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PREFACE

The materials evaluated in the present study were developed
by Rolf Grunseit, Vaucluse Boys High School, Vaucluse, New
South Wales, Australia, 2030. Requests for further
information about these materials should be sent directly
to Mr. Grunseit, while additional details of the research
reported herein should be sought from the authors of this
report at Macquarie University, North kyde, New South Wales,
Australia, 2113.
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CHAPTER 1 °

BACKGROUND TO THE STUDY

1.1 Introduction

The purposes of this introductory chapter are ihreefold. First,
a description of the project to be evaluated will be given. Second, in
order to allow the significance of the present innovatory proiect to be
seen in a broader context, a discussion of aspects of the background
scene in mathematics education will be given. Third, ways in which the
nresent study was narrowed in scope will be described and justified.

1,2 Description of the Project

Some salient descriptive characteristics of the present project
have been extracted from the Schools Commission Special Projects file

and summarized below.

Project number: 74/184 /4
Project director: Rolf Grunseit, Vaucluse Boys High School
Project title: Development of High Interest Le.el
Mathematics Materials
Funding: $4,879 for 2 years commencing December, 1974
Project dircctor's To inculcate in the student a positive
atated aim: attitude to mathematics irrespective of
ability
Method of achieving By developing a variety of materials
the aim‘ related to the history of mathematics for
sStudent use
Proposed prade Year 9 approximately
level:

The commou thread {n the proesem materials is that each aims to
int roduce something of the history of mathematics in an interesting way.
The materials may be subdivided, however, into one of four main categ-
ories according to the ditterent media of presentation used. The tour
media mainly used tor the present materials are plays, Wﬁiﬁﬁgﬁwﬁf}i“lf”'
slide-tape present.ations and videotapes, Appendix A contains a
listing of all miteriats developed to date as part ot the present
profect, with materals organized inte the tour subdivisions ahove
where possible. 1t o.m bhe seen trom Appendix A that the same historica!
arterial has oiten boon used as o basis ter o presentation in different

noediag, 1o gy amp: e, the article on rconics and the lrde- @ ipe present -
tdon on condes droow o common histor e gl o veso e
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The three plays written by the project director form the first
set of entries in Appendix A. One of the plays, "Thales of Miletus",
1s reproduced in full in Appendix B. Although it was envisaged by -
the project director that the plays would be produced on stage,
evidence discussed later in Chapter 3 suggests that the plays could
still be useful iIf simply read aloud by students iu class. It should
also be pointed out that, at present, these plays remain unpublisghed
and can only be obtained from the project director,

The second set of entries in Appendix A 18 a list of articles,
containing stories on history of mathematics topics, which have
appeared in various mathematics teachers' periodicals. It can be seen
that so far three such articles have been published covering such areas
as the history of conics and the history of maxima. One of these
articles, entitled "The Genesis of Conics", has been reproduced fully
in Appendix C. The main use envisaged for these articles is that
teachers would employ jdeas from the articles in preparing lesson
fntroductions.

The third group of things listed in Appendix A consists of
slide-tape presentations on topics drawn from the history of mathem-
atics. Each slide~tape presentation originally consiste of historical
research, slides and a spoken commentary, all provided by the project
director Next, members of the N.S.W. Department of Education
Mathematics Equipment Committee modify, edit and expand the materials.
The Teachers' Resources Centre of the N.S.W. Department of Education
then publishes a set of slides, an audiotape and teachers' notes
(cost is approximately $6.50 per kit). So far "The Histury of Conics"
is the only slide-tape kit that has been published although initial
stages in the development of five other kits have already been completed.

The fourth set of entries in Appendix A relate to video materials.
Students in the project director's own mathematics classes have acted in
and assisted in the production of several one-act plays about discoveries
in mathematics. As well as some pupils being involved In actually
making the videotapes, other pupils are shown these videotapes as
introductions to particular mathematical topics. It should be emphas-
ized, however, that the project director feels that the quality of the
videotapes is not sufficiently high to warrant their use by other
teachers In other schools. Nevertheless, the project director has
published an article (see Appendix A) which describes how other teachers
can use video equipment themselves in making videotapes of such one-
act plays. These possibilities are somewhat limited at present, however
because copies of the scripts of the one-act pluys have not been widely
disseminate i to mathematics teachers,

As we 1, the project director has used this video equipment .t

cumerous ma! vematics teachers' in-service and association meet ings o
i1'ustrate ow video might be empioyed in mathemat{cs teaching,

In addition to the rour main classes of mterials discussed above
amelv, plavs, arti-les, «lide-tape presentation: and videotapes), oiibe
miscellanewus mater iais were produced: these are Hited s the 1ith e
of eatrie. in Appeadis Ao These materials Do tode e fes ol '
biographics of preat matheratdeians topether with lrown Drkenese: .

heing propved S S TR TE T N N T T '
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publication through that department's Teachers Resources Centre.

These materials are intended for use by the msthematice teacher in .
relating a topic being taught to the mathematician who digcovered it.
Photographe have been taken of the four Platonic solidsat the Mining
Museum, and it is intended that these will be used with material to be
written later to form a unit on the history of geometric solids.
Similarly, photographs have'been taken of aboriginal petroglyphs as

the basis of a unit to be developed on the history of aboriginal
mathematics. The remaining materials listed in Appendix A are

journal articles which contain discussions of the innovative project as
a whole, of suggestions for incorporating history of mathematics into
mathematics teaching, and of a number of other miscellaneous areas.
These articles, however, can be contrasted with the ones described
previously which contain specific stories taken from the history of
mathematics.

The above description given of the present project materiale wiil
be supplemented with some further discussion in sections 1.4 and 1.5
Beforehand, however, brief consideration will be given to describing
some aspects of the contemporary scene in mathematics education and
to examining the educational importance of the present materials
within that context.

1.3 The Contemporary Scene in Mathematics Education

Mathemat ics teachers in many countries have had a long-standing
concern about the negative attitude towards mathematics held by a
sizeable proportion of school students. Furthermor:, the study of
attitudes to mathematics has developed into a quite active area of
educational research in recent years (see reviews of Aiken, 1970, 1976).

Of the many ways which have been suggested to effect improved
student attitude to mathematics, use of the history of mathematics in
teaching has been suggested by a numher of writers (e.g., Ministry of
Education, 1958; Francis, 1976.) In fact, the literature of mathem~
atics education has for many decades contained pleas that the
historical aspects of mathematic: be given a place in mathematics
education. For example, the teaching of the history of mathematics was
advocated in 1893 by Heppel in Nature, and in 1894 by Collins in
Science. More recently, the National Council of Teachers of Mathem-
atics (1969) considered it of sufficient importance to devote a whole
yearbook to issues related to history of mathematics in mathematlics
education. It is of particular interest to rote that, despite the many
(1lls for including the historvy of mathematics in teaching, 1t has
1 ecently been observed that very few teachers actually expose their

tudents to any teaching of the historv of mathematics (Green, 1976a)
.nd that very few mathematics textbooks have taken seriously the incor-
coration of historlcal material into its mathemat ics (Green, 1976b),

The brie! oketoh piven ot the conteaporary scene in mathematices
i at ton has indicated that concern tor student attitude to mathematics
cioa real ene, That tne teaching of hactory o mathematics has been
Cdvocated for carteas o casons including the promotion of more favour-

e attitudesn, .ond tiat mathematics teacvhers and textbeoks largels
ey ioct Lhe hiintory o mathematics. Morcover, Green (1976b) has

cortended that there is . detinite oot tor hintoricoal miterials o



mathematics which are in a form suitable for use by the teacher in the
classroom. Within this context, then, it can be seen that the preaent
materials, if successful in their aim of prometing attitudes through
the teaching of history of mathematics, could make a worthwhile
contribution to mathematics education.

1.4 Deployment of Project Funds and Implications for Evaluation

A financial statement obtained from the project director showed
that, from the original grant of $4,879, a sum of approximately $4,000
was spent purchasing video equipment while the remainder was used for
the purchase of phatographic equipment and for the insurance and repair
of equipment. It is vital for aproper understanding of the present
report, however, to appreciate that Schools Commission funds were
deployed in supporting only some parts of a more comprehensive and
ongoing project. Firstly, in terms of timing, Mr. Grunseit had already
completed substantial amounts of historical research and the writing of
versions of some articles and plays prior to receiving the Schools
Commission grant. Moreover, now that the Schools Commission's period
of funding is terminated, Mr. Grunseit has every intentior of both
modifying and extending previous work. Secondly, while Schools Comm-
isslon funds were spent specifically on the purchase of video and
photograrhic equipment, considerable resources from c¢lsewhere weve
tequired to support other aspects of the project. Yor instance, the
Teachers Resources Centre provided support for the production of slide-
tape kits, and the vast time cormitment aund modest expenditure on
typing and stationery involved in the historical research and the
production of articles and plays were supported either by Vaucluse Boys
iigh School or the project director himself.

1.4.1 Decision to collect formative and summative evaluaiive information
The situation described above has important implications for the eval-
uator when deciding whetker formative or summative evaluative inform-
ation, or both, should be collected, Because the funding period was
drawing to a close at the time the evaluation was conducted, and because
of the potential usefulness of materials in other schools, summative
eovaluative information was clearly of relevance. However, as the
project director has genuine intentions of further modifying materials
hefore disseminating them more widely, formative evaluative information
woild also be very useful. Consequently, in planning the present study,
an attempt was made to ensure the collection of information both about
the materials' overall efficacy and usefulness and about specific wegk-
qesses in the materials which could be eliminated in any tuture
rewritten versfons.

tov. Comparable impertance of different medin The <ituation described
in section 1.4 presents a dilemma for the evalvater.  Per oreasens of
accountability, the evaiaator mav be tempted at it toe restrict his
attention solely o those aspects of the project seatsiy the videolape-o
far which mogr of the Scheols conmi-sion furd i woeo deploved This
aoproach, lewever, oo he ety Undestirab o b e e it g

Firat by, conafderable reaoe : S A T B B A O

!!f‘pl(\\'('d hath in condiret Faoe the yistee foal Tecaeare o whii bt he vipde
Lipes wers Hased and i ode e iy s bde -t e A v e b b
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it could be argued that each different medium in which the material is
preasented would be of fairly comparable importance in an evalustion study.
For tne above reasons, materials in all of the four media were included

in the initial pool of materials, and later, . rticular materials were
selected for intensive study (see section 1.6).

1.5 Potential Usefulness of Materials in Other Schools

Another important orientation of the present project which is not
brought out clearly in the official file relates to the potential use-
fulness of the materials in other schools. Discussion with the project
director made it clear that he perceived that his major goal was to
develop materials which could be used by other mathematics teachers in
other schools around Australia. That s, although most uf the present
materials were used by the project director in his own mathematics
classes, he perceived that the main purpose of this was to provide
feedback intormation which could be used in further development work.
In fact, the project director expressed the concern that his own
studen . could have been used as '"guinea pigs" to some extent and could
well have bean over-exposed to the materials.

From the discussion above, it can be seen that the present project
is somewhat atypical of the majority of Schools Commission Innovations
Program projects with respect to its wide applicability in other schools.
In general, a large number of Schools Commission projects involve some
innovatory organizatior or approach in a single school which, if found
successful, is not always casy to replicate at other schools, 1In
contrast, the present project aims at producing curricular preducts
(plays, atrticles, slide-tapc kits) which couid be used in an unastered
form in a large range of schools around Australia.

1.5.1 Decision to study a limited range of materials intensively
Because the present materials have the potentiar of being useful in a
wide range of schools, it was considered that examining the applicability
of the materials in other schools should form a major focus in the
present research. Furthermore, it was thought that the applicability

of the materials could be better assessed with available resources by an
intensive study of a limited range of materials (involving a relatively
large number of mathematics teachers and students) than by a more
extensive study of a wider ranpe of offerings. It was therefore

decided to select o Vimited range of materials and to study these tairly
intensively.

6 Chodce ob Materials tor Iontensive Study

In choesing materiars tor intensive study, conshderations ot
coonomy and Tikely applicability of materials in other schools were
considered paramount.  Waen videotapes wore consadered, the tact that
G projuect ditector seit that esisting videotapes were ot suitable for
dce in other schools (see section 1.2) was important. lurthermorn
cecause schools in many Australian states do not have video equipment,
i he usefulness of the videotapes in other Aastralian schoris must be
onsidered less than that of marerials in other medin.,  For these
ceasons, the videotapes were not o ing taded in the present {ntensive studyv.



~ For the llide~tape kit which was completed,. namely the one
) ,entitled "The,{uistor _of Conics‘ . 1nquéredp n_reprod
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it waa still thought desirable to evaluate these materials because they
have high potential applicability in other schools .(since the majority
of schools do have facilities for projecting slides and playing .audio-
. tapes). An additional problem arose with this kit, however. It was
:discovered that;the-Teachers' Rescurces Centte-had-made a-payment te the -
project director for liis original slides and commentary and then had
incorpurated modifications and extensions into the presentation prior
to publication. Since the.copyright of the new version was held by
the Teachers' Resources Centre, and since the kits.had not come on sale
at the time of the present study, the Teachers' Resources Centre
expressed some understandable reluctance about making the kit available
for the present study.' For this .reasom;, the slide-tape kit was not
included in the intensive study.
The other two media in.which the history of mathematics materials
were presented were written plays to be acted or read aloud by students,
and written articles. Because of the relatively small expense involved
in reproducing and distributing written materials, the costs needed for
an intensive study of some of these materials fell within the present
budget. Furthermore, because of the relatively small costs of written
materials, the articles and playswould have very high potential
applicability in a wide range of schools. For the above reasons, it
was decided that the present intensive study would focus on materials
selected from among the plays and articles.

From the three plays and three articles listed in Appendix A, ene
play and one article were chosen for intensive study. After carefully
scrutinizing all plays and articles, and after consultation with the
project director, the play entitled "Thales of Miletus" and article
entitled "The Genesis of Conics" were chosen for intemsive study. A
copy of this play and article have been included in Appendices B and
C, respectively.

.7 Overview of the Present Report

A detailed explication of the design, execution and findings of
tit: present study is, of course, the main purpose of the discussion
contiined i{n the remainder of this report. At this stage, however, it
may prove useful to provide a brief overview of the contents of the
remaining chapters. The purpose of such an overview would be twofold.
First, the coverview may help to clarify, in a general way, the nature
of the present study. Second, such an overview would provide a
directory of the location of salient issues in the remainder of the
repoert,

Fach of the foliowing four chapters is devoted to different issues.
Chapter 2 descvibes a questionnaire survey of the opinions of teachers,
both experienced and in training, about the worth of the Thales plav and
the conics article,  Chapter 3 is deveted to desoribing @ studv in
which a sample of Year 9 students who actually wsed the Thales play
vegponded to items measuring affective and cognitive outeomes,  Chapter
4 te devoted tooan dupressionistic cvatuation ot the Thates plav and i
contes article . in parttentar, arnd the vhele cor oo materials, in

}~
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general. Iﬁ-particular, reactions to the materials given by a historian

B of mathematics, wathematics educators and drama critics will be. "
reported. The final chapter, Chapter 5, contains a summary of findings,  —
. a discussion of some limitations of the research, a list of tentative

conclusions, and suggested recommendations for future development,
modifications and dissemination of the project materials.




CHAPTER 2 3

SURVEY OF TEACHER OPINION ABOUT THE THALES
PLAY AND THE CoNiCS ARTICLE

2.1 Introduction

This chapter describes a questionnaire survey of teacher opinion
about the two pieces of material chosen in section 1.6 for intensive
study, namely, the Thales play and the conics article. As well as
reporting teacher opinion about a wide range of features of the play

"~ and article, data analyses will be reported which enable comparison of

teachers' opinion of the play and the article, and of experieanced and
trainee teachers' opinions.

2.2 The Sample

The sample involved in the questionnaire survey consi-sted of 39
teachers altogether. Of these, 20 were experienced teachers currently
teaching mathematics in 12 different private or Govermment schools in
the Sydney metropolitan area. The other 19 were trainee teachers in
their final year of training as mathematics teachers at Macquarie
University.

2.3 The Questionnaires

The questionnaires used to survey opinions about the Thales play
and the conics article are shown in Appendices D and E, respectively.
These appendices show that the first 22 items in the questionnaire about
the play are identical or parallel to the first 22 items in the
questionnaire about the article. Questionnaires were designed in this
way so that direct and meaningful comparisons could be made between
opinions about the play and opinions about the article.

Appendices D and E also indicate that questionnaire items fall
into a number of distinct subgroups. The first eight items on ecach
questionnaire deal with the educational aims likely to be satisfied by
the use of the materials. This list of aims, which includes humanizing
mathematics, showing that mathematics has practical applications, and
providing an awareness of the contribution of mathematics to society,
was culled from the literature containing claims about educational aims
likely to be satisfied by teaching the history of mathematics (e.g.,
Kinney and Purdy, 1956; Ministry of Education, 1958). Items 10-17 of
each questionnaire are concerned with opinions about which groups of
students might be catered for by the materials. Items 18-Z2 on each
questionnaire deal with miscellaneous aspects common to the play and
article. Items 23-26 on the questionnaire about the play deal with
miscellaneous aspects unique to the play, while Items 23-28 on the
questionnaire about the article deal with miscellaneous aspecis unique
tc the article. Item 9 and the last {tem on each questionnaire are
open-ended items, aimed at gathering additionsl information, which will
be discussed in more detail in Chapter 4.



