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ABSTRACT

Some 7 years ago the University of South Australia has defined and since consistently insisted on the implementation of generic graduate qualities (or attributes) to make academic curricula in all disciplinary fields to be more inclusive. The process is supported by informed corporate policies and guidelines. This paper reviews the issues of gender and cultural inclusivity with the emphasis on the engineering education context. Strategies are defined to develop curricula to address the increasingly diverse student population and the large variety of learning styles. Finally, the authors demonstrate the integration of these concepts and approaches into the design of engineering courses and programs.

Introduction

The increasing diversity of students in tertiary education has led to greater interest in how students learn, and how their learning is influenced by their social and cultural backgrounds. This area of research is often viewed as an aspect of the inclusive curriculum – a curriculum which attempts to include the interests, values and experiences of all students, whatever their backgrounds [Ayre, Nafalski, 2000]. In addition to the required inclusivity, the University of South Australia requires all curricula to aim to develop specified generic graduate attributes [1998a and b]. This paper presents the issues of designing inclusive engineering curricula from the perspective of a manual [Ayre et al, 2000] developed as part of the inclusive curriculum project funded by the University of South Australia.

Changes to engineering profession

Professional engineering is changing. The applications and priorities of the profession are changing in the increasing competition for engineering goods and services in the global market. Engineers today are expected to be multi-disciplinary, and to apply social and environmental perspectives to their technological expertise. They need appropriate communication skills to engage in debates on these issues with technical and non-technical people. 

In its report, Changing the Culture: Engineering Education in the Future [IEAust, 1996], The Institution of Engineers Australia (IEAust) discussed the changing role of the professional engineer in Australia. The role of the new engineer, it declares, will involve: 

“… integrating technical understanding from various sources into systems to serve society’s needs, and thus creating wealth for society in a competitive world.”

a  “… service orientation to which professionals are committed ……”

“… a broad range of knowledge and understanding, with ability to address not only the technical dimension (which never occurs in isolation) but also the financial, legal, marketing, organisational, environmental, social and ethical aspects.” [IEAust, 1996, “Review Report”, pp. 19-20]
With increasing globalisation more engineers are likely at some time to work alongside colleagues whose culture is very different from theirs. An article in the Harvard Business Review makes the point 

How well an enterprise works – how productive and successful it is in a highly competitive global economy – depends on whether it has the best people and people who are comfortable working across lines of race, class, religion, and background. The days of insularity and parochialism are gone. Diversity is a business imperative because it affects competitiveness [Bowen, Bok, and Burkhart 1999, p. 140]..

Diversity in the professional community

The ethnic diversity of the engineering profession in Australia actually exceeds that of the population.  Twenty-three percent of the Australian population overall [McLennan, 1999], but 44% of those holding degree qualifications in engineering, were born overseas [IEAust, 1996, “Review Report”, pp. 26-27]. 

Other groups of our society, however, are significantly underrepresented in the profession and in the engineering student body: women, indigenous people, rural and isolated students, and students of low socio-economic status [NBEET, 1996]. The low representation of these groups in engineering education and the profession sends a message that the profession can not afford to ignore.

The scarcity of women engineers
As in other “western” economies, in Australia there has been a drive over the past fifteen years or so to increase the number of woman engineers. Government agencies, industry, and educational institutions have, by funding and other special initiatives, succeeded in increasing the proportion of women enrolling for Australian engineering degrees from 3% in 1980 to 14.1% in 1997 [Garcia,1998]. These are, however, average figures over all engineering disciplines. Looking at the separate disciplines, the proportions of women enrolling for engineering degrees range from 32% in chemical engineering (up from 22% five years before) to 7% in mechanical engineering [IEAust, 1996, “Task Force Reports”, p. 155]. Also the overall rate of increase has in the last few years slowed to less than 1%, and this is currently a matter of major concern and research [Lewis, 1995a, p. 270]. Another existing phenomenon is the significant attrition of women in the profession.

Gender-inclusive engineering
The climate of engineering education and employment must therefore change if more women are to be attracted to, and stay in the profession. A substantial part of the educational climate is formed by the curriculum. Lewis [1995b, p. 270] describes the current curriculum framework as follows:

The research questions, methods, criteria of success, and styles of teaching are male defined and consequently, the knowledge itself reflects a bias towards a male cognitive style in its practices, theories and ways of teaching. The science and engineering makers have created disciplines where they are comfortable with the separation of theory from social or environmental context, and where the top down, expert scientist authority is the dominant paradigm.

To improve the current under-representation of women, it is argued, the curriculum must ‘include’ women, their cognitive and learning styles, and their interests: that is, be “gender-inclusive!

Culturally-inclusive engineering
Men and women from cultures other than those which have developed in the ‘western’ scientific tradition can feel alienated, uncomfortable and unrecognised in a system which practises this tradition. 

