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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
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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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CHAPTER 1

HISTORY

The glory of God is to conseal a thing, but
the glory of the king is to find out as if,
according to the innocent play of children,
the Devine Majesty took delight to hide his
works, to the end to have them found out,
and as if kings could not obtain a greater
honour than to be God's play-fellows in that

game.

Francis Bacon
The Advancement of Learning (1605)

1,00 Introduction

One of the most evocative images portraying the birth of man’s modern
understanding of the universe features a medieval monk pulling back the

sphere of primeval perception to reveal the cosmos which lay hidden

behind his primary impression [i].
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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

11



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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The suitability of astronomy as a part of a female's education was made
clear in Le Bovier De Fontanelle's 'Discourse on Plurality of Worlds'
(1728), in which an enlightened French heroine learns astronomy through

dialogues with her tutor.

Female scientific education was in favour during the eighteenth
century, and there was an expansion in the number of books and
periodicals available; some like Steel's (1714) 'Ladies Library and
the Woman's Almanac' were written especially for women, while others,
like the 'Ladies and Gentlemens Scientific Repository', were aimed at
both sexes. To some degree the upsurge of interest in female
education was influenced by Queen Caroline of Ansbach - wife of George
ITI - who, like Charles II and astronomy, promoted the fashionable
appeal of female learning. She became a patron of learning and
literature with a thirst for knowledge, supporting musicians 1like

Handel and meeting scientists like Halley and Newton (Howat (1973)).

While the precedent for female education set during the eighteenth
century was not maintained during the nineteenth, a firm basis for the
development of amateur astronomy had become established, which has,
during the twentieth century, established itself as the principle
scientific activity open to amateurs; one in which they can play a

useful research role (see Iwaniszewska (1988)) [x].

The eighteenth century saw the proliferation of itinerant lecturers,
some of whom gave talks and demonstrations on astronomy. ‘Their

origins went back to the 1662 Act of Uniformity which excluded
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dissenters from the universities and non-conformist ministers of their
living. In response many started small private schools, wrote text
books in the vernacular or made a living by giving public lectures and

demonstrations.

After the foundation of the Royal Society, a number of other societies
were formed which facilitated the escalation of public lectures. At
first they centred on London, but the provinces became quite well
served during the latter part of the eighteenth century, the first -
according to Lintern-Ball (1981) - was formed at Spalding around 1712;
probably the most famous was the Lunar Society of Birmingham, which was

formed in 1775.

The popularisation of science through societies and by ditinerant
lecturers continued into the nineteenth century, when there were many
societies devoted to the dissemination of scientific knowledge.

Astronomy featured in some lectures which often presented current ideas
to a wide audience, probably becoming the second greatest influence on
the cosmology of the ordinary man after the vernacular books and
periodicals. However, as an influence on the astronomical knowledge
of the population as a whole, their effect must have been very small
indeed, partly because of the small fraction of the population
attending lectures and also because the great majority of lectures were
related to industrial skills., With the consolidation of navigational
techniques, the merchants were no longer willing to lay out their money
on research into astronomy as there was no return on their investment,

and interest in astronomy was exchanged for investment in engineering
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[xil]. The Royal Institution's application for its Charter in 1799
demonstrates this trend, stating:
"For forming a public institution for diffusing the
knowledge and facilitating the general introduction of

useful mechanical inventions."

The eighteenth century saw several amateurs with their own
observatories - all of whom were wealthy aristocrats - the most famous
being the Earl of Macclesfield who secured the reformation of the
calendar in 1752, Public interest in astronomy appears to have been
high. A number of factors could have accounted for this, not the
least being the first predicted return of Halley's comet in 1758 and a
particularly spectacular Leonid meteor storm of 1799 and again in 1833.
Herschel's (1738-1822) discovery of Uranus in 1781 captured the public
interest, and the construction of his forty foot telescope at Slough
became an object of wonder to all who saw it (Ronan (1967)). This led
to the notion that the study of astronomy requires large and expensive
telescopes, which were only available to rich aristocrats, and as such,
a topic not suitable for inclusion in the school science curriculum;
a view which has prevailed into the twentieth century (see Westway

Chapt. 1.2 p.36 and results of HOD survey Chapt.III).

1.09 The Break with Religion

During the eighteenth century the religious influence was still in
existence, a fact exemplified in a letter from the 4th Earl of
Chesterfield (December 6th 1748) to his son recommending the study of

astronomy as a useful basis for religious instruction:
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".... it will give you greater .... ideas of that eternal
and omnipotent Being who contrived, made, and still
preserves that universe."
Less than one hundred years later, Carlisle (1821) in his Address to
Men of Science, called for astronomy education to dispel the mythology
of religion, writing:
"All the astronomical dogmas of Holy Books are founded in
error and ignorance of the laws of astronomy, (any
astronomer who) supports the dogma of the priest, or the
astronomy blunders of any holy book is a disgrace to the

science he studies."

Carlisle's Address failed to generate a response from the church which
by now was accommodating astronomical advance with religious dogma
(xii]. Even Herschel's paper presented at the Royal Society in 1784
on the construction of the galaxy, in which he considered it very
probable that the Sun was not placed at the very centre of the milky
way, was accepted without any of the theological resistance associated

with Copernicus.

In 1822 religious support for the pre-Copernican view was laid to rest
when 'De Revolutionibus' and 'other writings which questioned the
Aristotelian model of the universe, were removed from the Index of
forbidden books, and the Catholic Church condoned teaching, reading and
printing books which promoted the heliocentric view. Thus the most.

enduring and ardent support for geocentrism was finally relinquished.
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1.10 Astronomy in Science Education During the Nineteenth Century

Herchel's forty foot telescope, although generating public interest at
the time, marked a major division between amateur and professional
astronomers; that of finance. Prior to its construction the telescope
won a grant of two thousand pounds from King George III and a further
two thousand before its completion, along with an annual allowance of
two hundred pounds to pay for its maintenance. Sums of this magnitude
distanced the amateur astronomer from the professional; a trend which
has continued over the years and was compounded by the fact that the
study of astronomy became increasingly more abstract and remote from
the needs of the ordinary man. For example, the work of Couch-Adams
(1819-1892) exemplified this divide when he established the existence
of a new planet - later named Neptune - by mathematical calculations,
which only the most erudite of astronomers could comprehend. There is
a parallel with the work of Copernicus which, like the calculations of
Couch-Adams, were incomprehensible to most people. This served to
compound the gap between astronomers and ordinary people; a gap which
Newton's 'Principia' had precipitated, thus heralding a new
astronomical priesthood. While it can be argued that this trend is
common to all sciences, it will be demonstrated in Chapter III that
pupils' (and adults') cosmology has remained entrenched in medieval
theory more than any other science. There was also a failure during
the nineteenth century (and to a large extent, during the twentieth
century also) to develop the distinctive characteristics which

astronomy offers science education. These are reviewed in Chapter IV.

By the nineteenth century astronomy was being taught as an abstract

science, no longer primarily for the purpose of navigation. Rouse
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Ball (1889) gives the following example of an astronomy question for a
written examination at Cambridge:

"Suppose a body thrown from an eminence upon the Earth,

what must be the velocity of projections, to make it become

a secondary planet to the Earth?"
The influence of Newton is clear and it is at this point astronomy
began to divide into two distinctive groups: (i) the theoretical
professionals, (ii) the amateurs, mainly concerned with observational
astronomy; the ordinary man became further distanced from these two

elite groups.

Although the importance of astronomy to the nation was in decline by
the nineteenth century, a number of prominent educationalists
considered it an essential part of a complete education. Armstrong
(1880) claimed that no single branch of science should be selected but
that instruction should comprise the elements of astronomy. Carlisle
(1821) appeared to be holding on to the eighteenth century notion about
an education in astronomy, claiming that an acquaintance with astronomy
will result in the pupils' advancement in both the arts and sciences

and thereby "improve their condition in society".

The foundation of the British Association for the Advancement of
Science (B.A.A.S.) in 1831 marked the beginning of scientific societies
interest in the curriculum; In their annual report of 1867 they
considered it desirable that:

".... boys should have some gemeral information about

ordinary phenomena of nature, such as the simple facts of

astronomy."
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And again in their report of 1874 it was considered that an:
".... early place in the course should be given to
elementary astronomy."

There is no mention of its role in female education and it appears that

the initiative of enlightened educationalists in the eighteenth century

did not permeate into the nineteenth. Possibly, the anti-intellectual

tendencies of Romanticism may well have influenced attitudes, which

would have been compounded by the portrayal of woman by popular writers
like Dickens, and epitomised by his Lizzie Hexan in 'Our Mutual

Friend'. A woman's role was seen as the guardian of the sanctuary

home - Queen Victoria being the role model. Ball (1983) points out

that training in housework for girls about to go into service was
provided by many charity schools and that teaching domestic economy to

prepare girls for their vocation as wives and mothers was very much the

hallmark of female education during the nineteenth century.

In 1839 the state took the first step towards involvement in education
when Parliament decided to provide a sum of public money to assist in
the erection of schools for the poor. However, it appears that this
initiative had no positive effect on the teaching of astronomy; the
Minutes of the Committee of Council on Education (M.C.C.E.) from its
first report in 1839 to the mid 1860's yields 1little evidence of
astronomy in the curriculum (Lintern-Ball (1981)). . There were
attempts to encourage the teaching of astronomy, the reports of
Inspectors Noel (1840-1) and Mosley (1841-5), who both advocated the
inclusion of basic astronomy in the curriculum, resulted in the

Committee of Council distributing text books on astronomy for teachers

at discount prices. Herchel's 'Treatise on Astronomy' was reduced
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from 6/- to 3/6d (30p to 18p), and Reid's 'Treatise on Astronomy'
reduced from 2/6 to 1/6d (12.5p to 6.5p). But there is no evidence in
later reports of the M.C.C.E. to suggest that this initiative had any

effect on the curriculum.

The poor position of astronomy was further exacerbated by the
Government's Revised Code of 1862, which resulted in the exclusion of
all but grant earning subjects - reading, writing and arithmetic - from
the curriculum, and astronomy, along with education in the other
science, came to a virtual halt. Waring (1985) points out that there
were those - including H.M.I.'s - who:
".... viewed the provision of anything more in elementary
schools as a 'fancy education', 'educational luxuries that
should not be provided at the public's expense'."
The Samuelson Commission of 1884 on technical education is further

evidence of astronomy's decline as it receives no mention at all.

Uzzell (1986) considers that expansion of the elementary school
curriculum beyond the three 'Rs' was easier in the 1870's when the
Education Department gave grants dependant on examination results.
However, this placed the teacher under pressure to enter pupils for
government examinations and 'get them through'. The effect of this
practice on astronomy education - and science in general - is
exemplified in the observations of H.M.I. Alderson (1888) when he wrote
on the subjects select by the teacher:
".... the teacher is guided by an intelligent forecast of

its grant-earning capacity. Having established the

probable advantage, he sallies out to buy a textbook, with
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the contents of which he may hope in a year to make the

class familiar, and the boys are set to work upon diagrams

of the human skeleton, of illustrations of the phases of

the moon, upon a calculation of the remunerative rather

than their scientific and educational value."
It is interesting that he makes no mention of females' education, and
it appearé that the government's increasing involvement in education
did not appear to feature equal opportunities for women. This is

exemplified in the report of the School Board Chronicle (1884) which

stated:

".... elementary science be given more attention in boys

schools (girls, they argued, already had practical training

in needlework classes)."

The notion of astronomy being integral to the idea of an educated
gentleman - so prevalent during the seventeenth and eighteenth
centuries - seems to have fallen into decline amongst the aristocracy;
the Clarendon Commission's (1864) enquiry into the work of nine great
public schools reported that:

"Natural science is practically excluded from the education

of the higher classes in England."
The Devonshire Commission of 1875 came to the same conclusion, stating
that it is:

".... a national misfortune that science is almost totally

excluded from the training of the upper classes."
The work of Newton had placed astronomy back into the world of a
mathematical elite; this, plus the Industrial Revolution's nouveaux

riches' desire for their sons' entry into the leisured and cultured
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world of the upper classes, resulted in the classics taking precedence

over what was perceived as utilitarian science.

The Clarendon and Devonshire Commissions reflected the situation at the
universities; at Cambridge astronomy only featured as a small part of
the mathematics course, at Oxford it featured in one course of lectures
and at Durham the professorship of astronomy was suspended in 1871,
By the turn of the century Lintern-Ball (1981) concludes:
".... astronomy as a taught subject had waned to such an
extent that hardly any was being taught in the schools and

colleges of England."

But astronomy had never found a place in the curriculum of the masses,
by the time the state had intervened in education, astronomy was no

longer vital to the nation's wealth.

Teaching strategy changes also levelled against the inclusion of
astronomy in the curriculum. By 1882 there was a move away from a
descrpitive treatment of science - which had been the hallmark of
astronomy - towards experiment, observation and an emphasis on every
day applications. The 1882 code illustrated this, stating:
", ... instruction .... shall be given mainly by experiment
and illustration. If these subjects are taught to
children by definitation and verbal description, instead of
making them exercise their powers of observation, they will
be worthless as a means of education. It cannot,
therefore, be too strongly impressed on teachers that

nothing like rote learning will suffice."
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This theme was taken a stage further in the B.A.A.S.'s Committee report
of 1891 which recommended that pupils should perform experiments
themselves and that: ".... merely to attend lessons, listening to and

taking notes of what is said ...." was not enough.

The move towards a more pupil-centred teaching strategy received
further impetus from H.E. Arnold's science course which he designed for
the B.A.A.S. (Brock (1973)), and the Education Department's Code of
1894, 'Experimental Arithmetic, Physics and Chemistry'. Uzzell (1986)
points out that this is the first Code science syllabus to use the word
'discovery' and while not widely adopted, it formed the backcloth
against which teaching strategies in the second half of the twentieth

century were set.