Questionnzires were sent to, and returned from, experienced
teachers by mail. ,Questionnaires were given out to trainee teachers
during a regular tutorial time and were returned to a designated
location at Macquarie University. Each teacher was provided with a
copy of the play, the article and each questionnaire, and was requested
to read the play and articlé and then to respond anonymously to each
questionnaire. A follow-up letter reminding teachers to return their
completed questionnaires was sent to each teacher one month after
questionnaires were originally distributed."

2.4 Comparison of Opinions about the Play and Article

Data from the survey have been organized in Table 1 to permit a
comparigon of opinions about the play and the article for each of the
items coumon to both questionnaires. This table lists, separately for
the play and the article, how many of the 39 subjects selected each
alternative response to each item, the mean and the standard deviation
for each item, and the results of a t test for dependent samples for
dif ferences between opinions about the play and the article.

An overview of the data in Table 1 indicates that opinions
axpressed about the play were more favourable than those expressed about
the article for the large majority of questionnaire items. 1In fact, it
was found that-+he grand mean of the 21 item means in Table 1 was 2.21
for the play but only 2.02 for the article. Moreover, the last column
in Table 1 indicates that opinions about the play were significantly
more favourable (p<.05) than opinions about the article on 13 of the

2} items.

The first eight items in Table 1, which are concerned with
opinions about various aims which could be satisfied by use of the
materials, were scored 3, 2 and 1 for the responses Very Useful,

Useful and Not Useful, respectively. This table shows that the mean
rating of usefulness awarded to the play for satisfying an aim was
higher than the mean rating given to the article for all eight aims.
Moreover, the mean rating of usefulness given to the play was sigrif-
icantly greater than that given to the article for five of the aims,
namely, teaching some history of mathematics, teaching some mathematica:
concepts, humanizing mathematics, showing that mathemavics has
practical applications, and providing an awareness of the value of
mathematics to society. Table 1 also indicates that the mean score
given to the play on the first eight questionnaire items ranged from
1.95 (with eight of the 39 people choosing 'Not Useful') for the aim

uf providing an awareness of the value of mathematics to society, to
2.36 (with three people choosing 'Not Useful') for the aim of teaching
some hlstory of mathematics. For the article, the mean score on the
first eight items ranged from 1.57 (with 18 people choosing 'Not
Useful') for the aim of providing an awareness of the value of
mathematics to society, to 2.08 (with six p~ople cheasing "Not Useful')

for the aim ol teaching some bistery of mathematics.

Oueat tonnmaive Ttems 10-17 measure teashers' opiaicoos abent whoo
creaps of srudents would be catered for by othe natescals, and e
seored on the same three-polint scale as the previou. items.  For these
cteit {tems, signitleant difterences were touad an e rating:. poiven
Poothe oty end the artLodbe daosdy casess Prow s 0 e phat o cpie oy

!
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about the suitability of materials were significantly more favourable
for the play than the article for Year 7 students of low ability,

Year 7 students of high ability, Year 9 students of low ability,

Year 9 students of high ability and students with a poor attitude to
mathematics. This last finding is noteworthy in terms of the project's
main aim (of inculcating a positive attitude towards mathematics)
because it shows that teachers considered the play more suitable than
the article for pupils who already have a poor attitude to mathematics.
Opinions about the suitability of materials were more favourable for
the article than the play for Year 11 students of high ability. For
the play, mean scores for this set of items ranged from 1.34 (with 28
teachers chuosing 'Not Useful') for Year 11 students of high ability
to 2.25 (with five teachers choosing 'Not Useful') for Year 9 students
of high ability. For the article, mean scores ranged from 1.23 (with
29 choosing 'Not Useful') for Year 7 students of low ability to 2.03
(with eight choosing 'Not Useful') for students with a good attitude
towards mathematics.

Data in Table 1 for Items 10-15 provide useful information about
the grade level at which the present sample of teachers thought that
the materials would best be employed. For the play, mean scores
indicate that the play was thought most useful for Year 7 students of
high ability and Year 9 students. On the other hand, mean scores
indicate that the article was considered most suitable for use by
Grade 9 students of high ability and Year 11 students.

Items 18-22 in Table 1 cover various miscellaneous aspects
common to the play and article, and were scored by allotting 4, 3, 2, 1,
respectively, for the responses Strongly Agree, Agree, Disagree and
Strongly Disagree. With this scoring scheme, then, a neutral attitude
would correspond to a score of 2.5. Results for each of these five
items are discussed below.

The mean score for Item 18 indicates that reactions to the
statement that most students would find the material interesting were
virtually neutral for the article and only slightly positive for the
play. This finding is consistent with responses to Items 10-17 which
indicated that the materials were considered differentially suitable
for different students rather than being suitable for all students.

Results for Item 19 reflect teacher opinion about the amount of
time that would be needed if the materials were used with students.
The mean score of 2.93 for the article reflects reasonable agreement
that the time required to use the article would not be excessive. 1In
contrast to this, however, the mean score of 2.36 for the play indicates
that teachers held a slightly negative attitude to the statement that
the time required to use the play would r.'t be excessive. Furthermore,
ditierences in opinion about the play and the article were significant
for this item. This finding is an interesting one because it shows
that, despite the relatively high opinious expressed about the play
on most other questionnaire items, teachers were concerned that the
amount ot time involved in using s mathemati.al play in their teaching
could be excessive.

Tante 1 Jwwes that, like the previous item, opintons about ltemw 20
woere signiticantly more negative tor the plav than tor the article. It
Wwis fowaind that teachers held only g slightly positive Gttitude to the

1 -



TABLE 1, Aattern of Responses given by the Total Sample of Teachers to
each Questiocnnaire Item common to the Play and the Article,
and Significance Tests for Differences in Opinicn about the
Play and Article L

H

°

No, Selecting
each Alternative

-

Play/ Stan
Questionnaire Item Article Very Use- Not Mean Dev t
use- £ use-
ful ful

Aims Satisfied by

Play/Article

1. Arousing student Play 13 18 g 2,13 0.73 1. 50
interest before Article 12 12 14 1.92 0.83 ’
teaching the topic
of similar a
triangles/conics

2. Teaching some history  Play 17 19 3 2.3 0,63 9. 7%
of mathematics Article 9 24 6 2,08 0.63 e

3. Teaching some import-  Play 11 20 2,08 0,71 3, 7Guke
ant concepts related Article 4 16 1~ l.64 0.67 )
to similar triangles/
conics?

4 Humanigzing mathematics Plav 13 23 3 2,26 0.60 5 1y

Article S 22 9 1.95  0.867 Co

5. Showing that mathem- Play 15 21 3 2,31 0.62 4. GR*k
atics has practical Article 6 19 14 1.80 0.70 o
applications

-, Providing an aware- Play | 6 25 = 1.95 0.62 b 42 edee
ness of the value of Articie t 19 = 1.57 0.55
mathematics to society

", IProviding an apprec- Plav / 26 5 .98 0.63 0.22
iation of anclient Article o 21 10 1.95 0,69 *
civilization

<, Promoting a bettier 'lay t: 27 6 2.00 0.56 1 a6
attitude towards Article 4 20 la 1.75 0. b

mathematics

~tudents Catered for by
i'lay/Article
Py, vear ot cderts o bow ! Il L , 1 .
atilee ) y . (Lt '
Ii.  1ea wluter t b i . e,
dgh ab il L e i [P DL
Id,  ear % studecto by . i ’ S o~
H‘“i]‘-'. “ e £ '
Vear bost ode v
“high ahil o ' :
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TABLE 1. (Cont'd.)

No. Selecting
each Alternative

Play/ Stan
Questionnaire Item article Very Mot Mean . oy &
use- o, use-~
ful ful

Students Catered for b

PlaiZArticle {Cont'd.)

14, Year 11 students of low Play 3 15 19 1.59 0,64 _; 39
ability Article 8 16 15 1.82 0.75

15, Year l1 students of Play 2 6 28 1,34 0,37 -4, Sldcick
high ability Article 9 18 11 1.95 0,76 ¢

16, Students with a good Play 12 20 7 2,13 0,70 0.66
attitude towards Article 9 21 8 2,03 0,73 *
mathematics

17, Students with a poorx Play 12 17 9 2,08 0,74 3. g8k
attitude towards Article 4 15 16 1.54 0,67 ¢
mathematics

Miscellaneous (Play and -

Article) SA A D SD

18, Most students would Play 6 19 13 1 2,77 0,74 1.60
find the material Article 1 21 16 1 2,57 0,60 ¢
interesting

19, The amount of time Play 0 20 14 4 2,36 0,68 =3, T4k
taken up if the Article 5 27 6 1 2,93 0,63 ¢
materials were used
in the classroom
would not be excessive

20, The use of the Play 5 18 13 2 2,68 0,77 -2, 04%
materials requires only Article 7 22 10 0 2,93 0,87 *
knowledge and skills
which mathematics
teachers already have

21, Materials like this are Play 11 25 3 0 3.21 0,57 1 86
not readily available Article 7 25 6 1 2.98 0,67 :
elsewhere

22, The average mathematics Play 10 19 9 1 2,98 0,73 0. 00

teacher would not be Article 7 24 8 0 2,98 0.63
able to write material
like this himself

. p .()‘3’ ek p-\'O].’ e P . 001
- Mean for the article was larger than mean for the play

a 'Similar triangles' and 'conics' are contained in the questionnaires about
ERIC the play and article, respectively.
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statement that the use of the play would require only skills which
the teacher would already have, but that more positive attitudes were
held to the same statement applisd to tha article. This finding is
also an interesting one as it suggests lack of confidence on the
teachers' part about using plays in their mathematics t:aching.

In responding to Items 19 and 20, it is likely that many
teachers gave their opinions in terms of the time and skill needed
to produce the play on stage. However, evidence discussed later in
Chapter 3 suggests that the present play can be used quite success-
fully by teachers in a relatively short time in their ordinary mathem-
atics classes. It is suggested that more favourable responses could
have been obtained for Items 19 and 20 if teachers had been asked to
answer specifically in terms of the use of the play in the classroom.

Responses to the last two items in Table 1 were quite similar
and indicate reasonably positive opinions about the statements that
material like the play and article are not readily available elsewhere
and could not readily be written by the avi average mathematics teacher.
These responses, then, highlight a major educational merit of the
present materials, namely, that teachers perceive them as unique, not
readily available elsewhere and not able to be written by the average
teacher.®

2.5 Responses to Items Unique to the Play or Article

It can be seen from the two questionnaires shown in the appendices
that the last four items in Appendix D apply only tn the play while
the last six items in Appendix E apply solely to the article. Because
it is not possible to make the same comparisons for these 10 items that
were made for the first 21 items, Table 2 has been constructed to show
the pattern of responses for items unique to either the play or the
article. In scoring each of the items shown in Table Z, the responses,
Strongly Agree, Agree, Disagree and Strongly Disagree were allotted
respectively, scores of 4, 3, 2 and 1 as for some of the previous items.

The mean response to each of the four items unique to the play
in Table 2 indicates apositive opinion about each item. The mean of
2.80 for Item 23 indicates a slightly positive opinion to the statement
that the play could be used profitably in the classroom without the
need for a stage or costumes. For Item 24, the mean of 3.31 indicates
o very positive reaction to the statement that the play is very suitable
for use at the end of the school year. Similarly, the mean of 3.21
for Item 25 indicates a very positive opinion about the statement that
the play weuld be useful for integrating Mathematics with other subjects

Kesporees to Ttem 21 can he consfleved a Titrle surpriging because,
hite mathewat {eal plaves are indee i scaree, there exists an abundan. o
books and articles dealing with the higtory of mathemat fcs (e.p.,
e bibliographies In Read; 19665 Nitional Council of Teachers of
Mothematies, LY6U; Dittricia, 1973). This observation, however, doees
not undermine the usctulness of the oresent arcicle sinece the fact
“tat teachers percefve oo dearth o cther materd{atn malces the prosen

b e al Ll nore wolenn e ERETN T
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TABLE 2, Pattern of Responses glven by the Total Sample cf Teachers to
cach Questionnaire Item Unique to the Play or Article

Play/ No. Selecting Mean Stan -

Questionnaire Item Article each Alternative Dev

SA A D SD

Miscellaneous (Play only)

23, The play could be used Play 6 2. 10 2 2,80 0.77
profitably in the classroom
without the need for a
stage, costumes, etc,

24, The play would be very Play 14 23 2 0 3.31 0,57
suitable for use near the
end of the school year,

25. The play would be useful Play 11 25 3 0 3.21 0. 57
for integrating Mathematics
with other subjects like
English or Ancient History.

26, I would use a play like Play 6 21 7 4 2,76 1.34
this in my own mathematics
classes,

Miscellaneous (Article Only)

23, The number of different Article 1 29 7 2 2,75 0.60
characters and ideas is
not too large for an
article of this size.

24, An article like this does Article 2 18 14 5 2,44 0.79
not need a list of
references,

25, The story reiated ia this Article 0 1t 19 4 2,31 0.66

article is clearly relevant
to the toplc of conics,

2, The mathematics on pages Article 2 19 1 & 3 2.43 0.71
32-36 1s clearly relevant
to the rest of the article,

2. This article would be ~rticle 2 74 9 3 2,67 0.7°0
suitable for direct student
use in mathematics projects,

2=, I would use an article like Article 2 20 14 3 2,95 0,72
this in planning my own
.athematics lessons.

P
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like Erglish or Ancient History. This finding is consistent with
claims 't .ae literature that teaching of the history of mathematics
is & us-“ul way of integrating mathematics with other subjsctse like
English zrd History (e.g., Ministry of Education, 1958; Curcic, 1976).
Despite the high means for Items 24 and 25, however, Table 2 indicates
that only a moderately positive opinion, with a mean of 2.76, was
expressed for the statement about actually using the play in the
teachers' own classrooms. That is, despite the fact that teachers
expressed laudatory opinions about numerous features of the play, only
27 of the 39 teachers agreed that they would actually use such a

play in their own classrooms. This pattern of responses, however, {s
consistent with data shown for Items 19 and 20 in Table 1 which
suggest the existence of a feeling ‘among teachers that the play could
absorb excessive amounts of class time and could require some skills not
possessed by the average mathematics teacher.

The data in Table 2 indicate that a fairly neutral opinion was
held of each of the six questionnaire items applicable to the article
only, with mean item scores covering a small range from 2.31 for Item
25 to 2.75 for Item 23. Although strongly negative opinions were not
expressed about any of these items related to the article, the lack
of any strongly positive opinions can be contrasted with the findings
for Items 24 and 25 related to the play. The consistent pattern of
fairly neutral attitudes to Items 23 to 26 is noteworthy as they
provide important feedback information about teachers' neutral reactions
to four specific .uspects of the writing style of the present article.
It would be speculated, then, that teachers' attitude to the present
article might improve if it were rewritten so that it incorporated
less characters and ideas, contained a list of references, showed more
clearly the connection between the story and the topic of conics, and
better related the mathematics on pages 32-36 of the article to the
rest of the article.

2.6 Differences in Opinion between Experienced and Trainee Teachers

Whereas the previous section was devoted to a discussion of the
opinions held of the play and the article by the total sample of
teachers, attention in this section will turn to comparing and
contrasting the opinions held by the 20 experienced teachers with those
held by the 19 trainee teachers. Data on differences in opinion
between experienced and trainee teachers are shown in Table 3 for the
play and in Table 4 for the article. These tibles show, for each
questionnaire item, the experienced teachers' mean, the trainee
teachers' mean, and the results of t tests for independent samples for
dif ferences between experienced teachers' and trainee teachers'

opinions,

The mean scores recorded for the play in Table 3 indicate that,
with the exception of only a few items, trainee teachers expressed a
more favourable opinion than did experienced teachers. This pattern
can be further illustrated by examining the grand mean of all 25 item
means in Table 3, which was 2.52 for trainee teachers but only 2.18
tor experienced teachers. Furthermore, the t tests revealed that
these differences in opinion between experienced :ind trainee teachers
were significant for the following eight items: traiuee teachers'
ratings of the usefulness of the play weresignificantly higher than

O
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those of experienced teachers for four aims (arousing student interest
in the topic of similar triangles before teaching it, teaching some
important topics related to similar triangles, humanizing mathematics,
and promoting a better attitude towards mathematics); trainee teachers'
ratings of the suitability of the play for Year 9 students of low
ability and for students with a poor attitude towards mathematics were
significantly more favourable than the ratings given by experienced
teachers; trainee teachers' ratings of the usefulness of the play for
integrating Mathematics with other subjects like English or Ancient
History were significantly higher than the ratings given by experienced
teachers; and trainee teachers' attitudes to actually using such a
play in their own classrooms were significantly more favourable than
experienced teachers' attitudes. The results for this last item are
particularly interesting and reveal that the willingness to actually
use a mathematical play in one's teaching was considerably greater
among trainee teachers than amonaast experienced teachers.

