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Values are a key component of any teaching simati@t they are rarely addressed
explicitly in mathematics lessons, in comparisothwialues in science education. In this
report, data are presented from a research studytéachers’ value preferences and their
teaching practice preferences in both mathematith science. A volunteer group of

primary and secondary teachers participated in dbestionnaire-based study which

revealed some significant differences between mtéls of teaching and also the subjects
taught.

Despite research into values education having g toestory (see for example, Peters,
1970; Halstead and Taylor, 1996) research into esmlin mathematics education is
relatively new, and rudimentary at present (BisH$89). Indeed the construct of ‘values’
is itself not well defined for mathematics educasibcontexts, which makes research into
the area both complicated and necessarily explgrattn earlier study “Values and
Mathematics Project” (VAMP) made a valuable startexploring the topic, and in
particular, data from that project showed that lteas of mathematics are rarely aware of
the values associated with teaching mathemati¢gSiaons, Seah, Bishop & Clarkson,
2000). Furthermore, any values ‘teaching’ which dmtur during mathematics classes,
seemed to happen implicitly rather than explicitfherefore general curriculum goals
which emphasise certain values are unlikely todadised if teachers have little idea about
what they are doing, or what they could do, abalties teaching. This could be one
reason why curriculum developments in mathematicgarious countries often appear to
have little effect on student outcomes. Variougveht papers from that study, and from
other authors, are available from this website:
http://www.education.monash.edu.au/centres/sciefiéggvamppublications.html

In the current study, part of which is reportedehehe research which began in the
VAMP project is extended in two main ways:

1. Mathematics and science are both involved, in otdesee the influence of the

culture of the subject taught.

2. Both teachers and students are involved, in ordesde what influences the

teachers’ values have on their students.

However in this paper, we will focus on the firdt these developments, and will
present some interesting data coming from the fjtsstionnaire survey of the teachers
regarding their preferred values and their preteteaching strategies in mathematics and
in science.

Values teaching in different subject areas is atiradly novel research approach and
some parallel research on teachers of mathematidshetory by Bills and Husbands
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(2004) which builds on the ideas of Gudmunsdotti®9l) from English and history
teachers, also shows what can be learnt from fipsoach. An important perspective on
values, of relevance to this present study, isreffeby Billett’s (1998) analysis of the
social genesis of knowledge. This analysis poiatthe different sources of influence on
teachers’ values. Billett categorises knowledgivatlevels, and below is an indication of
how different knowledge at these levels can impiagend influence teachers’ values.

1) Socio-historic knowledge factors affect the valuadgerpinning decisions made by
both management and teachers.

2) Socio-cultural practice is described by Billett lastorically derived knowledge
transformed by cultural needs; goals, techniqued,reorms to guide practice; and
expectations of transformed socio-historic knowkdghese are manifested by
curricular decisions influenced by such factors Siate or national curricular
frameworks.

3) The community of practice in the classroom is ideat by Billett as particular
sociocultural practices shaped by a complex ofuonstantial social factors
(activity systems), and the norms and values waiobody them.

4) Microgenetic development is interpreted by Bille#t individuals’ (teachers’ and
students’) moment-by-moment construction of sogidérived knowledge, derived
through routine and non-routine problem solving.

5) Billett's last category is ontogenetic developmeim, which he included
individuals’ personal life histories.

This paper is in particular concerned with idead iafluences at Billett’s levels 1, 2 and 3,
rather than with how these play out in actual ctz@® practices.

Theoretical Framework

It was decided that for this study, in order todaeme basis for the mathematics and
science comparisons it would be necessary to haaaid theoretical framework for the
value activities studied. We used the six valuestel model developed by one of the
authors (Bishop, 1988), based on his analysis ef dativities of mathematicians
throughout Western history and culture. It is intpot to stress that the emphasis in that
analysis was not primarily on which values might bee, or should be, emphasised in
mathematics education, but rather on the developmé&nmmathematics as a subject
throughout Western history.

In this model, six value clusters are structurethase complementary pairs, related to
the three dimensions of ideological values, senttalevalues, and sociological values.
Bishop based these three dimensions on the origiogt of White (1959), a renowned
culturologist, who proposed four components to aixptultural growth. White nominated
these as technological, ideological, sentimentalafbtudinal), and sociological, with the
first being the driver of the others. Bishop (1988jued that mathematics could be
considered as a symbolic technology, representiinite/® technological component of
culture, with the other three being consideredchasvilues dimensions driven by, and also
in their turn driving, that technology.