The words of a Thai undergraduate serve to introduce some of the issues arising in relation to Asian students:

When I am in class and the professor asks questions and we have to discuss, I never say anything. Often I think of answers, but I cannot express my ideas well, so I wait for someone else to speak for me. I have never asked a question. The other students ask many questions and even argue with the professor. I could never do that, because I do not think that is right behaviour. I do not want to become like Australian students [Ballard and Clanchy, 1997, p.15].

Ferris [1997] explored the impact of ethical, social and religious backgrounds on the studies of male students of two engineering programs at the University of South Australia. His sample included students born in Australia and overseas, with a large number of the Australian-born students being of low socio-economic status, and many being first generation immigrants. This author found significant mismatches between lecturers' assumptions about students' prior practical experience and the reality. He also found important differences between culturally-based values and references.

Combining gender and cultural inclusive principles, that is emphasising recognition of the different values, perspectives, and learning styles of all students including those of the dominant group, an inclusive curriculum can and should be both ‘gender’ and ‘culturally’ inclusive. As Parker shows, these are not mutually exclusive aims since:

“… a cross-cultural curriculum is parallel, in many ways, to the concept of a gender-inclusive curriculum …” [Parker, 1996].

In general, the principles of a gender- and a culturally-inclusive curriculum are similar, and also apply to curricula, which are inclusive of other differences between groups and individuals, such as ethnicity, age, disability and sexual orientation.

One could summarise principles of an inclusive curriculum to be as follows:

· respect for each student as an individual

· concern for each student as an individual

· commitment to enabling each student to realise his or her full potential

· awareness that differences exist between individual students in interests, values, perspectives, prior experiences, ambitions, learning styles, home circumstances

· commitment to acknowledging, recognising, respecting and accommodating these differences in all components of the curriculum

· using, in a professional way, the diversities which exist amongst the students to enhance the learning experiences of all students

· awareness of, and willingness to address unstated and maybe unconscious, attitudes, values, assumptions in ourselves which impact on students’ learning environments 

· awareness of student-student interactions in the class and a commitment to influencing these if they impact negatively on any of the other principles

· listening to students’ comments and evaluations of the informal learning environment as well as the formal parts of the course, and taking these into account in reviewing the curriculum.

Stage models of inclusive curriculum

A number of ‘stage models’ of change in engineering and science curricula to make them more gender-inclusive have been observed, by Warren (1989, pp. 46-52), Moxham and Roberts (1995, p.15), Rosser (1995, pp. 4-21), for example. An adaptation of Rosser’s [1995] stage model is given below as an illustration of these models. For ease of reference Rosser’s discussion was paraphrased and formulated into tabular form. It is suggested that it may be useful for any individual, or any School or Department interested in analysing their progress towards a gender-inclusive curriculum, and, with a little interpretation, a culturally-inclusive curriculum. The first column lists Rosser’s six stages, with the words ‘engineering’ and ‘engineers’ replacing her words ‘science’ and ‘scientists’ in the original. 

Table 1 Stages of curriculum transformation

	Stage
	Title
	Characteristics
	Strategies to achieve change

	1
	Absence of women is not noted
	Assumption that the objectivity of engineering renders it immune to gender considerations
	Acknowledge gender influences, and seek ways to incorporate them appropriately in the curriculum 

	2
	Recognition that most engineers are male and that engineering may reflect a masculine perspective
	Engineering views the world from a male perspective
	- explore issues of social concern

- set open-ended investigative-type problems

	3
	Identification of barriers that prevent women from entering engineering
	Exploring why women are not attracted to studying engineering; how to attract them and how to reduce barriers at entry
	Consider the learning environment as well as entry issues; remove the “chilly climate” experienced by many women students 

	4
	Search for women engineers and their unique contributions
	Include the contributions of women engineers, and discuss why they have often been ‘lost’.
	- teach in cooperative and interdisciplinary ways

- discuss the social benefits of technological progress

	5
	Engineering done by feminists and women
	Accepting and incorporating women’s different perspectives and ‘ways of knowing’ in the study of engineering.
	- encourage development of theories and hypotheses that are relational, interdependent, and multicausal

- use qualitative and quantitative methods in data gathering

	6
	Engineering redefined and reconstructed to include us all
	Incorporating all of the above into a transformed inclusive mainstream curriculum
	The philosophy, aims, objectives and content of the curriculum must be based on the principles of inclusivity, as well as the way the curriculum is delivered

	
	
	
	[adapted from Rosser, 1995, pp. 4-17]


Willis [1996] offers an alternative to the stages of change outlined above, with her model of four perspectives of the ‘gender-equity’ curriculum. Willis’s argument is based on a non-linear model of change, and proposes that whereas there will typically be an overall forward movement through her ‘perspectives’ which may be similar to progress through the ‘stages’ listed above, in practice change will be achieved by constantly revisiting some of the previous stages. Willis’s [1998] four perspectives are given in the following table.