Bducation in science became more than a mere handing out of
information; pupils were increasingly becoming directly involved in
the scientific process, and of the sciences, astronomy was to find this
change in emphasis the most difficult to accommodate. This was
largely due to the notion that astronomy is synonymous with telescopes
and can, therefore, only be studied at night. A view which the survey
of teachers' opinions, reported in Chapter II, demonstrated is

frequently held by many science teachers today.

The escalating cost of astronomical apparatus, exemplified by the
expense involving Herschel's giant telescope and the wealthy background
of virtually all astronomers, possibly concentrated educationalists'

minds on the high cost of including astronomy in the curriculum. Cost
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appears to have been a deciding factor when selecting subjects for the
curriculum, Uzzell (1986) observes that in the 1890's:
"Preference, it seems was given to subjects requiring
little specialized equipment or accommodation."
These factors combined and manifested themselves in an attitude towards
astronomy education which, while extolling its merits in a complete
education, considered it an inappropriate and unrealistic subject for

inclusion in the science curriculum of all pupils.

1.11 Astronomy During the Twentieth Century

During the first half of the twentieth century there was little change
in attitude towards astronomy education to that observed at the end of
the nineteenth century; Westway (1929) observed:
"As a subject for serious study astronomy is rarely
included in a school science course, one reason being the

difficulty of finding practical work of a suitable kind."

The Spens Report of 1938 considered astronomy to be an integral part of
the science syllabus, claiming that no course which excludes it can be
considered satisfactory. The Science Masters' Association Report of
the same year also advocated the inclusion of astronomy, but in their
report of 1950 they eliminated it from the main syllabus for the same
reasons as Westways, claiming that it dis difficult to organise
observational work, which if excluded would:

", ... render a course in astronomy as a mere handing out of

information."

The misgivings voiced by Westways and the Science Masters' Association

were reflected in the survey elucidating teachers' concerns about
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teaching basic astronomy - see Chapter II. The availability of
suitable and relevant practicals was a common worry. It is clear that
those who wish to promote astronomy education must convince teachers
that there are practical activities which can bring astronomy education
into the main stream of science teaching. The fact that this problem
has not been addressed since the inception of compulsory education has
been an important factor in turning teachers away from including

aspects of astronomy in their science teaching.

1.12 The Influence of the Government

For the first half of the twentieth century, astronomy was almost
totally excluded from the curriculum of state schools. The efforts of
Tancock (1913) and Beet (1946 and 1949) served as a stimulus for those
already committed to incorporating elements of astronomy in their
teaching, but had little effect on the curriculum received by the great
majority of pupils. Between 1900 and 1957, astronomy teaching in
schools depended on the enthusiasm of a few dedicated teachers with a
particular interest in the subject who were prepared to teach it as an
extra-curricular activity. The situation paralleled that in the
universities during the first half of the seventeenth century (p24)
when almost all astronomy education was taught as an extra-curricular

study.

The launching of Sputnik in 1957 was a watershed for science education
and for astronomy in particular. The situation paralleled that in
Elizabethan times under threat from the Armada and the Dutch Wars of

the late seventeenth century. The Russians had stolen a lead in the

space race and this was seen as a threat to the West. Kelly (1987)
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claims that the launching immediately focused attention on the school
curriculum, questioning its suitability for educating pupils for work

in an advanced technological society.

Reaction was more marked in America, Federal legislation passed in 1958
and again in 1965 invested large sums into curriculum programmes.

During this period Bishop (1973) considers that American astronomy
education was partially restored to the position it enjoyed in schools

during most of the nineteenth century.

In England the Russian achievement resulted in a challenge to what some
saw as the teachers' autonomy over curriculum planning. This
challenge came in the form of the politically controlled Curriculum
Studies Group, set up in 1962 by the Minister of Education, Sir David
Eccles. Although the group floundered - possibly because it failed to
reduce the power of the L.E.A's - and was replaced by the teacher
centred Schools Council for Curriculum and Examinations, it marked the
beginning of the slow evolution towards more central control. A
salient point in this evolution was Prime Minister Callaghan's 'Ruskin
Lecture' of 1976 which marked the beginning of 'The Great Debate' and

spawned the notion of a balanced curriculum for all pupils.

The government were concerned that educ#tion was too far removed from
the world of work. This point was made clear in their green paper
"Education in Schools" 1977 stating:

"There is a wide gap between the world of education and the

world of work."
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And later on the aims of school:
".... to provide a basis of mathematical, scientific and
technical knowledge enabling boys and girls to 1learn

essential skills needed in a fast changing world of work."

In 1979 - under the influence of H.M.I's Gold and Morris - the D.E.S.
formed a working party on promoting the teaching of astronomy.

Largely as a result of this working party the D.E.S. funded a course,
held in January 1981 at the Hatfield Polytechnic, on astronomy
specifically for teachers {xiiil]. Although further courses have not
materialised, the following year the D.E.S. were mentioning astronomy
in their pre-National Curriculum models of balanced science. Their
consultative document, ‘'Science Education in Schools' (1982),
considered that elements of astronomy can feature in the first three
years of secondary school and that primary school pupils need to carry
out work which makes them accustomed to observing, looking for patterns
and which introduces seasonal changes. This presented the idea that

some basic astronomy should feature in the junior school.

The notion that astronomy can act as a vehicle for the development of
important concepts in the main sciences was introduced in the D.E.S.
document 'Science 5 to 16: A Statement of Policy' (1985). This
suggested that they did not see a specific slot in the curriculum for

astronony.

However, after the main astronomical societies had stated a case for
the inclusion of astronomy in the 'National Curriculum' (1989) it was

featured as an attainment target in its own right. All pupils now
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cover aspects of astronomy in their science lessons. While this
decision was well received by those who have sought to promote the more
widespread teaching of astronomy in schools, the survey of teachers'
concerns about teaching basic astronomy, reported in Chapter II of this
thesis, suggest that the production of suitable teaching materials and
considerable In-service training will be necessary. Without this
investment astronomy education in schools may well be, as predicted by

Patrick Moore (1976), "a way of killing it".

1.13 Changing Perspective of Astronomy Education

Throughout the 1960's and 70's the school curriculum had diversified,
the establishment of the C.S.E. examinations in 1965 and subsequent
mode III courses - a number of which contained elements of astronomy -
furthered this diversification. In 1966 the London Schools Council
introduced an astronomy 'O' level examination, and the following year
the Nuffield 'O' level Physics course introduced a unit on Planetary
Astronomy. To some degree these courses demonstrated that - contrary
to previously held opinions -~ astronomy could be taught in a style
compatible with that followed by other sciences. This demonstration
culminated in the L.A.M.P. projects 'Space and Space Travel topic brief
no. 8' (1976) which not only presented basic astronomy in a style
similar to that followed for other sciences, but as suitable and

relevant for pupils less academically motivated.

The title of 'Space and Space Travel' was particularly significant as
it signified a move away from classical astronomy towards the
technology of space. This approach was in line with the demand for a

more technologically based education illustrated in the Nuffield
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Foundation Science Teaching Project progress report (1964), which
stated that science education:

".... should provide a foundation for adult life and work

in an increasingly scientific and technological age."
While this aim may have been met by the L.A.M.P's topic 8, it was not
realised in the Nuffield '0' level Physics unit on planetary astronomy,
which Lintern-Ball (1972) claims was out of date as it contained a vast
amount of astronomy "over two hundred and fifty years old". The
results of his survey suggest that pupils found the astronomy part of
this course "boring'", and he claims that:

"

eess astronomy deserves to be presented in a more

attractive and appealing way." [xiv]

Lintern-Ball's findings were later confirmed when the astronomy unit of

the Nuffield 'O' level Physics syllabus was dropped due to lack of

demand.

Some writers demonstrated that astronomy could fulfil a broad
supportive role in science education. Prior to the publication of the
L.AM.P. topic brief no. 8, Stoneman (1972) published his book on
'Space Biology' which was the first concerted attempt to demonstrate
the potential of astronomy as a vehicle for developing important
concepts in Biology. Some time later Slater and Thompson (1987)
followed a similar approach when they used ideas on the formation of
the universe and stellar evolution to develop important concepts in
Chemistry. These examples illustrated that astronomy can usefully cut

across traditional subject boundaries and, as stated in 'Science 5 to

16: a Statement of Policy' (1985):
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".... provide a suitable context for important concepts to

be developed."
Butt (1985) takes up this theme and gives a comprehensive list of
subjects which can interact with astronomy, demonstrating its
considerable cross-curricular potential. This aspect of astronomy
will be developed in Chapter V when a number of astronomy's historical
milestones mentioned in this Chapter will be utilised in the

development of cross-curricular material.

1.14 Astronomy in Examinations

By the early 1980's astronomy featured in a number of '0' level
examinations, but on closer inspection the situation was not as good as
it appeared. Of the ten '0O' level syllabuses containing some
astronomy, only the University of London School Examination was
exclusively on astronomy. 0f the remaining nine, five were
specifically on navigation, the other four only made brief mention of
astronomy. The situation was almost the same for the C.S.E. Examining
Boards. Eight offered examinations which contained elements of
astronomy, six of which included it as an optional topic, the remaining

two only made a brief mention of the subject. See Appendix II.

It is unlikely that any of these examinations have had any substantial
effect on the promulgation of astronomical knowledge because of the
small number of pupils involved - the London Schools Examination's
Astronomy 'O' level only attracts three hundred and fifty to four

hundred candidates each year out [xv].
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1.15 Astronomy in the Science Curriculum

The resurgence of interest in astronomy education from 1957 seemed to
have a minimal effect on the British curriculum. Lintern-Ball's
(1972) survey of ninety schools led him to conclude that the teaching
of astronomy in English secondary schools has reached an '"abominable
state". However, H.M.I. Gold's (1976) review of the situation was
not as bleak, he claimed to have observed "large amounts of enthusiasm
for the subject in various parts of the country", which he put down to
the achievements of the Russian and American space programmes. This
observed enthusiasm was questioned when a D.E.S. organised course
entitled "Astronomy - The Neglected Science" scheduled to be held in
March 1980, was cancelled due to lack of support (Seymour (1984));
which suggests that the observations of Lintern-Ball were closer to the
true position of astronomy education in secondary schools than those of

Gold.

Gold's (1976) review was particularly significant as it precipitated
the formation of a D.E.S. Working Party on Astronomy Education which
looked into ways of promoting astronomy in schools. All aspects of
astronomy were represented including amateur groups. A full list of
participating bodies is given in Appendix III. The group was active
from 1979 until the completion of its task in 1981, which culminated in
the formation of the Association of Astronomy Education (A.A.E.).

Since its inauguration the A.A.E. has served as a focus for those
already committed to including astronomy in their teaching, but as yet
has not attracted many teachers who may require advice on teaching

astronomy. Only 15% of the H.0.D'S taking part in my survey were
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aware of the existence of the A.A.E. and it is clear that a lot of

publicity work needs to be done [xvi].

By 1979 little, if any, progress had been made towards realising
balanced science, or finding a place for astronomy. A survey by H.M.
Inspectors of Schools (1979) stated that no school had been found which
provided balanced science courses for all pupils up to the age of
sixteen, and while they made mention of the wide ranging science
courses and activities organised by schools, no mention was made of

astrononmy.

The A.S.E. 'Alternatives for Science Education' (1979) pointed out that
astronomy is competing for a place in the science curriculum, but did
not mention it specifically in any of the their three curriculum
models. However, some astronomy is implicit in each of the models,
especially the history and philosophy and earth science of Models I and
II. Later, in their 'Education Through Science' (1981) the A.S.E.
recognised the difficulties subject separation posed in accommodating
other areas such as astronomy, and it became clear that all the time
separate sciences featured in the options system, astronomy would never
secure a place in the science curriculum of all pupils. H.0.Ds taking
part in the survey reported in Chapter II of this thesis reflected this
view, giving lack of space on the timetable as the most common reason

for not including astronomy in the curriculum.

Astronomy frequently received favourable mention during the debate on
balanced science. The S.S.C.R., in their Science Education 11-16

(1983), recognised that few existing programmes of study created
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opportunities for any systematic treatment of areas of science outside
chemistry, physics and biology such as astronomy. However, this
largest ever 'grass roots' driven programme of curriculum development
failed to generate the interest of any astronomical group. The A.A.E,
were invited to make a contribution and at a meeting held in December
1985 between the A.A.E's curriculum committee, Mr M., Michell of the
5.5S.C.R. and myself, it was agreed that the A.A.E. might produce
material for use in teacher training establishments. Although further
contact was made with the A.A.E. between January and June 1986, nothing

materialised from this meeting.

Of the 271 S.S.C.R. working group reports published in Arches (1985)
only one specifically mentions astronomy. Nothing materialised from
the S.S.C.R. which could lead to the realisation of the recommendations
in 'Science 5 to 16: a Statement of Policy' (1985) that astronomy can
be used to provide a suitable context for the development of important
concepts in Biology, Physics and Chemistry, or which goes some way
towards providing suitable practical work, thereby overcoming the
criticism directed at school astronomy by Westway (1929) and the

Science Masters' Association Report of 1950,

1.16 The Influence of Societies

The British Interplanetary Society became the first astronomical
association to become involved in curriculum issues when they set up an
education working group in 1963 and produced a 'Teacher's Handbook on
Space Education' (1963). This was followed in 1973 by the Council of

The Royal Astronomical Society establishing an Education Committee

which was instructed to consider ways and means by which the Society
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could further "public knowledge of, and appreciation of, astronomy"
(see McNally (1975) and Seymour (1984)), Although the R.A.S.
Education Committee was later dissolved - it has recently been
reconvened to state a case for including astronomy in the National
Curriculum - it played an active role in the D.E.S. working party on
astronomy education; Dr. R.A. Booth of the R.A.S. was a member of the
working party and all of the meetings were held at the offices of the

R.A.S. (Gold (1976)).

