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Abstract

At Queensland University of Technology, the Faculty of Science recognises the importance of facilitating the transition of first year science students.  To support the transition experience, we have begun embedding the development of academic skills into the fabric of eight large first year units.  To help us, the university has funded a teaching and learning development grant for $150,000 spread over a two year period, with equivalent "in-kind" contributions from the faculty itself.  In this paper, we outline the curriculum reforms we encompass into these units.  The reforms include: developing concept maps of both pedagogy and content to help guide students’ learning; designing enhanced assessment and consequent learning opportunities through feedback; providing study guides, and; better integrating on-line learning.  Cumulatively, these reforms will help students to develop effective academic skills within the context of their first year studies.  Here we illustrate the benefits to student learning arising in one of these units in the area of assessment.  

With monotonous regularity, apparently competent men have laid down the law on what is technically possible and impossible - and have been proved wrong while the ink was scarcely dried from their pens.  On careful analysis, these debacles fall into two classes….failures of nerve and failures of imagination.









Arthur C. Clarke (1978)

Introduction

Within twenty years, we recognise that today’s first year students may routinely work beyond the atmosphere, or know someone who does.  Species loss and ecosystem decay will reach epidemic proportions, and sometime in 2005 human knowledge will double in less than a month.  Our current Nintendo generation of first year students will work in this world – a world likely to change in ways we cannot predict.  This future, waiting just around the corner, places different demands on our graduates compared with anytime in the past.  

Consequently, to succeed in and contribute to the future, our students require a different sort of training to the one many of them receive.  They will have to exhibit a holistic knowledge, applicable to solving new and novel problems – relying on ideas and inventions neither discovered nor invented yet.  Moreover, they require a deep understanding of functional interrelationships amongst similar and disparate elements of their learning that will form the basis of their ability to work successfully in this brave new world.

Increasingly, we recognise the first year at university colors and shapes not only students’ study habits and their approaches to learning, but the quality of their future capacities.  To ensure the future can capture the intellectual capital of the current generation requires us to redress several systemic challenges common amongst many first year programs.  Firstly, we need to move away from assessment that relies predominantly on multiple choice and short answer questions. To students, these assessment strategies do not encourage them to learn the ‘big picture’, but emphasise the importance of often trivial and isolated minutiae (Ramsden, 1993).  Secondly, we need to teach and model the analytical and creative skills we expect of professionals in our respective disciplines.  Lastly, we need to design curricula that inherently engage our first year students (Meyers et al., 2003a).  This last step is particularly challenging considering the increasing diversity of students' backgrounds that we find in our classrooms – especially the first year classroom. In combination, these processes within units should provide a sound basis for producing increasingly independent learners able to resolutely face the future’s challenges. 

In this paper, we report on a systematic attempt to enhance transitional experiences of students in eight strategically chosen first year science units at the QUT.  We selected these units to span all four schools and five of the principal undergraduate programs offered by the Faculty.  In doing so we necessarily impact upon students who are diverse in their backgrounds not only within particular units, but also between them.  In addition, we selected each of these units because of the fundamental role they play in a student’s learning in specific majors or strands of study.  Within each unit we have, or continue to, implement a number of reforms designed to improve: the level of student engagement; assessment methods; the quality of feedback provided to students on their learning, and; enhance significantly staff development.  This multi-structured approach, taking in student and disciplinary diversity, not only helps to make the reform of these units operationally more efficient, it also helps to disseminate and embed the project outcomes throughout all the Faculty's courses and all the Schools.  

Our approach

We recognise three areas in which we can support the learning of our first year students, namely via the way we: teach (Kember, 1998); assess (Boulton-Lewis, 1998), and; design our curricula (Boud, 1982).  We describe our planning for, and implementation of, five reforms centred on these unifying themes.  We designed each reform to enhance and support students’ transition experience towards becoming increasingly self-managing, university-level learners.  Each reform cumulatively develops students’ higher order thinking and academic skills necessary for their university studies and later personal and professional lives.  Each also takes account of the diverse nature of the student cohort.  These reforms include:

Firstly, a concept map that provides a graphical (i.e. visual) representation of the unit’s pedagogical design and content areas.  This is an adjunct to more traditional textual and aural explanations provided to students.  As such the combination of methods targets students with diverse ways of thinking.  In combination, these elements will provide students with an intellectual framework that will guide their study. 