Data like those reported for the play in Table 3 are shown for
the article in Table 4. The data in Table 4 indicate high overall
similarity in the opinions of the article held by experienced and
trainee teachers. This similarity is further illustrated by the grand
mean of the item means which was 2.14 for experienced teachers-and
2.13 for trainee teachers. Of the 27 items in the questionnaire about
the play, significant differences in the opinions of experienced and
trainee teachers occurred for only two items, namely Items 24 and 25.
The interpretation of these two findings was that experienced teachers
expressed more favourable opinions than trainee teachers to the
statement that such an article does not need a list of references and to
the statement that the story related in the article is clearly relevant
to the topic of conics.

It is interesting to contrast the present findings for the article
with the previous findings for the play. Whereas trainee teachers held
clearly more favourable opinions of the play than did experienced
teachers, opinions of the article were fairly comparable for experienced
and trainee teachers. While there were significant differences for
eight items on the questionnaire about the play (with trainee
teachers expressing more favourable attitudes in all cases), there were
significant differences for only two items on the questionnaire about
the article (with experienced teachers expressing more favourable
attitudes in both these cases).

2./ Summary

The present chapter described a survey of the cpinions held by
20 experienced teachers and 19 trainee teachers towards various features
of the Thales play and the conics article. As well as providing
valuable data on teacher opinion about numerous specific aspects of
the materials, two more general patterns emerged. Firstly, teachers'
opinions of the play were generally more favourable than their
opinions of the article. Secondly, while experienced and trainee
teachers were tound to hold fairly comparable opinions about the article,
it was found that trainee teachers' opinions of the play were apprec-
iably more tavourable than those held by experienced teachers.

. ") .
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e tABLn 3. Means or, and digniricance 1ests for Differences between,
Experienced Teachers and Tfainee Teachers for each Item of
the Questionnaire about the Play '

Teachers' Mean

3 Questionnaire Item t
s : Experienced Trainee e
Aims Satisfied by the Play )
l. Arousing student interest before teaching
the topic of similar triangles, 1.80 2,48 3,22%% "
2. Teaching some history of mathematics, 2.30 2,42 0.59
3. Teaching some important concepts related
to similar triangles, 1.80 2,37 2,75%%
4, Humanizing mathematics. 1.95 2,58 3,87 %%k
5. Showing that mathematics has practical
applications, 2.10 2,53 0.82
6. Providing an awareness of the value of
mathematics to society. 1.90 2,00 0.51
7. "roviding an appreciation of ancient
civilization, 2.05 1.90 -0.77
8. Promoting a better attitude towards
mathematics. 1.75 2,27 3.19%%
Students_Catered for by the Play
10. Year 7 students of low ability 1.60 1.95 1.34 .
11, Year 7 students of high ability 2,10 2,37 1.27
12, Year 9 students of low ability 1.55 2,58 2.04%
13. Year 9 students of high ability 2.10 2,37 0.45
14. Year 11 students of low ability 1.45 1.74 1l.41
15. Year 1! students of high ability 1.25 1.42 0.92
16, Students with a good attitude towards
mathematics 1.95 2,32 1.08
17. Students with a poor attitude towards
mathematics 1.70 2.4~ o2 ek

Miscel laneous

1<. Most students would find the material

interesting, VO 3,21 b,
19. The amount of time taken up if the natertals

were used in the classroom woulid o "

excessive, Z.
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TABLE 3. (Cont'd.)

Teachers' Mean

Questionnaire Item
Experienced

Trainee

fer

Miscellaneous (Cont'd.)

20, The use of the materials requires only
knowledge and skills which mathematics
teachers already have, 2,65

21, Material like this is not readily
available elsewhere, 3.25

22, The average mathematics teacher would
not be able to write material like
this himself, 3.20

23, The play could be used profitably in
the classroom without the need for
a stage, costumes, etc, 2.80

24, The play would be very suitable for
use near the end of the school year, 3.15

25, The play would be useful for integrating
Mathematics with other subjects like
English or Ancient History. 3.00

26, I would use a play like this in my own
mathematics classes, 2.33

2,70

3.16

2.74

2,79

3.48

3.42

3.21

0.07

"0049

‘-1.94

"'0004

1.84

2,45%

3,83%*

p .05, @ op. 01, et pe, 001

- «¢xperienced teachers' mean was larger than trainee teachers' mean




TABLE 4. Means of, and Significance Tests for Differences between,
Experienced Teachers and Trainee Teachers for each Item
of the Queationnaire about the Article

_iﬁ

)
Questionnaire Item Teachers' Mean L
Experienced Trainee
Aims Satisfied by the Article
1. Arousing student interest before teaching
the topic 8f conics. 1.85 2.06 0.77
2, Teaching some history of mathematics. 2.15 2.00 -0,75
3. Teaching some ‘mportant concepts relatei
to conics. 1.60 1.69 0,12
4, Humanizing mathematics. 1.90 2,06 0.72
5. Showing that mathematics has practical :
applications, 1.65 1.93 1,34
6. Providing an awareness of the value of
mathematics to society. 1.60 1,53 -0,42
7. Providing 'an appreciation of ancient ‘
. civilization, 2.05 1.84 -0.95
~. Promoting a bettgr'attitude towards
mathematics. 1.75 1.74 -0,07
Students Catered for by the Article
10. Year 7 students of low ability 1.20 1.32 0.81
11. Year 7 students of high ability 1.50 1.48 -0.13
12, Year 9 students of low ability 1.45 1.37 -0.50
13, Year 9 students of high ability 1.79 1.95 0,81
l4. VYear 11 students of low 1bility 1.'¢Q 1,99 1.0l
15, Year 11 students of high ability L. ™5 2.16 1,42
je.  students with a good attitude towards
mathematics 1.95 -0, "2
-, tudents with a poor attitatle towards

mathematics

26
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TABLE 4, (Cont'd.)

Questionnaire Item
. Experienced

Trainee

Teachers' Mean

jor

Miscellaneous

18, Most students would find the material
interesting. ' 2.45

19, The amount of time taken up if the materials
were used in the classroom would not be
excessive, 2.%5

20, The use of the materials requires only
knowledge and skills which mathematics
teachers already have. 2,85

21, Material like this is not readily
available elsewhere. ' 2,95

22, The average mathematics teachers would
not be able to write material like
this himself, ' 3.05

23, The number of different characters and
iJeas is not too large for an article
of this size, 2,80

24. An article like this does not need a
list of references. 2,70

25, The story related in this article is
clearly relevant to the topic of
conics, 2,55

2¢. The mathematics on pages 32-36 is
clearly relevant to the rest of the
article. 2.5%

) . % . article would be suitable for
direct student use in mathematics
srotects, 2.~

would use ar article like this in
ylanning oy cwn mathematics lessons, 2.t

2.69

3.00

3.00

3.00

2.90

2,69

2,16

2.06

2.27

1.24

0.75

0.70

0.23

-0,77

-0.60

"‘20 25*

-2,52%

~1.35

-1,00

’

SopoLol. wenop 001

a1 - ierced teache:s' meal wWas larger than traince teaciiers'

P S
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_ CHAPTER 3 S

CHANGES IN AFFECTIVE AND CoGNITIVE QUTCOMES AMONG

PupILS USING THE THALES PLAY

3.1 Introduction

Whereas the previous chapter described a questionnaire survey of
teacher opinion about certain materials, this chapter describes an
investigation of affective and cognitive outcomes among students
actually using some materials. The conics article was excluded from
this investigation because, as the articles are intended mainly for
use by teachers in preparing introductions to lessons, it would be
extremely difficult to ascertain whether any obserwved changes in pupils
should be attributed to the article per se or to the teacher's skill
in preparing and teaching. On the other hand, the Thales play was
considered suitable for the present investigation because it had been
written for direct use by students. The main purpose of this chapter
is to describe the design, execution and results of an investigation
of changes experienced by a sample of pupils during their use of the
Thales play.

3.2 The Sample - ) .

The sample of students involved in the present part of the study
consisted’of 117 Year 9 students in four different classes, eagh in a
different school. Of these four schools, two were coeducational high
schools in the Sydney metropolitan area, one was a Catholic girls'
school in the Sydney metropolitan area, and the other was a Catholic
boys' school in a country town close to Sydney. The number of boys in
the sample was 55 while the number of girls was 62.

It should be apprcciated that, for a variety of reasons, the
sample employed in the present study was relatively small and not
randomlyv choscn. Instead, the sample was chosen for reasons &f
convenience and in such a way as to obtain a reasonable spread of
geographic areas, types of schools, and pupil general ability, attitude
to mathematics and sex. For these reasons, caution should bé exercised
in peneralizing any findings from the present research to a wider

poprilation or interest. In particular, as the teachers involved
volunteered te use the play, it is possible that these teachers could
se atvpical ot the population of mathematics teachers in some respects.
Lo Use ot the Play
fhe thales plav was used in each ot the tour classes in the present

cample Jduring the Tast month of the 19/6 school vear. 1In each case, the
CPav was not produced on the stage but used in normal mathematics

i1 ds, with ditterent students reading aloud the dialogue for various
Caropeters oand with students acting out parts of the play where approp-

Cite. Althosen the project director intended his plavs to be actually

2N
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-~ produced on stage, the Thales play was simply used in regular

L4

mathematics classrooms because it was thought that the play would
yltimately be used by more mathematics teachers in this way than as a
more elaborate stage production. The fouir teachers involveéd in the
study devoted two or three forty-minute clags periods to the use of the - SR %

play. .

Prior to using the play in thé classroom, each teacher administered  ~ o
the test of affective and cognitive outcomes described in the next -
section. Teachers readministered the same test as a posttest soon after
completing use of the play. Moreover, teachers were instructed not to
teach the topic of similar triangles as a follow-up to the play unfil
after the posttesting was finished.™ This simple precaution was taken
so that, if any changes were observed in pupil understanding of the
topic of similar triangles, these changes could be attributed to the
experience of doing the play.rather than to some teaching on the
specific topic occurring between pretest and posttest.

3.4 Student Questionnaire

The questionnaire which was answered by the students, together
with scoring procedures, is shown fully in Appendix F. Appendix F
indicates that the first page of the questionnaire contains 14 Likert-
type attitude items whilst the second page contains five multiple—
choice items measuring cognitive achievement.

The attitude items in Appendix F fall into two distinct groups.
Tle first group, namely Items 2, 7, 10 and 13, measure four specific
pupil attitudes which could change during the time of use of the play.
The four specific attitudes are attitude to learning about the lives
of ancient mathematicians (Item 2), attitude to learning about the
history of mathematics (Item 7), attitude to the practical applications

‘of mathematics in daily life (Item 10), and attitude to including

mathematical plays in mathematics lessons (Item 13). Scores on these
four attitude items were not combined to form a meaningful total
score but, instead, were used as four distinct attitudinal criteria.

The sccend group of attitude items in Appendix F comprise a
10~item attitude to mathematics scale developed by Keeves (1974). A
student's total score is obtained by -summing scores obtained for
Ttems 1, 3, 4, 5, 6, 8, 9, 11, 12 and 14. While Kecves (1974)
reported an G reliability estimate of 0.83 when this scale was used
with a sample ot 140 Year 7 pupils In Canberra, the v coefficient for
the present sample ot 117 Year 9 students was tound to be 0,85 at
pretesting and 00548 at posttesting.

The reason for using Xeewes' attitude scale was not that it was
thought that pupils would underpo appreciable changes in general
attitude to mathemitics during the use ot a single plav., Rather, it
wis used to turnish data which would permit an investigation of the
ditferential effcctiveness o the play tor punils of differing attitudes
townrds matheratien,  This wheole issue of tho diiterentjal eftectiveness
of the play for difterent students will Torr sae basis ot discussion
in the next sevtion, It sheuld also be poi: Pont that, because of
the purposes to which the attitode to mathemati. s darta were put, o
single measurs - thia et b o bast e i Ty wonld have

] [
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sufficed. The attitude to mathematics items, however, were
administered at pretesting and posttesting for two reasons. Firstly,

- it proved convenient because it reduced the costs involved in printing
two separate questionnaires and because it simplified teachers’
instructions for administration by:having identical questionnaires on
the two occasions. Secondly, the intention of the four items measuring
specific attitudes relevant to the play was made a little less obvious
to pupils by interspersing these items with the 10 items measuring
general attitude to mathematics.

The five multiple-choice items in Appendix F measure areas of
cognitive achievement which could be expected to improve due to using
the play. While Item 1 measures knowledge of the approximate time when
Thales lived, Item 2 measures knowledge of Thales' birthplace, and
Items 3-5 each measure application of the concept of similar triangles.

3.5 Choice of Mediating Variables

It is quite possible that a given set of curriculum materials may
not be equally effective for all pupils but, instead, be differentially
effective for different pupils. For this reason, various writers have
advocated the inclusion of certain variables, termed mediating variables,
in curriculum evaluation research im order to permit the investigation
of differential curricular effectiveness for different sorts of
students (e.g., McKeachie, 1963; Cronbach, 1967). ‘

In the present study, three such mediating variables were
included. First, pupil general ability scores, obtained from school
records by participating teachers, were included. General ability was
considered a particularly important variable to include because the
project director's stated aim was to inculcate favourable attitudes
irrespective of student ability (see section 1.2). Second, pupil
general attitude to mathematics was measured with Keeves' (1974) scale
described in the previous section. Third, student sex was included
as a mediating variable because of the weight of evidence in the
literature indicating that boys can vary appreciably from girls in
mathematics achievement and attitudes towards mathematics (Turmer,
1971; Keeves, 1973; Fennema, 1974). The purpose of including these
three variables, then, was to permit an examination of the differential
effectiveness of the present play in promoting desirable changes on
the present affective and cognitive criteria {or pupils of different
general abilities, different attitudes towards mathematics and different
$eXeS,

6 Results s for Attitudinal Outcomes

Tabhle 9 shows, tor cvach of the four items measuring specific

attitudes related to the play, pretest means, posttest means, and

) results of t tests for dependent samples for changes occurring between
pretest and pesttest. These data are shown in Table 5 tevr the whole
sample of 117 students and separately for the sample stratified
according to student general ability, general mathematics attitude and
s¢x. Each pupil was classified as having either a high or a low level
ot general ability and either a high or a low level of general mathem-
atics attitude according to whether his or her scores were above or
below the total sample's median for general ability and general

ket



mathematics attitude, respectively. Using this procedure, it was found
that 52 pupils formed the high general ability group while 65 formed the
low general ability group, and that 56 pupils formed the high mathem-

atics attitude group while 61 formed the low mathematics attitude group.

The data for Item 2 in Table 5 indicate that a negligible change
occuvred during the use of the play in attitude to the statement that -
it would be a waste of time learning about.the lives of ancient
mathématicians. It was found that this small and nonsignificant change
for Item 2 occurred for the sample as a whole and for the sample
stratified according to each of the three variables of general ability,
mathematics attditude and sex.

For Item 7, it was found that the total sample experienced a
significant improvement (p<.05) between pretest and posttest in attitude
to the statement that learning about the history of mathematics would
be interesting. It was also found that a significant improvement on
Ltem 7 occurred for both the high and the low general ability group,
and for both the high and the low general mathematics attitude group.
When the sample was stratified according to sex, however, it was
found that the changes in attitude undergone on Item 7 differed markedly
for boys and girls. Whereas boys' changes in attitude on this item
were relatively small and nonsignificant, girls' changes were larger and
significant. This finding, then, suggests that the play was more
effective for girls than boys in promoting a favourable attitude to
learning some history of mathematics. This latter finding is partic-
ularly noteworthy because, as will be discussed in more detail in
Chapter 4, the Thales play contains only a small number of very minor
parts for girls.

Results for Item 10 in Table 5 indicate that a quite small and
nonsignificant change occurred for the whole sample in attitude to
the statement that mathematics has few practical applications to daily
life. This finding of a small and nonsignificant difference also
occurred for the sample stratified according to general ability,
mathematics attitude and sex.

