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This paper describes a pilot study into the usa tfditional Miori cultural activity as a
metaphor and overarching theme for both contentpaathgogical knowledge development
within a pre-service mathematics education couBedents’ feedback on their own learning
and their future use of such activities is prestrféndings include that pre-service teachers
view the inclusion of cultural activities positiyend can identify mathematics in such
activities, however they are less confident in dbgtg links to Treaty principles.

Ahakoa he iti, he pounamu.
Although it is small, it is precious.

And me he whareimgawerewere.
As though it were a spider web.

This paper reports on one aspect of ongoing inyastns which explore ways of
addressing the implications of the principles of fireaty of Waitangi in mathematics
education in Aotearoa New Zealand. This researddgan studies previously reported at
MERGA (Averill & Te Maro, 2003; Averill, Andersorgaston & Hynds, 2004) and seeks
to evaluate the effectiveness of the use of a @lltuetaphor as an encompassing theme in
a mathematics education pre-service course. Sucks@snew aspect of our practice which
attempts to model pedagogy that addresses theciipins of the principles of the Treaty
of Waitangi (subsequently referred to as the Theaty

Use of a metaphor to underpin the mathematics ¢idncare-service course originated
from a metaphor initially proposed to represent dqoalification within which the course
sits. The Bachelor of Teaching (BTeach) was develdpom 2001 with the first cohort of
students beginning in January 2002. Te Kuraoit staff and the coordinator of the
BTeach together developed the use of the whareamsiithe metaphor of the BTeach
qualification. In the proposed model the teachiracpce papers were to be the backbone
and ribs of the wharenui with curriculum papersingkon other aspects of the
meetinghouse.

The BTeach model led us to explore the use of retapand themes in a mathematics
course in another qualification. These informalriand subsequent discussion regarding

! Te Kura Miori o Ako Pai, (No official translation exists. i of Maori Studies is
offered as a translation for the purposes of thjzep.)
2 traditional Miori meeting house, central building of @i community complex (marae)
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an appropriate metaphor for the second year BTeathematics education course led to
the selection of tukutuKuas the course metaphor and theme. Tukutuku hapldle of
enhancing the aesthetic beauty of the wharenuis Twr use of tukutuku as a metaphor
can be interpreted as showing how the studentshilegin mathematics education could
enhance their general understanding of teachinglearthing. The image of learning in
mathematics education helping to enhance such staghelings is continued in the third
year BTeach mathematics education course that kisesaiwhaf as the metaphor and
theme.

In each case as new courses were prepared and faughe first time, the theme,
metaphor and course content were developed togdtheresearch described in this paper
was undertaken to evaluate the effectiveness ofiskeof tukutuku as a cultural metaphor,
theme and associated practical activity in the s@ge@ar mathematics education course.

The research questions of this study were:

* Was there a shift in students’ intentions and watts concerning the use of
cultural activities in their mathematics teachisgaaresult of the course?

« How confident were the students completing thisrseun their ability to
address the implications of the Treaty of Waitaimgtheir mathematics and
wider teaching programmes?

« How effective was the use of a cultural metaphod associated practical
activity in advancing students’ confidence in thaibility to address the
implications of the Treaty of Waitangi in their rhatnatics teaching
programmes?

* What specific mathematical links did students fim¢he practical activity?

Theoretical Perspective and Background

Wilson’s interpretation (2002) of the Treaty pripleis of partnership, protection and
participation, which originated in Bishop and Grats& work (1997) underpins our
understanding of the implications of the Treatyditangi and consequently the way we
approached the inclusion of tukutuku.

We had several aims in choosing the tukutuku asetaphor, theme and practical
activity. Most importantly we wanted to better paiep students to be able to meet the
beginning teachers’ professional standard requithgm to demonstrate that they
“understand the implications of the Treaty of Waifaand te reo ména tikangd
(Ministry of Education, 1998), a need indicatedAwerill, Anderson, Easton, and Hynds
(2004). In building our course around an asped¥labri culture in this way we hoped to
address the Treaty in our own practice as wellrasige a model for the students. We
wanted to use a theme that would bind togethecthese content (in particular Problem
Solving, Algebra, Number, and Measurement) and echwith the overall metaphor of
the wharenui for the qualification. It would alsmpide ways that students could meet the
learning outcomes for the course which includedt tedents would be able ‘to
incorporate bicultural and multicultural perspeesvin teaching and learning decisions’.