Secondly, we will develop a number of on-line resources such as multi-media presentations, quandary mazes, on-line quizzes and other resources that allow students to engage with content knowledge and receive feedback on their current understanding.  Consequently, teaching staff can use lecture times to demonstrate how students can solve problems using the scientific method and associated techniques.  Again, the diverse nature of the on-line resources results in students with different backgrounds and learning preferences to engage effectively with different portions of the material.

Thirdly, we will write unit study guides to further model the complex thought processes necessary to master content knowledge and to solve complex problems that assessment tasks require of students.  The study guides, in keeping with the other resources, do not consist simply of text.  Rather they include a variety of approaches designed to appeal to the variety of students.

Fourthly, we will develop and implement assessment tasks that require students to synthesise a broad range of information and concepts (identified in the study guides and on-line resources), identify additional resources (using information literacy modules either already developed or purpose built), formulate and test hypotheses and apply their understandings to new or novel problems.  Thus, in combination with the study guides, these assessment tasks will require students to develop a working content knowledge that is highly-structured and stresses understandings based on functional inter-relationships. 

Finally, we will experiment with appropriate ways of providing timely and detailed feedback to students on the quality of their learning.  These approaches will include software solutions – such as ‘Mind-trail’ or the auto-text function of word processors that allows lecturers/tutors, with only a few keystrokes, to provide extensive written feedback to individuals on errors common to the class.  In addition, we will work towards increasing the use of self, peer and group formative feedback to ensure students’ develop the skills and knowledge necessary to achieve the learning outcomes we designed.  

Cumulatively, these reforms (which are of various kinds) will build a scaffolded framework necessary for a diverse group of students to develop effective academic skills within the context of their first year studies.  This approach also builds on QUT’s current transition program that raises awareness of student services.  This project is therefore the first systematic and systemic attempt to operationalise the principles identified by QUT’s First Year Experience working party (Kift et al., 2003).  
An example of how implementing assessment reforms benefits the quality of student learning in one unit

To illustrate the principles and approach we developed or are developing in eight units, we draw on an example from one of the pilot units - NRB270: Animal and Plant Structure and Function (enrolment ~ 300 students).  We report reforms in the area of assessment to illustrate the impact these reforms have on the quality of learning of undergraduate students – but, we stress that the reforms implemented did not only lie in the area of assessment.  We designed the assessment strategy for NRB 270 so that each task would be cumulative in effect - building on the skills and knowledge derived from previous tasks (Meyers et al., 2003b).  The assessment tasks comprised three assignments, two practicals and four tutorial reports.  The increasingly divergent nature of each task provides all students with the guided and scaffolded opportunity through tutorials, practicals and study guides to engage to the best of their ability.  Moreover, the divergent nature of each task requires students to learn the material with the intent to develop functional knowledge.  We illustrate the principles of curriculum design informing the unit’s development to oblige students to develop deep learning strategies.

In NRB270 we designed the curriculum around three assignments.  These three, increasingly divergent assessment tasks oblige students to develop increasingly complex knowledge structures.  Specifically, the assignment tasks asked students:

· Why didn’t long necked dinosaurs feint when they raised their heads, and conversely, why didn’t their heads explode as they bent down to drink?

· Which animal would be best suited to a [specified] terra formed Martian environment: a kangaroo, sheep or a cow?

· Predict and describe how the environmental conditions on Earth’s largest space station - Valhalla 1’s - dome will maintain or influence the physiological, morphological, structural and functional attributes of plants. Based on these facts, you should explain and justify your selection of a plant(s) for trials in the domed environment. 

These unusual, unique and challenging assessment tasks require students to synthesise information, integrate knowledge and think creatively to answer the questions because no readily available solutions exist anywhere.  Accordingly, by their nature, these assessment tasks are accessible to a much wider range of students (when viewed in terms of their cognitive capacities, backgrounds, prior knowledge, culture etc) than more traditional types of assessment which appeal much more explicitly to students of a particular kind.  We supported the development of students’ academic skills through a series of resources and teaching strategies.  Here we illustrate the design of the curriculum and its integration with the assessment strategy.