The six value clusters that Bishop originally idketl are described as follows:

The particular societal developments which havemiise to Mathematics have also ensured that it

is a product of various values: values which hagerbrecognised to be of significance in those

societies. Mathematics, as a cultural phenomenoly, makes sense if those values are also made
explicit. 1 have described them as complementaiyspahererationalism and objectismare the
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twin ideologies of Mathematics, thoseanfntrol andprogressare the attitudinal values which drive
Mathematical development, and, sociologically,\thkies ofopennessndmysteryare those related
to potential ownership of, or distance from Math&oz knowledge and the relationship between
the people who generate that knowledge and ot{iishop, 1988, p.82)

This project involved two mathematics educators taalscience educators, and in the
first part of the project there was considerablscasésion and analysis of this initial
framework, particularly in relation to whether teame structure could hold for science
(see Corrigan, Gunstone, Bishop & Clarke, 2004 nfore description of the discussions).
In brief the discussions showed that:

1) it was preferable to change the label of the vatigectism’ to ‘empiricism’ to

encompass more of science’s emphases,

2) the ‘empiricism’ cluster of values was much larger science than for

mathematics,

3) ‘control’ was an equally significant value cluster science as for mathematics,

4) ‘progress’ in science was concerned more with eeigyy knowledge and

understanding rather than developing alternativismathematics,

5) both ‘openness’ and ‘mystery’ were strong valuestdrs in science, compared to

mathematics.

Further analysis of these differences, togetheh waihalysis of the contrasts with
teachers’ interpretation of these values dimensiamgiven in Bishop (2005). These
analyses helped with the construction of the qaesaires to be used with the teachers, as
did some preliminary interviews with teachers.

Teachers’ Values and Practices

We now turn to some of the data collected fromphmary and secondary teachers by
means of specially constructed questionnaires. eéfhe&re based on the three
complementary pairs, Rationalism and Empiricismnt@d and Progress, Openness and
Mystery, discussed above. The same structure wed f the mathematics and the
science questionnaires and for the primary andnskzoy teachers, although there were
some minor adjustments in the descriptions of tegclsituations. 13 primary and 17
secondary teachers volunteered to answer theseiaquesres. Primary teachers in the
state system in Australia teach both subjectsao ttlasses, and we also chose secondary
teachers who taught both subjects to the sameeslass

Questions 1 and 2 of the questionnaires ask foextent to which particular activities
are emphasised in practice in the teacher’'s mattiesr(@and science) classes. The items in
these questions are designed to explore, in sequaspects of Rationalism, Empiricism,
Control, Progress, Openness, and Mystery. Sofirdtethree statements in Qustion 1 all
relate to the value of Rationalism, and so on thhathe 18 items in Question 1.

Question 2 uses the same structure (a group @n3sitelating to each of the 6 value
clusters in order) to ask about the frequency ef afsspecific classroom activities. In the
Appendix can be seen the various statements, duinnthe actual format used in the
guestionnaires.

For all the statements in Questions 1 and 2, weedcthe responses as 4 (for
“Always”), 3 (“Often”), 2 (“*Sometimes”), 1 (“Rarely, and we also calculated means. We
recognise that in doing this we have taken an atdinale and treated it as if it was a ratio
scale.
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To facilitate comprehension of the results, we hewmbined the data for Questions 1
and 2, and in the data reported below, for exanpleacher’s view of the frequency of
emphasis on Rationalism in his/her class’ actisiteerepresented by the mean score for the
six items relating to that value cluster in the yeestions.

Questions 3 and 4 are the questions which conbertetichers’ preferences for the six
value clusters described above. The structure esethquestions is that each question
contains 6 statements to be ranked by the teacBach statement relates to one of the
values clusters, for example, the statement “ltetigys creativity, basing alternative and
new ideas on established ones” relates to the wdlBeogress. The other statements follow
closely the other value descriptors although toedter is different in the two questions.
Note also that although the teachers knew we weidyisig values, they were not made
aware of the value structure underlying the twaostjoaes and each of the six statements.

Tables 1-4 show the results from the two groupgeathers in terms of their rankings
of the six value clusters. In brackets are the mediia) the frequencies in Questions 1 and
2, and (b) the rank orders in Questions 3 and 4.

