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Abstract: The University of Auckland, School of Engineering has struggled historically to attract students of Maori ethnicity. Even so, Auckland has out-performed other New Zealand engineering schools in this regard. In 2002, the Faculty of Engineering adopted the Maori Participation Strategy, formalizing the initiatives that had been established since 1998. The mission statement expresses the desire to have a student cohort that represents the community at large, however in the case of Maori recruitment the strategy is driven by obligations under the Treaty of Waitangi as well as identified need. Analysis of under-representation statistics shows that of the groups identified for affirmative action, the Maori recruitment challenge is three-fold worse that of any other. This scale of under-representation requires a step change in recruitment numbers that can only be achieved by a targeted programme. Nga hoa o te kupenga rorohiko seeks to increase the cohort of students completing secondary school with mathes and physics achievement at higher levels. The programme seeks to extend a successful internal  initiative called tuakana-teina. The tuakana-teina concept establishes relationships between senior and junior engineering students to facilitate mentoring and tutoring of junior students (teina) who eventually reciprocate by adopting the roles of tuakana. The extension of this concept into secondary schools on a regular basis is possible with on-line and mobile communications technologies. The mentoring concept is also extended into the engineering profession as sponsor firms provide a mentoring engineer in addition to a scholarship for the engineering student mentor. The mentoring relationships are further supplemented with the creation of mentoring cohorts that cluster students from different schools. This approach provides additional peer support opportunities that create a safety net that can absorb participant attrition from the programme if this should occur.
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Background
The Faculty of Engineering currently provides ten undergraduate engineering programmes to 2295 students in the School of Engineering (SoE), 7% of the total number of students enrolled at the University of Auckland (MoE, 2006). The four year full-time bachelor of engineering programme is accredited by the professional institution for engineers (IPENZ), providing a quality affirmation both in New Zealand (NZ), and through the Washington Accord, overseas (IPENZ, 2005). The SoE recognises the benefits and advantages of having a staff and student population that reflects the make-up of the NZ community at large. To this end, the SoE makes a commitment to address the current barriers to under represented groups, which reduce opportunities to pursue an education or career in professional engineering.

The University of Auckland (UoA) services a traditional catchment containing more than half of NZ’s population, of whom 20% identify as Maori, the indigenous people. The Auckland region is home to one quarter of NZ’s Maori population which is expected to increase 13% for the period 2001 to 2016. (Taumata, 2005b). The four regions nearest the UoA will experience the greatest percentage growth in NZ, an aggregate increase of 23% indicated in table 1 below (Statistics, 2003):

Table 1: Projected Maori population growth for the 15 year period from 2001 to 2016. 

	Region
	Northland
	Auckland
	Waikato
	Bay of Plenty
	Aggregate

	2001 Maori Population
	40734
	127629
	72822
	63654
	304839

	Percentage Maori 2001
	31.6%
	11.6%
	21.1%
	27.9%
	20%

	Percentage Maori 2016
	36%
	13%
	24%
	30%
	23%


Two characteristics of the Maori population are the much lower median age of 22 years compared to 35 years for the total population, and that 25% are aged under 15 years. These characteristics are significant as there will not be a proportional increase in the non-Maori population. Projections to 2021, indicate that at least two thirds of the Maori population will be aged below 39 years, and that Maori will make up 25% of NZ’s population in this age group. Statistics NZ also predict that Māori and Pacific populations in 2021 will be almost three times their 2001 populations (Statistics, 2003). Therefore Maori make up a significant proportion of the potential domestic undergraduate student cohort for tertiary institutions in the Auckland Region.

Participation in tertiary education has increased significantly in the past decade, with Maori having the highest participation rates for any ethnic group since 2002. While growth in overall tertiary participation rates has been significant, at degree level and above, Maori continue to have lower participation and completion rates than non-Maori (Taumata, 2005a).  

Further, while Maori make up 20% of the greater Auckland region population, Maori students comprise a significantly smaller proportion of the university population (6.1%), and an even smaller proportion (4.0%) of the student cohort studying engineering (MoE, 2006). The low proportion of Maori students has struggled to retain parity for the past five years due to a deliberate doubling of the total engineering student cohort intake to 550 new student enrollments over the same period. 

