of Thom's (1954) theories is in doubt, - notably through the
work of Burl (1976) - it is generally agreed that structures like

Stonehenge were used for religious purposes.



Apart from the construction of these stone edifices, the British had a
late start in the science of astronomy; the skills developed in
prehistory became forgotten. On this McNally (1982) writes:

"Unfortunately this native wit declined, the decline no

doubt accelerated by the coming of the Romans, and all that

was left by the end of the Dark Ages was a starlore that

finds expression in the work of Chaucer."

1.02 The Influence of the Church
A more formal astronomy education in England can be traced back to
Theodre of Tarsus - Archbishop of Canterbury between 669 and 690 A.D., -
and his assistant Hadrain. Bede (800 AD) claims they were educators:
",.... teaching the art meter, astronomy and the calculation
of the Church's feast days as well as the scriptures."
Although the religion changed from pagan to Christian, but astronomy
continued to be the handmaid of theology, taught to an elite group and

primarily used for calculating the dates of important festivals [iv].

According to Stevens (1921), by 732 A.D. teaching aids in the form of
terrestrial and celestial globes were in use and astronomy was included
in the quadrivium [v]. Pliny's 'Natural History' was available along
with a few other astronomy books, but Stevens makes the point that it
is unlikely their influence was very great as there were no more than
twenty monastic and church schools in England during the eighth
century; and as Lawson and Silver (1973) point out, the primary

purpose of education was the training of priests:



++++ Which entailed only the learning of Latin grammar in
order to read the bible, together with a little music to
sing chant, and some arithmetic and astronomy for the
calculation of the date of Easter and for reckoning the

time of the daily offices."

For fifteen hundred years after the birth of Christ theories on
astronomy reflected the world view of the Church Fathers, in the words
of Blum (1973) astronomy became the:

".... product of informal understanding negotiated among

members of an organised intellectual collectivity."
The situation corresponds with Lukacs's (1923) assertion that knowledge
of all kinds is the product of interaction between men, reality and
interest, and as such, like all knowledge, socially constructed.
However, as Hudson and Prophet (1986) state, a particular group may
make a cynical use of education, but that group is juSt as likely to
have a genuine passion for its cause. This was most probably the case
with the Church Fathers. Dijksterhuis (1961) appears to be aware of
this when he argues that the Church Fathers were not antagonistic to
the study of nature, but that they followed Saint Augustine who urged
that science should remain subjected to the authority of the scriptures
as they surpass all the capacities of the human mind; but this
Dijksterhuis (1961) claims:

".... imposed on scientific inquiry a restriction which was

to last many centuries."



During the first to the eleventh centuries A.,D. the world view of the
Greeks, exemplified in Ovid's 43BC-17AD Metamorphosis:

".eeo God's first care was to shape the Earth into a great ball"
was replaced by a flat Earth notion. Advances made by Greek
astronomers were largely replaced by the biblical view. The work of
Aristotle (384-325 B.C.) who demonstrated the Earth is a globe,
Eratosthenes (c200 B.C.) who measured the globe, and Aristarchus of
Samos (310-230 B.C.) who suggested that the Earth turns in front of a
fixed Sun, was replaced in favour of a biblically compatible world
picture; that given by Saint Lactantius (c225 A.D.) in the third
volume of his 'Devine Institution' (quoted by Draper (1875)) in which
he used all the naive arguments in favour of a flat Earth and against
the existence of the Antipodes; arguing that it was impossible for
people to walk with their feet above their heads and that rain and snow

cannot fall upwards.

To demonstrate the views entertained in the sixth century, both Draper
(1875) and White (1895) quote Cosmas Indicopleustes, who, in his book
'Topographia Christiana', claimed the Earth is a quadrangular plane
enclosed by mountains on which the sky rests. Those mountains on the
north side being larger give night when they intercept the rays of the

Sun.

The ideas of Saint Lactantius were supported by the writings of Saint
Augustine (354-430 A.D.) who, while accepting that the Earth is round,
rejected the idea of people living at the Antipodes [vi]l. Such views
from prominent Church Fathers had the effect of halting the advancement

of astronomical knowledge. No-one, according to Draper (1875):



sees did more than this Father (Augustine) to bring

science and religion into antagonism."