The British Astronomical Association also set up an education committee
in the early 1970's and organises an annual residential course for
those with a particular interest in astronomy, but the teaching of

astronomy in secondary schools only forms a minor part of their work.

The B.A.A.S. - the first scientific society to become involved in
curricular issues in 1833 - has also had little influence on astronomy
education. In answer to my inquiry into what action the B.A.A.S. had
taken to promote the teaching of astronomy in schools, in a written

communication Dr. Morley - Executive Secretary - stated that:

".... astronomical topics feature regularly at our Annual
Meeting and other meetings .... But aside from that, we do
little that is specifically astronomical."
Although most of the astronomical societies have, at some time, made
mention of astronomy education, it was not until the present Government
introduced their notion of a National Curriculum that the major
societies became involved in the school science curriculum at the same

time. The British Astronomical Association, Federation of
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Astronomical Studies, Royal Astronomical Society and - somewhat later
than the rest - the A.A.E., submitted either oral or written evidence
stating the case for including astronomy in the education of all
pupils. This must have been an important factor in persuading the

D.E.S. that some basic astronomy should feature in the curriculum.

1.17 Amateur Astronomical Groups

During the period of educational debate from Sputnik to the National
Curriculum, an informal education in astronomy was taking place in the
form of activities of amateur astronomical groups. Gold (1976) draws
attention to the important work some local astronomical groups play,
often visiting schools to give talks and demonstrations, but their
greatest influence is in providing an education in astronomy for those

with a special interest which could not be satisfied by schools.

Like astronomy education, the membership of astronomical societies has
been influenced by the advent of the space age. The graph below shows
how the membership of national astronomical societies has changed from
1900 to 1970, showing an increase in both members and societies since
the launching of Sputnik and correlates well with the increasing demand
for the inclusion of astronomy in the curriculum which have taken place

throughout this century.

51



4000
A 3500
3000
2500
2000
1500
1000
500
1900

YEAR

Membership of Astronomical Societies (After Lintern-Ball 1972)

Astronomy, more than any other science, offers a greater number of
facilities for studies outside of the formal educational system. Most
large towns and cities have an astronomical society, it is often
featured on the television, - the B.B.C's 'Sky at Night' is the longest
running monthly television programme, first televised in 1957 - there
has been a plethora of books published on the subject since the
launching of Sputnik and, according to Seymour (1976), there are
seventeen known planetaria in the U.K. These seventeen planetaria
have an annual attendance of two hundred and ninety six thousand people
per annum, of which ninety three thousand are school children.

During my survey of teachers and interviews with Jjunior school head
teachers, some felt that because of the wide range of facilities for
the study of astronomy outside of the school, it need not become part
of the formal curriculum. An opinion endorsed by Patrick Moore (Gold
(1976)) who is against including astronomy as a school subject and

favours the encouragement of an interest in astronomy by way of clubs
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and societies. However, this approach will not improve the majority
of childrens' understanding of astronomy as only a small percentage
will be willing to join an astronomy club. Although amateur astronomy
clubs cannot influence astronomy education on a large scale, they offer
a rich and willing resource (see report of survey, Chapter V) which

science teachers will do well to realise.

1.18 Summary

Throughout the greater part of history astronomical knowledge has been
held within a priesthood, theory being constructed to comply with
religious dogma. Such views supported the ordinary persons' primary
view of the heavens and acted to suppress advances in astronomical

understanding.

During the more recent history of astronomy there have been two major
periods which precipitated calls for an increase in the level of
astronomy education:

(i) The age of advance in navigation.

(ii) The launching of Sputnik.

Both these occasions have been instigated by either commerce or defence
- in the case of navigation, by both - and serve to demonstrate that
the science curriculum has often been dictated by the needs of the
nation and concerned with supplying people equipped with specific skill

important to the economy of the nation.

The call for an education which would increase both the quality and
quantity of navigators was, for a majority, a training in the skills of

navigation, and although it spread the ideas of Copernicus as a by-
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product, it was not concerned with improving astronomical awareness

beyond the skills of navigation.

After the launching of Sputnik, attention centred around developing our
technology so that it measured favourably against the Russians. The
technological race between America and Russia was being rumn in space,
consequently minds were concentrated towards increasing the
astronomical awareness of pupils, not with developing a specific skill
as in navigation. The fact that astronomy is not a skill directly
related to the world of work has resulted in difficulties when it comes
to justifying its place in the curriculum; a point which is
demonstrated in the survey of teachers' opinions on astronomy education
reported in Chapter II of this thesis. Those who have advocated the
inclusion of astronomy in balanced science have often failed to
articulate why it should feature and what it offers that is unique and
cannot be offered by other science subjects 1like electronics or

biotechnology.

In some attempts to justify the inclusion of astronomy in the
curriculum one can see relics of its past, as being essential knowledge
for an educated person, or classical education. Butt (1985) sees its
interaction with the classical literature of Homer, Thucydides and
Virgil; and Gold (1985) talks of "worthwhile knowledge'". While these
are noble reasons for its inclusion, they do not make astronomy any
more special than any other branch of science competing for a place in
the curriculum. It is no longer possible to justify the inclusion of
any subject based on its role in days gone by, or of intuitive feelings

of its worth, I will return to this topic in Chapter 1V when
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discussing the place of astronomy in the science curriculum and the
selection of topics for the development of the astronomy teaching

units.

From the latter half of the last century astronomy education has taken
two distinct routes; that of the professional who pursues an
increasingly abstract and costly path, and that of the amateur who - by
and large - continues in the same vein as the gentleman astronomers of
the eighteenth and nineteenth centuries. During the twentieth century
a majority of people have received little, if any, formal astronomy
education, and have been increasingly distanced from advances in
astronomy, which for most, has always been a subject shrouded by

abstract mathematics and studied by an elite.

This review of the history of astronomy education focuses attention on

four major questions which needed to be addressed when stating a case

for its inclusion in the science curriculum:

(1) Have the appeals and recommendation for the inclusion of
astronomy in the écience curriculum since the 1launching of

Sputnik been reflected in the curriculum received by the pupils?

(ii) Are the advances in basic astronomy since Copernicus part of
pupils' cosmology, and what is the state of their knowledge of
basic astronomy when they receive no formal education in the

subject?
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(iii) What are the opinions and concerns of teachers on the inclusion

of astronomy in the curriculum?
(iv) What role can astronomy play as part of balanced science and in
cross-curricular activities, and can it be taught in a style

compatible with that followed by the other sciences?

These questions and my attempts to find answers to them occupy the

remainder of this thesis.
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[i]

[ii]

(iii]

NOTES ON_CHAPTER ONE

According to Gingerich (1988) the woodcut is not a sixteenth
century work of art as is often claimed, it was produced by the

French popularizer Camille Flammarion and first published by him

in 1888.

It is quite common for books about astronomy aimed at children,
or the newcomer to the subject, to immediately take the reader on
a journey to the planets and distant galaxies, paying little - if
any - attention to the position of the reader's home base in the
scheme of things. For example, Seymour's (1983) ‘'Adventures
with Astronomy' dintroduces the reader to different types of
galaxies by the second page. Pople and Williams (1983) 'Science
to 16' (probably one of the most widely used school science books
which includes some aspects of astronomy) starts with galaxies
and stars and assumes that readers are already heliocentric in

their world view.

The National Curriculum Attainment Target 17 level 8 "understand
the uses of evidence and the tentative nature of proof'", and in
the Programme of Study Key Stage 4: Model A: '"study examples
of scientific controversies in which scientific ideas have

changed."
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[iv]

[v]

[vi]

[vii]

The date of Easter was the most important calculation. In the
Western Church's calendar Easter is defined as the first Sunday
after the full Moon on or after the vernal equinox. Therefore,
the priests needed to calculate the date of the vernal equinox,
the dates on the solar calendar for phases of the Moon and the
dates on which the days of the week fall. This was achieved by

astronomical observation and calculation.

An educational course of the Middle Ages which also included

arithmetic, geometry and music.

Unlike Saint Lactantius and Cosmas, Saint Augustine accepted the
sphericity of the Earth, but considered it impossible for people
to inhabit the Antipodes. Not for the same primitive reasons
given by Lactantius and Cosmas, his argument was based on the
notion that all men are descended from Adam and Eve and as the
southern hemisphere was considered inaccessible, none of their
descendants could have travelled there. To Augustine the idea
was incompatible with the unity of mankind.

Taken from translations of 'St. Augustine (1), De Civitate

Dei XVI, c. 9. PL XLI 487. De Genesia ad Litteram II 9,

c. 9. PL XXXIV 270. by Dijksterhuis.

I will demonstrate later in this thesis that astrology is still
persuasive in the lives of many pupils. This belief is nurtured
by the plethora of publications and articles in the popular press

dealing with astrology, far greater in numbers than those about

astronomy.
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[viii]John Newton's definition of astronomy education was confined to

[ix]

[x]

[xi]

[xii]

its unilitarian use in navigation, not with the more broad

development of pupils' cosmology.

Fig 2 Allegory of Astronomy by Francois Denis Nee (1735-1818).
After a design by Cochin (1715-1790). Taken from copy of a
print owned by J.M. Pasachoff and displayed at the International
Astronomical Union's 105th Colloquium, Williamstown,

Massachusetts, July 26-30th 1988.

This fact has sometimes levelled against the inclusion of
astronomy in the school curriculum, as it is claimed that
astronomy education can take place through amateur activity.

Moore (1988).

This opinion has prevailed through to the 1990's and is typified
by Kirby (1990) New Scientist May 5th p.68, who claims that:
".... astronomy is probably the branch of science most remote
from the near market place so beloved of its government

paymaster".

Largely through using the same argument as Galileo in his letter
to the Grand Duchess Christina (see Koestler (1959)) claiming
that the wording of the Bible was couched in a 1language
'according to the capacity of the common people who are rude and

unlearned’.
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[xiii]In a written communication with H.M.I. Gold (Feb. 1988) he
claimed that - as far as he knows - the Hatfield Course was the
only D.E.S. sponsored course of its type. He said the A.A.E.
has been pressing for another and that there may be one held in

1989.

By April 1989 no news of a second course has been received.

[xiv] It is difficult to avoid introducing ideas from history as many
of the seminal ideas in astronomy originated from the sixteenth
and seventeenth centuries. One suspects that those pupils who
find the course 'boring' are making a statement about the

presentation rather than content.

[xv] During an informal discussion with the Chief Examiner for the
London Schools Examinations Astronomy '0' level (now London and
East Anglian Group for G.C.S.E.) when the author attended the
A.A.E. A.G.M. 1985, he stated that the number of candidates

remains relatively constant at 350 per year.

[xvi] The committee of the A.A.E. has recently undergone considerable
change, which in the words of their Vice-Chairperson Undine
Concannon - written communication - will herald "a new and
dynamic phase". She acknowledges that the A.A.E. needs to seek
more publicity and points out that they are in the process of
asking L.E.A's to include information about the A.A.E. in their

newsletters, and by letters in the educational press.
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At the 1989 A.G.M. the A.A.E's secretary, Mr. B. Kibble, said
that the recent publicity had resulted in over one hundred
inquiries from teachers about the A.A.E., a number of whom had

taken out membership which now stands at over one hundred paid up

members.

61



CHAPTER 11

The Position of Astronomy in the Science Curriculum: 1986

2.00 Introduction

The launching of Sputnik in 1957 prompted a resurgence of interest in
astronomy, but evidence of its effect on the school science curriculum
is poorly researched. The only large scale 20th century survey
looking into astronomy education was carried out by Lintern-Ball in
1972, The survey was designed to examine the state of school
astronomy but - at his own admission - the sample was not
representative as the sample was taken from schools affiliated to the
British and Junior Astronomical Societies. The great majority of
which came from the private boarding school sector. However, his
findings suggested a 1low 1level of astronomy education, and when
considering the bias of the sample and the:
".... modified interest shown by affiliated schools...."

he considers that the picture is not very promising for astronomy
education in other schools. To some degree this opinion was
vindicated by the H.M.I. survey of 1979 which commented on the wide
range of science related courses on offer, but made no mention of
astronomy. One concludes that they saw little, if any, evidence of

astronomy education taking place.

Both Lintern-Ball (1972), and the H.M.I. survey, (1979) give an
entirely different picture than H.M.I. Gold (1979) who carried qut a
survey of school astronomy during the same year as the H.M.I. survey
and claimed to have observed considerable enthusiasm for the subject.

But Gold's survey lacked statistical data to support this claim, and

62



one is left feeling that teachers gave H.M.I. Gold the answers they

thought he wanted to hear.

In 1985 both Gold (1985) and Butt (1985) pointed out that astronomy
rarely features as a taught subject in schools. Butt claimed that
teachers are ili-prepared to embark on introducing astronomy into the
curriculum, This, Gold considers, 1is because teacher training
institutions receive no requests from schools for teachers able to
introduce astronomy; a situation which he 1likened to that of the

'chicken and egg'.

2,01 The Postal Surveys

Because of the lack of good statistical evidence about the present
position of astronomy in the science curriculum, it was considered
necessary to carry out postal surveys to discover the present level of
astronomy education, and opinions and concerns of teachers about
teaching astronomy. The evidence provided by these surveys provided
a frame of reference for the production of teaching material, teachers'

notes and Inset material reported in later chapters of this thesis,

The flow diagram given in figure no. 1 presents the development and
analysis of the questionnaires as a series of stages, and is intended
to summarize the data collection process used for this part of the

research and the reporting sequence of this chapter.
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STAGE 1

2.02 Collecting Recurring Opinions about Astronomy Education

Informal interviews abqut the inclusion of astronomy into the science
curriculum were held ﬁith teachers visiting the Secondary Science
Curriculum Review (S.S.C.R.) stand at the Association for Science
Education (A.S.E.) annual meeting at York 1986. The most recurrent
statements and opinions (those expressed by three or more different
people) were noted. It had been intended to audio record each
interview, but the high level of background noise prevented collecting
the information in this way. See Appendix IV for list of opinions and

statements collected at York.