Since 2001, improved Maori student recruitment has significantly increased the total number of Maori engineering students at the UoA. However when the under-representation of Maori is analysed in the context of affirmative action strategies for other under-represented groups, under-representation remains three-fold that of any other group including female or Pasifika students (Morgan, 2005). 
The Faculty of Engineering has responded to this challenge of increasing the proportion of Maori students by formalising a range of initiatives that have been established since 1998 with the 2002 Maori Participation In Engineering Strategy and more recently with pilots of several targeted programmes. One such initiative is Nga Hoa O Te Kupenga Rorohiko, an innovative distance learning programme. Nga Hoa O Te Kupenga Rorohiko has its origins within the existing support strategies used within the UoA and the SoE.
Maori Participation in Tertiary Education

Ministry of Education (MoE) records show that since 1992 Maori enrolments have doubled as a percentage of all enrolments in 2003. Similarly the Maori participation rate (age standardised) trippled in the five years to 2003 from 7.4% to 20.2%. While the participation rate for all students also increased, the participation rate for all students was 13.4% up less than 5% from 1998 (MoE, 2005). The major influence on Maori enrolment rates has been the Wananga, Maori tertiary education providers, who facilitated approximately 30,000 Maori students entering tertiary education between 1998 and 2003. 
Maori participation rates at bachelor degree level have also increased, however lag behind rates for other ethnicities. Figure 1 shows that between 1994 and 2004, the Maori participation rate rose to 3.3% compared to 4.1% for all students (Taumata, 2005a).
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Figure 1: Age Standardised Participation in bachelor degree level study for Maori and All Students

Maori participation in engineering and technologies remains low however. Comparison of participation rates from 2001 and 2004 demonstrate a continued paucity as seen in figure 2.
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Figure 2: Maori students in bachelor degree study by field of study, 2001 and 2004 (Taumata, 2005a)
It is important to note that Maori are over-represented in society and culture, management and commerce, education, and health, and under-represented in natural and physical sciences, information technology, and engineering compared to the distribution for all students. This bias is consistent with earlier leaders and role models from the arts, law and medicine and the perceived role of these qualifications in addressing the more immediate Maori aspirations for justice and health.

The increased Maori participation rates in tertiary education have been accompanied by increased completion rates. The number of Maori students completing qualifications more than doubled between 1998 and 2003. In fact, overall retention and completion rates for domestic students starting a qualification in 1999 were higher for Maori than non-Maori. Despite this the Maori retention rate (47%) for degree level qualifications lagged that for all students (52%), and the associated Maori completion rate (36%) also lagged that for all students (43%) (Taumata, 2005a).  In summary, during the period between 1998 and 2003, Maori student rates of participation, retention and completion improved significantly and signal new opportunities for tertiary educators. 
Student Enrolments in Engineering

There are currently eight tertiary institutions offering undergraduate degrees in engineering. Of these, the UoA produces the largest proportion of engineering graduates. These institutions are all struggling to attract Maori students into their engineering degree programmes. 
One of the contributing issues is the very small cohort of students completing secondary education with higher level mathematics and physics. Anecdotal evidence suggests that these subjects are not taken in senior years due to a number of influencing factors: 

· Native area schools last century did not teach academic subjects but rather focused on manual skills

· Maori teachers were marginalised within the education system

· Maori language and knowledge was suppressed within the education system

· Maori efforts in the education system have focused on revitalising te reo rangatira, the Maori language

· There are few Maori teachers of mathematics and physics visible as role models for students showing potential in these subjects

· With few if any senior Maori students studying these subjects at higher levels, appropriate mentors and role models for junior students are also scarce

Current Maori enrolments for 2006 are shown in table 2.

Table 2: Maori student engineering enrollments in tertiary institutions 2006 (MoE, 2006)
	Institution
	Auckland
	Waikato
	Massey
	Victoria
	Canterbury
	Lincoln
	Otago
	AUT