To illustrate whole organism physiological processes to students, we organized NRB270 to comprise three modules.  We designed these modules to become cumulative in their effect.  To further engage and support learners, we also provided:

· paper based and on-line learning resources (e.g. study guides, practical tasks, tutorial tasks and briefing material) 

· on-line content (e.g., a virtual rendering of the environments – demonstrating relevant readings, resources, links to web sites, etc).

Considered together, the resources and learning environment provide opportunities to ask many "what if... ?" type questions designed to guide the constructive development of a learner’s understanding (Brookfield, 1985; Halpern, 1998; 1999).  Moreover, the diversity of these resources appeals to a diverse student body. More specifically, through the assessment tasks set, we oblige students to synthesise a broad range of information, identify useful resources, formulate and test hypotheses and, ultimately, to apply their developing understanding to novel problems.  What we do not do is to force a diverse student body to engage in this process in a particular way – the range of materials and resources allows multiple approaches to be adopted with equal benefit.  Thus, the cognitive tasks required to complete successfully the assessment items derive from an engagement between the students and the learning materials that those assessment tasks drive (Meyers et al., 2003a; b).

We designed the NRB270 curriculum to ensure that students’ developing knowledge resulted from them having to complete tasks that ensured they engaged with the learning materials and resources we provided and they identified. We used tutorials, practicals, together with three assignments to engage students.  Each assessment task asked a divergent question, allowing each student the opportunity to pursue and develop their own knowledge and understanding within the context of the unit’s aims and goals. We designed each practical, tutorial and assignment to form the basis, and provide the requisite knowledge for, completing the next task. The progression from assignment one to three relied on:  developing a critical knowledge framework (assignment 1) through a heavily scaffolded learning environment (which, nevertheless, was not prescriptive of learning style); developing a focus on understanding the theoretical principles through linking theory and practical experience (Assignment 2), and; developing an application focus requiring students to test their understanding through applying the knowledge to a new or novel situation (Assignment 3).
We draw on NRB270’s third assignment to illustrate how we designed an assessment strategy with various tasks contributing cumulatively to a students’ learning.   Assignment three requires students to discuss the dynamics of plant functioning within the constraints of the specified environmental parameters. We designed the conditions under which students had to choose particular plants required students to think in order to accommodate a number of competing and challenging environmental conditions.  One student correctly ascertained the rationale behind my choice of an authentic learning environment:

· The stresses of space seem to exaggerate the structures and function of plants, making it easier for students to conceptualise and understand

To complete the complex tasks associated with assignment 3, students have to read, understand and apply the information contained in tutorials and the on-line resources.  Such a sequence takes account of learning theory insofar as this progression is normal irrespective of cognitive style.  To illustrate the learning outcomes – and the learning pathway – for students engaging in this process, I examine NRB270’s tutorials 3 and 4.

First, students recognise the importance of completing the tasks set in tutorials three and four as well as completing the various study guide activities because they can see that this will help them to develop the knowledge they require to complete the assignment.  The first tutorial involves the scaffolded development of student’s understanding of the environmental constraints implicit in the Valhalla environment.  In order to analyse this information, students must undertake a number of cognitive tasks – each of which produces a desired learning outcome.  By completing this analysis, students learn the importance of environmental constraints on the functioning of some plant tissues (a learning objective of this unit) which I expand on in Tutorial 4.  In addition however, students discover several parameters that require remediation before plants can survive aboard Valhalla.  In so doing, they learn about macro and micro nutrients as well as nutrient and resource deficiency and toxicity impacts on plant growth.

Students begin to question the narrow band of conditions in which plants can survive.  Students also realise they need additional information to answer the question, which they subsequently obtain through the study guides, tutorials and their own research

Tutorial four requires students to investigate the complex interactions between tissues, organs and organ systems with the environmental parameters previously discussed.  Through their investigations of organism/environment interactions, students derive some (further) physiological principles (which they expand on from Module 1 and 2). Students realise that the physiological interaction further helps them to select their plant species and tells them why certain plants could become abundant under the prevailing conditions.  However, they also recognise that without specific understandings of several physiological processes, they cannot determine which of a range of physiologies would work best.  Thus they require further information which they derive from the study guides, additional readings and independent research. 