STAGE 2

2.03 Constructing the Questionnaires

In order that the questions and statements which made up the
questionnaires reflected the range of opinions and views of practising
teachers (rather than the researcher's bias) the most recurrent
opinions collected at York were used to construct two questionnaires.
The phrasing commonly used by teachers when giving their opinions about
astronomy education during the York interviews was included in the
wording of the statements which made up the two questionnaires. For
example, teachers frequently used the words '"satisfactory" or
"unsatisfactory" to describe their opinions about the quality of pupils
understanding of astronomy or of their schools provision for astronomy
education. It was considered that this approach would result in the

production of questionnaires which were phrased in a familiar style.
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The two questionnaires were targeted at two different levels of science
teachers
(i) Sent out to heads of science departments (H.0.Ds) to
discover the present state of, and their opinions about
astronomy education,
(ii) Sent to assistant science teachers to discover their

opinions and concerns about teaching astronbmy.

The assistant science teachers' questionnaire focused on the three main
concerns teachers experience when faced with the prospect of
introducing a new course (Gardner and Dorset (1981)).
(1) Personal concerns: (their own knowledge and ability
to deliver the subject material).
(ii) Organisational concerns: (availability of apparatus
and suitable teaching
material).
(iii) Peer group concerns:  (fellow teachers', parents', and

potential employers' opinions).

Astronomy was defined as those events which are easily observed from
planet Earth and which feature in the lives of most people e.g. Sun

rise and set, phases of the Moon, tides and gravity.

Both questionnaires were piloted by the curriculum committee of the

Association for Astronomy Education and by the science teachers at

Court Fields School, Wellington, Somerset.
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The pilot run identified ambiguities in the first draft of both
questionnaires. Alterations were made based on the results of the
pilot. Appendix V gives details of the survey strategy, a copy of

both questionnaires and covering letters.

STAGE 3

2.04 Selecting the Sample Schools

Three hundred and ninety nine secondary schools were randomly selected
(see Appendix VI) from the Education Authorities Directory and Annual
1985 edition, and on June 24th, 1986 one H.0.D. questionnaire, along
with four assistant science teachers' questionnaires, were sent to each

school.

The randomly selected schools divided into seven distinct types. See

table (1) below.

No. schools Relative
School Type | selected Frequency
Comprehensive
mixed 315 0.789
girls 12 0.030
boys 10 0.025
Secondary Mod
mixed 31 0.077
Grammar
mixed 12 0.030
girls 10 0.025
boys 9 0.022
Totals 399 0.998
Table 1

Responses were coded, entered onto punch cards and then transferred to

a 'Delta Plus' data base using an Archimedes 400 Series computer.
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STAGE 4

2,05 Analysis of Heads of Science Department Survey

Just under ome third (32.8%) of the H.0.Ds returned useable
questionnaires. Table No. 2 shows the number of returns received from

each school type.

Relative
School Type No. Returns Frequency

Comprehensive

mixed 106 0.809

girls 6 0.046

boys 3 0.023
Secondary Mod

mixed 7 0.053
Grammar

mixed 4 0.030

girls 3 0.023

boys 2 0.015

Totals 131 0.999

Percentage returns = 32.8%
Table 2

A major factor in determining the low level of returns was the
political situation prevailing at the time the questionnaires were sent
out. There had been an ongoing pay dispute and teachers were in the
process of preparing for what many felt was the premature introduction

of G.C.S.E. courses.

Twelve H.0.Ds returned unanswered questionnaires with notes stating
that, in the present climate, they did not have the time or inclination
to participate in surveys of this nature. However, although returns

were lower than hoped for, the one hundred and thirty one returning
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schools was a larger sample than that covered by both Gold's (1979) and
Lintern-Ball's (1972) surveys and represents the astronomy education of

one hundred and eleven thousand, seven hundred and twenty nine pupils.

2.06 Astronomy in the Science Curriculum

Almost half (47.33%) of the returning schools cover some aspects of

astronomy in their science curriculum. See table 3 below.

NUMBER OF SCHOOLS COVERING
SOME ASPECTS OF ASTRONOMY IN
THEIR SCIENCE CURRICULUM

School Type No. % of each
school type
Comprehensive
mixed 57 53.77
girls 2 33.33
boys 1 33.33
Secondary Mod
mixed 1 14.28
Grammar
mixed 0 00.00
girls 1 25.00
boys 0 00.00
Totals 62 Total %
47.33
Table 3

This survey shows a higher percentage of schools teaching some aspects
of astronomy than the survey carried out by Lintern-Ball (1973)
(33.3%), and goes some way towards supporting the findings of Gold

(1979).
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2.07 H.0.Ds Opinions About the Inclusion of Astronomy in the
Science Curriculum

Further evidence in support of H.M.I. Gold's claim that there is
considerable enthusiasm for astronomy was gained from an analysis of
the nine positive and nine negative statements about astronomy

education included in the H.0.D. survey.

Questions 2, 6, 10, 12, 13, 15, 16, 25 and 31 were positive statements
about astronomy in the science curriculum. Questions 7, 8, 9, 11, 17,
18, 19, 20 and 27 were negative statements, Each response type was

given a score on a scale of one to five as shown in table 4 below.

STATEMENT SCORE SCALE

RESPONSE | STRONG STRONG
TYPE AGREEMENT | AGREEMENT | UNSURE | DISAGREEMENT | DISAGREEMENT
SCORE 5 4 3 2 1

Table 4

The scores were totalled for each set of statement types, thus giving
a profile of H.0.Ds' opinions about astronomy in the science

curriculum, See tables 5(a) and 5(b).
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H.0.DS' OPINION PROFILE ABOUT

ASTRONOMY IN THE SCIENCE

CURRICULUM

POSITIVE STATEMENTS

Agreement No. of Relative
Type Responses Frequency Score
Strong Agreement 171 0.145 855
Agreement 648 0.549 2592
Undecided 216 0.183 648
Disagreement 45 0.038 90
Strong Disagreement 99 0.083 99
TOTAL 1179 0.998 4284
MEAN 32.70
MAXIMUM MEAN 45
n = 131
Table 5 (a)
NEGATIVE STATEMENTS
Agreement No. of Relative
Type Responses Frequency Score
Strong Agreement 36 0.030 180
Agreement 180 0.153 720
Undecided 198 0.167 594
Disagreement 207 0.175 414
Strong Disagreement 558 0.473 558
TOTAL 1179 0.998 2466
MEAN 18.82
MAXIMUM MEAN 45
n = 131
Table 5 (b)
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All of the positive statements about astronomy in the science
curriculum received a higher number of responses on the agreement side
of the scale, apart from statements No. 8 (difficult to teach astronomy
because of a lack of day time practicals) and No. 27 (astronomy is low
in priority for time on the timetable). All other negative statements

about astronomy education received a higher number of responses on the

disagreement side of the scale.

This part of the survey suggests that H.0.Ds have a positive opinion
towards the inclusion of astronomy in the science curriculum. Again,
this supports Gold's claim of teachers' enthusiasm for the subject, but
this is not related to how much astronomy is actually taught. We will
see later on in this Chapter that any perceived enthusiasm of teachers
for the subject does not reflect provision within their school, or

their opinion of their current provision.

2.08 Years Where Astronomy is Taught

0f the sixty two schools which include astronomy in their science
syllabus it is most prominent during the second year courses. Only
three schools feature astronomy during the fourth and fifth years.
This confirms the opinion of most teachers interviewed at the York
A.S.E. meeting, that the examinations are dictating where, in the five

years of secondary science, astronomy is taught.
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YEARS

WHERE ASTRONOMY IS TAUGHT

2.09 Topics Covered by Schools which Include Astronomy in

their Science Curriculum

School Type Year 1 Year 2 Year 3 Year 4 Year 5
Mixed Comprehensive
| 29 . 8%=========>
5.2% >
Girls Comprehensive <100%>
Boys Comprehensive 100%=========>
Girls Grammar <100%>
Mixed Sec. Modern 100% >
n = 62
Table 6

The coverage of astronomy by the sixty two schools teaching astronomy

appears to be rather superficial.

being day and night,

the solar system and the seasons.

The most commonly featured topics

Only four

schools include work on stars and'only one includes aspects about the

history of astronomy,

See table 7 below.

TOPICS COVERED BY SCHOOLS WHICH INCLUDE
ASTRONOMY IN THEIR SCIENCE CURRICULUM

Table 7
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TOPIC NO. %
Day and Night 62 100.00
Phases of the Moon 53 85.50
Solar System 62 100.00
Seasons 62 100.00
History of astronomy 1 1.60
The Sun 12 10.35
Space Travel 6 9.70
Stars 4 6.45
n =62




2,10 Time Allocation for Astronomy

The time allowed for astronomy by those schools which include it in
their science curriculum varied from just slotted in to their existing
timetable, to a maximum of 4 to 6 periods; the most common time

allocation being 1 - 2 periods.

TIME ALLOCATION FOR ASTRONOMY

MORE THAN
TIME|SLOTTED IN|1-2 PERIODS|2-4 PERIODS|4-6 PERIODS|6 PERIODS
NO. 21 29 11 1 0
n = 62
Table 8

The relatively small amount of time and limited depth of coverage given
to astronomy education elucidated by this survey explains the
discrepancy between the findings of this research and that carried out
by Lintern-Ball (1972). His survey only identified timetabled
astronomy and wquld not have gathered any information on incidental

astronomy education.

2.11 Sexist Opinions_and Astronomy Education

There appears to be no evidence of sexism in regard to those schools
covering astronomy, but the data is too limited to come to any firm
conclusions. However, H.0.Ds' responsés to statement 14 - Astronomy
is more likely to appeal to boys - does not identify any significant
notions of gender preference. H.0.Ds' responses to this statement
gives a Chi sq. value (see Appendix VI) greater than the 13.28 required

for significance at the 0.01 level.
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Statement 14

Astronomy is more likely to appeal to boys.

Strong Strong
Opinion |Agreement jAgreement |Unsure|Disagreement |Disagreement
Number 2 20 27 30 52
% 1.5 15.3 20.6 22.9 39.7
Chi. sq. = 49.79 n = 131
p = 0.01
Table 9

These findings suggest that H.0.Ds consider it a subject which will
have equal appeal to both girls and boys. This corresponds with the
views of a number of educationalists (see Watts (1725) p27) of the
eighteenth century, who considered woman should study astronomy, and
indicates that the sexist view epitomised in the B.A.A.S. annual report
of 1867 and the report of the School Board Chronicle, 1884, (see p35)

towards girls in science does not feature in most H.0.Ds' opinions.

This result is not surprising and confirms Smail, Whyte and Kelly's
(1986) observation that:

".... as professionals, most teachers are genuinely
interested in fostering the development of all their pupils

and so resent any suggestion that they treat either sex

unfairly."

2.12 H.0.Ds' Opinions of Their Provision for Astronomy
At first sight the impression of school astronomy gained from this
survey 1is quite encouraging, however, the picture becomes less

promising when the H.0.Ds' responses to question (3) - Are you
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satisfied with your present provision for astronomy education? - is

taken into consideration.

Of all the returning H.0.Ds, only twenty one percent registered
satisfaction with their present provision. Over two thirds of those
from schools covering some aspects of astronomy claimed that they are
dissatisfied with the way it is covered, and eighty nine percent from

schools where astronomy is not taught registered dissatisfaction with

their present lack of provision.

H.0.DS SATISFACTION WITH THEIR PRESENT
PROVISTON_FOR ASTRONOMY EDUCATION

Astronomy | Number No Number
School Type Covered Satisfied || Astronomy | Satisfied
Comprehensive
mixed 57 19 49 4
girls 2 0 4 0
boys 1 0 2 0
Secondary Mod
mixed 1 , 1 6 1
Grammar
mixed 0 0 4 0
girls 1 1 2 2
boys 0 0 2 0
Totals 62 21 69 7
4 47.3 33.9 52.7 10.1
n = 131

Table No., 10
While the number of state schools covering aspects of astronomy is
higher than Lintern-Ball's (1972) survey implied, H.0.Ds' opinion of
their present provision confirms the depressing picture he painted of

state school astronomy education.
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2.13 H.0.Ds' Opinions of Pupils' Knowledge of Basic Astronomy
H.0.Ds' opinions of their school leavers' knowledge of basic astronomy

is further evidence that there is a shortfall in astronomy education.

See table 11 below.

Statement 24

In general, pupils leaving the fifth year have a satisfactory knowledge
of basic astronomy.

Strong Strong
Opinion Agreement |Agreement |[Unsure |Disagreement |Disagreement
Number 2 8 25 22 74
% of sample 1.5 6.1 19.0 16.8 56.5
Chi. sq. = 123.88 n = 131
P < 0.001
Table 11

0f the sixty two schools covering some aspects of astronomy, 96.7%
registered dissatisfaction with their fifth year's knowledge of basic

astronomy.

Responses to Statement 23 suggests that this apparent shortfall starts

in the junior schools.
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Statement 23

In general, pupils entering our first year have a satisfactory
knowledge of basic astronomy.