Data for the last item in Table 5 indicate that the sample as a
whoele experienced a significant improvement between pretest and
posttest in attitude towards using mathematical plays in mathematics
lessons.  Moreover, when the sample was stratified according to
general mathematics attitude, it was found that the play proved
differentially effective for pupils of different general mathematics
attitude in promoting improved attitudes towards mathematical plays.
Whereas pupils with a higher level of general attitude towards
mathemat ics expericenced a4 significant improvement in their attitude
1. mathematical plays, students of lower general mathematics attitude
eroerienced a4 smaller and nonsignificant change in their attitude to

sathematical plays.  This finding, then, suggests that pupils who
atready have o more ravourable attitude to learning mathematics are
more likelv to cnjov asiny mathemat fval plave than pupils with less
caveurable att {tudes,

o sommary, 1t . e oseen troa tabte H ophat the rotal sample
experlenced a4 Ssipnut it improvement oo twe ot the foor specitic

it itude s me e Pl ot tern ot reag' e o e dnterpretod quite
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TABLE 5, Significance Teats for Differences between Pretest and Posttest
on each Attitude Item for the Whole Sample and for Subsamples

Stratified according to General Ability, Mathematics Attitude

and Sex

L

Means

i Item Sample Pre Post t
2, It would be a waste of time Whole sample 2,98 3.05 0.50 -
learning about the lives of .1 coneral ability 3,23 3,44 1,35
mathematicians who lived
a Low general ability 2,78 2,72 -0,38
thousands of years ago.
High math, attitude 3.32 3.54 1.57
Low math, attitude 2,67 2,61 -0,37
Boys 2,62 2,66 0,22
Girls 3,31 3,39 0.52
7. Learning about the history of Whole sample 2,61 3.00 3,93k
mathematics would be High general ability 2,88 3,33 2,02
g Low general ability 2,38 2,74 2,65%%
High math, attitude 3.04 3.48 3, 38k
Low math, attitude 2,21 2,56 2,30
Boys 2,22 2,49 1.97
Girls 2,95 3.45 3,49%%
10, Mathematlcs has few practical Whole sanple 3.57 3.69 1.47
. a
applications to daily life. High general ability 3,67 3,77  0.34
Low general ability 3.49 3.63 1.20
High math, attitude 3.87 4,02 1.21
Low math, attitude 3,30 3.39 0.36
Boys 3.62 3.95 1.07
Girls 3.35 3.47 1.00
13, 1 would enjoy mathematics Vihole sample 3,12 3,386 2,22%
lessons more if they included yyop ceneral ability 3,27 52 1,83
some plays related to S -
ea " Low general ability 3.12 3,25 1,32
mathematics,
High math, attitude 3.25 1,52 2,27
Low math, attitude 3,13 3, 2t 1.00
Boys 3.07 3,27 1.59
Girls 3,29 . 1,5

S, dop<,0l, e <, 001

Post test scores were lower than pretest scores

Scoring on this item has been reversed so thdt a higher score corresponds
to a more positive attitude
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favourably especially when it is remembered that the play only occupied
about two or three normal teaching periods. Moreover, it is of
interest to compare the magnitude of the changes occurring in the mean
score for these two items with the magnituds of those occurring for the =
general attitude to mathematics scale. It was found that the mean .
score on the whole 10-item general attitude to mathematics scale

changed only about 0.14 of a raw score point (or 0.014 points per item)

between pretest and posttest. Of course, this result 1is to be .
anticipated as a play occupying two or three class periods could not
be expected to have an appreciable impact on pupils' general attitude
to mathematics. These very small changes in means for items measuring
general attitude to mathematics, however, can be contrasted with the
changes in item means of 0.39 and 0.26 which occurred for the two
specific attitudes, namely those measured by Items 7 and 13 for which
significant improvements occurred between pretest and posttest.

3.7 Results for the Cognitive Outcomes

Whereas Table 5 summarized analyses for the four specific
attitudinal outcomes, Table 6 summarizes data from analogous analyses
performed for the five cognitive outcomes (which are measured by items
appearing on the second page of the questionnaire in Appendix F). It
should be pointed out, however, that the t tests used previously with
data for the attitude items, which were scored on a five-point scale,
are not applicable to the dichotomously scored multiple-choice
cognitive items. Instead, the statistical technique chosen for testing
the significance of differences between pretest and posttest perform-~
ance on the dichotomously scored cognitive items was a Z test for
correlated proportions. The original development of this 2 test has
been described by McNemar (1947), while its application in curriculum
evaluation studies has been discussed in more detail in Fraser (1973).

Table 6 shows, for each of the five cognitive criteria, the
number of students correct on the pretest, the number correct on the
posttest, and the results of the z tests for differences between
pretest and posttest performance. Furthermore, Lhis table displays
these data for the sample as a whole and separately for the sample
stratified according to pupil general ability, general attitude to
mathematics and sex.

The results in Table 6 for the first cognitive item, which
measures knowledge of the approximate time when Thales lived, indicate
that a significant improvement in performance on this item did occur
for the sample as a whule. Moreover, it was found that improvement on
this particular item did vary with pupil general ability, mathematics
attitude and sex. While the high general ability group, the high

wiathematics attitude group and boys experienced . significant increase
in performance on Item 1 between pretest and posttest, changes were
nonsignif feant for the low general ability group, the low mathematics

attitude proup and girls. This finding suggests that the play was more
successful in bringing about {mproved know!lodge of the time when Thales
Lived tor pupiis of high general abilitv, for pupily of high generai
attitude to mathematics and for boys.

The afm of the second ftem in Table 0 ' measure knowledye ot
Fiades' birthplace.  The data shown tor thie ton indic e that .
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significant improvement in performance betwéden pretest and posttest

did oceur for the sampla as a whole and for each subsample formed by
stratifying according to general ability, mathematics attitude and

sex. The present pattern of findings, therefore, suggest that the play
was successful in promoting an improvement in knowledge of Thales'
birthplace and that this improvement was independent of student general
ability, mathematics attitude and sex.

The pattern of results shown in Table 6 is very similar for Items
3, 4 'and 5, which each measure application of the concept of similar
triangles. It was found that differences between pretest and posttest
performance were nonsignificant both for the sample as a whole and for
each subsample formed by stratifying according to general ability,
mathematics attitude and sex. These results suggest that the use of
the play was ineffective in promoting the aim of applying the concept
of similar triangles. This finding that pupils actually experienced
little gain in their learning about similar triangles can be contrasted
with the data from the teacher survey (Table 1) which showed that
teachers tended to feel that the play would be effective in teaching
concepts related to similar triangles. It should also be emphasized
that, because many students in the present sample of Year 9 students
already had a reasonable understanding of the toplc of similar
triangles prior to using the play, the number getting Items 3 and 4
correct at pretesting was high and left little scope for improvement.
However, this was not the case for Item 5, and there was plenty of
scope for an improvement in performance on this item if the play were
effective.

It is interesting to contrast the results for the first two
cognitive items measuring simple historical knowledge with the last
three items measuring application of mathematical concepts. It was .
found (Table 6) that the sample as a whole experienced a significant
improvement on both of the items measuring simple historical knowledge
but underwent smaller and nonsignificant changes on all three items
measuring application of mathematical concepts. It would appear, then,
that the present use of the Thales play was more effective in promoting
improvement in historical knowledge than in promoting improvement in
mathematical achievement.

3.8 Discussion

This chapter has described an investigation of the changes in
affective and cognitive outcomes occurring among a sample of Year 9
students who used the Thales play. Although a number of interesting
findings emerged, results should be considered tentative for two
important reasons outlined below. Firstly, it has already been pointed
out in section 3.2 that the present sample, although representing a
wide cross-section of students along several dimensions, was still
fairly small, nonrandomly chosen and comprised of students whose
teachers had volunteered to use the play. Secondly, the method of
exploring differential curricular effectiveness in Table 5 by using
t tests on subsamples does not provide as rigorous a test as some
analysis of covariance techniques would. The latter technique, however,
wis considered unnecessarily sophisticated for the nature of the
present data and, at any rate, no technique analogous to analysis of
covariance is avallable for the dichotomously-scored data of Table 6.

34
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TABLE 6.

Significance Tests for Differences between Pretest and Posttest

on each Achievement Item for the Whole Sample and for Subsamples

Stratified According to Gener

and Sex

al Ability, Mathematics Attitude

Rt

Alm Measured by Item

Sample

Sample No. Correct

Size Pre Post —°
1. Knowledge of the approximate Whole sample 117 29 58  2,90%*
time when Thales lived. High genefal
ability 52 19 35 3.58%%%
Low general
ability 65 20 23 0.63
High math. att. 56 17 29  2.56%
Low math. att. 61 22 .29  1.53
Boys 55 19 30 2.29%
Girls 62 20 28 1.79
2. Knowledge of Thales' Whole sample 117 49 107  7.49%k%
birthplace. High general
ability 52 24 50 5.10%%%*
Low general
ability 65 25 57  5.49%k%
High math. att. 56 25 51  4.91%%%
Low math. att. 61 24 56 5.66%%%
Boys 55 20 51  5.57%%%
Girls 62 29 56  5.01%*x%
3. Application of the concept Whole sample 117 111 106 =-1.51
of similar triangles. High general
ability 52 52 49 1.73
Low general
ability 65 5Y 57 0.71
High math. att. 56 53 53 0.00
Low math. att. 6l 58 53 -1.89
Bovs 55 54 52 ~1.41
Girls 62 57 54 1.00

(Cont 'd.

e Xt

page)
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" TABLE 6. (Cont'd.
X :
Sample No. Correct
. Aim Measured by Item | Sample Size Pre Post z
4. Application of the concept Whole sample 117 107 108 0.45
of similar triangles. High general

ability 52 52 51 =1.00

Low general
ability 65 55 57 1.00
High math. att. 56 49 52 1.73
Low math. att. 61 58 56 ~1.41
Boys 55 55 53 -1.41
Girls 62 52 55 1.73
5. Application of the concept Whole sample 117 69 72 0.69

of éimilar triangles. High general
ability 52 40 38 0.63

Low general
ability 65 29 34 1.66
High math. att. 56 34 35 0.38
Low math. att. 61 35 37 0.58
Boys 55 43 45 0.58
Girls 62 26 27 0.38

* p.05, *%  p<.0l, k%% p< 001

}

Number of students correct on the posttest was smaller than the number
correct on the pretest.,




The analyses reported in this chapter revealed that the present
sample underwent significant changes on both affective and cognitive
_ outcomes during the time of using the Thales play. Of the four
e specific attitudes measured, significant improvements were found to
occur between pretest and posttest on two, namely attitude to learning
about the history of mathematics and attitude to using historical
plays. Significant changes were also found to occur on the two cognitive
items measuring knowledge of simple historical facts, namely the time
when Thales lived and Thales' hirthplace. However, differences between
pretest and posttest performance were nonsignificant for each of the
three cognitive items measuring application of the concept of similar
triangles. The present finding of significant differences on four out
of nine outcomes considered,which is about nine times the number expected
by chance, suggests that the Thales play did have an appreciable and
favourable impact on students.

This finding of several changes in students is particularly
noteworthy because an average of only two or three class periods was
devoted to the use of the play and because the study was conducted
during the last month of the school year when student morale could be
expected to have been relatively low.

Some evidence was also found to suggest that the Thales play was
differentially effective for different students. Girls, but not boys,
experienced a significant improvement in attitude to learning about
the history of mathematics. While students of higher general attitude
towards mathematics experienced a significant improvement in attitude
to using mathematical plays, students of lower general attitude
experienced a small and nonsignificant change. Improvement in pupil
knowledge of the time when Thales lived was significant for pupils of
higher general ability, higher general mathematics attitude and boys,
but was nonsignificant for pupils of lower general ability, lower
general mathematics attitude and girls.

Sl
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CHAPTER . 4

IMPRESSIONISTIC EVALUATION

4.1 Introduction

The previous two chapters have described parts of the present
evaluative study which involved a fairly structured examination of a
limited range of materials. In fact, Chapter 2 described a survey of
teacher opinion about the Thales play and the conics article wlile
Chapter 3 described changes in cognitive and affective outcomes
experienced by pupils using the Thales play. In contrast to previous
chapters, this chapter is devoted to a more impressionistic evaluation
of a broader variety of aspects and range of materials.

One source of impressionistic evaluative information was a group
of five experts - a historian of mathematics, two mathematics educators

and two drama critics =~ who provided their views about the Thales play, .

the conics article, or both. Each of the exports was left free to
comment on any aspect of the material they wished rather than being
requested to respond to specific questions. Nevertheless, each expert
was specifically requested to provide opinions about the overall
efficacy and usefulness of the materials (summative evaluation) and to
identify any specific weaknesses which might be improved in any future
rewritten versions of the materials (formative evaluation).

4,2 E@Byessions of a Historian of Mathematics

Appendix G contains the impressions of the Thales play and the
conics article provided by a historian of mathematics, namely Dr John
Pottage of the Department of History and Philosophy of Science at the
University of Melbourne. While the reader is encouraged to read the
illuminating comments in Appendix G in full, some salient points are
listed below.

ihe following overall comments were made about the play and

article,
ihe plav is considered valuable and should be published
tor school use after modification.
The conics article is not considered valuable because it
is historically misleading and because of the confusing
juxtaposition of mathemat ic¢s and Greek myths.
i bove comments are particularly interesting because they are
corsistent with the tinding from the survey of teacher opinion
(Chapter 2) which o indicated that teachers tended <o view the Thales
piav more favoarablyv than the conies article,
The tllowine specific eriticisms were made of the Thales play.
Applic it ns o the method o wimilar triangies can be
tound in bistorieal records which pre-date tbe time ot

Thales bv centuries,

28
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. The assertion that Thales was exactly 60 years éld in
640 B.C. is more precise than present historical knowledge
permits.

. Thales' method of measuring the height of a pyramid would
not work if Thales' shadow were a half or a third of his
height because, then, the pyramid would throw no shadow at
all owing to its shape. :

. Measuring a ship's distance out to sea using a five foot
staff may not be any more accurate than an experienced
look=-out's estimate.

. Greeks of this period did not measure angles in "degrees"
as suggested in the play.

In addition to modifications suggested by the above comments, other
positive suggestions were to

. include a few historical notes (disclaimers) with the
play so that the reader wouldn't take everything too
literally.

. add suggestions about possible discussion and field
work which the teacher could conduct after the play had
been used.

4.3 Impressions of Two Mathematics Educators

Appendix H contains a statement of impressions of the Thales
play and the conics article provided by two mathematics educators
responsible for the training of mathematics teachers in two different
universities. The first opinion in Appendix H was obtained from Mr
Ken Clements of the Faculty of Education at Monash University while
the second opinion came from Mr Brian Low of the School of Education
at Macquarie University. Some of the saljient comments from Appendix H
are summarized below.

Both mathematics educators contended that the Thales
play was more worthwhile than the conics article. (This
is consistent with discussion in section 4.2)

A booklet containing numerous mathematical plays would
be valuable.

The idea of bringing the history of mathematics into
the classroom is laudatory.

The conics article is suitable mainly for studenrts who
Already have a favourable attitude to mathemati.

The Thales play may be mcre suitable for use as a
{ollow-up to work on similar triangles than as an
introduction to the topi-.

In-service education would be needed before teachers
could put the materials to optimum use.

kg
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4.4 Impressions of Two Drama Critics

Appendix I contains the impressions of the Thales play solicited
from two drama critics from the School of Education at Macquarie
University. The first statement in Appendix I was made by Ms Sandra
Alexander, who is involved in media education, and the gsecond statement
was made by Mrs Nel George, who is responsible for the training of
English teachers. Some of the comments contained in Appendix I are

summarized below.

. Both drama critics considered that the Thales play had
a number of positive dramatic qualities including its
dialogue, settings and movement.

. The play is useful for integrating subject areas.

. The cast is large enough to involve a sizeable
proportion of a class.

. The play would be re. -tively easy to produce.

. There is a lack of parts for girls.

4.5 Teachers' Impressions

The main source of teachers' impressions of the Thales play and
conics article .ere responses to some open-ended questions contained
in the questionnaires used in the survey described in Chapter 2, It
can be seen from Appendices D and E that Item 9 and the last item in
each questionnaire are open-ended questions designed to solicit
teachers' impressions. The following comments made by teachers on the
open-ended questions were virtually identical to experts' comments
discussed in sections 4.2 - 4.4.

It is impossible to distinguish history and myth in
the conics article.

There are too few femal parts in the Thales play.

Some of the other interesting comments made by teachers on the
open-ended items are listed below.

The play should be modified to make it suitable for use
in the classroom rather than on stage.

1
The play reéquires some explicit directions to actors
for demonstrating the method of measuring distances of
ships out to sea.

The play would be useful for motivating students but
not for teaching some mathematics.

The play would give students of low mathematical ability
a chance to really participate in some mathematics lessons.

There is a need for this sort of article, but the conics
article is not very well wrictten.

The article is too condensed and contains too wany ideas
and characters.

The article doesn't make it really clear how conics were
used to solve the Delian problem.

s ¥y
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The four teachers who .actually used the Thales play in their
classrooms for the part of the evaluation study ‘described in Chapter 3
were able to provide insightful reactions to the play. In general,
these four teachers were in agreement that the .play .,

. was favourably received by students.

. could be used éffectively in the classroom, without
the need for.a time-consuming stage production.