-Although the Church used Aristotle's writings to support the
scriptures, this was not without resistance because certain aspects of
Aristotle's view - a round Earth - contradicted ideas about the
Universe contained within the scriptures - particularly Isaiah XL:22 -
which presents the Earth as a Tabernacle. However, as Russell (1974)
points out, this resistance was largely resolved during the second half
of the thirteenth century by Albert Magnus (¢ 1200-1280) and Thomas
Aquinas (1225-1274), who demonstrated that the philosophy of Aristotle
could be equated with Christian theology. The idea that Aristotle had
said all that there was to say about the natural world was denied,
therefore, his ideas could be rejected without incurring ecclesiastical
opposition. There had also been a gradual realisation that the
wording of the Bible had both a literal and an allegorical meaning and

was aimed at the understanding of the common man.

By the end of the thirteenth century the notion of a round Earth was
accepted as the general view, but it was to be another three hundred
years before the more radicai idea of Aristarchus was to receive
serious consideration and challenge the established view of an Earth

centred solar systen.



1.0} The Copernican Revolution

The notion of a Sun-centred solar system has a long history stretching
back to Aristarchus of Samos. However, it was the Indian astronomer
Aryabhata (A.D.476) who first took issue with the Aristotelian view,
and although he was not subjected to intimidation from the
establishment for holding such views - as was Galileo in later times -
the ideas of Aristotle were so deeply rooted in India during the fifth
to eighth centuries that scholars who venerated Aryabhata in other
respects, either ignored his views on this issue or -~ according to
Narlikar (1988):

", .., tried to reinterpret in a way which did not conflict
with the fixed Earth hypothesis." ,

The most decisive challenge to the fixed Earth notion came in 1543 with
the publication of Nicolaus Copernicus's 'De Revolutionibus Orbium
Caelestium', in which he placed the Sun firmly at the centre of the
solar system. Although often referred to as a revolution, it did not
change man's view overnight. Both Russell (1974) and Kuhn (1957) draw
attention to the fact that this highly mathematical revision of
classical astronomy did not become a cosmological issue until over one
hundred years after its publication. This - according to Kuhn (1957)
- was because Copernicus had made it unreadable to all but the most
erudite astronomers of the day. In fact 'De Revolutionibus' has never
been widely read, the one thousand first edition copies never sold out
and Koestler (1959) points out that it has only had four reprints in

over four hundred years.



White (1895) claims that opposition to the Copernican world view was
voiced by Martin Luther one year before the publication of 'De
Revolutionibus'. However, the anonymous preface - which both Russell
(1974) and Koestler (1959) say was written by Andreas Osiander (1543)
who supervised the final printing - probably placated those theologians
able to understand what Copernicus was saying, explaining that several
hypotheses can be used to demonstrate the same apparent motions and

that:

".... these hypotheses need not be true or even probable;

if they provide a calculus consistent with the

observations, that alone is sufficient."
There is a parallel with the followers of Aryabhata (see above) who
tried to interpret his work so that it would not conflict with the
general view; Osiander had been in communication with Copernicus two
years before the publication of 'De Revolutionibus' concerning their
anxieties on the subject matter it contained. However, whether it was
the mathematics or the preface (or both) it was not until the latter
part of the sixteenth century that it became a focal point for
controversies in religion, philosophy and social theory, but by this
time a hard-core of Copernican astronomers had become established and
it was only a matter of time before the idea permeated into certain

stratas of society and became part of the accepted world view.

04 ile nd t onflict Thesis
Of all the issues concerning the conflict between science and religion,
none has attracted more attention than that between the Catholic church

and Galileo for the support he gave to the ideas of Copernicus, details

of which are too well documented elsewhere for repetition in this
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thesis - see, for instance, Russell (1974), Santillana (1961), Langford
(1971). However, Galileo is not alone in the history of this discord,
neither is the Catholic church the only religious group to intimidate
and slay scientists for holding views contrary to official dogma.

Hobden (1988) draws parallels between the trial of Galileo and the
assassination of the Samarkand astronomer Ulughbek (1394-1449) even
though there is no evidence to suggest that he ever propounded any new

cosmological theories as did Galileo.

Galileo's greatest influence on the cosmology of the ordinary man came
from his astronomical observations using the telescope; but this was
preceded by both Galileo and Hans Lippershy - the inventor -~
capitalising on its military importance. Lippershy demonstrated - and
secured a contract to supply - the instrument to the Dutch governing
body who - according to King (1955) - considered it:
".... likely to be of utility to the state ...."
in their struggle for independence against the armies of Philip II of

Spain.