In combination, the outcomes of tutorials 3 and 4 demonstrate to students that the environmental data augments the physiological data – thus allowing students to derive more sophisticated models of plants suited to the Valhalla environment. Students recognise the importance of this information because it forms the basis of the knowledge/information they need to complete assignment 3. Similarly, assignment 2 built on the principles students learnt from assignment 1.  This sequencing of the learning pathway is important to constructing an engaging learning environment for students, but importantly, the sequence of students' recognitions, or realisations does not depend on any one of them adopting a particular approach: students can take essentially the same learning journey by engaging in a very wide range of qualitatively different study behaviours.

We designed each tutorial to help students break the problem into smaller manageable questions that they could solve with the application and integration of their new learning.  Students comment on these and other similar learning experiences designed to scaffold and support learners:

· I have not seen tutorials [this] … comprehensive and so thoroughly dedicated to help me understand the concepts

In addition, we prepared extensive weekly study guides.  Each guide provided a structured framework of the necessary content and process objectives students would have to achieve in the coming week.  Guides also outlined links to important resources that would assist students to complete particular tasks.  An explanation of how their readings fitted into a larger knowledge framework with strong emphasis placed on synthesising this knowledge into a coherent whole also helped students develop their understanding.  Students provided the following representative feedback on how this process assisted their learning:

· ..  kept me up to date with my learning  ...

· ..provided tutor-like advice as the weeks progressed

· .. helped me to solve a real-life problem...

While we scaffolded students’ learning similarly in the first and second assignment, the increasingly divergent assessment tasks within the unit provided students with sufficient scope for them to demonstrate evidence of higher order thinking and synthesis skills, combined with the opportunity to apply their understandings to a novel problem.  What this means is that while the learning journey was scaffolded students were free to exercise their creativity in their thinking.  As such there was a deliberate attempt on our part to provide a learning experience that was empowering of students' choice over approach rather than an experience that led to dependence on a highly structured curriculum.  Representative student feedback on the quality of their learning in the unit demonstrates and validates this approach:

· …put all the systems into perspective for me, how they work together and it gave me a much greater understanding of the course content.

· I enjoyed using my initiative ……. 

· I enjoyed learning about building an ecosystem and how the environment affects the type of organisms that can grow there.

Evaluation of student learning outcomes

To illustrate the impact of these reforms on the quality of students’ learning, we call on several forms of evaluative feedback – including: responses to formal evaluation instruments; questionnaires; unsolicited comments, and; performances on assignments, practicals and tutorials. 

Categorising students’ responses from two cohorts according to the SOLO taxonomy (Biggs and Collis, 1982) allowed us to determine how our reforms influenced the quality of students’ learning.  We compared students’ work in response to the new curricula (2003 cohort) with those taught traditionally using lectures and practicals (2001 cohort).  Both cohorts possessed equivalent mean grade point averages.  Thus, up to the point of intervention, both groups exhibited equivalent academic performance in their first year studies.

Figure 1 demonstrates the assessment reforms (described above) substantively enhanced the quality of the students’ learning.  Overall, categorising students’ 2003 assignment responses (displayed in figure 1) shows evidence of richer complex reasoning and integration of knowledge - as the higher proportion of multi-structural, relational and extended abstract responses indicates compared to the 2001 cohort.  

Figure 1.  A categorisation of the assignment responses of the 2001 and 2003 NRB270 (Animal and Plant Structure and Function) cohort’s according to Biggs and Collis’ (1982) Structured Observation of the Learning Outcomes (SOLO) taxonomy.  The predominantly traditional teaching approach adopted in 2001 compares with a learning environment emphasising synthesis and critical thinking in 2003.
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This is a particularly pleasing outcome to our work because relational and extended abstract thinking (in particular) cannot be developed through prescriptive, convergent pedagogy nor would it be observed in students who were dependent upon the structure of the learning experience provided.  Thus, this analysis is evidence that at least some of the students did not form such a dependency.  On the contrary, students recognised the benefits of our approach on the quality of their learning ─ and showed this through high levels of expressed satisfaction as indicated through representative feedback:

· The assignments were fascinating, they made me think about where I am really heading with my studies and making a career in science

· This unit made me think more than any other unit I have ever done

· In my five years at uni., until this unit, I haven’t had any assignments that made use of my problem solving skills!  Thanks!

· It made me think and formulate ideas which I have never done extensively before in three years of uni.