4.6 Project Director's Impressions’

In any innovative project, the role played by the project director
1s crucial in determining the nature and success of the project. Also,
in the evaluation of an innovative project, the impressions of the i
project director himself constitute a most valuable source of evaluative
information. For this reason, the project director was asked to
provide a statement of his impressions. Some salient points from the
project director's statement, which is fully reproduced in Appendix J,
are summarized below. '

. Some real interest has been shown in the project, as
evidenced by numerous invitations to the project director
to talk at in-service or association me¢ ings of mathem-
atics teachers, and an invitation to contribute to a
Victorian magazine, Pursuit.

The video equipment purchased with Schools Commission
funds provided considerable motivation to the project
director in his total endeavour, and provided a useful
medium of dissemination at mathematics teachers' meetings.

The project director is seriously disappointed at his
lack of opportunity to see his plays produced on stage.
(Evidence reported in section 4.5, however, suggests
that these piays could be profitably used in a less
¢lavorate way in mathematics classes.)

The project director is aware that his materials may
contain some historically inaccurate ideas. (This is
consistent with the historian of mathematics' comments
in secticn 4.2.)

The project director is aware that the level of present-
ation and editing, ot some of his materials needs
improving., (This is consistent with previous evidence,
varticularly section 4,5,)

The project director teels o serious sense of isolation
b experiences g redl o Jdesive tor e Yok and
caoenntructive criticiam,
s Lot comment, which retiects the project director's desire tor
oedboe v emphasives one of the major merits ot an anpment od
e slustion Vike the present one, noaddition te providing cvaluative
tnt st o for other teachers Tikelv to use the materials, a major
parose satystded duriog the present evaluation has bheen to provide
tlact Wit ol enceuragement to the project drres o and o ealieot
Strg. ;o Tob s e e magteer ool
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4.7 Evaluation of Dissemination

't was pointed out in section 1.5 that the present materials have
the potential of being useful in a wide range of schools around
Australia. Consequently, the dissemination of the materials is both
an important aspect of the project and an issue which warrants mention
in this evaluation report.

So far, three avenues of dissemination have been employed. Firstly,
varinsus articles have been published in state (but not national)
teachevs' journals (see Appendix A). Secondly, the project director has
spoken at :merous teacher in-service and mathematics associations
meatings. Thirdly, the Teachers' Resources Centre has published some
aag~rials (.1d will publish more in the future) based on the project
w.irector's work.

While “ne above description clearly indicates that a subsgtantial
amount of dissemination has already taken place, it is likely that even
wider disseminition might have been achieved. For example, the use of
naticna® instead of state journals would have enabled more teachers to
be . wached. This issue of dissemination, which is clearly an important
one. wil! be reconsidered in the last chapter where certain recomm-
endat fons about future dissemination activities will be made.

4.8 Othor Tvaiuay.ve Information

Wht'~> the previous sections have dealt specifically with the
impressions of a histosian of mathematics, mathematics educators,
drama crit; s, teacher» and the project director, the points below
summarize v other evaiuative information which was uncovered in the
present stucy but has not yet been described in the report.

The Thales plav was produced on stage at St. Ives High
Sehsul, with high ability Year 9 pupils acting the parts
hot-ove .. large sudience of students from various classes
in t.ae school. 3Several salient comments were made by the
mathesatics teachers involved: first, the students
performing tue parts had a rewarding experience; second,
pupils in the audience werwc generally disinterested:
third, the large amount of time and effort involved in
nroducing the play on stage was considered excessive for
the benefits ahieved.

The editor of The Australian Mathesat 1es Teacher  saw o

ai the present articles and considered That it was limited
in uscetulness because of the hsena o o specific soapestion.
Shoent wavs in which the teacher ceuid use the articie in
Sathematics Crasses,

fo o b rmen 0 the Mothemed os Foaan ot fommlitee of the

Gepartraent oo Eduacottoon renert ot bt the shide:
fare cresentation UThe History o Condst b been

1

cati bt iasd gt Mameroaas i oselb Ve Gttt Vi s dnat o owild

Conlnide danie approval oo Lo et

S L eenn . ctinment put il ensd with o cine T 0 e B
ot et asetnio el rev osrding o tre st vl Ve taeee Bees
High Seneol's nnual mathemat ven sk bocamp et Jrradabyvn

Saitienit Fitness Centre,
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+ Other staff members teaching various subjects at Vaucluse
Boys High School have sought the project director's advice
on how to make effective use of video equipment in their
teaching, '

4.9 Summary : .

This chapter has been devoted mainly to reporting the impressions
held by various people towards the present innovative project. In
particular, discussion focussed on opiniong expressed by a historian
of mathematics, mathematics educators, drama critics, various mathem-
atics teachers and the project director himself. In contrast to the
present chapter, Chapter 2 described a survey of teacher opinion about
some of the materials while Chapter 3 described an investigation of
changes in affective and cognitive outcomes experienced by students
during the use of the Thales play. In the following chapter, the
evaluative information described in Chapters 2-4 will be briefly
sumnarized to form the basis for drawing conclusions and making
recommendations.
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CHAPTER 5

SUMMARY AND IMPLICATIONS

5.1 1Introduction

This last chapter covers three areas. Firstly, salient aspects
from previous chapters will be summarized. Secondly, problems
encountered in attempting to interpret findings of the study will be
discussed. Thirdly, suggestions will be made for future modification,
development and dissemination of project materials.

5.2 Summary of Previous Chapters

It is not possible tu adequately summarize a report of this size
in a few paragraphs and, therefore, the reader is urged to return to
relevant parts of the report for clarification of the brief statements
below. Chapter 1 provided a description of the innovative project,
emphasized that the project was atypical of many Schools Commission
Innovations Program projects in that a major orientation was to
produce products that would be useful in a wide range of schools, and
provided a justification for deciding to study a limited range of
materials (namely the Thales play and the conics article) intensively.
Chapter 2 described a survey of teacher opinion about the Thales play
and the conics article; in particular a comparison was made between
opinions about the play and opinions about the article, and between
experiehced teachers' opinions and trainee teachers' opinions. Chapter 3
described the use of the Thales play with Year 9 students, a study of
changes in affective and cognitive outcomes experienced by pupils using
the play, and an investigation of the effectiveness of the play for
oupils of varying general ability, general attitude to mathematics and
sex. Chapter 4 was devoted to impressionistic evaluation and described
the opinions held about the materials by various people including a
historian of mathematics, two mathematics educators, two drama critics,
teachers and the project director himself.

Salient findings from the previous chapters are summarized below.

A very tavourable opinfon ot the play, but an appreciably
ivus favourable opinion of the article, was expressed in
‘he teacher survey (scetion 2.4), by a historian of

I

wathertics (section 4.2) and by two mathematics educators
Faect e 4.3,

Cratiee teachers! opinions or toe play were mole tavourable
chan experienced teachers' opinrons, but cpintons about the
it e were fairly comparable tor trafnee and experienced
et sy tion Joh

et was considered T hiave e oSt fve Jdramat 1

IR TR IV S AN (gection 4,457,

woe nsed the Thadee pioy aoxperienced g sienit loant
Cptovenent n oatUitude toodedarning bistory ol mat hemat .00
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attitude to using historical plays, knowledge of the
approximate time when Thales lived, and knowledge of
Thales' birthplace (sections 3.6 and 3.7).

Pupils experienced small, nonsignificant changes on

three items measuring application of the concept of

similar triangles (section 3.7). A possible explanation
for this is that. the exposition of similar triangles in the
play may not be clear (section 4.2).

Evidence was found to suggest that the play was differen-~
tially effective for different students: girls experienced
a greater ‘improvement in attitude to learning history of
mathematics; pupils of more favourable general attitude to
mathematics experienced a greater improvement in attitude
to using mathematical plays; and improvement in pupil
knowledge of the time when Thales lived was greater for
pupils of higher general ability, pupils of higher general
attitude to mathematics,and girls.

A major educational merit of the play and article 1is
that teachers perceived them as neither readily available
elsewhere nor able to be written by the average teacher
(section 2.4).

The play was considered to be useful for integrating
mathematics with other subjects like Ancient History and
English (sections 2.5 and 4.4).

Teachers tended to be worried that the use of the play
would require excessive time and capabilities not possessed
by mathematics teachers (section 2.4). It is suggested,
however, that these worries could be largely overcome if
the play were used in normal mathematics classes rather
than in a full-scale stage production.

Specific faults in the article were perceived to be that

it involved too many characters and ldeas, lacked a list of
references and was not clearly related to the topic of
conics (sections 2.5 and 4.5).

I'he juxtapousition of myth and mathematics in the article
was considered of dubious value (sections 4.2 and 4.5).

It was thought that the amount of mathematics contained

in the plav and articie was relatively smal: (section 4.5).
A historian of mathematics found 4 number ot historica
faaccuracies in the play and article. Wihile historical
arcuracy is cvertalnly desirable, Dittrich has contended
that materials contalndng histoervicog oo aray te- maw a2t

have educational merit:

Teachers with only amareur interest o this aspoedct

ot mathematics - philosonhy and history - will jJumbic

facta, repeat gossip, and miss or micsrepresent trend..;
nevertheless, thev can genevate flirst -rats enthusiagues
I oexcite atwtent e Voor st band r ooy 0w it
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only to correct the teachers' misconceptions : ‘
(Dittrich, 1973, p. 35). ‘

. There is a lack of female parts in the play (sectiomns
b4 and 405). ’

. There 1s a need for plays and articles to be accompanied

by suggestiong for the way teachers can use the materials
and provide £6llow-up activities (sections 4.2 and 4.8).

5.3 Problems in Interpreting Findings

While the previous section included a summary of the actual
findings from the present research, discussion in this gec¢tion will be
devoted to various problems involved in attempting a straightforward
interpretation of these findings. In discussing curriculum evaluation
research, Tawney has commented that '

(n)ewcomers to the area are led to expect objective

techniques which will lead to unquestioned judgements

... (Tawney, 1976, p. 34).

In the present study, although a lot of valuable feedback on strengths
and weaknesses of the materials has been gathered, a simple unquestioned
judgement about the materials certainly cannot be made. Also, in
interpreting findings from the present study, it should be emphasizer
that the range of evaluative aspects considered was only a small sample
of the whole domain of relevant aspects. The importance of interpreting
particular evaluations against a backdrop consisting of all relevant
evaluative aspects has been pointed out by Forehand:

A study that purports to evaluate a curriculum ... is
doomed to be judged inadequate by comparison with all
relevant studies that might have been done ... (E)valuation
efforts can be made more effective by ... a comparison of
what it is doing with what it might be doing (Forehand,
1971, pp. 577-578).

Some caution in generalizing findings is also needed because the
present samples of teachers, students and schools were relatively small
and nonrandomly chosen. Ideally, the findings from the present
investigation should be checked in further replication studies before
more confidence is placed in the results. Nevertheless, the presant
sample included a wide range of tecachers and students and, in order to
make the present study useful to educators, it 1s recommended that
tentat ive conclusions be drawn while awaiting replication studies.

-4 Recommendat ions

It was pointed out previously that, altbough the periond ot
Sohools Commission funding has already terminated for the present project,
the project director continues to be actively engaged in modifying and
xtending his materials.  Some supgestions, derived from findings of
the present evaluatfon studv, which may ansist the project director in
Iiis future etforts are listed below.

rn
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. More effort in the immediate future should be devoted to
modifying and consolidating past work than to embarking
on new ventures. '

i

. Where possible, opinions on preliminary versions of .
materials be sought from people with expertise in
editing, history of mathematics and drama before
completing the final versions. .

. A greater proportion of the time spent on the project
be devoted to plays, both in modifying existing ones
and develuping new ones.

. Plays should be adapted so that they are suitable for
use in the classroom as well as on the stage.

. More female parts should be included in the plays. ¢

. Future articles should have an approach which is
different_.from past articles in that there is less
juataposiiion of myth and mathematics, that the number
of ideas and characters in a single article be limited,
and that a list of source references be provided.

. Some guidance be given to teachers about possible ways
of incorporating articles and plays into their teaching,
and about possible follow-up discussions and activities
for the plays and articles.

The other recommendations to be made here involve the dissemination
of materials. Evidence accrued in this evaluation has indicated the
potential usefulness of some of the present project materials in other
schools around Australia. An important future concerm of the project
director, then, should be with the dissemination of his materials.

Some suggestions for dissemination are given below.

. The project director should continue his association
with the N.S.W. Department of Education Mathematics
Equipment Committee as this provides both a production
outlet (Teachers' Resources Centre) and access to
other teachers on the committee and to editorial and
technical assistance.

An attempt should be made to¢ publish important articles
in national instead of state mathemat ics teadchers!
journals. (This, however, would regquire arr iwproved

guality of presentation.)

The project divector should continue fo speak at

in-service and teachers' associatfon meet ings wher
possible.  However, in order to make these o maximan
asetulness, the project director should divensas with
varioie poople how te conld best precent Bl mat eyl
Some avenue tor maring the scripts ot plave Cind Tading
thee o et tace o v hbeotarer v i iabte b
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should be sought. Suggestions include attempting
to publish a small booklet of plays, or approaching
the editor of a national journal for mathematics
teachers.

. The project director might find it profitable to solicit
the help of other interested persons so that developing,
modifying and editing materials could become a team
effort.

5.5 Conclusion

The main purpose of this chapter has been to summarize salient
findings from the present evaluation study and, based on these findings,
make recommendations for future modification, extension and dissemin~-
ation of the project materials. Some of the problems involved in
interpreting findings from the evaluation study were also considered,’
and it was stressed that the present findings should be considered
somewhat tentative until more evidence about the effectiveness of the
present materials has accrued.

»
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APPENDIX A

LIST oF PROJECT MATERIALS

PLAYS:
l. Pythagoras
2. Thales of Miletus

3. Archimedes of Syracuse

ARTICLES:

1. The history of conics. Pivot, 3(1), 1976; The genesis of conics.
A Mathematics Bulletin, No. 25, 1976.

2. Dido and the founding of Carthage - A history of the quadratic
equation and maxima. A Mathematics Bulletin, No. 25, 1976.

3. Eratosthenes of Cyrene. A Mathematics Bulletin, (in press)

SLIDE-TAPE PRESENTATIONS:

1. The History of Conics (published, together with teachers' notes,
by the Teachers' Resources Centre).

2. Other slide-tape presentations on Eratosthenes, Thales, Fythagoras,
Archimedes and Fibonacci are in various stages of preparation.

VIDEOTAPLS:

1. Students in the project dlrector's mathematics classes have made
videotapes of one-act plays about discoveries in mathematics.

o The use of video equipment in recording one-act plavs has been
desceribed in the tollowing article written by the project
lirector: Filming and the use of motivational video {ilm.
Vimeulum, Noo 5, 1975, A Mathemat {cs Bulletin, Noo 26, 1976,

OTHER MATHRIALS:

I. A portrait and biography tor cach of 10 wathemar f« fans re (o
preparation ind under consideration b e Mathemat Lo Foguipmerg
Committee for recommendation 1or pubTio oo iy aagh 1

Teachera' Reaources Centre.
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Photographs hdve been taken of the four Platonic solids at the
Mining Museum and of Australian aboriginal pertroglyphs. It is
intended that these photographs be used in conjunction with
materials to be written later on the history of geometric solids
and aboriginal mathematics, respectively.

A series of journal articles have been written which describe the
innovative project in toto and various suggestions for incorpor-
ating history of mathematics into teaching. These journal articles
are listed below.

. Encouragement and innovations, Vinculum, September, 1975.

with a little encouragement, Teacher Feedback, September, 1976.

The classroom as a teaching aid, Vinculum, October, 1975;
A Mathematics Bulletin, No. 24, 1975.

High interest level mathematics activities camps, A Mathematics
Bulletin, No. 24, 1975.

Around the world mathematical tours, Vinculum, May, 1976; A
Mathematics Bulletin, No. 26, 1976.

The history of mathematics in the classroom - Teaching
strategies, Vinculum, September, 1976.

Estimating time, Pivot, 3(3), 1976.
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ACTORS IN THE PLAY

Thales (In his maturity) : .
Anaximander (His pupil and companion)

Merchant (Eager to trade, frighfened of war, yet still sager for
business)
First Egyptian Priest: Nuiserra .

Second Egyptian Priest: Manetho
Third Egyptian Priest: Zoser
Narrator

Soldier 1

Soldier 2

Pirate Leader

Servant

Egyptians

Dancing Girls, Wrestlers, Acrobats *
Guide

Guards, Crowds

ENTER NARRATOR DRESSED AS AN ANCIENT GREEK

NARRATOR: This is the story of Thales of Miletus, A simple msn, and a
gentleman, he was given the title of "One of the seven wise men of Greece".
The year in which this play occurs is 540 B.C, The places, Miletus snd
Egypt. Come with me now and look at the civilised world in which Thales
lived. Civilised? - Perhaps! It was much the same as today - peopled by
men and women of destiny, whose sole ambition was to become great at the
expense of others, There were wars, revolutions and innocent people

dying, but there was progress also because some people were progressive and
contributed to the quality of 1life,

Thales, the Founder of Modern Mathematics, was such a man,

Think back to the golden days of Miletus, Here we are at the busy port
where merchants are busily selling their goods for profit, and clever men
‘rying to buy these goods for next to nothing with other peoples' money,
so that everyone can make a profit - that's right - that's business.