! framework of ornamental woven panels decoratiegrher walls of a wharenui

Zpainted designs on rafters inside a wharenui

% Te reo me ona tikanga as used in the ProfessRinabard and this paper can be roughly
translated as (&bri) language and custom.
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Finally we wanted the students to engage in degth the complexity and range of
mathematical skill involved in a &bri cultural activity.

Use of metaphor, modelling and practical activites all consistent with traditional
Maori teaching pedagogies (Hemara, 2000). Bishop @hghn (1999) also refer to
Heshusius’ idea of metaphor as not simply providingorganising principle but actually
shaping the content of our thinking. This was titention of our use of metaphor.

Issues of inequity across ethnicities in what ensas mathematical success encourage
educators to continue the search for ways that redyice disparity (Young-Loveridge,
2004). Portraying mathematics as a culture-freenono-cultural activity is unlikely to
bring about positive change (Walls, 2004). Glyntyeks and O’Brien (1999) found very
low numbers of Mori topics and themes in their study of mainstreschools and
concluded that Kbri students would not see much that upheld thestaf their culture in
their everyday school life. Alton-Lee (2003) debes the development of inclusive
learning communities and making effective linkswed#n school and students’ other
cultural contexts as characteristics of qualityck&ag. In modelling inclusion of
mathematically rich Mori cultural activities for pre-service teachers gped to begin to
address these issues.

We believed that identifying the mathematics inealvn such a cultural activity would
help our predominantly European pre-service teactefunderstand that mathematics is
not the preserve of Western or Asian cultures” (fYgploveridge, 2004, p. 35) and that
Maori culture is “knowledgeable and skilled in mawyrhs of mathematics” (Clark, 1999,
p. 36).

Knight (1994) discusses the importance of giving pinestige to Mori culture rather
than to the mathematics. At the beginning of therse students examined a traditional
tukutuku panel and discussed the mathematics thatewvident. A lecturer from Te Kura
Maori presented an overview of itsalti origins and descriptions to the class. Thearsas
for using tukutuku as a theme and metaphor wereritdesl and information was given
about the place and role of tukutuku. As a cousseponent students were required to plan
and make their own raffia and wood models of tukutpanels that would show their
growth as teachers of mathematics as well as teftease content. In order to encourage
them to problem solve and find their own methodslesnhts were given no prescribed
instructions for making their designs but were shaeveral wood and raffia examples.
Emphasis was placed throughout the course on tigdersts working on their panels within
class sessions and discussing the mathematicsnwiitleim, thus using tukutuku as a
cultural image to build mathematical ideas. In &ddi different traditional tukutuku
designs were used as starting points for each mattieal strand of the course: Problem
Solving, Algebra, Number, and Measurement.

Tukutuku panels hold stories and meanings and easebn to provide clear links for
mathematics concepts (Barton, 1989; Hughes, 198@hés, 1990)McKinley, Stewart,
and Richards (2004) discuss that the wide and dftgrerficial use of a small number of
“Maori contexts”in New Zealand junior secondary mathematics scpoagrammes can
lead to these cultural activities being seen agdificaricatures”. They express concern
that teaching superficially linked to a traditiorkori cultural activity can be seen to be
unrealistically representing the wider complexitoédMaori culture. We hoped to avoid a
tokenistic, superficial, and ‘caricature’-style apgch by using tukutuku as an underlying
theme which was integrated throughout the course riange of ways, and by developing
this theme in partnership with a mathematics lecténom Te Kura Mori. Further, many
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other methods of addressing the implications of Theaty were also modelled through
course teaching. Our approach was that inclusisuoh aspects would provide a window
through which students could glimpse sights of Te Maori (the Maori world) and
recognize these as being glimpses rather tharotakty of Maori culture.

Method

The study data (two questionnaires, course evalmtiand transcripts of focussed
group discussions) were collected from a classvefue pre-service teachers in the third
year of their degree. The class is the entire @icdtort of those undertaking the BTeach
degree. Eleven students were of European descemd:viere New Zealand European, one
Australian European, and one English. There was al®e New Zealander of Indian
ethnicity.

Students individually completed the first questiaina at the conclusion of the course.
They responded to questions regarding the matheahaibntent links they made to their
tukutuku panels, the mathematical content they daimn to develop if they were to use
tukutuku panel making in their own mathematics @ag, their intention to use a cultural
activity in their own future teaching, and theim@idence in addressing the Treaty in their
mathematics teaching. Many questionnaire respaigesot provide the detail researchers
were seeking and it was decided to ask the studerdggpand on responses in a focussed
discussion group setting. The class was splittwtndiscussion groups both of which were
asked to give written group responses to clarigyahginal questionnaire data. In order to
eliminate possible bias a lecturer not involvedhwite research, the teaching of the course,
or the students’ previous courses led the discaggioups. The discussions were recorded,
transcribed, and written group responses collectadther data regarding students’
confidence in understanding the implications of Tneaty was collected from individuals
by way of a second questionnaire at the conclusfatine group discussions. Curriculum
documents were available at all times.