Strong Strong
Opinion Agreement [ Agreement {Unsure{Disagreement [Disagreement
Number 2 4 34 25 66
% of sample 1.5 3.0 25.9 19.0 50.4
Chi. sq. = 104.81 n = 131
p < 0.001
Table 12

Like the teaching of astronomy at secondary level, any astronomy taught
to pupils during their junior school years appears to have little
effect on the H.0.Ds' opinion of childrens' understanding of the
subject. Only fifteen of the one hundred and thirty one H.0.Ds
(11.4%) were able to say if their junior feeder schools covered any
aspects of astronomy, and of that fifteen, only five were served by
junior schools where the subject is taught. All five of these H.0.Ds

disagreed strongly with Statement 23.

The survey of pupils' understanding of the easily observed astronomical
events reported in Chapter III (and conversations with teachers
attending Inset sessions at Leeds and Bath Universities) supports the
opinions of the great majority of H.0.Ds responding to the
questionnaire, that there is a shortfall in pupils understanding of
basic astronomy. If pupils are to be literate with regard to basic
astronomy when they leave school, astronomy must feature in the science
curriculum of all pupils, and ways must be found which present

astronomy in a more exciting and relevant way than that which Lintern-
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Ball (1972) suggests was the case for the astronomy section of Nuffield

'0' level physics (see page 45).

2.14 Influences on the Inclusion of Astronomy into the Science
Curriculum

Statements 29 (i) to (viii) of the H.0.Ds survey were the most
recurrent opinions collected at York on factors which may encourage the
introduction of astronomy into the curriculum. The analysis of this
part of the survey was confined to the responses of the sixty nine
H.0.Ds from schools where astronomy does not feature. The factors
were ranked by giving each response type a score on a scale of five to
one - five for the most positive agreement. This gives some measure
of the factors and influences which H.0.Ds consider may influence the
introduction of astronomy into their curriculum. Table no. 13 shows
how the H.O0.Ds from the sixty nine schools not covering astronomy rated

these opinions.
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Statement 29
We would introduce astronomy into the science curriculum if:

Score Rank Order

(1) We had a telescope 173 8
(ii) There were suitable daytime

practicals 208 6
(iii) There was suitable INSET 225 5
(iv) There was a planetarium nearby 185 7
(v) Finance was made available 243 1
(vi) There was time on the timetable| 240 2
(vii) We had the necessary apparatus 238 3

(viii) If astronomy topics were
included in the examination
questions of the three sciences 228 4

Table 13

These results suggest that the three major constraints on the
introduction of astronomy are those of finance, time and apparatus.

However, although the data gives a chi squared value of 205.37 (see
Appendix VI), which is well above the 50.89 required for significance
at the 1% level, an analysis of the first three in rank order (finance,
time and apparatus) gives a chi squared value of 6.17. This is not
significant at the 10% level, suggesting that H.0.Ds' difference in
choice between these three factors was due to chance and that all three
factors have an equal influence on the inclusion of astronomy into the

curriculum.

It is considered that this part of the survey only served to identify
a range of reasons which H.0.Ds commonly use to justify the fact that

astronomy is not included in their science curriculum, and that the
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possession of a telescope or the close proximity of a planetarium are

less frequently given than the others on the list.

In retrospect, the author considers that this section of the
questionnaire would have yielded more useful information if it had been
left as an open question for respondents to give their own reasons for

not including astronomy in the science curriculum of their school.

2.15 Astronomy Apparatus in Schools

The high rank order of apparatus elucidated by H.0.Ds' responses to
statement 29 above is not supported by their replies to the section of
the survey asking about astronomy apparatus in their school.

Considering that 1less than fifty percent of the schools teach
astronomy, they seem surprisingly well equipped with resources for
teaching the subject. Ninety eight - 74.8% - of the science
departments possess some apparatus for teaching astronomy. Twenty six
(37%) of the schools where astronomy does not feature have two or more
different pieces of astronomy teaching equipment, and twenty nine
schools have a telescope of which none teach astronomy and only two

have an astronomy club. See Appendix VIII for details.

The high rank order of astronomical apparatus in Table 7 above is
inconsistent with this part of this survey, and does not appear to be
a deciding factor for the introduction of astronomy into the
curriculum. Reasons for the purchase of equipment on the scale
éuggested by this survey is not clear. However, what is not made
clear from the responses to the questionnaire is how H.0.Ds have

interpreted the term 'necessary apparatus", Recently (1989)
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discussions with teachers taking part in the C.L.I.S. Attainment Target
16 - The Earth in Space - Inset programme held at the University of
Leeds have identified a need for unconventional pieces of apparatus
which can be purchased as class sets, or ideas for models giving pupils
hands on experience (like the seasons model in the teaching units
developed for this thesis, see Chapter IV). Possibly this was the
respondents interpretation of "necessary apparatus". I will return to

this topic in later chapters.

2.16 Astronomy Day Time Practicals

Sixty one of the H.0.Ds (46.6%) agreed that it is difficult to teach
astronomy because there are few daytime practicals. Of this 46.6%,
57.4% came from schools where astronomy is covered; thus over half
(57.4%) of those H.0.Ds with experience of teaching astronomy consider

that there is a shortage of activities.

The view that there is a shortage of daytime practicals is allied to
the perceived shortfall in pupil-centred apparatus. Reasons for which
Westways (1923) and the Science Masters' Association Report (1950)

eliminated astronomy from the main science syllabus (see page 40).

It is clear from H.0.Ds' responses to this section of the questionnaire
that astronomy teaching material, which includes pupil centred
practical activities suitable for use during the daytime, must be
produced if astronomy is to be taught in a style which brings it into
the mainstream of science teaching. It is also clear that some method
of drawing H.0.Ds' and teachers attention to the astronomy teaching

material available needs to be developed. One hundred and three (78%)
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of the H.0.Ds consider astronomy is poorly represented in the
literature they receive, and one hundred and fourteen agreed that they
would like to see more material on astronomy suitable for use in

secondary school science.

As this data was collected before the Education Reform Act (1988) and
the introduction of astronomy into the National Curriculum, it is
highly probable that demand for this type of material has increased.

I will return to this topic in Chapter IV when discussing the
development of teaching materials, and again in Chapter V when
discussing the role astronomical societies may play in ensuring that

available teaching material reaches a whole audience.

A number of teachers appear to equate school astronomy with telescopes
and night time observation. Although a telescope ranks eighth in
Table 13 above, seventeen (24.6%) of those teachers from schools where
astronomy does not feature registered strong agreement with the
statement that if they had a telescope they would introduce astronomy
into the curriculum. Thirteen of this group agreed that it is not
worth teaching astronomy because pupils would not return in the
evenings for observation sessions. Clearly, these teachers see
astronomy as a night time activity and are unaware of the potential of
daylight astronomy activities, which make few demands on the science

department's capitation.

To some degree it is this attitude towards astronomy which has levelled
against it as a subject suitable for schools. As stated in Chapter I,

p.39, astronomy education has not adapted to the change in teaching
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strategy from a didatic to pupil-centred approach. This has played an
important part in the failure of astronomy to find a place in the
science curriculum. Those wishing to promote astronomy as a school
subject have to demonstrate that there are a good number of pupil-
centred daytime activities which allow astronomy to take its place in

the mainstream of school science.

2.17 Extracurricular Astronomy

Only four of the schools taking part in the survey have an astronomy
club. The presence of a school astronomy club, therefore, an
enthusiast on the staff, does not appear to encourage the inclusion of
astronomy in the science curriculum as none of these schools teach
astronomy; a situation with which three of the H.0.Ds registered their

dissatisfaction.

The presence of an astronomy club appears to have no overall impact on
pupils’' knowledge of basic astronomy as all of the H.0.Ds from schools
with an astronomy club considered their pupils' knowledge at sixteen

years of age to be unsatisfactory.

These findings suggest that those, like Moore (1976), who consider that
the astronomy education of children can take place through astronomy
clubs are mistaken. A school astronomy qlub (in the experience of the
author) will attract six to ten pupils in a school of eight to nine
hundred pupils. If the only astronomy available is via the school
astronomy club, there is a danger that the members will be seen (and
possible see themselves) and an elite, thereby creating a priesthood

image similar to those identified in Chapter I.
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2.18 Effect of Planetaria and Astronomy Exhibitions

Fifty seven - 43.5%Z - of the schools are situated within reasonable
travelling distance from either a planetarium, permanent astronomy
exhibition, or both. However, the close proximity of these facilities
does not appear to favourably influence the introduction of astronomy
into the science curriculum as none of these schools cover any aspects
of astronomy or use these facilities on a regular basis. This fact is
supported by the data given in Table 13 above where close proximity of

a planetarium is ranked seventh.

2.19 Staff Membership of Astronomy Associations

Only twenty six‘— 19.8%2 - of the H.0.Ds were aware of the Association
for Astronomy Education (A.A.E.) and only four schools have a member of
the A.A.E. on their staff, This statistic confirms the comments in
Chapter I regarding the need for more publicity by the A.A.E. of their

existence and the services they can provide the science teachers.

Having a member of the A.A.E. on the staff does not appear to
favourably influence the introduction of astronomy; three of these
schools run an astronomy club, but only one features it in the science
curriculum, thus suggesting that other factors like timetable time and

finance (see p80) predominate over teachers enthusiasm for the subject.

Six H.0.Ds, or one of their staff, are members of an astronomical
association other than the A.A.E. Three of these schools cover
astronomy in their science curriculum, but none run an astronomy club.
This data suggests that - apart from the A.A.E. - membership of an

astronomical association is associated with personal development and
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has no influence on the promotion of astronomy as an extracurricular
activity. However, the data is very limited and further research is
required so that the A.A.E. and other astronomical societies can
monitor (and possibly develop) the effect their members have on the
promotion of school astronomy both as a subject within the science

curriculum and as an extracurricular activity.

One hundred and seventeen - 89.3%Z - do not know if there is anyone
within their Local Education Authority who can advise them on school
astronomy. This may well have serious implications for the successful
introduction of the astronomy content of the National Curriculum. I
will return to this in later chapters after considering teachers'

concerns on teaching basic astronomy.

2,20 Astronomy at Examination Level

Forty (30.5%) of the H.0.Ds were unaware of the G.C.E. astronomy 'O’
level examination and the number of pupils entered for the examination
by the schools is low. Three schools - each with an astronomy club -
eﬁter pupils for this examination, but none on a regular basis. This
is consistent with the chief examiner's comments (see Note XIV, Chapter
I, p60) at the A.A.E. A.G.M. 1988, that nationally, entries run quite
consistently at about four hundred candidates each year and that he did

not expect this figure to change over the next few years.
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2.21 Astronomy for an Elite

In Chapter I it was shown that throughout the greater part of its
history astronomy has been studied by an elite; priests, navigators,
the landed gentry, rich amateur or academics. A number of comments
made by teachers during the interviews at York suggest that some of
these attitudes towards astronomy may have filtered into present day
opinions about the subject. Moore (1976) appears to be promoting this
'priesthood' attitude when he claimed that astronomy should be kept out
of schools because:

".e.. they will kill the subject...." [i]

As it was intended within this thesis to state a case for the inclusion
of astronomy in the science curriculum of all pupils, it was considered
necessary to discover if any notions of exclusivism still persist in
H.0.Ds opinions about astronomy education. Any such notions
identified would have to be targeted by those promoting the more
widespread teaching of astronomy to demonstrate that they are ill-

founded.

Questions 7, 9, 11, 17, 20 of the H.0.D's questionnaire were intended
to discover if notions of exclusivism are a common feature of H.0.Ds'

opinions about astronomy.

H.0.Ds from the sixty two schools where astronomy is taught consider it
a subject suitable for teaching across the ability range. None agreed
- at any level - with Statement no. 7 that astronomy is only suitable

for able and motivated pupils.
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The opinions of those from schools where astronomy does not feature are
very similar. Only seven agreed with Statement no. 7 and only twelve
were unsure about its suitability for pupils other than those labelled

'able'.

One hundred and twelve (85.5%) of the H.0.Ds disagreed with Statement
9, that if astronomy were introduced into the science curriculum, it

would spoil it as a leisure time pursuit.

The fact that astronomy does not directly relate to the world of work
(Statement 11) was not generally seen as a reason for not including it
in the curriculum. Only four of the H.0.Ds agreed with this
statement. An almost identical trend in response to Statement 20 was
obtained with only seven (5.3%) agreeing that astronomy should not
feature in the science curriculum because it has such little practical

value.

In order to gain a full profile of H.0.Ds' opinions towards the secular
study of astronomy, a total score of statements 7, 9, 11, 17 and 20 was
made. Each response type was given a score from one to five; the
highest score is allocated to the side of the agreement scale gaining

the most responses. Tables 14 to 18 give the statements and scores.
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Statement No. 7

Astronomy is only suitable as a subject for able and motivated pupils,

Level of |Strong Strong

Agreement | Agreement | Agreement |Undecided |Disagreement | Disagreement

Numbers 1 12 25 24 69

Score 1 24 75 96 345
Table 14

Statement No. 9

If astronomy were introduced into the science curriculum it would spoil
it as a leisure time pursuit.

Level of [Strong Strong

Agreement [Agreement [Agreement |Undecided |Disagreement |Disagreement

Numbers 1 6 12 32 80

Score 1 12 36 128 400
Table 15

Statement No. 11

Astronomy should not be included in the science curriculum because it
does not relate to the world of work.

Level of |Strong Strong

Agreement [Agreement |[Agreement |Undecided |Disagreement |[Disagreement

Numbers 3 1 6 36 85

Score 3 2 18 144 425
Table 16
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Statement No. 17

Astronomy is now such an advanced subject that the average person
cannot identify with the work astronomers do. For this reason,
astronomy should not be part of the science curriculum,

Level of |Strong Strong
Agreement | Agreement | Agreement |Undecided |Disagreement |Disagreement

Numbers 1 5 17 32 76
Score 1 10 51 128 380
Table 17

Statement No., 20

Astronomy has such little practical application in the lives of most
people, it should not be included in the science curriculum.