Galileo first received details of the telescope in 1609, and after
making improvements to its design, presented his instrument to the
Senate along with a letter explaining that it would be of utmost
importance in war. As payment he was rewarded with a life-time
professorship at Padua and a salary increase to one thousand scudi a

year - (King (1955)).

Throughout history advances in astronomy have frequently been

associated with progress in military technology. There has been a
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modern day parallel to the development of the telescope in that of
satellites; they too were first developed because of their military

importance and only later used for astronomy.

In 1610 Galileo published 'Sidereus Nuncius', in which he reported his
pioneering observations using the telescope; his discovery of the
phases of Venus and the motions of Jupiter's satellites. Although -
as King (1955) reminds us - he left this publication unrelated to 'De
Revolutionibus', it was greeted with strong opposition from church
leaders; some refusing to look through the instrument, while others
claimed it impossible to see things not mentioned by Aristotle.

Koestler (1959) considers that the main reason for the outburst of
emotions following the publication of ‘'Sidereus Nuncius' was its
immense readability (although this did not feature as a stated crime
during the trial of Galileo). Unlike 'De Revolutionibus', 'Sidereus
Nuncius' could be read in a few hours without specialized knowledge.

This proved to be a watershed for the dissemination of ideas about
astronomy, and marked the beginning of the popularization of astronomy
through books written in the vernacular. These books became an
important agent of education during the eighteenth century (more so
than formal education), and have continued to be so up until the

present time.

1.05 The Influence of the Telescope

The availability of telescopes rapidly spread throughout Europe; an
instrument appeared at the Frankfurt fair in the autumn of 1608, the
following May in Milan and by the end of that year they were being

manufactured in London.
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The telescope had a profound effect on astronomers and on the public at
large. It gave astronomers a deeper look into space, and changed
their methodology from carrying out calculations based on the
observations of the ancients to observational astronomy. But more
importantly, for the spread of heliocentricism, it provided a non-
mathematical tool with which those hitherto unconcerned with astronomy
could view the heavens. During the seventeenth century the telescope
became a popular toy, those until now disinterested in astronomy,
scanned the heavens with a new interest, and as Kuhn (1957) claims:
"eee. it popularised astronomy, and the astronomy it

popularised was Copernican."

But the telescope did not convert all astronomers to heliocentrism;
Johnson (1937) quotes Blundeville's remarks in the preface of an
astronomy book printed in 1694 rejecting the ideas of Copernicus.
"Copernicus .... affirmeth that the Earth turneth and that
the Sun standeth still in the midsts of the heavens, by
help of which false suppositions he has made truer
demonstrations of the motions and revolutions of the

celestial sphere than ever before."
Many found the idea that the Earth is not at the centre of the solar

system deeply disturbing. Kuhn (1957) draws attention to the

psychological effect that heliocentrism had on man, writing:
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"Men who believed that their terrestrial home was only a
planet circulating blindly about one of an infinity of
stars evaluated their place in the cosmic scheme quite
differently than had their predecessors who saw the Earth

as a unique and focal centre of God's creation.”

Johnston (1937) gives a translation of a poem first published in France
in 1578 and which later became popular in England during the first half
of the seventeenth century, which shows the incredulity with which the
idea of a rotating Earth was received by the general public. (See
Appendix I for full translation).

",... and we resemble land-bred novices

New brought ashore to venture on the seas;

Who, at first launching from the shores, suppose

The ship stands still, and the ground it goes."

The confusion caused by the heliocentric view features in poetry and
drama from the middle of the seventeenth century, which Treasure (1985)
says:

".... abounded with notes of unhappy confusion about God's

universe and man's place in it."

The English poet John Donne (c1572-1631) epitomiéed this remorse which

many felt as the ideas of Copernicus crept into every man's mind:
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And new Philosophy calls all in doubt,

The Elements of fire is quite put out

The Sun is lost, and th'earth, and no man's wit
Can well direct him where to looke for it.

And freely men confesse that this world's spent,
When in the Planets, and the Firmament

They seeke so many new; then see that this

Is crumbled out againe to his Atomies.

'Tis all in peeces, and all Relation ....

And in these Constellations then arise

New starres, and old doe vanish from our eyes ....

By the twentieth century the attitude of poets had changed from
confusion to one of resigned acceptance of humankind's insignificance;
a view epitomised in the 'Galaxy Song' from the film 'The Meaning of

Life'.