Table 1
Teachers’ Preferred Values and their Preferred Teag Practices: rank orders: Primary:
Mathematics

Rationalism  Empiricism  Control Progress  Openness stbty
Qus. 1/2 4 (2.64) 2 (2.80) 1(2.95) 5(2.44) 3%2.66 (2.25)
Qu. 3 2 (2.30) 1(1.46) 6 (5.23) 4(3.15) 3(3.55)(3.61)
Qu. 4 3 (3.66) 1(1.33) 5(3.75) 2(3.00) 3(3.66)(3.83)

We can see that from Table 1 that there is a dws#arity between teachers’
views on questions 3 and 4, and some close caarelbétween them and questions 1/2
particularly regarding Empiricism, Openness and tielys However, the ranks for Control
stand out as being markedly different.

Table 2
Teachers’ Preferred Values and their Preferred Taag Practices: rank orders:
Primary: Science

Rationalism  Empiricism  Control Progress  Openness stity
Qus. 1/2 2 (3.05) 3 (2.90) 1(3.07) 4(257) 572.46 (1.91)
Qu. 3 2 (2.75) 1(1.41) 6(4.91) 4(3.41) 5(3.68)(3.00)
Qu. 4 4 (3.41) 1(1.41) 6 (4.75) 3(3.33) 5(3.82)(2.58)

For science in Table 2, the primary teachers agapmess similar views for Questions
3 and 4, and once again the ranks for Control ankedly different from that in Questions
1/2. Mystery is also ranked differently in practfoem the teachers’ preferred views.

In Table 3, the secondary teachers rank Rationdiiginest for mathematics in terms
of their preferred values (Questions 3 and 4) like, their primary colleagues, they place
Control in the highest rank in practice.
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Table 3
Teachers’ Preferred Values and their Preferred Taag Practices: rank orders:
Secondary: Mathematics

Rationalism  Empiricism  Control Progress  Openness stity
Qus. 1/2 2 (2.15) 3 (2.05) 1(2.75) 5(1.93) 49).96 (1.79)
Qu. 3 1(1.94) 2 (2.05) 6 (4.52) 4(3.88) 3(3.35)(4.29)
Qu. 4 1(1.70) 2(1.82) 3(3.44) 4(4.00) 4 (4.06)(4.47)

Table 4
Teachers’ Preferred Values and their Preferred Taag Practices: rank orders:
Secondary: Science

Rationalism  Empiricism  Control Progress  Openness stbty
Qus. 1/2 1 (2.86) 3(2.61) 2(2.84) 5(2.30) 432.36 (2.03)
Qu. 3 4 (3.18) 1(1.25) 6 (5.87) 4(3.18) 3(3.0@)(2.81)
Qu. 4 3(3.12) 1(1.25) 6(4.12) 2(3.00) 5(4.08)(3.33)

For secondary science in Table 4, Questions 3 asito# us that the teachers’ main
value preference is for Empiricism, but in practibey favour Rationalism with Control
coming a close second. Once again we can seeditfes with respect to Control, but this
time also with Mystery.

The comparisons between the values in mathemai@s@ence for the two groups of
teachers show interesting differences, reflectimgrtconcerns with the curriculum and
teaching at their respective levels. For the prymaachers, concerning Ideology, they
prefer Empiricism over Rationalism for both scierao®@d mathematics, though both are
important, rankings which are also reflected infihdings for their preferred practices. At
the primary level of course much mathematical wkempirical in nature. For the
Sentimental (attitudinal) dimension, Control is rdess favoured than Progress also for
both, but the practices are very different. Anoth®in difference between the subjects
appears in the Sociological dimension where Openaed Mystery reverse their positions
with the two subjects, the first being more favaltiegan the second in mathematics and the
reverse in science. This difference does not tededlo the practices however, with the
science practises being ranked much more like titbematics practices.