Level of |Strong Strong
Agreement |Agreement [Agreement |Undecided |Disagreement |Disagreement
Numbers 3 4 11 28 85
Score 3 8 33 112 425

Table 18

The totals of these scores are given in Table 19 below and give a
profile of H.0.D's opinion about an elitist view of astronomy

education.
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Statement |Strong Strong
No. Agreement [Agreement |Undecided |Disagreement | Disagreement
7 1 12 25 24 69
9 1 6 12 32 80
11 3 1 6 36 85
17 1 5 17 32 76
20 3 4 11 28 85
Totals 9 56 213 608 1975
<

Increasingly elitist
Table 19
The results suggest that the elitist attitude (which reached its peak
in the eighteenth century) and utilitarian view towards astronomy
education, epitomised by Vives (c. 1520), patent in Gresham's (c. 1578)
outline of his plans for his college, and often perpetuated by
governments since the Revised Code of 1862 (see Chapter I), does not
generally feature as an opinion of H.0.Ds, and the consensus opinion is

that astronomy should feature in the science curriculum of all pupils.

2.22 H.0.Ds' Opinion of Their Own and Their Staff's Knowledge
Of Basic Astronomy

Forty nine (37.4%) of the H.0.Ds from schools where astronomy does not
feature agreed with Statement 21, that they would like to introduce
some basic astronomy into their lessons but do not feel confident in
their own knowledge of the subject. Of this, forty nine, forty five
(91.8%) consider that both they and their staff will require Inset [iil]
before introducing basic astronomy (Statements 4 and 21). Therefore,
of the 131 H.0.Ds taking part in this survey, 34.3% come from schools

where there is no science teacher with the necessary background to
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teach basic astronomy until they wundertake some form of Inset.
(Results of the teachers' survey given later in this chapter suggest

that this figure is higher than shown by the H.0.Ds' survey).

Of the forty nine H.0.Ds who consider they need Inset, twenty six (53%)
agreed that they would be more 1likely to introduce astronomy if
peripatetic astronomy teachers visited their school (Statement 22)
[iii]. Thirteen of this group of forty nine think that the astronomy
education of their pupils will be best served if their L.E.A. provides
short residential courses for pupils interested in the subject. I
will return to this topic in Chapter III which reports about pupils'
understanding of basic astronomy, as the L.E.A. from which the pupils'

knowledge data was collected run an annual course of this type.

STAGE 5

2,23 Survey of the Science Teachers

Two hundred and sixteen (18%) of the science teachers returned
completed questionnaires. A low level of returns was expected as
replies depended on H.0.Ds giving out the questionnaires to teachers
and collecting them back after they had been filled in. However,
despite this obvious shortfall, the method gave a maximum coverage

while keeping within budget limitations.

The returning teachers divided into four subject specialisms.
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DIVISION OF RETURNEES INTO SUBJECT DIVISIONS

Subject Number %

Physics 102 47.22

Chenmistry 47 21.75

Biology 57 26.40

General Science 10 4.63

Total 216 100
Table 20

2.24 Teacher Concerns

It was considered important to establish a teachers' concerns order of
priority because the concerns were to act as a focus for the

development of the Inset material reported in Chapter V of this thesis.

A priority order was established by giving each teachers' response to

six concerns based statements (Statements 2, 3, 5, 7, 14 and 15) a

score which related to their response type, as shown in Table 21 below.

METHOD OF SCORING TEACHERS RESPONSES

Response |Strong Strong

Type Agreement [Agreement |Undecided [Disagreement |Disagreement

Score 5 4 3 2 1
Table 21

Tables 22 to 27 below give the concern specific statements and their

scores.
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Statements 2 and 3 were directed towards teachers' personal knowledge

concerns.

Statement 2

I will require some form of In service training before teaching basic
astronomy.

Response |Strong Strong
Type Agreement | Agreement |Undecided |Disagreement |Disagreement
No. 52 96 23 21 24
Score 260 384 69 42 24
n = 216
Table 22

Statement 3

I do not think my teacher training has prepared me to teach basic
astronomy.

Response |Strong Strong
Type Agreement [Agreement {Undecided [Disagreement | Disagreement
No. 84 80 12 24 16
Score 420 320 36 48 16
n = 216
Table 23

Only 20% of the teachers consider that they do not require Inset before
teaching basic astronomy. This gives some indication of the Inset
need for the successful introduction of A.T. 16, and demonstrates that
the Inset must contain an element of subject matter. This conclusion

is confirmed by teachers' responses to statement 3; 75.92 do not
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consider that their teacher training prepared them to teach basic
astronomy. This result is not surprising and confirms both Butt's
(1985) and Gold's (1985) comments (see page 63) about the lack of

astronomy taught to trainee teachers.

Statements 5 and 8 directed teachers towards organisational concerns.

Statement 5

I would be concerned about teaching astronomy because of the shortage
of available practical material.

Response |Strong Strong
Type Agreement |Agreement [Undecided |Disagreement |Disagreement
No. 41 118 12 31 14
Score 205 472 36 62 14
n = 216
Table 24

Statement 8

It would be difficult to teach astronomy in our school because we do
not have the necessary apparatus.

Response |Strong Strong
Type Agreement [Agreement |Undecided |Disagreement |[Disagreement
No. 34 51 3 72 56
Score 170 204 9 144 56
n = 216
Table 25
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Concern amongst the teachers about the shortage of daytime activities
is even higher than the H.0.Ds. 73% of the teachers registered
concern about teaching basic astronomy because of the shortage of
practical material, compared to 46.6% of the H.0.Ds (see p.72). The
responses of H.0.Ds and teachers to this statement demonstrates that
over the past 60 years virtually no progress has been made towards
redressing Westway's (1923) observation about the shortage of practical

material for school astronomy (see Chapter 1.11, p.40).

Teachers appear to be far less concerned about apparatus than teaching
material; only 39.4% agree that it will be difficult to teach
astronomy in their schools because they do not have the necessary
apparatus. There appears to be some difference of opinion between
teachers and H.0.Ds regarding the importance of apparatus. The H.0.Ds
placed apparatus third in order of importance in influencing the
introduction of astronomy in the curriculum (see p.80). Perhaps
teachers are more aware than H.0.Ds of the considerable amounts of
astronomy teaching apparatus already in schools (see Appendix VIII).

However, more probably, there is a difference in the way teachers and
H.0.Ds have interpreted 'apparatus' (see p.82). I will return to this

again in Chapter IV.

96



Statements 14 and 15 addressed peer group concerns.

Statement 14

Astronomy should not feature in the science curriculum because it does
not relate to the world of work.

Response |Strong Strong
Type Agreement |Agreement |Undecided |Disagreement |Disagreement
No. 31 23 24 86 52
Score 155 92 72 172 52
n = 216
Table 26

Statement 15

If I use topics from astronomy to develop concepts in my subject
specialisms, my colleagues would consider it wasting valuable time.

Response |Strong Strong
Type Agreement |Agreement [Undecided [Disagreement |Disagreement
No. 12 19 16 92 77
Score 60 76 48 184 77
n = 216
Table 27

Peer group concerns do not appear to be a concern for a majority of
teachers; only 25% consider that astronomy should not feature in the
curriculum because it does not relate to the world of work. This
suggests that a majority of teachers see the science curriculum as

providing more than employment related experiences.
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Although only 14.3% of the returning teachers believe that their
colleagues would consider the use of astronomy to develop concepts in
their subject specialism a waste of time, this statistic is disturbing
as it suggests that well over 10% of science teachers do not feel free
to present the subject being taught to pupils in the context they feel

most suitable.

2.25 Producing a Concerns Priority Profile

The teacher's responses to the concerns based questions were then

combined to obtain a concerns based profile.

This was obtained by totalling the six concern specific scores. See
Table 28 below.

CONCERN PRIORITY PROFILE

Concern Score Z of maximum score possible
Personal 1619 74,95
Organisational 1372 63.52
Peer group pressure 988 45.74

Maximum score
possible for each 2160
concern type

Table 28
These results show that when faced with the prospect of teaching basic
astronomy the order of teachers' concerns is the same as Gardner and

Dorset (1979) found for other subjects.

Confirmation of teachers' concerns priorities was gained from questions
4, 11 and 18 which gave space for respondents to write on their own

concerns. Replies to these sections were not given by all teachers,
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but the number of responses for each concern parallels the trend given
in Table 28 above. The most common concerns were personal, followed
by organisational concerns; peer group pressure concerns only featured
in twenty respondents replies to this part of the questionnaire. This

information is summarised in Table 29 below.

TEACHERS WRITTEN CONCERNS

Number Most Common Concern
Concern responding | and %
Personal 122 Lack of personal

knowledge. (91%)

Organisat- 110 | Shortage of pract-
ional ical work. (79%)

Peer group 20 Parents objecting

pressure to night time

observation. (80%)

Table 29

This order of concerns priority is of importance to those &esigning
Inset activities for astronomy education as it demonstrates that the
planned Inset sessions must address both teachers' knowledge of subject
matter and practical activities for pupils, if confident teachers of
astronomy are to be the end product. I will return to this topic
later when discussing the importance of this part of the research to
the production of Inset material delivered at the University of Leeds
and produced in conjunction with the University of Bath Programmes for

School-based Inset.
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2.26 Personal Concerns of Subject Specialists

Forty seven percent of the returnees were from teachers of physics.
This is similar to Lintern-Ball's survey (50%) and suggests that
physics teachers identify with astronomy more than teachers of other
sciences., This goes some way to support those, which Butt (1985) has
observed:

".... claim ipso facto, that every physicist is an

astronomer ...."

However, an analysis of physics teachers' confidence throws doubt on
this assumption. Forty five percent of the physics teachers
registered a lack of confidence about teaching basic astronomy.

Teachers of other sciences were even less confident.

SUBJECT TEACHER CONFIDENCE AT TEACHING
BASIC ASTRONOMY

Subject % Not Confident to Teach Basic
Astronomy
Physics 45
Chemistry 49
Biology 65
General Science 50
n = 216
Table 30

Teachers' lack of confidence concern is reflected in their opinion of
Inset needs - Statement 2. Sixty eight percent consider they require
some form of In service provision before they can teach basic astronomy

with confidence. This is a higher figure than that identified by the
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H.0.D. survey reported earlier in this chapter and suggests that the

need for astronomy Inset is greater than H.0.Ds estimate,

2.27 Inset Needs of Subject Specialists

Dividing this sixty eight percent into subject divisions shows that
there is very little difference between the percentage of physics,
chemistry and general science teachers stating a need for Inset.

However, teachers of biology appear to form a subgroup with a twenty
percent increase over other science teachers in their need for In
service provision, table 31. This has implications for science
departments who intend presenting the science content of the National
Curriculum in an integrated style because there will be a greater

demand from biology teachers for Inset.

However, one approach is to deliver the astronomy content of the
National Curriculum within the context of teachers' subject
disciplines, an approach which teachers of biology showed the most

positive interest, see p.9l.

PERCENTAGE OF SUBJECT SPECIALISTS STATING
A NEED FOR_ Inset

Subject Specialism % Stating Need
Physics 58.8
Chemistry 63.8
Biology 86.0
General Science 60.0
n = 216
Table 31
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2.28 Teachers' Academic Background and Their Inset Needs

Of the fifty two teachers who disagreed with Statement No. 2 (I will
require some form of In service training before teaching basic
astronomy), only twenty three considered that their training prepared
them to teach basic astronomy. While this group of twenty three only
represents 10.6% of the survey sample, it was considered worthwhile to
look closer at this subgroup to discover if there are any factors in
their subject specialism or training background which leads to a

greater confidence in teaching basic astronomy.

For clarity, the fifty two teachers disagreeing with Statement 2 are
referred to as SG1 and the twenty three from SGl1 who consider their

training prepared them to teach astronomy as SG2.

SUBJECT DIVISION OF TEACHERS SATISFIED
WITH THEIR TEACHER TRAINING

Subject No. | As a % of SG1
Physics , 12 11.76
Chemistry 4 8.50
Biology 5 8.77
General Science 2 20.00 *
n =23

Table 32

Apart from the general science teachers (* one general science teacher
has a higher degree in astronomy and elevates the percentage of this
small group) there is very little difference in the percentage of each
group of subject specialists claiming confidence and not requiring
Inset, However, when SG2 are divided into training background groups

and stated as a percentage of SG1 with the same training background, it
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appears that the B.Ed. course leads to a greater confidence than other

training methods. Table 33.

ACADEMIC BACKGROUND AND PREPAREDNESS
FOR _TEACHING ASTRONOMY

‘Qualification No. | As a % of SGI
B.Sc. 7 5.01
B.Ed. 11 37.93
Cert. Ed. 3 7.14
Higher degree 2 33.30 *
n=23

Table 33

Further research is required to discover if this trend in confidence is
a common feature of B.Ed. trained teachers, and if so, what factors
(characteristics of course and applicants) give rise to this
confidence. Those résponsible for teacher training (including
P.G.C.Es) would find the results beneficial in helping them to

reorganise their courses in the light of the National Curriculum.

2.29 Organisational Concerns

A perceived shortage of practical material for astronomy is teachers'
major organisational concern, and if suitable practical material is
available there is an increase in teachers' confidence. Of those one
hundred and thirty seven teachers claiming that they will require
Inset, forty nine - 35.8% - registered confidence if given suitable

practical work.
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EFFECT OF PRACTICAL MATERIAL AVAILABILITY
ON TEACHERS' CONFIDENCE TO TEACH
BASIC ASTRONOMY

No.

In need of Inset before
teaching basic astronomy 137

~ Confident to teach basic
astronomy if provided with 49
suitable practical material

Still not confident even
when provided with suitable 88
practical material

n = 137
Table 34

These findings suggest fhat if practical material is available there is
a 22.7% increase in teachers' confidence to teach basic astronomy.