"The Universe itself keeps on expanding and expanding,

In all the directions it can whiz,

As fast as it can go, the speed of light you know,

Twelve million miles a minute and that's the fastest speed there
is,

So remember when your feeling very small and insecure,

How amazingly unlikely is your birth,

And pray there is intelligent life somewhere up in space,

Because there's bugger all down here on earth."
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We will see in Chapter V that these 'poetic' expressions about man's
confusions concerning his place in the universe offer a rich resource
for the development of cross curricular work with English departments.
This approach can help pupils clarify their own notions on planet Earth
in space and offers meaningful material for the realisation of aspects

of attainment target 17 of the National Curriculum.

1.06 The Influence of Navigation
Throughout the period that ideas contained in 'De Revolutionibus' were
causing theological and philosophical debate, techniques in navigation
were being improved so that seamen could plot a course in the expansion
of the known world. Although the development of new techniques,
improved charts and star maps took place largely in isolation from the
geocentric argument, and marked a divide between academic astronomy and
jits utilitarian application, the need to train seamen in the art if
navigation spread the ideas of Copernicus almost as a by-product.
Simon (1966) illustrates this divide when he quotes Juan Luis Vives
(1493-1540) who, during a visit to England in the 1520's, emphasised
the practical importance of astronomy and warned against mathematical
abstractions prevalent at the universities which:

", ... Wwithdraw the mind from the practical concerns of life

and render it less fit to face concrete and mundane

realities."

Walters (1958) points out that it was Henry VIII who 1laid the
foundations for the development of navigation in 1514 when he
established Trinity House for the advancement and benefit of navigation

and commerce, But after his death the economy still needed more
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foreign outlets for its manufactured goods and to find a northern route
to Cathay, thus cornering the lucrative spice market. England was
conscious of the need to master the art and science of navigation if

she hoped to keep abreast of Spain and Portugal.

Portugal had taken the lead in navigation, a lead which was compounded
with the publication of Pedro de Medina's 'Art de Navigar' (c1570).

According to Hutson (1974) this was the first book ever published on
navigation, becoming the accepted international work on the topic when
it was translated into French as Perre de Medina's 'L'Art de Naviguer'.
The book was based on the astronomy of Ptolemy and concerned only with

navigation, making no mention of Copernicus.

In 1584 Richard Hakluyt drew attention to England's lack of investment
into the training of navigators when he wrote to Walsingham - secretary
to Elizabeth I - telling of the mathematical lectureship established in
France, and urged the creation of a similar lectureship on navigation
in the City of London - which would attract seamen - and one for
mathematics at Oxford where learned men could study the theory of

navigation and the application of mathematics to this problem.

Four years later, when England was under the threat of invasion by the
Armada, Hakluyt's recommendations came to partial fruition. Walters
(1958) observes:

"As so often in the history of England it took the stress

of war to create what had long been desired in peace."
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On the 4th of November 1588 Thomas Hood - the first reader - gave his
opening address; although as Waters points out, prior to this he had
been commissioned by Thomas Smith and John Wolstenholme -~ city
financiers and merchants - to lecture privately on the application of
mathematics to navigation. This marked the beginning of the promotion
of astronomical advancement by private enterprise for its commercial
potential, a trend which continued until a method of finding longitude

was established.

Hood's lectures were given to the general public in both Latin and
English and proved so popular they were continued until 1592. Later
lectures were financed by the East India Company, a region of trade
which Trevelyan (1944) considered "did more even than the American

trade to develop the art of navigation".

A more permanent provision for lectures on navigation was made by Sir
Thomas Gresham (1519-1579) who bequeathed a sum of money for the

erection of a college. In 1575 he outlined his plans, stipulating:

«+e. that the astronomy professor was to read the principle

of the sphere and to explain the uses of common instruments

for the capacity of mariners and to apply these things to

the art of navigation.
Sir Thomas insisted on instruction in English as their learners would
be merchants and other citizens. For the first time in the history of
astronomy education instruction was aimed at a wider public and no
longer confined to a religious elite. This (along with the increasing

number of books written in the vernacular) was to become an important
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factor in the transmission of the ideas Copernicus put forward in his

'De Revolutionibus'.