Table 2 Perspectives of the inclusive curriculum

	
	The disadvantaged learner 
	The curriculum 
	Equity requires
	Inclusivity and social justice is served by

	1
	has a deficit which needs remediation

	is innocent
	Equal (the same) provision OR
equal access  
	compensatory education to enable access. 

(This is usually prior to or alongside ‘the curriculum’ which remains unchanged)

	2
	has been discriminated against
	is innocent in content (intent) but often guilty as provided
	equal opportunity to learn the ‘curriculum content’ and to demonstrate learning
	fair learning opportunities and assessment practices.

(The learning opportunities include learning contexts, physical, social and intellectual environment, physical resources, teacher time)

	3
	has not been included
	is guilty (albeit unintentionally) of causing disadvantage
	equally appropriate curriculum
	reconstruction  of curriculum /construction of ‘inclusive curriculum’

	4
	has been excluded
	constructs disadvantage to maintain the status quo 
	equality of outcome by group
	Anti sexist/anti racist education, teaching students about positioning, provide skills for social action


Designing a curriculum
 usually involves considering the parts of the curriculum listed below, approximately in the order given. In this chapter, a suggestion is given how a program
 may be designed to be more inclusive by ensuring that all its parts are inclusive. Some universities now also require all curricula to demonstrably lead to the development of nominated graduate attributes, and this approach is also adopted. Making either an entire program or an individual course more inclusive requires making all the curriculum components more inclusive. The components of a curriculum are usually considered to be: 

· the assumptions made about the perspectives, experiences, values and backgrounds of the students

· the aims and objectives of the course or subject

· the content

· the teaching and learning methods

· how the students are assessed

· the general learning environment.

Making any of its components more inclusive can make a course more inclusive. Making a program more inclusive requires consideration of its overall assumptions, aims, objectives, and students’ learning experiences, in addition to the inclusivity of its individual courses. Though a program can initially be made more inclusive by adding inclusive courses or strands of courses to an otherwise ‘traditional’ curriculum, this approach should be regarded as only a step along the way towards a more genuinely inclusive course. In a genuinely inclusive course, every course is inclusive, within an overall inclusive program design. Improving the inclusivity of a program requires more than improving the inclusivity of a collection of individual subjects - the inclusivity must be part of the overall course design. 

A considerable part, but not all, of the curriculum as experienced by a student is planned in advance of any students enrolling, as part of the formal course development and approval process required by a university. The outcome of this process can be described as the course (or subject) design. 

Once the teaching process starts, however, the curriculum is continually modified and adapted by the lecturers in response to the interests, needs and concerns of the students, and other stakeholders. The iterative nature of this process can be likened to that of engineering design. In addition, there are always some unstated, even unconscious elements of the learning environment which do not appear at all in the formal course design, but nevertheless can significantly affect the students’ learning experience. All of these influences on, and modifications to, the curriculum which take place after the formal course design stage belong to the implementation phase.

The design and implementation phases of a curriculum are inextricably linked. The curriculum as designed provides the core of the curriculum as implemented. The following components of the designed curriculum however, normally remain unchanged throughout the implementation phase:

· assumptions about the perspectives, experiences, values and backgrounds of the students

· the aims and objectives of the course or subject

The group of curriculum components which are added to, interpreted and developed, in the process of implementation are:

· the content 

· the teaching and learning methods

· how the students are assessed

The final curriculum component, the learning environment, is usually entirely a product of the implemented curriculum, and is not addressed at all in the designed curriculum. The learning environment includes features such as the physical environment (the room and its equipment), the teacher-student, and the student-student interactions, including the prevailing attitudes, values and assumptions. The designed curriculum is therefore a subset of the implemented curriculum, as shown in Figure 1.

Assumptions about students

When designing a curriculum, the first thing to think about is the needs of the group of students who will enrol in this course or program. Why are they taking this course or subject, what do they need from it, what are their backgrounds, how much do they already know, what skills do they possess? The greater the diversity of the student group, the greater will be the diversity of their backgrounds, perspectives and ambitions.

While some course designers may resolve the challenges presented by these circumstances by designing the curriculum to suit the ‘dominant’ social and cultural group in the class, we argue that this is not only inequitable, but also inefficient and counter-productive. The program or course should be designed to give all the students who have been admitted to the class ‘fair’ chances of succeeding. In addition, the different perspectives, attitudes and values brought by the ‘minority’ students can be incorporated into the curriculum to extend, challenge, and ultimately improve the thinking of the dominant group.




Figure 1 Designed and implemented curricula

A good starting point is to consider why the students have selected this program or course. Not all engineering students join the program because they have an overwhelming ambition to become engineers. 