This will reduce the percentage of teachers lacking confidence from
63.4%2 down to 40,7%. Thus by following a mnational advertising
campaign which draws teachers' attention to available practical
material, it is reasonable to expect a reduction in the demand for
Inset in the order of 20%. But teachers' responses to Statement No.
7 suggests that they are unsure about the availability of such
material. One hundred and four - 48% - were undecided whether there

are too few daytime practicals.
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Statement 7

There are far too few suitable daytime practicals for astronomy to be
taught in normal school hours.

Response |Strong Strong
Type Agreement |Agreement |Undecided |Disagreement |Disagreement
Score 10 14 104 52 36
n = 216
Table 35

This statement gained the highest undecided score of the whole
questionnaire, and reflects the H.Q.Ds' opinion that of the literature
they receive, astronomy is poorly represented. Teachers do not appear
to know what is, or is not, available. I‘will return to the need for
wider publicity of teaching material and suggest a mechanism through

which this can take place in a later chapter.

Teachers appear to place less importance on apparatus than their
H.0.Ds. A majority (59.3%) disagreed that it will be difficult to
teach astronomy in their schools because they do not have the necessary
apparatus - Statement 8. However, as stated earlier in this chapter,
there appears to be some confusion about what is meant about the term

'apparatus', and I will return to this in a later chapter.

Teachers, like their H.0.Ds, do not see the lack of sophisticated

apparatus in school astronomy lessons a problem.

105



APPARATUS CONCERNS

Statement No. 9 Strong |Agree-|Unsure|Dis- Strong
agree-|ment agree- |disagree-
Astronomers use such ment ment ment

specialised equipment

pupils will soon become
disillusioned with basic 5 13 37 6 95
school equipment

n = 216

Table 36

Like their H.0.Ds, teachers interest in material which use topics from
astronomy to enhance their own subject specialisms is high; only
eighteen percent registered any level of disagreement with this
statement. This lends support to the claim in 'Science 5-16 A
Statement of Policy' (1985) that astronomy can act as a vehicle for the

development of important concepts in other sciences.

Interest in this type of material is spread relatively equally across

the subject specialisms. Table 37.

PERCENTAGE SUBJECT SPECTALISTS INTERESTED
IN ENHANCEMENT MATERIAL

Subject Strong |Agree~{Unsure|Dis- Strong
agree-|ment agree- |disagree-
ment ment ment
== | ==l | == R | m == F = | ——— H——m——

Physics 46.1 17.6 | 25.0 8.8 2.0

Chemistry 38.3 4.2 38.3 4.4 12.8

Biology 50.0 7.2 12.3 14.3 15.8

General Science| 40.0 10.0 30.0 | 20.0 0.0
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The high percentage of biology teachers (57.2%) interested in astronomy
enhancement material is surprising as they registered the greatest
Inset need. It may be that starting from a familiar footing is the
best way of introducing astronomy as teachers will be more confident if
they are able to present topics from astronomy within the context of
their own subject specialism. I will return to this point in Chapters
IV and V when discussing the development of teaching and cross

curricular material.

2.30  Peer Group Concerns

Teachers are in agreement (63.9%) with their H.0.Ds that astronomy
should not be excluded from the curriculum because it does not relate
to the world of work. They also consider (68.5%) that parents would
not claim it a waste of time if they introduced astronomy into their

teaching.

Of the fifty eight teachers who strongly agreed that astronomy should
not feature in the curriculum, fifty two claimed that parents would
consider the introduction of astronomy a waste of time and fifty three

claimed that their colleagues would be of the same opinion.

Forty one of the fifty eight who strongly agreed that astronomy should
not feature, expressed an interest in astronomy enhancement material
for their own subject specialism, These results suggest that peer
group pressures may well be influencing some teachers' opinions, and
that teacher opinions on the worth of astronomy elicited by the survey

does not necessarily reflect their own beliefs about the worth of the
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subject as a vehicle for developing concepts in their own subject

specialism.

2,31 Teachers' Opinion of Sex Bias and Elitism in Astronomy Education

Teachers responses to Statement 10 - that astronomy will be more likely
to appeal to boys - showed an even stronger disagreement than their

H.0.Ds - Statement 14 H.0.D. survey.

H.0.DS AND TEACHERS OPINION ON A SEX BIAS FOR ASTRONOMY

Teachers | H.0.Ds
% Disagreeing
with statement 91.2 62.6
Mean 4,55 3.84
Maximum mean 5.0 5.0
Table 38

The view of equal appeal of astronomy is upheld by Belserene (1988) but
Bishop (1980) and (1988) - suggests that females have more difficulties

with the spatial concepts.

Sex bias and the ability to cope with thg spatially demanding aspects
of astronomy was not a subject of this research. However, during the
process of collecting the data no obvious sex difference manifested
itself. It is recommended that further research is carried out in
this area. If there is a sex difference, it is essential that ways
are found to present the spatially demanding aspects of Attainment
Target 16 (most of which occur at K.S. 2 and 3) in styles which will

not disadvantage either sex.
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One hundred and seventy five (81.0%) disagree that astronomy should
only feature as an extracurricular activity - Statement 17. Of this
one hundred and seventy five, one hundred and twenty five - 57.9% -
registered a strong disagreement with this statement. This
corresponds with their H.0.Ds' rejection of elitism in astronomy, and
while the value of a school astronomy club is clear, most H.0.Ds and
teachers do not consider this should be the .only source of astronomy

education.

STAGE 6

2.32 Summary Statement About the Position of Astronomy Education
in English State Secondary Schools

The results of the surveys reported in this chapter provide a picture
of the state of English Secondary school astronomy prior to the
introduction of the National Curriculum, and identifies the base line
from which the introduction of astronomy into the science curriculum of

all pupils commences.

The amount of taught astronomy is higher than suggested by Lintern-Ball
(1972), and one suspects that the level of taught astronomy has
increased since the launching of Sputnik in 1957, although there are no
surveys to substantiate this claim. At present (1986) more pupils are
exposed to some form of education in astronomy than at any other time
in history, but the surveys suggest that there is a considerable

shortfall in both teachers' and pupils' understanding of the subject.

Typically, around half of secondary schools teach some aspects of
astronomy in their second year curriculum to pupils who are unlikely to

have experienced any exposure to the subject during their junior years.
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Very few schools teach any aspects of astronomy in their fourth and

fifth year courses.

Almost all of the astronomy taught falls short of what H.0.Ds consider
satisfactory, and most pupils leave school with a poor understanding of

the subject.

Commonly, H,0.Ds and teachers are concerned about their own knowledge
of astronomy and consider that they need Inset if they are to introduce

astronomy into the curriculum with confidence.

Teachers' confidence is increased if they are provided with suitable
teaching material, but there is a concensus opinion that practical

astronomy activities suitable for use in schools are not available.

The great majority of respondents registered a positive opinion towards
the inclusion of astronomy into the science curriculum of all pupils,
and expressed a strong interest in teaching materials which use topics
from astronomy to support important concepts in their own subject

specialism.

Although the findings of both surveys support the decision of the
D.E.S. to include astronomy in the National Curriculum, they
demonstrate very clearly that there is a need for considerable
investment into Inset programmes, and the development and publicity of
pupil-active daytime astronomy teaching material. The results of the
teacher survey suggests that if astronomy teaching material is

developed which uses astronomy as a vehicle to develop important
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concepts in the three main sciences (or set within the context of one

of the main sciences), teachers will be more confident and there may

well be a 207 reduction in demand for Inset.

The results of the surveys reported in this chapter focused the

remainder of the research on three main areas which needed to be

addressed if the introduction of astronomy into the science curriculum

is to be successful, and the worst fear of Moore (1976) - schools

killing the subject - is not to become a reality:

(i)

(ii)

(iii)

To discover the state of pupils' knowledge of basic
astronomy when the present provision for astronomy
education is so poor.

To develop pupil-active teaching materials which start with
the pupils' untutored understanding, and explanations for,
the basic astronomical events.

To develop Inset material which develops both teachers own
understanding of basic astronomy, and ways which they can

present school astronomy in a relevant and interesting way.
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[i]

[ii]

[iii]

NOTES ON CHAPTER II-:

Recently Moore (1988) has advocated that astronomy be part of

school science, not a subject in its own right.

At this stage of the survey no attempt was made to identify the
type of Inset provision required. However, the results of the
survey of teachers demonstrated that the Inset provision needs to
cover both content and methodology. This was the focus for the

production of the Inset material produced for this thesis.

The author considers that the employment of peripatetic astronomy
teachers by L.E.As should be discouraged. Such action will
reduce the possibility of developing the extra curricular
potential of astronomy and of using it as a vehicle for
developing important concepts in other sciences. See for
instance the Moon and Seeds teaching material reported in Chapter

IV of this thesis.
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CHAPTER I11

Pupils' Understanding of the Easily Observed Astronomical Events

3.00 Introduction

In Chapter I it was shown that throughout its history astronomy has
never been a well-established feature of the ordinary person's
education. Results of the H.0.Ds' survey reported in Chapter II of
this thesis shows that its present status is little different from the
past, and reveals that where it does feature in the science curriculum
of the sample schools, it is generally considered by the H.0.Ds to be
unsatisfactory and they consider pupils leave school at sixteen years

of age with a shortfall in their astronomical knowledge.

The results of both the H.0.D. and science teachers' surveys suggest
that there is a demand for astronomy teaching materials which fit into
the main stream of science teaching. However, before embarking on the
production of materials intended to go some way towards satisfying this
need, it was necessary to gain an insight into pupils' current
knowledge of basic astronomy, and to identify the theory of scientific
methodology, and of childrens' learning, which were to be implicit in

the units.

3.01 Scientific Knowledge

It is now commonly thought that the growth of scientific knowledée does
not follow the logical inductivism of Baconian scientific methodology,
where observation and facts precede theory. Medawar (1984) (showing
the influence of Whewell (1840), Popper (1959) and Kuhn (1979) on his

thinking) claims that a hypothesis is 'inspirational in character’'.
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If this is the case, then theories and expectations precede and guide
observations; scientific knowledge is seen as a human construct, not
just confined to scientists. (Driver and Erickson (1983)).

"

.+s+ Students possess invented ideas based upon their

interpretation of sensory impressions ...."

The recognition of this fact has given rise to the 'Constructivist'
theory of learning, central to which is the notion of the student as a
scientist (Driver 1983). This shifts the emphasis of teaching away
from activities designed to support the concensus view, and towards
those which encourage pupils to identify their own thoughts and design

'fair tests' which challenge their ideas.

This approach places a different interpretation on those pupils' ideas
which are at variance with the accepted view. To the empiricist, they
are simply 'wrong ideas' or 'misconceptions', because they were arrived
at through faulty observation or logic. The constructivists propose
the term 'alternative framework' (Driver and Easley (1978)) in place of
the negative term 'misconception'. This affords pupils' ideas a
greater respect; they are 'inspired guesses', and as such, worthy of
testing. Thus providing a focus for practical activities, which
become much more than mere demonstration of other peoples' thinking
about the topic; in the pupils' eyes they become true experiments

which challenge their own notions.

Nussbaum (1989) points out that the constructivist movement is not

monolithic, and draws a distinction between the constructivism of
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Popper, Lakatos, Toulmin and Kuhn. He argues that any research
rationale within the constructivist approach must specify:

".... an inclination to one or two related variations."

While no inclination was specified in the original research proposal to
this thesis, it will be suggested in Chapter IV that pupils' responses
to the astronomy conceptual survey instrument (see pl26) can be used to

support Toulmin's (1972) model.

3.02 Piaget and the Constructivists

An understanding of cognitive development is contingent on a knowledge
of how children structure their concepts and the changes these

structures undergo as the concept develops towards the accepted view.

Precise studies aimed at finding out what children think about the
natural world originate from the work of Piaget (1923) and (1929) who
proposed that these structures develop in age related stages. This
theory has received support from many researchers (Ginsburg and Opper
(1969), Bruner, Goodfellow and Austin (1956)) and is central to the
Piagetian view of cognitive development which has dominated research

into childrens' learning for over half a century.

Recently the inviolate nature of Piaget's chronological stages of
development have been questioned. Ross (1980) and Sugarman (1983)
have shown that contrary to the classical Piagetian view, pre-school
children are able to form consistent and exhaustive classes from an
early age. Keil (1986) has proposed that the stage-like changes in

structure are peculiar to domains, not global shifts, and that the
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foundation of a particular stage may differ from one domain to another.

Shifts from stage to stage being related to domain, not age.

In this thesis attention is focused on childrens' own theory of
explanation and its influence on the way they make sense of new
experiences, Driver and Erickson (1983) Osborme and Whittrock (1983)
Pope and Gilbert (1983). However, it is recognised that the Piagetian
and Constructivist theories of learning do not necessarily lay at
opposite poles, and that not all researchers see the constructivists
approach as being greatly distanced from the work of Piaget. Lawson
(1982) has attempted to find domain independent forms of thought and
Archenhold (1980) has investigated the relationship between the

constructivist and Piagetian approaches.

While there are acknowledged overlaps between the two views of learning

(Gilbert and Swift (1981), fundamental differences do exist.
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FUNDAMENTAL DIFFERENCES BETWEEN PIAGET'S COGNITIVE
DEVELOPMENT AND THE CONSTRUCTIVIST'S APPROACH

Piagetian Constructivist
Learning independent of Learning dependant of content
content and context. and context.
Learning stage related Learning largely independent
and associated to of age and no pre-ordained
maturity. direction.
Conceptual development Conceptual development means
associated with progress developing one's conception
through stages. of a phenomenon.

Adapted from Gilbert (1986)

Table 39

While I do not intend to pursue the 'Piagetian' versus 'constructivist'
debate in this thesis, the conceptual maps developed from the results
of the survey of twenty pupils over a period of four years (see pp 138-
142) appear to support the constructivist view that learning is largely

independent of age, with no pre-ordained direction.