The data was analysed collectively by the reseaschg examining responses and
determining the main themes. The researchers titBvidually checked that the collective
analysis fairly represented the data.

Limitations of this study include that only eighit the twelve students completed the
guestionnaires, and data on the students’ perceptdd the changes in their intended
practice was gathered retrospectively. Examininglesits’ planning would have allowed
greater confidence that students’ practice mat¢hent reported intentions. Collection of
such planning did not fall within the timeframe this study as there was no teaching
practicum directly following the course.

Results and Analysis

Intentions About Using Cultural Activities in théitathematics Teaching

All of the students who responded to the questimasagreed or strongly agreed that
as a result of the use of tukutuku they were mevara of opportunities to use cultural
activities in their maths programmes. Statemerdgated they might not have thought to
use this type of activity in mathematics.

“It showed me a different way of incorporating tawal activities into maths. | would have been
more inclined to use tukutuku for art before this.”
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All students agreed or strongly agreed that theuwlevaise a cultural activity such as
making tukutuku panels in their own teaching. Reasgiven by students for planning to
use cultural activities such as tukutuku panel mgkin their own teaching included
cultural, pedagogical and motivational aspects.yTat such activities would assist them
to address the cultural needs of the class, ([lifas] “very important to include tikanga
and te reo Mori into my classroom”, “it integrates adri culture in an appropriate
manner”), to establish links to further cultureadao draw on community support and
involvement. Pedagogical reasons included identjf\guch activities as a ‘hook in’ to new
learning, a practical hands-on approach, showingpemaatics is not just a text-book based
subject, and as a way to integrate teaching asessral curriculum areas (art, social
studies, science, and technology).

“How about integrating it with your social studiesit so when children are doing social studies and

they’'ve actually got a cultural understanding, thdren you come to do this stuff in maths it's not
so tokenistic, it actually has meaning for them...”

«...say if the kapa haRagroup needed new headbands, they could do ikéectoss stitch things for
them.”

Also expressed was that such activities would geedrigh interest and be motivating
and fun. One student had used tukutuku with hectigtan class following the first four
weeks of the mathematics education course, andtegfhdThe children adored it.”

Three students indicated that they would have beékely or very unlikely to include
such an activity in their future mathematics progmzes if they had not done the activity in
the course.

“I had thought maths was one of the hardest subjedincorporate [bri culture into without being
tokenistic as in counting or usingakki names.”

Five students indicated that they were likely oryvekely to have included such
activities previous to undertaking this course. Tstadents indicated this was because of
their strongly held beliefs about cultural inclusiand addressing diversity, and three
because the BTeach courses strongly model sualsiool

Transcripts showed that students could consider Ibest to make use of tukutuku in
their own teaching.

“1 would aim, | would mostly aim to develop patter | mean that's why I'd mostly use this.” “I'd

go patterns, algebra.” “Yeah, because | mean youpdek all of that out, but there are probably
better activities to teach skip counting and miittagion and things.” “Yeah agreed.”

Students identified cultural activities other thaaking tukutuku panels that they may
use in their future teaching of mathematics. Thestuded tapa cloth/Polynesian bark
cloth (patterns and transformations), waiata/sargs music (measurement and number),
tititorea/stick gamegounting, repeating and sequential patterns, shapaipiu/garment
made of flax (measurement, number, patterns, and problem sgpjuilance and kapa haka
(rotation, symmetry, repetitive patterns, and numjbsaris and clothing, cooking and
hangi/earth over{time measurement, weight, volume), and visitingaaae.