I have sald e¢nough. Curtains, Let the play begin,

- SCFNE 1 =

SME SURNE TARE S PYACE AT THE DOCKS AT A PORT AT MILETUS AROUND 540 B,C.
ok BAURCRUOND THERD ARE FISHING NETS, OARS AND SALL, THERE IS A
CONSTAID MOVEMENT OF PLOPLE, MERCHANTS INSPECTING MERCHANDISE, AND HAGGLING
CVER PRIVES ATLOR. RFPAIRING NETS, FISHERMEN WITH THEIR CATCHES, AND THE
OCCS TONAL SOLDILR PATROLING THE WATERFRONT,

N ERONT CTAGE THERE ARE SOME CRATES; ONE IS OPENED AND ITS CONTENTS ARE
B DL DNAMILED BY W) MEN, THALFS AND A MERCHANT, THALES 1Is AN ALERT AND
WTUDVEY OMAN OF SIRTY.,  THE MIRCHANT IS PORTLY AND DIGWIFIED AND KEEN TO SUCCEED
0HD BESTNGS, TRANSACTIONS WITH THALES, THALES IS EXAMINING AN OIL PRESS.

54
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‘'HALES: These oil presses look solid enough.

MERCHANT: (Slaps the press as he makes his point) Solid? Iron hard! There's
vears of life in these presses, They'll crush all the olives picked here in
Miletus, ... but you only want to rent them from me for one season?

THALES: That's right, one season. These all you've got?
MLRCHANT: All .., In fact all in Miletus. )

THALES: (Smiles) Good ... I'll rent the lot for one season, provided of
course that the price i{s fair,

MERCHANT: You know, it took me a long time to find all these presses,
THALES: Hm ..., yes, I'm sure it did,

MERCHANT: To gather and carry all of them took my sons considerable effort,
and then there.are my expenses, hm ,,, let's say thirty five gold pieces,
‘watches Thales for a moment) 1It's a fair price, I could mot do it for less.

THALES: (Quiet for a moment as he contemplates) Ham ...
MERCHANT: 1It's the best I can do.
THALES: Wwell then, I'll take them,

¢
MERCHANT: (He smiles and holds out his arm for the traditional arm clasp,
binding an agreement) 1It's a deal then,

THALES: A deal,

MFRCHANT: I can't help wondering ...

"HALES: Wondering? About what?

MLRCHANT:  What are you going to do with them all?

iHALES: What do you think I am going to do with many oil presses? Make
mency, what else?

“EELCHAND:  well, 1've been trying to make money for a long time, but with
" - yreat success. (Lisplays his clothes) Look at me!

"HALES: It's all inithe mind ..., it's your attitude,
M*RCHANT:  Are you very rich?

‘nALL ¢ ot really.

MPPOANT D WHell, what happened to your attitude?

“HALb-: Nothirg, I haven't tried it yet. 1It's my first time in ' usiness,
Theve's more to life than money of course, why there's .,. (Coutinues
taleing seftly with noise, shouts and alarms, outside.)

VUACITMANTE R, THALES® pUPIL, RUSHES IN,

CUUTMAN RN Maw the geds help us!  The port {5 Lelng attacked (1. the sea,
Laaome ot pun, ~ this way,
' A ouotne deal, the deal fr, we haven't signed anyvihia,, ver . Tf
' o tere sir, Just elong the ..
Wt st owe booqlee )
Sy e SRty tnn er vonr life!
P Dagvpr )
' 0T ey ¢ thie it LI S '
: L vodve
tgp 20 oo 1res e oy vt DN S !
~ 5, fe t o, l e : twr g
v of
o WL f tute fuine vao thin wiipey,
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SOLDIERS RUSH IN.

SOLDIER l: Arm yourselves, _We're being attacked by Samian pirates.

MERCHANT: (Inches over to the crates) I've some mew arms in the crates
here. Swords, shields, helmets., Here, grab them,

THALES: And will I have to pay for their use afterwards?

ANAXIMANDER: Please Thales, tun, Don't joke about this.

MERCHANT: We'll discuss the price after ... if we're still aldve,

THALES: It will be a pleasure, But why was the garrison not alerted before this?
ANAXIMANDER: 1've no idea., Let's runm. '

SOLDIER 2:(Rushes in herding a group of people before him) To the citadel!
Leave everything and run for your lives:

THALES: But surely you could see them coming?

MERCHANT: There are lots of ships passimg our port every day, Ve can't have
a garrison rushing out at full alert every time they see a ship. Even if we
could, there's no telling how far out to sea they are, There is no way by
which we can tell the distance of a ship out to sea, 1f we could gauge the
distance, then ships coming too close could be watched, and if its intention
were hostile ample warning could be givea,

SOLGIER 1: Come or sir, pick up your arms amd join the men defending the square.
ANAXIMANDER: He's a visitor to the city.

SOLDIER l: I don't think the Samians wiil be interested in introductions, si«.
THALES: But Samos is a beautiful island, surely not worthy of pirates,

GOLDIFR 1: These Samians are renegades, or act so. Their booty probably
supplies the trcasury though ... Fight back to back, it's the safest way.

ANAXIMANDFR: Thank you but 1 told you we're not fighting. (Shouting while
running away with Thales) We're visitors,

©IKATE LEADER: (Rushing on) So are we! (Fighting follows)

END OF SCENE
- SCENE 2 -
Pt oL In b BACKCROUND AxE THF PYRAMIDS, A TABLE IS IN THE FOREGROUND
wiiil Bh1400 . LOVERED CHALRG.  SLAVES STAND AROUND,
FroER . St CARRIEL ON CHAIRS
i . o sen..  of the priests) Just help me to get out of this
ctited t toe austyurens,  {(The siaves t.ch over to pull him out aud ralk
Cieowe: ¢t a otar where they sit himodown)  let me have some water,
Cip i Lt e had. A pewter cup of water is put in it) My back is polscned
tiat - .. e not wish Lo poison myvosysiem, too, Do youl work, taster,
e C via.. . wmav, b ocal 't beat to Yook ot them a moment longer.
S
TR MRS TRPS SV
N LT A VRL oLt e wate b Uimeoanneys
L B N ¥ A B VAT U T NS RE T have atlee s
e wamely. Now o wlere b tRis wenderoud
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ENTER PRIEST 3, CARRIED ON A CHAIR.
ZOSER: Sorry 1'm late - have I missed anything? ,,, Ah! There ...
ENTER THALES, ANAXIMANDERy. AND A GUIDE,

GUIDE: (Bowing low) Your Holineés. the Miletian Thales'and his man,

THALES: (Bowing) And his student, Anaximander, I am deeply honoured that
you can Spare me your precious time,

NUISSERA: Your reputation preceeded you. Stories of your wisdom have come
to our ears. We are curious.

MANETHO: Our land is old, The pyramids there are over two and a half
thousand years old,

ZOSER: And our history and knowledge is recorded in writins We have been
doing that for over three thousand years, '

MANETHO: Do you have anything to add to this great store of knowledge?

THALES: I come from a little city with hardly any history at all, and
certainly not recorded like yours, I am curious and want to learn, but where

1 come from there are very few written scrolls or people of knowledge to read
them, So I must look at the world around me and the heavens above and observe,

ZOSER: You must feel very deprived,
MANETHO: And this is why you've come to us, To learn. How very nice of you.
THALES: Thank you, but I've also come to do some business, I sell oil,

NUISERRA: A merchant? How is it that one of the seven wise men must earn
money like a common merchant?

ANAXIMANDER: With respect, Your Holiness, Thales is a merchant, but not a
common one,

NUISERRA: I did not mean to be rude, young man. When we are born, the gods
decide the number of days in our lives. Each day is like a precious jewel and
not to be thrown away. Unfortunately we who are old and count our remaining
days know this only too well, What Imeant about Thales was for a man of his
genius, the quest for wealth is a useless exercise in greed, unworthy and
most surprising,

THALES: It Is true that our days are numbered and I try to enjoy every one,

I like to meet people and understand their life styles, I love my physical
luxuries. I love to travel, see wondrous things and meet wise men, such as
vourselves., But how can a poor Miletian afford all of this? In Miletus there
are few opportunities to better ouneself except by selling one's services to
sorreone of great wealth, 1 did so; 1 sold my services to King Croesus of
lyddia, and these he used for war. No thank vou, I prefer to be self-employed.

Z0FR:  And how are you self-employed?

THAIES: As an oil merchant, Last year I opserved that Mileius was going to
have & record olive crop, so T rented all the available oil presses, The
farmers whe wanted te press their olives for oil had to cure to me for presses.
I rented the presses to the tarners tor a higher prics and made my money, I
have also bought wmuch of therr oil and an reselling it now throuphout the
crvilised world,

MANETHO: Tt sounds very simple,

NUISTREAT )y oad fdeas sound simple, Mypeito o 07 e s T e oY hgye
e teomeel vou,  halesy ard net v le,en, AN Yoappeear atnee ot
oo by and s licity relie s s e Lengoae T (SRS R TE ST SEN S AT

Seoscobt o that D Yane o comv Lo sen,
i v ot t ' | A TSR 1t ; ' ‘ 4
oot e [ ! SN It IS N
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THALES: Please, Anaximsnder ... *

NUISERRA: Look behind you, Thales, look at our pyramids, They were built
over two and a half thousand years ago by oux ancestors ... two and a half
thousand years ago. How high do you think thay ave?

THALES: About the same length as one hundred and sixty paces.
NUISERRA: A good guess ... better still, how wuld you measure them exactly?
ANAXIMANDER: He's trying to discredit you.

THALES: Are you asking me for a simple method of measuring the height, or
do you also want me to measure the height heih~ngp now?

MANETHO: I suppose you want men and equipment to measure the height.
THALES: 1It's a simple method you want, isn't it?

NUISERRA: Show us how you would Go it, for mo man has ever measured the
height since they were built,

THALES: I need only a man and some wooden pegs.
7Z0SER: (To Manetho) Do you really think he can measure the height?

“ANETHO: Not a chance, No one has ever answered the problem, The physical
effort to measure the pyramid is just too great. The arrogant and conceited
always meet defeat with this question. Let's watch him squirm, :

THALES: Now you shall see how I would do ite Hm ... (Zoser and Manetho
smile at each other and settle in their chairs, comfortably as if expecting
a long wait, Anaximander looks expectantly at Thales)

THALES: Sorry ... sorry for the delay. 1'l1 just make myself comfortable
on the ground, like this, (Stretches himself out) Anaximander ...

ANAXIMANDER: (Puzzled but eager to do whatever Thales asks hin)‘ Yes, Thales,
right here. (whispers) "Are you all right?

THALES: Yes, of course. Just do Hhai I ask you, Mark out the length of my
body. Put one peg here at my head and the other at my feet, Have you done it?
That's right, thank you. Now help me up,

NUISERRA: Will you explain what you are doing, Thales?

THALFS: Certainly. Mv student just marked out the length of my body on the
sround, Sece between these two pegs. Now if I stand here, right where my head
was, and the sun casts a shadowof my body the same length on the ground, then
the shadow of the pyramid is the same length as its height ... See?

Z0SIR:  What's that you're saying?

TUALLS: 1'1) explain again, Tt's really very simple ... I lie down in the
cand thus ... and my body makes an impressiom equal to my length, Now I
stard up ... 01 Joodness sake, Anaximandcr, help me stand up ... Now I stand
up near where my head was, here, When my shadow, caused by the sum, is the
sane lenoth as mv body impression in the sand (Points to sun and points to

and as e avs Ui wards), then the shadow of the pviamid is the same length
an oats leigh: - riohit, Ho - don't answer. So all we have to do is to wait
fo1 ry sitadow to be the same iength as my body lmpression and, at the same
time, measuie the pvranid's shadow taken trom the cenire of 1ts ~ide, Right?
Ahae it it ciae seile)  Rightg
ALY e e, s anpted tiian,ie - b aldrs oy o1 aboent thee pgeht ang e
e roast il ol talt tiaangit Laere is,
A I 5
' test, Th:le
Liple,
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ANAXIMANDER: Providing you have time to wait,

NUI%ERRA: Time, time yes ,,, Thales, I'!ll get some of my servants to measure
the height of the pyramid, Let us go back to the house and you join me in
a cool glass of wine,

THALES: Thank you, we'll join you,
2 PRIESTS STAND, WALK TO THEIR CHAIRS AND ARE CARRIED AWAY

THALES: Oh, have you a guide? Anaximander womld like to stay and see the
sights for a longer time.

ZOSER: I will show him personally {f he would like. The pupil of such a
clever man,

END OF SCENE

- SCENE 3 -

HOME OF NUISERRA, SPLENDID, WELL-LIT COURTYARD, WITH MURALS, SCULPTURE,
PAPYRUS IN GREAT CLUSTERS AROUND A FOUNTAIN, IN THE CENTRE ARE TWO LOW
CHALIRS COVERED IN RICH FABRIC, WITH A VERY LOW TABLE BETWEEN THEM,

IN COMES A CHAIR BEARING NUISERRA, FOLLOWED BY ONE BEARING THALES
THALES: You have rather an effictent transport service, don't you? In

Miletus we have to walk everywhere,

LUISERRA: Yes, but these bearers are new, The last team I had were Nubian
and very experienced, This lot gives rather a bumpy ride,

THALES: (Rubbing his back) Yes, a bit bumpy. But surely all these riches ,..
Aren't they the possessions of the greedy and umworthy?

NUISERRA: I suppose I was rather unjust with that statement and 1 am sorry,
To show my apology I must beg you to stay tonight.

THALES: But what about Anaximander?
NUISERRA: I can send a servant to your lodgings and have him brought here also.
THALES: Then, in that case, I would be greatly honoured to stay,

NUISERKA: Good, Now, how about that glass of wine I promised you? (Claps
his hands - enter slave ) Some refreshments for my guest and myself, {(Slave
bows low and leaves) They should not be long.

THALES: Ah., Good. I have had a long morning without refreshment,

NUISERRA: By the way, my personal congratulations as to the solving of our
riddle, The measuring of the pyramids is a problem that suine of the greatest
minds o1 our civilised world have been unable to solve.

THALES:  Thank vou. By the way, is there somewhere T mav go to wash?

WU{SERRA: I should have thought of {t earlier, (Claps his hands - slave
earers) water for mv guest to wash, (slave returns, Thales washes, then
tire wine is laid out with fruit, biscuits, nuts and swectmeats)

LAlks: lids is net refreshment, this is a barquet!
NUTUFRRA: O o oare impressed.
oAbt 0 it e daszzled to be dpreaced. This wine v T et roatag
TR v Whae o ovou dne cn dn Miletus, Thales?
"Halt o Cwa ) ear g dwdt by el to thia oar waphr g - ¢ Vosy edoald
s wakes, wioe Lt elfves, I Yave safd tefare w I i e ople in
Miletus,
NUTSEREA:  cho, L0 et ey et e be v T v SRS

Tar oot i higrds
1 ' teor K . 1 CE R
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- SCENE & -

THE WATERFRONT AT MILETUS. COLOUR AND ACTIVITY = ON THE LEFT FRONT STAGE
SOLDIERS ARE ASSEMBLING A CATAPULT, IN THE FOREGROUND, THALES 1S TALKING
TO ANAXIMANDER, THEY ARE LOOKING DOWN AT THE HARBOUR AND SHIPS,

ANAXIMANDER: How time paSses quickly! Why it was only two years since we
were in Egypt. You have grown very wealthy since then, You are suxely
almost as rich as King Croeseus,

THALES: Perhaps 1 am, But I have been away from Miletus for far too long.
It is surely worthwhile to visit other cultures, but I have almost forgotten
my business and the problems of Miletus,

ANAXIMANDER: Since you have become one of the biggest ship owners and traders
in our civilised world you certainly cannot afford to forget the problems of
Mitetus, Sir, the pirates still attack and plunder our ports., Our people
will not go to sea, they are too afraid, Surely, sir, you had forgotten this
when you ordered your men to buy all the ships they could manage; Sir, why

do you buy all these ships? '

THAIES: Because the owners are selling cheaply, of course! What better
time to buy? Surely, Anaximander, you would have learned that by now?

ANAXIMANDER: Perhaps - but is that the only reason you have bought those
ships?
THALFS: Mo, of course not. The point is that as long as my business is

expanding and I have to rely on shipping more and more, then I may as well
own my fleet. What better time is there to buy ships?

AMAYXIMANDER: But what of the pirates? How are you going to survive their
attacks?

[;ialFie 1've thought about it, Just look down there, Can you see what
the soldiers are dolng?