3.03 A Background to Pupils' Alternative Frameworks

It is now well established that children construct their own ideas and
meanings for the events they observe in the natural world long before
they receive any formal education about the topic, and that these
untutored notions are often at variance with the accepted view. See
for instance, Driver and Erickson (1983) Driver, Guesne and Tiberghien

(1985) Brook, Driver and Johnston (1988).

A knowledge of these alternative ideas is not new, Galileo's (1613)

letter to the Grand Duchess Christina suggests that he was aware of the
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untutored view of the ordinary man when he claimed that certain
passages of the Bible - namely those on the shape of the Earth - should
not be taken literally because they were couched in a language
according to the capacity of the common people who are. rude and

unlearned.

The German educator Diesterweg (1790-1866) was aware of the importance
of childrens' ideas to the process of teaching and emphasised the value
of starting instruction from the students' point of view. Clearly Nunn
(see Chapter I, p2) was aware of pupils' untutored ideas and their
implications for teachers. However, it is only relatively recently
that pupils' ideas have become a major focus for educationalists,

forming a basis for the design of teaching materials.

3.04 Historical Trends in Pupils' Ideas

Parallels have been drawn between the ideas that children (and
scientifically naive adults) use to account for a range of physical
phenomena and those which have appeared in the history of science.

Strauss (1981) argues that individuals' commonsense‘knowledge about
qualitative physical concepts has not changed since the time of
Aristotle. This view is supported by Watts and Zylbersztajn (1981),
Clements (1982), and McCloskey (1982 and 1983), who have demonstrated
that untutored ideas in mechanics resemble the pre-Newtonian impetus

theory.

Research into childrens' concept of the Earth as an astronomical object
demonstrates that pupils' ideas show a progression through a series of

phases towards the accepted view. Nussbaum and Novak (1976), Nussbaum
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(1979), Mali and Howe (1979), and Sneider and Pulos (1983) have all
shown that childrens' ideas on the Earth in space and the gravitational
field develop from a naive flat Earth notion through a series of phases
to our present round Earth view. Nussbaum's (1979) Earth Notions
Classification Scheme bears a resemblance to the historical development
of man's Farth in space and gravitational field concept. Some
observed phases reflect the notions supported by Cosmas and Lactanticus
in their defence of the biblical world view. (See Chapt. I, p7).

These parallels between the trends in childrens' developing concept of
the Earth in space and the history of man's developing knowledge of
astronomy lend support to the claim (McCloskey (1983)) that children
recapitulate the major ideas in the history of science as they develop
their own understanding of different topics. This parallelism has
considerable potential for teaching astronomy and as a focus for cross

curricular work. I will develop this further in Chapters IV and V.

3.05 Cultural Influences

Cross cultural studies of Mali and Howe (1979) and Klein (1982) have
shown that similar notions about the Earth in space are present in
different cultures and that they generally exhibit the same phases

during their development towards the accepted view.

Othman (1988) has shown that cultural influences can result in pupils
restructuring taught facts to reconcile with deep-rooted beliefs, and
claims that in order to teach astronomy well, "one must first break

some cultural bonds".
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His phrase "break cultural bonds" implies that the cultural idea should
be totally discarded. Perhaps a better approach would be to develop
an ability in pupils to function in both a cultural domain and a
scientific domain, and to be able to recognise each domain and its
limitations. Then children will not lose contact with the way their
own, and other, cultures have explained and used astronomy in the past
(see Hinckley Allen (1963), Larue (1988) and McCrickard (1990), while
at the same time appreciating the limitations of these cultural notions

in the light of scientific advancement.

It is in passing on cultural notions rather than imparting a knowledge
of astronomy (see pl24) that parents probably play their greatest role
in the astronomical education of their children, and while cross
cultural studies were not carried out in this study, Othman's (1988)
claim has implications for those teachers presenting the astronomy
content of the National Curriculum to multicultural classes. This is

an area which requires further research. [i].

3,06 Implications for Teaching

Over twenty years ago Ausubel (1968) drew attention to the tenacious

nature of pupils' dideas (in Ausubel's terminology ‘'childrens'

preconceptions) claiming that unlearning of preconceptions may be the:
"ee.. most determinative single factor in the acquisition

and retention of subject matter knowledge."

Gilbert et al. (1982) and Solomon (1983) have shown that pupils
frequently hybridize their view with science instruction, resulting in

a mix of teachers' science and the child's original framework; or they

120



may retain both ideas as separate domains, the life world domain and

the science world domain.

Viennot (1979) has indicated that these "alternative frameworks"
(Driver's (1983) terminology and one which will be used throughout this
thesis) persist into adulthood. This view is supported by the
findings of Durant et al. (1989) who have shown that 66% of adult

Britons do not know that the Earth goes around the Sun once a year.

The situation is 1little different in other parts of the world;
Miller's (1988) survey showed that only 46% of Americans appeared to
know that the Earth goes around the Sun once a year, and in France,
Acker and Pecker (1988) claim that about one third of the people still

believe that the Sun orbits around the Earth.

If we accept the view that learning involves pupils in a process of
conceptual change, then a knowledge of the initial conceptions that
pupils bring with them into lessons becomes important as they provide
a basis for the design of teaching materials which address those ideas
(Driver and Oldham (1986)). Such initial conceptions form a starting
point from which pupils can test their ideas and modify them should

they not hold good in the light of their new experience.

An understanding of pupils' successive alternative frameworks provides
information about the longer-term progression in the ideas that pupils
may bring with them into the 1learning situation, and gives some
indication of the most suitable age at which to introduce certain

astronomical topics.
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Therefore, a knowledge of pupils' alternative frameworks becomes more
than a mere inventory of 'wrong ideas'; they serve as a guide to the
teacher for seeing the child's point of view (see Nunn Chapt.l, p2) and
form a starting point from which pupils can clarify their ideas and put
them to the test. Such a process is now considered to be closer to
the way scientists really work and reflects the influence of Popper
(1959) and Kuhn (1962) on our view of the scientific process (Ingle and

Jennings (1981), Medawar (1981), Nussbaum (1989).

3.07 Pupils' Ideas: Methods of Investigation
Most research into pupils' notions involve variations of a clinical

interview technique developed by Piaget (1928).

Pupils are interviewed individually and their responses to questions or
situations recorded. Some interviews are highly structured (Mali and
Howe (1979)), others open ended (Tasker (1980)). Sometimes props or
drawings are provided to help pupils explain their ideas (Sneider and

Pulos (1983)).

Researchers have used a variety of methods to record pupils' responses:
audio taping individual interviews (Gilbert, Watts and Osborne (1981)),
asking pupils to make additions to diagrams provided by the interviewer
(Nussbaum and Novak (1976)), or analysing responses to multiple choice

questions (Watts and Zylbersztajn (1981)).

3.08 Data Framing of Data Collection Techniques
Driver and Erickson (1983) have written at length on the framing of

data collection techniques, and point out that pupils' responses may
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differ significantly depending on whether the investigational technique
is framed in a conceptual or phenomenological mode. (A conceptual
frame eliciting propositional knowledge, while a phenomenological frame
elicits knowledge in action). Their summary of techniques for framing
data collection provides a conceptual-phenomenological continuum. At
the conceptual end of this continuum are the word association
techniques used by Shavelson (1974) and Preece (1976), and at the
phenomenological end, the observational studies of students theories in
action used by Karmiloff-Smith and Inhelder (1976). Laying in the
middle are the interview about instances/phenomena frames used by
Osborne and Gilbert (1980), Nussbaum and Novak (1976), Erickson (1979)
and Engel (1982). It is at this point along the continuum that data
collection of pupils' ideas about astronomy are usually framed, and the

way in which the data was framed for this study.

3.09 Domains Investigated

In this study childrens' theories about four domains were investigated
to discover the influence of informal education on their knowledge of
astronomy, thus giving some measure of a suitable starting point for
the development of the teaching units.
The four domains investigated were:

(i) Planet Earth in space and the gravitational field.

(ii) Day and night.

(iii) Phases of the Moon.

(iv) The seasons.
These domains were selected because it was agreed at a meeting between

myself and the curriculum committee of the A.A.E. that they form the

minimal level of astronomical understanding of all pupils when they

123



leave school. They also form a firm foundation upon which those with

a particular interest can build on their knowledge of astronomy.

3.10 The Sample

The sample of pupils aged between 9 and 16 years was taken from pupils
attending a Comprehensive School in a semi-rural area of South West
England and its four feeder primary schools. Apart from planet Earth
topics typical of secondary school geography, astronomy does not

feature in the curriculum of the secondary school.

Interviews were carried out with the head teachers of the four feeder
primary schools in an endeavour to discover areas from astronomy which
feature in their curriculum. No aspects of astronomy, other than the
thematic treatment of seasonal changes in the weather, featured in any
of the primary schools; therefore, most notions pupils hold represent

personal constructs, or are the product of informal education.

Two of the primary head teachers considered astronomical topics like
day and night and phases of the moon are 'learnt at mother's knee' or
from television programmes, and need not feature in the school
curriculum. This opinion is open to doubt in the 1light of the
research of Durant, Evans, and Thomas (1989), who have shown that the
British public's understanding of science (including astronomy) is
poor. If their sample is representative of the population as a whole,
it is highly probable that a good percentage of any scientific learning
which may take place 'at mother's knee' will be the passing on of
misconceptions (or cultural notions, see pll7) from one generation to

another.
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3.11 Survey Methods

One of the problems facing researchers using in depth interview
techniques to probe childrens' understanding is the time factor and
subsequent disruption of the normal school day. 1In order to keep this
disruption to a minimum, while maintaining a high sample number, a two

stage process of data collection was used.

First a sample of twenty pupils aged between nine and sixteen were
interviewed individually about their theories concerning the four
domains. The interviews were open-ended and lasted about ten minutes
each. Props were available, but were not put out on open view so as

not to influence pupil's responses.

These pupils interviewed covered the full range of abilities based on

their teachers' subjective judgement,

PUPILS INTERVIEWED

Age group

in years 9 to 10 11 to 12 13 to 14 15 to 16
Girls 3 2 2 3
Boys 2 3 3 2

Table No, 40
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The interviews were audiotaped and records of pupils' drawings were
kept (see Appendix VIII). The commonly occurring conceptions used by
these pupils were identified from the diagrams and explanations given.
These were used to construct an astronomy conceptual survey instrument
(Appendix X). This comprised a series of statements with supporting
diagrams. Pupils responded to the statements (which were also read to
them) and their accompanying diagrams by placing a tick on the face

which represented their view (Harty and Beall (1984)). (Figure 1).

Spoken statement
‘It gets dark ot night becouse the Moon covers the Sun.'

Supporting diagram

Sun

Pupils' onswer sheet

R EEE

| know 1t 18 | think it is | om not I think it is | know it 18
true frue wre wrong wrong

Figure 1. Example of question in the survey instrument.

By using this method of recording pupils' responses it was considered
that variations between pupils' reading and writing skills would have
a minimal effect on their final scores. It also provided a research

tool which was both quick to administer and to mark.
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During the second stage of the survey the instrument was administered
to a representative sample of forty-eight boys and fifty-two girls in
groups with an upper limit of ten pupils. Group size was restricted

to a maximum of ten so that the researcher could ensure that pupils

were giving responses to the statements which represented their own

thinking.
PUPILS IN STAGE TWO OF SURVEY
Age range 9 to 10 11 to 12 13 to 14 15 to 16
Male 12 10 15 15
Female 9 17 11 11
Totals 21 27 26 26 100

Table No. 41

Prior to administering the survey, pupils were given practice items so
that they became familiar with the method of recording their responses.
They were also told that the spoken statements were a collection of
peoples' ideas,

some correct and some incorrect, and that the

researchers were interested in what they think. The survey was then

conducted in silence.

3.12 Results of the Survey

For clarity of presentation results from the interview for a particular
domain are followed by the results gained by using the astronomy
conceptual survey instrument for that particular domain. The
prevalence of a particular notion in each of the four age groups is

represented diagrammatically. The results from the survey instrument
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represented in the prevalence diagrams show the percentage frequency of
pupils ticking either the 'I know it is True' or 'I think it is True'
box in response to each notion. It will be noticed that the
percentage frequency from the survey instrument sometimes exceeds one
hundred. This is due to some pupils believing in more than one

notion.

3.13 Planet Earth and Gravity

Pupils were asked to imagine that they have taken off from Earth in a
space rocket. They have been travelling away from Earth for a day and
look out of the window towards Earth. They were given one minute to
draw how they think the Earth will look. After completing their
drawing they were given one minute to draw in some people to show where
they could live, and then one more minute to draw some clouds and

finally rain falling from the clouds.

Time for each response was limited to reduce the change of pupils
embellishing their drawings thus making them allegorical
representations of their notions.

Pupils' drawings fell into four distinct notions. (see figure 2). The

prevalence of each notion is shown in figure 3.
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Notion Drawing

Notion I
Earth shaped more like
a saucer.

Notion 2

Earth sphere shaped
but idea of up and down
Pecple anly live on
upper lalf.

Notion 3
Earth sphere shaped.
People livirg all over

the surfoce hut idea of
up and down stll

Notion 4
Correct view. Pecple
living all over the Earth
and 'down towards the
centre of the Earth.

Figure 2. Pupils’ notions about planet Earth and gravity.
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Notions

1 Soucer-shoped Eorti

2.Round Eorth with
pecple livirg on 'tp' Hdlf.

3. Round Eorth withtpecple living
dl oer. North is '

4. Round Eorth with pecple (living
dl over the Eorth. 'Down' towards
the centre of the earth.

Age range

Figure 3. The prevalence ofpupils' notions about planet Earth and gravity.

The four notions uncovered were similar to tho