! a term often used to describe a group who perfoaditional and contemporaryadri
songs and dances
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Confidence in Addressing the Implications of theaty

There were varied responses to the first questiomnegarding personal confidence in
incorporating ways of addressing the Treaty in maifitics programmes. Three students
expressed confidence to some degree, one was damijvand four expressed lack of
confidence. When these issues were probed fumhtirei second questionnaire, all but one
student stated that they felt confident in theidenstanding of the Treaty (4 of 8 were
confident, 3 moderately confident, and 1 not caaii)l, but they were less confident in
their understanding of the implications of the Tyefar their mathematics programmes (3
of 8 confident about addressing the Treaty in thmathematics programmes, 3 not
confident, and 2 not sure what it meant to addiiesslreaty in this way). These levels of
confidence were the same as their levels for adomgghe Treaty in their teaching in
general for all students except one. This studexgt more confident about addressing the
Treaty in mathematics than in general stating tiieaicourse “as a whole addressed this and
greatly increased my confidence.”

Students expressed some difficulty in linking thaking of tukutuku with addressing
the implications of the Treaty. Five students statfeat they did not find the tukutuku
activity valuable in developing their understandimigways of addressing the Treaty in
their mathematics teaching, two stated strongly ttney did find it valuable, and one was
ambivalent. Comments from three students indictttat while the activity was useful in
introducing aspects of &bri culture, they were not sure that doing so dbtuweddressed
the Treaty. Three expressed concerns about tokeamsitwo students did not see any
links between doing the activity and addressing Tmeaty, wanting the links to be
discussed further and made more explicit.

Challenges students foresaw in trying to addresgs Tireaty in their mathematics
teaching included having children who did not wamtparticipate, lack of access to
appropriate resources, difficulties in making stediching meaningful and valid, and lack
of children’s background knowledge.

Mathematical Links Identified in the Practical Guial Activity

All but one of the students agreed or strongly egréhat designing and making their
own tukutuku panels had helped them identify théheraatical skills and understandings
involved in such an activity. Opportunities for éxng mathematical ideas within their
tukutuku panels were found and explained by alflels although often these ideas were
broadly rather than specifically expressed, forngpia ‘shapes’, ‘symmetry’, ‘problem
solving’. More specificity was achieved in the dission groups as shown in Table 1.
Students did not make use of the curriculum docusaen

In course evaluations students were asked to Higet things they liked about the
course. Eight students included making tukutukuthmeir list and two students also
included the whakataki (Maori proverb)of the spider web as well as other whakalau
used in lectures. Students’ comments from discagsamscripts about the use of tukutuku
also indicate an appreciation of the holistic a@dt@pproach and included:

“It's a lot deeper way of addressing [the Treahgrt just counting in &bri.”

“...it's putting it all together, eh, like you knowvhe rotation and the symmetry, and sort of meshing
it all in together, yeah.”

“It's fantastic that we look at Bbri and Pacific Island cultures and stuff.”
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Table 1
Mathematical Content Identified in Making Tukutidanels

Strand Mathematical Content in Making Their Own &amand/or that
Students Plan to Develop when Using Tukutuku Panéelseir
Own Teaching

Algebra: Te Repeating and sequential patterns, algebraic emsadind
Taurangi relationships

Number: Te Tau Skip counting forward and back in 2s, 4s..., mulaation,
subtraction, fractions

Geometry: Te Symmetry, lines of symmetry, transformations, egganent,
Ahuahanga reflection, rotation, translation, names and proesiof shapes

Measurement: Te  Estimating the length of raffia needed to make etedired part
Ine of the panel, area, estimation

Mathematical
Processes: Ng Problem Solving e.g., using half stitches, fittneguired patterns
Tukanga Bngarau into the panel

Discussion and Conclusion

These findings show that pre-service teachers \lesvinclusion of cultural activities
positively and can identify mathematics in suchvitats. However they are less confident
in describing mathematical links to Treaty prinegl The results of the case study
encourage us to continue to develop the use ofntleigphor, theme, and activity for this
course. It is planned to retain the overall metaptiee practical tukutuku making activity
and links to associated traditional tukutuku anékatadki. Specific mathematics content
identified by the students will be more explicithcorporated into course teaching. Course
documentation will include information explicitlynking course aspects to the principles
of the Treaty.

Students’ lack of confidence in identifying waysaafdressing the implications of the
principles of the Treaty was evident and of concenmce this was part of the rationale for
inclusion of Maori cultural themes and activities. It seems sttgleid not equate using
cultural activities as contexts for learning wittideessing the implications of the Treaty.
There are many factors that may affect how weltlsiiis are able to make connections
between course aspects and the Treaty. These éendtutlents’ understandings and
personal philosophies regarding the Treaty, thaaik lof experience in describing links to
the Treaty, and how explicitly such links were maai¢hin this and other pre-service
courses. This raises the dilemma as to the optimplaoement of learning in this area
within degree course§Ve feel that better preparation for students ia thgard would lead
to fewer superficial responses and concerns ab&antsm. Our preference is that students
are able to recognise aspects of their coursesatbatonsistent with the principles of the
Treaty thus readily transferring such knowledgéhr mathematics course work.