For the secondary teachers, concerning the Idem@bgiimension, they favour
Rationalism for mathematics and Empiricism for sce& disagreeing with the primary
teachers. For the Sentimental dimension, the sexgridachers largely agree with their
primary colleagues and for the Sociological dimensthey again agree with their primary
colleagues favouring Openness for mathematics caedpaith Mystery, and reversing
these for science. Indeed Mystery for sciencenked 2 and 4 by the secondary teachers
and ranked 2 and 3 by the primary teachers, shoWwavg significant they consider that
aspect to be.
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Conclusions and Implications

In this first comparison between the values held practised by the same teachers
when teaching mathematics and science, their rgakimve shown some expected
similarities between the two subjects, but alseriggting differences, particularly at the
secondary level where the subjects tend to divengeéheir emphases. Rationalism,
Empiricism and Control are strongly favoured ingbice, but the other three values figure
more prominently in the teachers’ preferences. §thad-out value here is that of Control,
often ranked low in teachers’ preferences but higlpractice. The significance of the
Control value cluster has appeared in others obtudies.

Before jumping to too many conclusions, we mustamber that the data are from
questionnaires and consist of teachers’ reportetvyiof their preferences and their
practices. We do not know the extent to which tihankings of these practice statements
reflect their actual practices. However, the datasttience at the secondary level, where
teachers emphasise other values than mathemattssates the usefulness of comparing
subjects and their value emphasis. The analysisuofdata is still progressing, and in
particular we look forward to seeing the relatiapshbetween the teachers’ views, and
those of their students.

Finally one can see that, if the data reported hee valid, the differences show that
teachers’ values in the classroom are shaped t@ sotent by the values embedded in
each subject, as perceived by them. This implias ¢hanging teachers’ perceptions and
understandings of the subject being taught may eelhge the values they can emphasise
in class. Further if teachers wish to emphasiseiesmlother than those they currently
emphasise, it is possible to learn strategies tiwen teaching of other subjects.
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Appendix

Question 1. When you ateaching mathematids Years 7 and 8, how often do you
emphasise the following?

How often do you emphasise the role of proving athrematics?

How often do you have structured debates in class?

How often do you encourage your students to argtieusly with each other in your
classes?

How often do you use diagrams to illustrate matherakrelationships?

How often do you encourage your students to intlegit own symbols and terminology
before showing them the ‘official' ones?

How often do you use concrete materials (e.g. physnodels) to demonstrate
mathematical relationships?

How often do you emphasise the checking of riglsingrs,and the reasons for other
answers not being 'right'?

How often do you encourage the analysis and uratetstg ofwhy routine calculations
and algorithms 'work'?

How often do you show examples of how the matherahiileas you are teaching are used
in the real world?

How often do you encourage alternative, and nomireusolution strategies together with
their reasons?

How often do you encourage students to extend andrglise ideas from particular
examples?

How often do you give the students stories and @kasrof recent mathematical
developments?

How often do you encourage your students to dederbjustify their answers and methods
publicly to the class?

How often do your students create posters to didplkar ideas to the others?

How often do you demonstrate how mathematical idaasbe shown to be true?
How often do you stimulate your students’ matheoaimagination with pictures,
artworks, etc.?

How often do you use mathematical puzzles in class?

How often do you tell students stories about matiteral discoveries?

Question 2. How frequently do you use any of thegwities in yourmathematics
teaching at this level?

Small group discussions

Whole class discussions

Investigations

Modelling activities

Using manipulatives

Role playing real-life situations

Practising algorithms

Memorising facts

Problem solving

Generating conjectures and hypotheses

Having students generate questions

Historical and cultural projects
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Students explaining at the board
Students making posters and displays
Proving generalisations

Displaying famous ‘mathematical’ artwork
Mathematical puzzles

Using mathematical paradoxes

For the next two items please rank the six statésrarcordingly in the accompanying
boxes, where '1' indicates your first choice, &Irysecond choice, '3' your third choice, etc.
Note that the same ranking value can be given t@ii@n one statement. Please rank
each statement.

Question 3. “For me, Mathematics is valued in ttigosl curriculum because....”

It develops creativity, basing alternative and néeas on established ones

It develops rational thinking and logical argument

It develops articulation, explanation and criticiefrideas

It provides an understanding of the world around us

It is a secure subject, dealing with routine praced and established rules
It emphasises the wonder, fascination and mystdserprising ideas

Question 4. “For me, Mathematics is valuable knolgebecause...”
It emphasises argument, reasoning and logical sisaly

It deals with situations and ideas that come frbenreal world
It emphasises the control of situations througlajtglications
New knowledge is created from already establistredtsires

JUon doboud

Its ideas and methods are testable and verifiable

It is full of fascinating ideas which seem to exmstependently of human
actions
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