	Headcount
	96
	46
	61
	60
	78
	24
	51
	0

	Proportion
	23%
	11%
	15%
	15%
	19%
	5%
	12%
	0%

	EFTs
	58.8
	14.0
	31.2
	19.9
	54.0
	3.6
	29.3
	10.0

	Proportion
	28%
	6%
	14%
	9%
	24%
	2%
	13%
	4%


The table 2 headcount shows that of the eight institutions offering engineering degrees, UoA has 23% representing 28% of the equivalent fulltime students (EFTS). The University of Canterbury (UoC) is the only other tertiary institution with an engineering school and a significant proportion of EFTS (24%) and 19% of the Maori students. UoA and UoC provide more than half the total EFTS reflecting the longer duration over which their programmes have been available.
During the period 2001 to 2006, total Maori student enrollments ranged between 365 and 415, showing only a 13% increase. The relatively constant pool of potential Maori matriculants suggests that annual changes in enrollments are more of a redistribution across the institutions than sustainable increases in numbers. Figure 3 shows the actual numbers of Maori student enrollments in engineering (MoE, 2006). During the period 2001 – 2006, the total number of Maori students as a proportion of total engineering enrollments increased from 3.7% to 4.0%. In the same period UoA Maori student enrollments increased from 58 to 96 students, an increase of 66%. This has resulted in only a marginal impact upon the proportion of Maori students within the SoE (1.9% to 2.6%) and Maori remain under-represented by a factor of eight in relation to their representation in the greater Auckland regional population (20%).
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Figure 3: Maori students enrollments in bachelor of engineering degrees 2001 – 2006 
Since 2001, the proportion of Maori student enrollments has managed to keep pace with the progressively increasing SoE student cohort. Similar trends are reflected for Maori EFTS within institutions over the same period as shown in figure 4. While the increase in numbers of Maori enrollments is positive, further growth is constrained by the total numbers of Maori students enrolling in engineering. 
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Figure 4: Maori EFTS bachelor of engineering degrees 2001 – 2006 (MoE, 2006)
The under-representation of Maori students in engineering degrees and therefore the engineering profession has a profound negative impact on Maori, on the Faculty of Engineering, the SoE and NZ. The Faculty of Engineering recognises that it is important to address these issues from a number of viewpoints. These include, but are not limited to; the impact Maori engineers may have upon future development of NZ as effective wealth creators, the relevance of indigenous engineering issues at this time, the impact of Treaty of Waitangi settlements and the apparent transfer of wealth to tribal bodies, and the subsequent effects that these issues may have upon new graduates entering the profession.

There are many negative long-term impacts associated with under-representation in the engineering profession. As engineering and technology are closely associated with wealth creation, Maori communities are disadvantaged because the paucity of engineering expertise means that there is a continuation of missed opportunities and wasted resources. The missed opportunities are associated with land and other resources such as traditional knowledge that are not able to be utilized to their optimum benefit within society. 

Further, the Faculty of Engineering is disadvantaged, because it wants ‘the best and brightest’ in engineering, and the potential to achieve this is significantly reduced without parity of student representation with the population of NZ at large. This is patently not possible with such gross under-representation of one sector of NZ society. Finally, NZ is disadvantaged because of all ethnicities taught, Maori students are those most likely to stay and work or at least return to these shores if they do travel overseas for work.

The NZ government has also acknowledged this issue. In the second report of the Tertiary Education Advisory Commission (Commission, 2001), the failure to fulfill Treaty of Waitangi obligations is identified in terms of failure to achieve the following objectives:

o
failure to encourage high achievement and success for Maori

o
failure to build the capability of Maori society, business and industry

o
failure to develop a Maori tertiary-education workforce

o
failure to provide culturally supportive, empowering learning outcomes to ensure collaboration across the system to improve outcomes for Maori

The challenge therefore continues to be to increase the participation of Maori in engineering at tertiary level. The extreme Maori under-representation identified necessitates a response that must initiate a step change in numbers. This step change can only be achieved through specific targeted programmes such as Nga Hoa O Te Kupenga Rorohiko within the broader support structure created by the SoE Maori participation strategy at UoA.

Maori Participation Strategy
The SoE strategy states that it recognises the benefits and advantages of having a staff and student population that reflects the make-up of the NZ community at large. The SoE mission is to increase the Maori participation and graduation rates in engineering to a similar proportion to the Maori population at large in NZ through addressing the issues of equitable access, achievement, and appropriate knowledge acquisition. To this end, the SoE makes a commitment to address the current barriers to Maori, which reduce opportunities to pursue an education or career in professional engineering. This is addressed using the SoE three tier approach, the three ‘R’s. The three ‘R’s encompass Recruitment, Retention and Role Modelling. For a fuller discussion of these refer to An Argument For Increased Maori Participation In Engineering Based On Potential Impacts For Education In Sustainable Development (Morgan, 2005).
Tuakana-Teina

Ko te atahuatanga o te tuakana me te teina: the beauty of the elder supporting the younger

The Tuakana concept was first introduced in the School of Biological Sciences in the Faculty of Science in 1991 (Maramatanga, 2006), however had been a mainstay within Maori secondary schools such as Te Aute, Hato Petera and Hato Paora for many decades previously. Tuakana-Teina is based on the traditional Maori ethic of manakitanga (caring for others). The implementation of the mentoring programme in Biological Sciences was successful, was associated with trends of increased Maori student achievement, and was therefore adopted in other faculties in subsequent years.