Gresham College was founded in 1597, the lectures were open to the
public and were probably the first introduction to the heliocentric
view for the great majority in attendance. Johnson (1937) claims that
there can be no doubt that most of the Gresham professors were outright
Copernicans, and although they published no books dealing directly with
the heliocentric argument, their ideas were transmitted by the spoken
word to a large audience and must have been a major influence on the
acceptance of Copernicism during the late sixteenth century. Lintern-
Ball (1981) reminds us that it was a college which did not remain under
ecclesiastical control; this probably resulted in the professors being
less constrained in stating their world view, consequently their ideas
had a wider influence than those an universities, where instruction was

in Latin to an elite of landed gentry, many of whom entered the church.,

During the second half of the sixteenth century advancement in
astronomy became inextricably linked to the economy of the nation,
under the patronage of traders. The importance of Navigation during
this period is exemplified in the powerful figures beside instruments

of navigation in Holbein's (1531) painting 'The French Ambassadors'.
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Hill (1965) makes the point that science during this period was the
work of merchants and craftsmen, not dons, carried out in London not
Oxford or Cambridge. London became the centre for science and the
science was utilitarian. During the next two hundred years
advancement and education in astronomy had a greater influence on the

economy of the nation and on the lives of ordinary people more than at

any other time in its history.

1.07 Newton's Universe
During the seventeenth century education in astronomy continued to be
primarily concerned with navigation, and for the first half of the
century Gresham College played a major role in satisfying the country's
need. However, the Dutch Wars during the latter part of the century
(like the threat from the Armada in Elizabethan times and the Russians
with Sputnik in the twentieth century) acted as a catalyst on the
demand for skills related to the protection of the nation. In
response, and under the patronage of Charles II, Christ's Hospital
Mathematics School was established in 1673 where, according to Pearce
(1908), forty boys were taught mathematics and navigation. Hutson
(1974) quotes Isaac Newton, who summarised the aims of school, saying:

".... the mathematical children, being the flower of the

hospital, are capable of much better learning, and when

well instructed and bound out to skilful masters may in

some time furnish the Nation with a more skilful sort of

sailor ...."

Newton was aware of the need to extend astronomy education, but within

two hundred years of the publication of his 'Philosophiae Naturalis
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Principia Mathematica' in 1687, he had unwittingly placed astronomy

back into a priesthood; that of mathematics.

Newton's 'Principia' led to the notion of a ‘clockwork' mechanical
universe; Santillana (1961) talks of:

".... the mechanical world models produced under the

Newtonian aegis ...."

The Newtonian view of the universe is frequently thought to be the
notion most people subscribe to today. Koestler (1959) ends his
survey of mans' ideas about the universe claiming that, despite more
than two centuries having passed, our vision is by and large
'Newtonian'. This opinion of the state of the ordinary person's
cosmology will be challenged by the results of the pupils' knowledge

survey reported in Chapter IV of this thesis.

For the first omne hundred years after the publication of the
'Principia', navigation was still the main priority of astronomers.
Lock (1633-1704) - probably the most famous educational theorist living
during the time of Newton - gives some indication of the emphasis
placed on navigation during this period when he wrote:

"

eses children should be instructed in a good part of

geography, astronomy and chronology."

In 1714 the Board of Longitude was set up to stimulate innovation in
navigation and offered a prize of £20,000 to the pefson who perfected
an accurate and practical method of finding 1longitude. The major

problem was that of designing an accurate clock which would function at
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sea; clock making became of national importance and inextricably

linked to navigation.

A solution to the problem was found by John Harrison who, between 1735
and 1770, made five chronometers of increasing accuracy, which Whitrow
(1988) claims proved to be a landmark in the history of time-keeping.
An exact replica of Harrison's chronometer was taken on Cook's voyage
of 1772-75 and enabled him to construct maps of the coastline of
Australia and New Zealand with great accuracy. This, according to
Hutson (1974), proved the worth of Harrison's chronometer. Along with
Halley's earlier observations of true North, Harrison's chronometer
paved the way for connecting points on the Earth's surface producing

the first isogonic map and solved the problem of 1longitude and

navigation.

The solution proved to be a landmark in the history of astronomy
education also, attention turned away from innovation in
astronavigation; astronomical observations became distanced from
practical applications and increasingly abstract in nature, marking the

beginning of a return to being a subject studied by an elite.

1.08 The Influence of the Universities and the Popularisation of
Astronomy During the Seventeenth and Eighteenth Centuries

The part played by the universities in the diffusion of astronomical
knowledge was minimal until the first half of the seventeenth century.
The only faculty before 1619 undertaking any advanced instruction in
astronomy was that of medicine, and this was for making astrological

predictions which played an important role in medical practice in the

sixteenth and seventeenth centuries [vii].
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Astronomy did not feature in the B.A. at either Oxford or Cambridge
during the early part of the seventeenth century, but was part of the
cﬁrriculum for those who went on to take the M.A. However, it appears
that the instruction was superficial and elementary; the principle
text books - in Latin - were Sacrobosco'é 'Sphaera Mundi' and Proclus's
book on 'The Sphere', both of which Johnson (1968) claims contained
errors about astronomy:

«.+. Which should have been apparent to any student who

went to the trouble of analysing carefully their author's

statements."