On reflection we feel that we addressed the Treath integrity, and in so doing
presented mathematics in a way consistent with siefAKnight (1994) and Clark (1999).
We recommend that mathematics educators consigeofua holistic multifaceted theme
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as an approach to issues of diversity. We feeltthatis best achieved in partnership with
colleagues. In our case partnership and oversigim fthe mathematics lecturer based
within Te Kura Miori was essential as this person brought with hinamly vast cultural
knowledge and expertise, but also an authority his respect. Such partnership is
consistent with Alton-Lee’s (2003) characteristiok inclusive learning communities.
Absence of such investigations into culture-richtmeanatics programmes is likely to
hinder students seeing the status of the culturé®th Treaty partners within their study
and is unlikely to address concerns expressed bysW2004) and Glynn, Atvers, and
O’Brien (1999).

References

Alton-Lee, A. (2003).Quality teaching for diverse students in schoolirBest evidence synthesis.
Wellington: Ministry of Education.

Averill, R., & Te Maro, P. (2003). Bicultural persgtives in a pre-service mathematics educationseoun
L. Bragg, C. Campbell, G. Herbert & J. Mousley (Bdsathematics education research: Innovation,
networking, opportunity(Proceedings of the 26th annual conference ofMaghematics Education
Research Group of Australasia, Geelong, pp. 88®)ney: MERGA.

Averill, R., Anderson, D., Easton, H., & Hynds, ®@004). Understandings of the implications of theaky
of Waitangi in mathematics programs. In |. Putt, FRaragher & M. McLean (Eds.Mathematics
education for the third millenium : Towards 20{Proceedings of the 27th annual conference of the
Mathematics Education Research Group of Austrgldsiansville, pp. 55-62). Sydney: MERGA.

Barton, B. (Ed.). (1989)le kupengaAuckland: Mathematics Education Centre for All, Xland College of
Education.

Bishop, R., & Graham, S. (1997mplementing Treaty of Waitangi charter goalgéntiary institutions: A
case studyOccasionapaper no.4)Wellington: Syndicate of Educational DevelopmentiZes of New
Zealand Universities.

Bishop, R., & Glynn, T. (1999 Culture counts: Changing power relations in educatiPalmerston North:
Dunmore Press.

Clark, M. (1999). Mori and Pacific Islands student performance in eattics. InExploring issues in
mathematics educatiaffProceedings of a research seminar on mathemalicsaton, year 0-6 students,
pp. 31-37). Ministry of Education. Wellington: Mgiry of Education.

Glynn, T., Atvers, K., & O'Brien, K. (1999)Culturally appropriate strategies for assistingabti students
experiencing learning and behavioural difficulti&gellington: Ministry of Education.

Hemara, W. (2000Mé&ori pedagogies: A view from the literatuMellington: NZ Council for Educational
Research.

Hughes, P. (1989). Investigative teaching with tuku patternsThe New Zealand Mathematics Magazine,
26 (3), 50-57.

Hughes, P. (1990). Investigative teaching with tuku patterns: Part twd’he New Zealand Mathematics
Magazine, 264), 3-11.

Knight, G. (1994). Mathematics andabti students: An example of cultural alienation.JiInNeyland (Ed.),
Mathematics education: A handbook for teach@fsl.1, pp. 284-290). Wellington: Wellington Calje
of Education.

McKinley, E., Stewart, G., & Richards, P. (2004)advi students in science and mathematics: Junior
programmes in secondary schoofet No 3. Wellington: New Zealand Council for Educati
Research.

Ministry of Education. (1998Primary school deputy/assistant principals and teas interim professional
standardsRetrieved 24 February 2005 from:
http://www.minedu.govt.nz/index.cfm?layout=docung&shdcumentid=3850&data=I&goto=00-
01#P1017_44425

Walls, F. (2004). The New Zealand Numeracy ProjeRedefining mathematics for the 2&entury?The
New Zealand Mathematics Magazine,(2}), 21-43.

Wilson, K. (2002). The Treaty of Waitangi: Prepariveginning teachers to meet the expectationseonéw
professional standardé/aikato Journal of Education, 87-42.

Young-Loveridge, J. (2004 Patterns of performance and progress in the numegaojects 2002-2003:
Further analysis of the numeracy project datéellington: Ministry of Education.

88