A“AXNIMANDER: They're positioning great catapults and other defences on the
whiatves,

THAIYW:  That's right, They're confident that they can get them to work
betore the pirates arrive, I've shown the garrison how to be able to tell
how tar a ship is out to sea, The garrison will be able to tell if a ship
1+ sailing too clewe to the shore, and {f they look suspicious, man the
catapults and knock holes in the ships, sinking them,

ANALIMANDFR: 1 expect you are thinking that 1'll ask you how you did 1t?

“H4alks:  oh no.s  I'tn sure you will come to the same simple sclution to the
rrotles gy D odid,

AN MY IMATe S s cdndtles sheepishly) You knuw 1 can't, Tell me how you did it.
Feev o can't osoive such a hard problem ... simply,
EAlEe b jicve o it s simpie,  About four divs ago I stood on the beach
ver there w.tohides a rerchant-man sail nast, 1 had my walking staff in my
Coase o, e ot aew and ggain tor walkiog L., 0 oam not as voung as [ used
e et ottt ostuck in o the s f, gt t waro iy that ship sall by,
' s the cpoof vy ostaff, dike thi, thenanstrates) On the
: "here w-es another sk (Gioon. o at the pround and finds
‘ Co coucited tre chirn g ever the stats md lived it oup with
: T, bW ac g it vy rich aneled triangle,
A S TURE S S S I O EENE st b nde by the stidk befng
€. St alatae fa.es re base ootoe statf ot the ship s the
s . PRI L
. S SRS Corl et measute the
e - v [ DT g e ke i alate e
1 et
R R UL ot b tie st ook hels
B Tt o a1 o e heacty, Postild
’ R o I R R covosrid tow
A ¢ B .v.?._ . PR . RO (1._.|:H.
S . A s oienl o edge o
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right angled triangle. The distance from the base to the ship is then
measured when I turn around and face the whole triangle away from the sea

to the beach, I can easily measure the distance on the beach by just pacing
it out, Now what do you think? e

ANAXIMANDER: Simple, (Stiles)

ALARMS -~ SOLDIERS RUSH ACROSS THE STAGE

THALES: Our pirate friends again, I think they will get a surprise very
soon when they find an armed guard from the city waiting for the pirates
swimming ashore from their sunken ships,

MORE SOLDIERS MARCH ACROSS THE STAGE

THALES: Naturally I hirzed a carpenter and had him make hinged staves of my
own design with an angle measuring device. I also hired two scribes who
made up the distance tahles for every degree, These are now being sold to
all who need them: the ships' captains, garrisons, generals, and so on,

ANAXIMANDER: Just like that! (Wanders away while Thales gets warmed to
his subject)

THALES: I've been thinking. I make one triangle out to sea and then turn
it around to land, 1If I draw this (demonstrates on a board), I can see
that two triangles are exactly alike ,,, If they have one side and two
angles respectively equal ,., and see the whole triangle is isosceles,
Look, two equal sides. Do you know, I think I've just discovered something
else, that the base angles of the isosceles triangle are equal. -Now, what
do vou think of that?

ANAXIMANDER: (Makes a face) Exciting!

THE SOUND OF CHEERING AND MARCHING. FNTER SOLDIERS DRAGGING PIRATES AFTER
THEM, HEY STOP FGR A MOMENT,

PIRATE: (To Anaximander) Hail, we meet you again. Remember the last time?
ANAYIMANDFR: Of course, we were both visitors then ,,.

THALES: And this time you can be our guest for as long as we like, We insist,

GUARD: Yes, we insist that you be our guest ,,, (Pruds with his sword)
Come on, Let's entertain you,

THALE:": tome, Anaximander: we have rmoere wertk to do also,

CURTAIN
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THE GENESIS OF CONICS

ROLF GRUNSEIT, Vaucluse Boys High School

INTRODUCTION

Students often ask their mathematics teachers haw a certiin concept was discovered  More often
than nol the teacher cannot snswer the question, does ol sce the relevance uf it, and so ignores one of
the most interesting and human aspects of mathematics.

In sume cises a most unhkely beginning Jevelops into s niathemattical challenge, the solution of
which leads to the discovery of new concepts

The duphcation or doubling of the cube reyuired a method 1y be found for determiming the ¢ 2
Several methods were forthcoming with the most exciting and the most clepant from Menaechmus, a
contemporary of Plato.  The only mstiunients alfowed were the compass and straight edge

Mengechmuy invented enmics to solve the problem 1 have pieced together the 1wo stories of the
duphcation of the cube, both from mythology and from history. They certuniy make tasanating telfing

Copied for research purposes by R
Macquarie University, trom A Math
No. Jh, 19/ 6,

Fraser and A, Keop,
1o~ Bulletan,
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STORIES FROM MATHEMATICS—Ti Discovery OF (ONiCS

When & small boy chased & mouse across a palace courtyard around 1500 a.c., this singhe act set
In motion a scries of events, one of which led to the discovery of conics, that is the mathematics of the
oone.

The palace courtyard belonged to the King of Knossos, Minus, on the island of Crete. Knossus
was . wealthy and very powerful kingdom, with beuutiful buildings, puinted walls and magnificent
sculptures.  Minos, the King, encouraged pified urtists, musicians and poets to come and entertmin and
to enrich it.  In 1lus way Knossos becume a preat centre of learmng and culture and today thuse times

Jure remembered and recorded as the Minoan avilization or Culture after King Mines,

K nosses b attracted Dacdalus, the lependary sculptor and greatest critfisman and imentor of
those Limies.  Dhaedalus was burn i Athens where he became s greatest seulptor  So hterke were his
figures that people believed Tie was endowed with magical powers  He spent all lus time pertecting his
tadents and enjoyed the gloty that comes wath fame.

Hiy sister had i sen, Cales, a most pifted artist Calos had been taught by the finest teachers m
Athens, and now he was ready o be taught those finshing touches by the master himsell  tus Uncle
Daedalus.

Daed lus waithingly windertouk the teaching of Calos, and very quickly came to reahize that here was
u more pifled artnt thin limscll.  He eahized that soon he would be sccond bes to Calos, 8 fact that he
couldn’t face  in 4 ht of blind jealousy. he murdered Calos,

Horrified hy his erime, Daedatus hid 1n the outskirts of Athens.  In the meantime the Areopagus
or council, sentenced him 1o death for marder, and Daedalus, on the run, disguised himself and fled 10
K nosscrs

King Minos welcomed Daedatus to hus court, and encouraged hum 1o create greal works of art.
Fhe more he worhed, the happier he became, and the greater were s fame and rewards.  He soon became
a familiar figure 2 conrt where a great many of his crentiona were (0 be seen. 1t scemed ut lust that his
troubles wore over, amd that he could hve a happy hife.

Unfortunaely for Doedalus. Queen Pasiphae, wife of Minos, observing & magnificent white bull
in the King's pastures. desired (0 e with this beautiful ammal, yet each ume she approached 11, 1t kept
an grazmg and noved away  Wishing whe with the animal, Pasiphae enlinied the aid of Dacdalus, who
wilh Ty ancredibie skill moade 2 hoflow woeden cow or the Queen to dlip into.  In this way she was able
to be with her bekoved ammal

Lime went by and one day she gave birth to 0 monster  the Mimataar, half man and hail bull
Mot anhing teoanger the pods by ki ongat, the Ring deaded (o heep the mousteran a spevitl compound
He ferved i).u-.i.«lus to design and oo struct the labyrinth, a grest muze where the nionsicr was resred,
The top of the labynnth was cosered with huge paving stones and becaime part of the palace grounds

Yeoos pot sed and the King and his soife had other chiddren One was a bnight young bov numed
Gy He was an nguisitive Jutd. who losed to explore all the mysterious dark areas around the
e and i e way, whilst plaving over the lahyninth chasimg a mouse thut he hed nouced, he had an
weerdent One of 1he huge pasing stones had shipped, feaving a gap large cnough for a smali boy ta shp
touph € anons young Gl unus peered in and to s Joy noticed that just helow were greal eaithenaare
Ly uned by the hitchien to store honey  He teached towards the nearest jar o dip in his hand, when
weddeniy the Large paving stone on which he rested thied. sending tum hurihng headtong into the stored
homy Fhe pavang stone sanng back anto place covenng the gap thirouph wha hoyoung Glauaus feil

1 aier that evemnp shen the fammly assembled for the eveming megl, Paviphae noticed that Glaucus
w0 search was epamzcd San there was na e of the by The seach lenpihened mte days

arnd gl no trace of Glawous

ncdbosperatn n Moy snd Pasaph e sent adelegation 1o Dedphie o ask the oradle there for puidanee
Vhe Pyihincss ie the obn it was catled ansaered the query m tht form of a4 ndidle She mformed them
D bt cnnt b gty accte gt anzm s event which had ne oceateed i Crete wouald tad
whiy Lyt t Mo me ey msdde g s nad derned it Bieder gl Liod veceatiy boen
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born, and 1t hat the smazing abdity 10 change its colouring from white 1o red and from red Lo black
eversday  Minos on heanng this, summoned his soothsdayers and posed the question to them

“Think of gr apt desoniptian, g winude, to desenibe the s changimg colour,” he demanded
They all tried but at was Polveidus, the Argive. who gave the best answer  He described the calf as
resembling a Gipe mulberiy, white af blossonung, npeming to red and then turning black

Minas hnew that the corret answer had been gaven, and he therefore ordered Polverdus to search
and tnd Glaucss Polvardus began to search the Labsninthn Palace without suceess Almaost desparring
he carie upam an owl, st at the entrance of o celbar tnghtemng awav a4 swarm of bees with the fippog
of ity wings  Polverdus took thee we anonien Beliow an the cetlar stoaod the great jars of honey. uner
which tesied she Teose prony stone fniening the cella and se.odhing the jars of honey, he found
Ghliucay drowiered mone of tiess, bead downwards

Gend cin b by the Biwoneny AMios Gonsalted with the precss o Caretes fhen adveee e e
Won beomcke Petooalos eatess Glancus toote Hoatied by thie ronab Commpe b Patve e sephea e
the ch be owas skbat v mediame, e was capable of restonmg Tl e o dead bady sigho s the preat
A%k]l:u\ (SR

el bl bk von ey e et with Gl o o abe tommb s and chere sou sho s rean, oo
unfest voo testere b bk o bite”

The Kene o then orderet 3 mapeeert cabocal fornl to be Bat o When o0 aas s
mapested b el ot ded w ot w o hie saw Bewas o st ceitamt s e i K el e
to be huned nan-d e cemomanded that g new tonb be gl

CEoawvant the aew peambe e tacne the size ot o e’

|

The R o rge s s then st sieas s cghondare the sbaae sty o The new one-

Hoareraed g ease tisk o bnst g g new Banbea bt Towas Lo o0 pnt e et

The wise men councilled and decided to send a delegation to the istand of Delos, where an or:
gave her pronouncements from the temple of Apollo.  Delos was one of the legendary frthplaces of
Apolla, son of Zeus  Apolla was worshipped as bemg the prevenier and curer of 4l physical dliness el
and moral decadence  Nu one was wilowed ta siay overmight on the tsland, since a posaihle death weutd
defile the holy sanctuaty  The temple of Apollo contained a larper than hife statue of the pvad wil o
Wtar the shape of a wobe. standing an front of 1 The Athenuans sonpht the orade’s helpaed Lo
proneuncement was o pose the problem that the archreas of Kme Mios Bad fofed besolve He oo
buld a cube double the volume of g piven cube  The orade told the Athomany that thes aecd o bt
cubical ahtar double the volume of Apollivs present altar

The Athennn . wed bach sothowbon they thought was s mpte st MWleenn D abin was e 1

e volume was nut doable the volume ol Apolhes altar ar Debos Meantime the phaver - tmeed
Suime misguded architedt s believed that by doultimg the dimensions of each side b the wivn the el
wauld alsa be doubled, bat what 1 actialh i was o gncrease the volume erghthond

Yoears passed et the plague tan s B0 Goarse fenimye belond e wobe the Soad e e 0
and the sorrowmg  The problem of how to danble 1 cabe ramoned 10 was nes pven e faee it
CEhhan nebifem

Faemtual™ sevoragd roadhemoapnns sohood the ln-l""..l tee e Moengvchimuy o who oo e !
SEc produced twe solutions Mengechmus was o papel of teth Plato and Budesre T g

the o salutions he mvented the cone secniany

When coone vt by s phaes the slios ob ihe sootnet poadoced coalte e et nee

ot sttt of amnh et Bhere e B sl cones sectns feasibie the andde the el the
pranaln’ 1 and the bypeibalg

Ao hves thoas e e Ve b e binawnn teohgse o ders o oo tean ey e

of e e used e Bvies of veres toproduce B ceme sev s bt cone Bad o d e ae

anple i acun anvle @ neht angle and an obtose angle  Fre canes acre then cut oy plie st
Vs Beet Gl B an ettt e, proeahede gid o bapertboi et ey
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The Parabola. The apical angle of the cone equals 90°.
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}. | APPENDIX D

! QUESTIONNAIRE ABOUT THE PLAY ‘THALES OR MILETUS'

SChoolo ...........0...........0.............‘....0...0.0..

.. .
i Please complete this questionnaire and return it to B, Fraser and A. Koop at
Macquarie University by November 19, ., )
o AIMS SATISFIED BY THE PLAY : . e

Indicate with a TICK whether you think that this play would be VERY USEFUL,
USEFUL or NOT USEFUL in satisfying each of the following aims.

Very Not
useful Useful useful
. 1. Arousing student interest before teaching the topic
of similar triangles
2. Teaching some history of mathematics
3. Teaching some important concepts related to similax
triangles
4, Humanizing mathematics
5. Showing that mathematics has practical applications
6. Providing an awareness of the value of mathematics
to society ' : :
7. . Providing an appreciation of ancient civilization
§. Promoting a better attitude towards mathematics .

3. List any other aims which you think might be satisfied by this play.

STUDENTS CATERED FOR BY THE PLAY

Indicate with & TICK whether you think the play would be VERY USEFUL, USEFUL or
KOT USEFUL for the following groups of students,

uli?il Lseful usggzl

1C.  Year ostotents of low ability ] '
P, Yeu: o ostudents of high ebility
Lo, Yeur 9 <tudents ot iow ability
1 . tear b ocradents o0 high ability
P, sear B ostudents of low abllicy

Year of cuden oy oot Nigh ability
Py, osrnden o were g ,enct o attitude towards sathematics
. ande sy v g attrtide vowatds aathemstios o T
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18,
19.

20,

2,

22.

23,

24.

25,

26,

MISCELLANEOUS

fhdleats With @ TICR whether you STRONGLY AGRER, AGRER, DIS
DISAGREE with each of the following statements about the play,

Agi;; or STRONGLY

i

trongly
agree

Agree

Disagree

Strongly
disagree

Most students would find the material
interesting.

The amount of time taken up if the
materials were used in the classroom
would not be excessive,

The use of the materials requires only
knowledge and skills which mathematics
teachegs already have,

Material like this is not readily availablg
elsevhere,

The avgrage mathematics teacher would not
be able to write material like this
himself,

The play cbuld be used profitably in the
classroom without the need for a stage,
costumes, etc.

The play would be very su}fable for use
near the end of the school year.

The play would be useful for integrating
Mathematics with other subjects like
English or Ancient History,

I would use a play like this in my own
mathematics classes,

[
LY

\
27, Please provide any further comments, reactions or criticisms aboyt this play.

CHTE
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r APPENDIX E

QUES&TONNAIRE ABOUT THE ARTICLE ‘THE GENESIS OF conics'

SCh001 noooon-nonoonoonooooooooooooooooooooooooooo.oooooooooo‘

3

Please‘complete this questlonn;ire,and retuta it to B, Fraser and A, Koop at

Macquarie University by November 19.
AIMS SATISFIED BY THE ARTICLE

Indicate with a TICK whether ydu think that this article woul
USEFUL or NOT USEFUL in satisfying each of the following aims

e VERY USEFUL,

Very
useful

Useful

Rot
useful

1. Arousing student interest before teaching the topic
of conics

<

2. Teaching some history of mathematics

3, Teaching sofie important concepts related to conics

4. Hume~izing mathematics

5. Showing that mathematics has practical applications

6, Providing an awareness of the value of‘-athgmatics
to soclety -

7. Providing an appreciation of ancient civilizati

g, Promoting a better attitude towards mathemati

9, List any other aims which you think might be satisfied by this article.

LY
.

©oopnTe CATHRED FOR BY THE ARTICLE

“neicate with a TICK whetner you think the article would be V

.. U.FFVL fur the following groups of students.
Yen: O ostudents ot low ability
Veor 0o ostuadents ol Wipgh ablility
Ve - students o low ability
S U 7S CRSIEIL S EE L abiltity
Tl .. Yl ostudetits o 1w ahiility
Ve o T1osrasle s st Lok ability
R T T S Prode Lowar-ds matie el i
e it e Lt aeardy st catias
RED)

ERY USEFUL, USEFUL or

Very Not
useful Useful useful
-—
-
i S

-
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s

" DISAGREE with aach ot ei'e,

20,

21,

22,
23,

24,

25,
26,
27,
28,

29,

Indicate with a TICK whether {nu STRONGLY AGREE,

%aﬁ~ lafzﬁgout students would find the material

‘eresting,

The amount of time taken up {f the
materials were used in the classroom
would not be excessive.