Within the universities advanced studies were frequently carried out
independently by students with an enthusiasm for the subject and
Johnson (1968) points out that those who remained as tutors and fellows
often updated their ordinary lectures to include advanced work on
astronomy. But it appears that the overall quality of scholarship was
deficient, and by 1677 (according to John Newton (1677) astronomy
education had made little progress [viii].

"I hope it will come to pass that other ages will be

supplied with that knowledge which hitherto our writing

masters have not been able to teach nor our grammar masters

either able or willing to undertake. ....And that there

are not many tutors in either of the universities that do:

and yet the usefulness of those arts cannot be denied and

therefore my hopes are that some universal encouragement

will be given for the teaching of them."
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The fact that there were no professorships in the mathematical science
at either Oxford or Cambridge wuntil 1619 when the Savilian
Professorship of astronomy and geometry were founded at Oxford -
similar Professorships were founded at Cambridge some thirty years
later - does not mean that the universities were completely without
influence on the diffusion of astronomical knowledge during the
sixteenth and seventeenth centuries: their influence was ancillary,
not through their syllabi, but through the extra-curricular activities

and vernacular writings of fellows, tutors and students.

The greatest influence on the cosmology of the ordinary person were
those university men who became writers in the vernacular (following
the trend set by Galileo's 'Sidereus Nuncius'), able to translate,
criticise and present the great scientific ideas in a style more
comprehensible to their less educated countrymen. There had been a
growing demand for books on astronomy and navigation since the
beginning of the sixteenth century. The first treatise exclusively on
cosmography printed in English was Cunningham's 'Cosmographical Glasse!
(1553), and while it made no mention of Copernicus, Walters (1958)
claims that:

".... N0 matter what criticism is levelled at this book it

brought the subject from the recesses of the scholar's

closet to the shelves of the gentry and desks of

merchants."

Records's 'Castle of Knowledge', written in dialogue form between a

scholar and his Copernican master, introduced Copernican astronomy to

the British, and by the late sixteenth century the interested layperson
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had a growing number of books in the vermacular through which he or she
could study astronomy. Hill (1965) considers that the better text
books in the vernacular were more up-to-date and superior than the
standard texts used at the universities, and points out that public
interest in science was high. (William London's Catalogue of the most

Vendible Books in England (1657) shows one in every six to be

scientific).

Astronomy became liberated from religious and mathematical priesthoods
and started to become a subject studied for pleasure and social
posturing. By the latter part of the seventeenth century a knowledge
of astronomy became the hallmark of the educated person. During this
period Lintern-Ball (1981) claims that astronomy developed from being
a practical subject for mechanics and navigators into a gentlemanly
pursuit for dilettantes. Charles II's interest in science -
particularly astronomy - must have been an important factor in
developing its fashionable appeal (he carried out guided observations
using a telescope and on May 1l4th 1661 Evelyn recorded in his diary
that the King had seen the rings of Saturn and the satellites of

Jupiter),

Defoe (c1728) in his 'Complete English Gentleman', epitomises the idea

that the educated gentleman should know about astronomy, writing:
".... he had read all that Sir Isaac Newton, Mr. Whiston

and Mr. Halley had said in English upon the richest

subjects in astronomy ...."
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Bulbring (1890) takes up the same theme quoting Defoe's view of a

gentleman when he wrote:

".... having gone thro' a course of astronomy

.s.. such
other parts of needful knowledge as are peculiar beauties

in the 1life of a gentleman he comes into the world a

complete gentleman."

Isaac Watts (1725) stressed the importance of astronomy to the notion
of the educated person and pointed out that it is a study which should
also be undertaken by females:
"The knowledge of the lines and circles of the globe of
heavens and earth is counted so necessary in our age, that

no person of either sex is now esteemed to have an elegant

education without them."

Astronomy appears to be the first science considered suitable for study
by females. A point exemplified in Nee's engraving 'Allegory of

Astronomy' and Steer's 'Science in the 17th Century Home' (see Plates

2 and 3) [ix].
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