· I actually feel like I’m learning something and enjoying it too.
Student’s evaluation of their learning in response to the question “How would you rate this unit?” increased from 3.9/5 in 2001 to 4.5/5 in 2003 – after implementation of the curriculum reforms described above.  

In these senses, the assessment reforms described significantly shifted students’ notions of knowledge from discrete factual elements, with indeterminate linkage, to the understanding that knowledge comprises interlinked concepts, thoughts and ideas that they have to construct in order to form the basis for further exploration and thought.  

Implications for first year programs

To make significant improvements in the quality of student learning, particularly in our large first year classes, requires the University, Faculties and Schools to recognise the extent of the challenge and invest proportionally to address the training needs of teaching staff.  To undertake the sorts of reforms identified here, including the one we illustrated, we estimate the need to release our first year staff from their other responsibilities for up to three months so that they can concentrate on developing their curricula.  Moreover, these staff will require, and benefit from, interactions, support and assistance of staff developers and instructional designers.  

Initially these development activities will produce a group of first year teaching staff with increased abilities and expertise in curriculum design and development specifically aimed to support the methodical development of learners.  Moreover, these staff will provide both a resource for, and example of, the benefits of staff development as a whole.  We could expect, over time, similar improvements to other higher level units through a flow on effect of these staff reforming their own higher level units and in influencing the practice of their colleagues.

However, while we report improvements in the quality of student learning outcomes, we recognise the limited impact these reforms will have on the first year as a whole – if not dealt with systematically and strategically.  Here we outline our plan to reform only eight first year science units – in the first instance.  We recognise the importance of expanding these reforms to cover all first year units within the University because:  

· No learning occurs independently of: a student’s previous educational experiences, or; from other units they experience (Biggs, 1998).  

· Students respond to the context provided by earlier and/or concurrent learning experiences (Laurillard, 1993). 

· Consistency in fostering independent, learning-oriented and assessment approaches between units, Schools and Faculties promotes increased independence and understanding orientations to student's learning (Tang, 1994).  

And, as one student noted in anonymous feedback:

· It is such a change to be challenged to think outside the square, to …. make connections …and apply my learning..  The rest of my subjects’ just want me to rote learn.

In the first instance, these understandings oblige us to systematically develop units critical to coherent strands of study within all courses offered to our first year students.  This action represents the first step in the reform of our first year programs – reforms necessary to empower our students, regardless of background, to take responsibility for the quality of their learning.  The second fundamental step requires us to learn the lessons from pilot programs, such as the one described above, to provide a systematic and strategic development of first year learning environments across all first year units – and to do so in non-prescriptive, divergent ways that engage the diverse population of students we are presented with.  In this way, we can foster the development of the requisite skills and abilities across the entire first year program, rather than in isolated cases.

This systematic reform process must be informed by our understandings of the diversity of different ways in which students learn and compels us to ensure that a major focus of our approach is on the development of staff.  We have organized our reforms so that staff engage with the scholarship of teaching and the extensive research on student learning and are encouraged to contribute to this scholarship by reflecting on their approaches in this context.  In this way we suggest that ongoing curriculum reform is sustainable beyond the current project grant, because it contributes to a change in staff conceptions about teaching and learning.

Finally, our students recognise, as do we, that they are capable of achieving more than we currently ask of them.  The quality of the learning outcomes described here demonstrates the quality of learning our students can achieve, if we give them the opportunity.  

Conclusion

These reforms will likely pay immediate dividends.  Fundamentally, they provide a diverse group of students with a stronger foundation for, and understanding of, their capacity to acquire new knowledge, in their own ways, and to learn independently.  Additional benefits also accrue from scaffolding student’s developing academic skills and modeling the thought processes their future professional careers require.  Firstly, all students (not just those for whom a prescriptive learning approach appeals to) learn how to learn, study and succeed in an academic environment – embedded within the context of their study.  Secondly, as shown here, and elsewhere, these sorts of reforms substantively enhance learning outcomes and provide a stronger foundation for future studies.  Implementing these sorts of reforms in our first year units, and then expanding them to whole courses and the university environment will provide students with the requisite skills they need to face and succeed in worlds we can barely conceive and scarcely imagine.  We do these things not because we can, but because we must. 
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�Should we have some explanation here that Valhalla 1 is a fictional but fully developed idea??
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