The use of the materials requires only
knowledge and skills which mathen-
atics teachers already have,

Material like this is Dot readily
available elsewhere,

The average mathematics teacher would
Dot be able to write material like-
this himself,

The number of different characters and
ideas is not too large for an article
of this size,

An article like this does not need a
list of references,

The story related in this article is
clearly relevant to the topic of
conics,

The mathematics on pages 32-36 is
clearly relevant to the rest of the
articleo

This article would be suitable for
direct student yse in mathematics
projects, .

I would use an article like this in
planning my own mathematics lessons,

Strongly
agree

Agree Disagree

Strongly
disagres

Please provide any further coments, reactions or criticisms to this article,
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* APPENDIX F

STUDENT QUESTIONNAIRE ABOUT THE THALES PLAY

oy
-

Scoring Procedure for the Student Questionnaire

Attitude items: The 14 attitude items on the first page of the
questionnaire are scored on a five-point scale. For Items 1, 3, 6, 7,
g, 11 and 13, responses SA, A, N, D, SD are scored 5, 4, 3, 2, 1,
respectively. For Items 2, 4, 5, 8, 10, 12 and 14, responses

SA, A, N, D, SD are scored 1, 2, 3, 4, 5, respectively. Omitted or
invalidly answered items are scored 3. Items 2, 7, 10, 13 measure
specific attitudes related to the play, and scores on these items
cannot be summed to obtain a meaningful total. Scores on Items 1, 3,
4, 5, 6, 8, 9, 11, 12 and 14 are summed to form a general attitude to
mathematics score. '

Cognitive items: The five cognitive items on the second page of the
student questionnaire are multiple-choice items which are scored 1

for the keyed response and 0 for all others. The keyed responses for
these five items, in order, are C, D, B, B, A. Scores on these items
cannot be added to form a meaningful total.




STUDLNT QUESTIONNAIRE

Name:

-~ gehooly

Boy/Girl:

Dlrections

Give your opinion about each statement on this page by drawing a circle
@

'

around

- SA 1f you STRONGLY AGREE with the atatement.
A 1if you AGREE with the statement,

N if you are NOT SURE.

D 1if you DISAGREE with the statement,

D

SD {if you STRONGLY DISAGREE witn the statement,

Be sure to give an answer for all statements. If you change your mind
about an answer, just cross it out and circle another one.

1, I like mathematics lessons more than any other
lessons. SA A N

2, It would be a waste of time learning about the
lives of mathematicians who lived thousands
of years ago, 7 SA A N

3. I like to try to solve mathematical puzzles
and problems, SA A N

4., I think mathematics {s a dull and uninteresting
subject. SA A N

5. Outside the classroom, I don't like to think
about mathematics, SA A N

6. 1 like to make up sums and problems and do
them at home, SA A N

7. Learning about the history of mathematics would
be interesting. SA A N

H., I don't like mathematics because the examples
are too hard and make me think, SA A N

9. Mathematics is one of the most interesting
subjects, and I want to do as much mathematics

as possible, A A N
10, Mathematics has few practical applications to

daily life. GA A N
11, Mathematics is a mos! important subject and

more tite should be given to it at schooi, CA A N
12, 1 aislike mathematics and will do as little

mat} cmatics as pousible at school. A A N
1Y, I would ernjoy mathematics lessons more {if theyv

Included some plays reiated te rathematics, TA A N

Ta, Mathematics s a dlifriznals soviert which T

doti't eatoy, 2 A A

Ce

D

SD

SD

SD

SD

SD

SD

SD

S$D

D

]

et
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g Directions
For each question on this page, draw a circle around the letter (A, B, C, D or -E) e
corveaponding to the One corrast aniwer; If you ¢hings your ming sbout en 4
answer, cross it out and circle another letter, ’

Show any working you do in the space provided.

[
AT ..-..........-..........'..
» ¢

\
Working space
1. The mathematician Thales lived about

100 years ago.
1,000 years ado. -
2,000 years ago.
3,000 years ago.

T O W >

Q;OOO‘years ago.

2., Thales was born in
A Egypt.
B Samos,.
C Minos,
D Miletus.

3. A flag pole makes a shadow 100 centimetres
long. At the same time, a man who is
170 centimetres tall makes a shadow 170
centimetres long. The height of the flag
pole is

A 85 centimetres.
100 centimetres, )
135 centimetres. .

170 centimetres.

&
m o 0O w

340 centimetres.

4. A man of height 180 centimetres makes a
shadow 90 centimetres long. At the same
time, a tree of height 16 metres would
make 3 shadow

A 4 metres long.

. B % metres long.

—~

> 1u metres long.
D 90 metres lorg,

E 150 metres long.

. A tower is o) merves high and makes a
- Cacaw JO0 mutres long, How high is o
bhoildins which would make a shadow
.+ metres long at the same time?

’ A 0 metres
L0 ometres
¢y ometres

It 0 metlres

Q . lud retre
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APPENDIX 6

IMPRESSIONS OF A HISTORIAN MATHEMATICS e

*W*w-sommente<o£ Dr John Pottage, Department of History and Phtioq_g;y of - *’*%f%ﬁ%%

Science, University of Melbourne

\
Thales Play

Perhaps the first thing to be mentioned 1is the dubious nature of the
source material. Neugebauer went so far as to write that
"the traditional stories of discoveries made by Thales or

Pythagoras must be regarded as totally unhistorical.

Thales, for example, is credited with having discovered

that the area of a circle 1s divided into two equal parts

by a diameter. This story clearly reflects the attitude of

a much more advanced period when it had become clear that

facts of this type require a proof before they can be

utilized for subsequent theorems ..." etc. etc. (Exact

Sciences in Antiquity, 2nd ed. p. 148)
The latest short account of Thales is in the fine Dictionary of
Scientific Biography, of which about 13 volumes have so far appeared.
Here the dates of Thales are briefly discussed and the best estimates
are given as 625 (?) and 547 (?). So the assertion that Thales was
60 in 540 B.C. iu too precise (page 1 of play). For Dating of the
Pyramids, see I. E. S. Edwards, The Pyramids of Egypt; for dating in
general, gsee Sir Alan Gardiner, _gypt of the Pharaohs.

Most importantly, some reconsideration of the two applications of
similar triangles is in order. If Thales' shadow were a half or a
third as long as Thales is high, the pyramid would cast no shadow
owing to its shape. Even when the shadow is equal to the height
(except perhaps twice in a year) the situation would be as indicated
below in plan, so that the passage from measurement to deduced height
would be much more complicated than is suggested in the play. As for
the distance of the ships being equal to a measurable distance along
the beach (need to keep both base lines horizontal), a five foot staff
of uncertain perpendicularity would be a quite unsuitable basis for
any more reliable data than any experienced look-out might reasonably
be expectad to supply by looking out to sea. At least Thales could
stress how important it is to keep the staff vertical, and perhaps his
"angle measuring device'" instead of being on sale "to all who need
them" could have taken the form of a look-out tower 40 feet (say) above
the water, then the angle of depression might not unreasonably be used
as an indicator of the distance out to sea. Of course, the turning
through a right-angle to sight out a measurable distance along the
beach would only be necessary in connection with the graduation of the

{nstrumernt. N

\Th ilow




So-Grask aver-ined - degreue ">
‘survives, until well into the g X

Apollonius still used fractions of a right anglé to specify eaven very
small angles. And, of course, the suggestion that any scale of angles
would need to entér as intermediaries is quite unnecessary (and _
“ﬁiéfﬁfically“ﬁiélé&dtng)3~*Thn*nnturalwthinseuuuld~be~nmrk~theflgnmw“wa;; -
directly in distances. Needless to say, no precise information :
survives, ag to what methods were used; but the application of eimilar
- or of congruent triangles. pre-dates even the most primitive
"¢rigonometry" by many centuries. Even some of the problems in the
Rhind Papyrus show an application of what amounts. to the method of s
similar triangles - and in connection with heights of pyramids too,
though not in connection with shadows. But that is another story.

1f Mr. Grunseit is prepared to work a little more on his script it
should be worth publishing for school use. Possibly he could include
a few historical notes (disclaimers!) so that his readers won't take
.. him too literally. Possibly also some questions for discussion
concerning the practicality of the applications of similar triangles,
or some suggestions for field work by students.

The Conics Article

You ‘ask for a comment on the value of this as something "which teachers
could use as a basis for preparing lessons in mathematics".

Answer: I'm afraid it has no value as it stands. The slight mathem-
atical content is just too misleading. If "the only instruments
allowed were the compass and the straight edge" what is the poor reader
to make of the method of Menaechmus, which one presumes is being
presented here as a brilliant method (as it was)? The final page with
modi:rn graphs, even to the cartesian equations (!), is disturbing to
anyone interested in the history of the subject. The generator of a
cone should not be referred to as an "edge" (p. 31). For Apollonius
(not Appolonius), the Dictionary of Scientific Blography, should be
consulted. The dates as given on p. 31 are sheer guess work on
someone's part.

The Greek myths may well have a place in secondary (as well as primary
and indeed tertiary education) - they might have a greater value than
mathematics - but the combination, I should say, juxtaposition, of
myth and mathematics, as in this contribution helps nobody.
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Comments of Mr Ken Clements, Faculty of Education, Monash University %

My wife and I acted out the Thales play tonight. Actually my gut
reaction is that Grunseit's work is very creative, and could add
interest and variety to secondary mathematics classrooms. There would
need to be a fair bit of associated in-gervice education, but this
woﬂ*d probably be easily arranged.

The Thales play is more interesting and would be more likely to
succeed in the classroom than the "Discovery of Conics' story.

I applaud the idea of bringing history into mathematics - the kids
would be richer for having it, In my opinion Grunseit's efforts
deserve: every encouragement.

What I would like to see is a small booklet (perhaps 80 pages) with
quite a few little plays such as the one ou Thales.

Comments of Mr Brian Low, School of Education, Macquarie University

My thoughts on the Thales play are recorded below.

1. The play appears to be interesting in a purely dramatic sense.

2. 1 would see it as very useful in arousing interest in the history
of mathematics, and the applications of mathematics in earlier
civilizations.

3. I don't think it is very useful as an advance organizer for
similar triangles work - rather as an interesting follow-up to
the work. 1 hold this opinion because some of the concepts
introduced by the play are a little obscure for Year 8 or Year 9
students who have had no experience of similar triangles.

4. Provided the medlum of plays is not overdone (i.e., placed in a
large number of content areas), 1 think this play would promote a
much better attitude to mathematics,

5. 1t is an-interesting way of ghowing some simple practical applic-
ations of mathematics.

6. Overall, 1 think the pliv is very useful. T eculd not {ecommend
any lmprovements,

Say
* ‘4
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1.

2.

1 am not impressed as much by this article as by the play. 1 an
not sure that the majosity of children would find it ‘fascinating

___ or terribly interesting, .

.

Perhaps it could be used’to arouse student interest before teaching

conics, but I do not see it as applying to the majority of
students - probably only the better omes or the 'kinky' ones.

For those students interested in the article I think it would
promote a better attitude to mathematics. '

This article has more import for the teaching of history of
mathematics than has the play. If it is important to teach the .
history of mathematics then this probably goes some way towards
achieving the objective. : .

Overall, I am not as impressed by this article as by the play.
Perhaps it is the medium more than the content which disappoints
me. I think it is most applicable to better students who already
have a better attitude to mathematics. '




APPENDIX I

Impggssxows oF Two DrAMA CRITICS

o

Comments of Ms Sandra Alexandéf¥, School of Education, Macquarie University
t

The Thales play is a creditable attempt to present to students the
discovery of some basic mathematical concepts in a historical and social
setting. The discoveries are presented as a response to the needs of
the societies among which the mathematician Thales moved.,

I make no comment on the mathematical or historical accuracy of the play,
but only upon its suitability as drama for lower secondary school
students.

To recommend it, the play has the virtue of incorporating material from
a number of different subject areas, and thus could be included in
programs of study emphasizing integration of subject areas. It has quite
a large cast, and provision for numerous extras, so that all students in
a class could be actively involved in the performance and rehearsals.

It contains a fair measure of action and movement, difficult to
accomplish in a play designed to convey abstract concepts. The settings
are colourful and exotic, but reasonably easy to accomplish within the
usual constraints of school drama production - the odd sheet, potted
palm and decorated chair are readily available, although a backdrop of
the pyramids might prove expensive or difficult in some circumstances.

A production would otherwise present few problems of stage mechanics.

My first criticism is that the c'.aracters and their inter-relationships
are very sketchily developed. 1In particular, the relationship between
Thales and Anaximander does not evolve as it surely would have done given
the changes of time and circumstances between the second and third
scenes. The addition of some numour would also make the play more
attractive.

The play provides no major parts for girls, indeced, no speaking parts

at all. Their presence is acknowledged only by the suggestion that
'dancing girls' might perform at one point in the action. The history
and archeology of Egypt attest to the fact that some women held”
positions of considerable power and influence, and the inclusion of some
female speaking parts is surely not an outrageous demand in a play
apparently intended tor producticn in coeducational schools.,

A further, more specitic concern 1 have is that the intormation
explaining the mathematics concepts is presented in somewhat
indigestible lumps. This ~ould be overcome by havirg another charactel
(Anaximander?) elicit the explanations from Thales in quest fon and

answer dialogue. This would be more easily comprehensible to children
watching the plav than are the present long speeches,

A1l my critfctsm~ could he answered wlthout major changes to the

gt ructure of the piay, and I would supeest that the author consult an
experivnced drama cditor o cive g Tiaal torm ot neton iatly valuable
educat fonal innovation,

tr
foe




‘Comments of Mrs Nel George, School of fducation, Macquarié Unjvarsity - -7 -

The Thales play has a number of positive dramatic qualities: -

T

With the exception of the very long conversation on page 4
(which could possibly be enlivened with some action to match
the very-individual characters of the people on stage), the
movement of the play flows well. '

There s a development from the outlining of the problem in
Scene L to its successful solution in Scene 4.

There is humour and irony both of situation and dialoguc.

The dialogue moves well and is in character. There is only one -
change of idiom (and this may have been used to gain an

archaic effect: "How time passes quickly" instead of "How quickly
time passes").

The characters are consistent throughout, and all the qualities
of the main characters develop in a credible fashion. '

There has been an effort "at creating an appropriéte setting for
each scene, and the details are woven effectively into the
fabric of the play.

Maybe the role of the narrator could be eliminated, He merely sets
the initial scene and the play can stand by itself without this

introduction.

[N
»
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PROJECT DIRECTOR'S IMPRESSIONS :

Comments of Mr Rolf Grunseit, Vaucluse Boys High School

t
-

The articles

I enjoy the research as well as writing about my findings. 1 also find
that this material is more useful in making my lessons more interesting.

Another result has been invitations to address in-service groups as well
as being the guest speaker at the various Mathematics Association
Meetings. In this way I experience some feedback and some correspond-
enice. Several magazines have asked me to contribute to them (e.g.,
“pursuii" in Victoria).

1 am not always happy with the editing of my articles. T would like to
rewrite quite a few of them.-

I am rewriting several of the articles for inclusion in student magazines.
I am alsc in the process of writing several more as a result of my
research.

¢ Quite often my stories are reconstructions from manv sources, some of
which are historically doubtful (e.g., the 1ife of Pythagoras from the
4ge of 18 to 52, or again Zeus' predeliction for sex being the prime
inspiration for the discovery of conics). Though some of the stories
are apocryvphal, they make superb motivational material.

Viden and photographic equipment

The video ccuipment and the camera gear purchased has helped to
st fmulate me. 1t has enabled me to express mysel f visually and to
xplore completely new wavs of ccnveying mathematical concepts.

rom conatant lvousing this mediumwhether at in-service conferences,
W tm e, Aucociarfons or in the classrocm,

fooneioqe i that o ors the amount of miter tal o that T muastoearry.

Cre e cigtien end dnabrlity te o see ans oof owy plays produced on
v e s indered me 1n rewriting my existing soripts, o and developine
C s whs o homake i omeusible to cenvey mat.ocmat fos inteprated
T L e drama In the classroom or o vtage., slegss Tocan see .

B oot e o writing of mare . e waste ot time.
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Tn my haste to havé thém *ﬁ‘i'itiied I neglect the necessary rewriting which
my articles need. The editing by the magazines also leaves a lot to
be desired.

I can see the time Jhen I will rewrite these stories and make them
readable enough to please the students from the 12 to 15 age group.

Negative points

1 receive lirtle or no feedback from teachers.

I have spoken at numerous inservice meetings, and 1 am getting bored
at the sound of my own voice.

Being self critical, I find it hard to work in isolation without
anyone to discuss my work with or to provide constructive criticism.

‘e a

i

!
[t
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