South Pacific Indigenous Engineering Students (SPIES) is a voluntary mutual support group initiated by the Maori and Pasifika students in engineering in 1993. During its first five years, SPIES created a supportive environment for the indigenous engineering student cohort, based primarily around regular meetings that included shared meals. In 1998, the SoE support of SPIES was increased and re-focused to incentivise a stronger academic focus and to involve the SPIES membership in active recruitment. Part of the re-focus included an organised programme of tutoring that financially resourced senior SPIES to tutor junior SPIES in engineering subjects. Thus the Tuakana concept was introduced into engineering. 

Over these past eight years, the Tuakana programme has evolved to include;
· Tutorials in any engineering subject that students identify difficulty with, delivered by SPIES members

· Regular presentations from practicing indigenous engineers to provide motivation and direction
· SPIES team building retreats that incorporate school visits enabling SPIES to role model engineering as a career option for Maori and Pasifika secondary school students

· Indigenous E’days during which Maori and Pasifika secondary school students are invited to the university, hosted by SPIES, and introduced to engineering as a potential career option

· Formal mentoring relationships established between senior and junior SPIES members

· Employment of graduating SPIES as student mentors within the Faculty of Engineering

· Formation of South Pacific Professional Engineers for Excellence (SPPEEx) as the tuakana group for SPIES, made up of practicing Maori and Pasifika professional engineers

Initiatives introduced in other countries for indigenous students have had success where the focus of support has had a similar focus to the SPIES programme. Simonelli identified that the strength and support of the American Indian students during compulsory education is a make or break factor that determines later success, as these interactions provide the impetus for a pantribal community often far from the student’s home country. Other critical success factors include leadership by a native director who has a relevant tertiary qualification and students with a keen desire to give back to their own people. If these factors exist, then Indian student organisations, tutoring and mentoring relationships, ceremonies, celebrations and the caring and sharing which are part of Indian culture all contribute to support students in an educational system with values very different from their own. These programmes use existing indigenous students as role models for students still involved in compulsory education. Indigenous students from the American Indian Science and Engineering Society (AISES) chapter at Northeastern State University take a ‘Mister Wizard’ science show on the road, visiting many rural schools with Indian enrollments (Simonelli, 1997).

A further application of the Tuakana concept is the current pilot of Nga Hoa O Te Kupenga Rorohiko.

Nga Hoa O Te Kupenga Rorohiko

Nga Hoa O Te Kupenga Rorohiko has evolved from existing successful initiatives based in the SoE, and has been developed in consultation with the SPIES group, the Faculty of Engineering, the UoA Maori Council, and SPPEEx. SPPEEx members are already involved in mentoring SPIES members, senior SPIES have mentored junior SPIES through the Tuakana-Teina programme since 1999, and the extension of this approach in a formalised way into secondary schools is considered a natural progression.

Thus Nga Hoa O Te Kupenga Rorohiko will be an extension of the tuakana programme that facilitates regular on-line mentoring between SPIES and secondary school students. Contact for mentoring will be made possible on a regular basis with the improved availability of on-line and mobile communications technologies. The structured mentoring concept is also extended into the engineering profession as sponsor firms provide a mentoring engineer in addition to a scholarship for the SPIES mentor. These mentoring relationships are further supplemented with the creation of mentoring cohorts that cluster four students from different schools with each SPIES mentor. This approach provides additional peer support opportunities that create a safety net that can absorb participant attrition from the programme should this occur.