Many women students have little idea of what being an engineer involves. They may have been persuaded to study engineering because they were good at science and maths at school, and in choosing engineering are consciously taking a pioneering, adventurous, step into the unknown. Apart from the important implication that the engineering curriculum should include some information about engineering careers (and other careers open to numerate graduates), it is worth considering whether these differences in the backgrounds of students selecting engineering study imply differences in their personalities. If so, these students may be motivated by different factors, and to retain the interest of these students the curriculum should acknowledge these differences.

Another assumption to consider is the educational backgrounds of the students. Many engineering staff already claim to be experiencing ‘problems’ arising from a mismatch between their expectations of the educational backgrounds of students coming directly from Australian high schools, and the reality. When the class also contains mature-aged students, and international students, these difficulties are compounded. Unless Australian lecturers, and their international students, are aware of these differences, serious misunderstandings can arise in the expectations of both staff and students.

Primary and secondary curriculum content

The content of an engineering course (or ‘syllabus’) typically comprises some standard applications as well as the underlying theory, for example: the basic laws of electricity and their applications to the design of transistors or a stereo radio amplifier. In addition, in the teaching process, the lecturer will usually expand on the syllabus by introducing further applications and examples. 

In the disciplines of science, mathematics and engineering, which Warren [1989, pp. 48-49] describes as “gender-resistant”, the curriculum content can therefore be thought of as comprising two components: the underlying theory, and the applications and examples employed. Warren suggests some useful terms to distinguish between these two components of the curriculum content. Core theory, such as physical laws or mathematical concepts, is designated the primary content of the curriculum. The applications and examples form the secondary content. 

When considering how to make the curriculum content more inclusive, engineers may find it helpful to consider these two components in stages: first consider how to make the secondary content more inclusive (by including examples and applications from a range of cultures), and later tackle the primary content. For this reason, comments below relate to making the secondary content more inclusive, followed by making the primary content more inclusive.

Making the Secondary Content More Inclusive

Morris and Hudson [1995] have some advice on transforming the secondary content:

In a globalising world Australian engineers arguably should be familiar with problems which occur in different parts of the world, not only in their own country. For example, they should learn how to build buildings in countries where the water table level is very high, or where a different variety of materials is available, and not only how to build in their country of origin. 

Making the Primary Content More Inclusive

Many engineers and scientists maintain that their core curriculum (or ‘primary content’) is based on universal laws, and is not therefore subject to cultural or gender bias, but this perspective is being challenged. 

Roberts and Lewis, the authors of The National Position Paper on Women in Engineering [1996], describe two different approaches to the construction of knowledge and ways of knowing in engineering and science:

One approach is more like the traditionally known, objective, rule-seeking ways of evaluating, proving or disproving truth. The second approach seeks understanding and meaning from the individual’s perspective - connected procedural knowledge - for people who look for connections between events and personal factors such as circumstances and background experiences [p.159].

These authors recommend that an engineering syllabus should include both of these approaches, and not only the “… known, objective, rule seeking ways …” .

Conclusions

The lesson from these analyses would seem to be that students’ personalities and, social and cultural backgrounds influence their preferred ways of learning. As students proceed through any one educational system they become increasingly socialised into the learning methods of that system, but face particular challenges when transferring to a new system. So, not only do all first year students have to make significant adjustments to their approaches to learning (a time often identified as critical for students’ retention and eventual success), students from backgrounds, in which a different culture operates from that of their current studies, face even greater challenges. 

It is therefore important, particularly when teaching first years, to be aware that students from diverse backgrounds are likely to approach their learning in different ways, ways which have been formed by inherited personality characteristics, as well as students' cultural backgrounds, including the ways that they have been encouraged to learn in their previous educational institutions. It helps also to have some knowledge of what may constitute these different learning styles. Of course, there is no suggestion that lecturers should try to adapt their teaching to suit each individual’s learning style, merely to develop an awareness of the range of different styles, and provide all students with opportunities to employ, and extend, their own preferred learning styles.

However inclusively the curriculum is designed, it will not be experienced inclusively by the students unless the teaching and assessment methods are implemented along inclusive principles, and the learning environment is managed in such a way that it is inclusive of all students. If the lecturer illustrates the applications of the theory, for example, in an entirely Western context, the subject will not be inclusive. Likewise, if a particular group of students is allowed to dominate the class or tutorial, the subject is not inclusive.
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� The term ‘curriculum’ is used here to describe the entire learning experience within a program or course. 


� The meaning of the terms ‘program and ‘course’ is not consistent throughout the higher education sector. As used in this document the terms have the meanings they are ascribed in the University of South Australia, that is: a ‘program is the entire requirement for qualification for a formal award of degree or diploma, ‘courses’ are the individual core or elective components of the program. 
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