Students are often limited to their peers within the classroom and school for diversity of ideas and role models. Similarly, teachers are also limited to the adults within their school or community for support, feedback, and external resources. The school itself also has cultural norms that may or may not apply outside the school (Bacon, 2004). Therefore, extending educational activities beyond school-based programmes can introduce students to new intellectual settings that help broaden their horizons and personal aspirations. Bacon represents the partnerships involved in out-of-school programmes in figure 5 below: 
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Figure 5: Partnership relationships for delivery of out-of-school programmes (after Bacon 2004)

While out-of-school programmes can mean unrelated learning, many of these programmes are tied to the learning outcomes intended within the school curriculum (Bacon, 2004). The delivery of educational programmes, using collaborations between schools, tertiary institutions, non-governmental organizations and institutions, are well established and strengthen the learning opportunities of students considerably. The potential to impact upon student learning and achievement in mathematics and the sciences through computer based mentoring is the motivation for introducing Nga Hoa O Te Kupenga Rorohiko.

On-line mentoring was conceived as an opportunity to enhance tertiary teaching as early as 1991 (Moore, 1991). Further research subsequently confirmed the potential for on-line mentoring in science (O'Neil, 1996, Sanchez, 1996), although these studies involved mentoring relationships between undergraduate students and qualified professionals or school teachers and content experts advising on student learning projects. A subsequent study in 1998, explored the efficacy of digital communications technology with at-risk science students mentored by undergraduate university students.  The limited scope of the study constrained general conclusions, however the results indicated that the participating secondary school science students, over the course of the project, asked more thoughtful questions, remained on task, and perceived improvements in their attitudes toward science and their ability to understand science concepts (Winslow 1998). 

Therefore mentoring precedents do exist that have successfully used digital communications technologies to overcome distance separation of mentors and mentees. Although the use of digital technologies to facilitate mentoring is not new, the initiative to provide a seamless cascade of mentoring from professional engineer to undergraduate engineering student to secondary school student is. Further the cascade of relationships is created on the basis of a four year cycle which regenerates. That is, as the secondary student completes preparation for tertiary study, the SPIES student completes their undergraduate degree and moves into employment, allowing a new cascade to be created with more indigenous professional engineers, more SPIES student mentors, and therefore the resource to mentor more secondary school students. The mentoring cascade is demonstrated in figure 6 on the following page:
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Figure 6: Mentoring cascade provided by Nga Hoa O Te Kupenga Rorohiko
A specific aspect of the strategy that is considered innovative and practical is the involvement of the existing indigenous engineering student cohort as groups of role models for secondary school students with initial contact made during visits to schools an average of 300 kilometres from the university. The groups of SPIES allow the junior students to take a support role while the senior students enhance their leadership skills. The challenges of large distances and achieving significant SPIES involvement are overcome by incorporating the school visits in the programmes for the two annual SPIES retreats that visit different regions each year.

It is intended that this programme will establish computer based mentoring and tutoring for a maximum of 60 selected Maori year 10 secondary students studying mathematics and science. Students from 20 schools will be mentored by fifteen SPIES engineering students who will each be partnered with four students from different schools. Due to distance, limited face-to-face communication will take place.  Instead, contact will be facilitated by computer networking.  
In the interim, a pilot that involves five clusters of Year 12 students and five SPIES mentors has been chosen. The down-sized approach allows proof of concept with smaller financial commitments possible from industry sponsors. This is achieved due to the pilot cluster gestation time reducing from four years to two, providing a shorter time horizon to confirm outcomes and likely success rate.
Conclusion
This paper has described the recruitment challenge faced by the SoE at the UoA, and describes the structure and objectives of Nga hoa o te kupenga rorohiko programme. Nga hoa o te kupenga rorohiko has the potential to address the existing paucity of Maori engineering students, not only within the SoE, but other tertiary institutions also. Improved participation rates must be accompanied by academic success however, and the already formalised aspects of the Tuakana programme will be essential to the successful implementation of this programme.
An issue that has not been addressed is that the under-representation of Maori also impacts upon the education outcomes of the general engineering student cohort, particularly in relation to subjects considered to be ‘soft’ engineering. This is because the absence of a critical cohort presence results in silence on that cultural or community perspective. This must be of concern if educators acknowledge that increased indigenous student involvement (both teacher and student) in engineering education assists with awareness of sustainability issues due to the open sharing of the holistic indigenous perspectives on sustainability.

In closing, a proverb from the past is relevant in this instance, and in the context of the challenge ahead; 

Ko te pae tawhiti whaia kia tata. Ko te pae tata whakamaua kia tina.

The translation describes the philosophy held by the Maori staff and faculty leadership involved with increasing Maori participation rates in the SoE at the UoA. Seek distant horizons and hold fast to those you attain. Mauri ora!
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