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Abstract
Deep student learning is in part dependant on the motivation of students and their ability to apply principles to real world applications. The Model Solar Car Challenge held throughout Australia provides a highly motivating focus for students to understand and apply concepts of motion, energy, momentum and friction as well as electrical circuits, power generation and energy efficiency, all within a context of care for the environment and development of new concepts of transport and society. This paper will examine approaches to developing deep understanding of key principles and report on research on learning and motivation carried out in past competitions.
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Introduction

Attracting students into physics and physics based courses has become increasingly urgent in light of concern about decreasing enrolments at secondary and tertiary levels (http://www.parliament.vic.gov.au/etc/pdf/MS_PDF_files/Ch4_Enrolments.pdf , http://www.theaustralian.news.com.au/story/0,20867,22040316-12332,00.html ). Although PhD enrolments are increasing (http://www.campusreview.com.au/images-2008/facfocus.pdf), this concern is shown further  by the low popularity of VCE physics, eleventh over the years 2005 to 2008 (http://www.vcaa.vic.edu.au/media/mediamanual/2008/mediamanual2008.pdf )

 The phenomenon is not restricted to the Australian context, as discussed by Murphy and Whitelegg (2006) when examining the barriers to girls’ participation in physics. The reasons for this continuing decrease include:

· Modest or poor prior achievement,

· Perceptions of difficulty,
· Lack of personal relevance.
Zheng (2008) found that students in her small scale project in two Australian schools top ranked reasons for studying physics were the perceptions that it was relevant for a future career and it was useful and practical. (Unlike their Chinese counterparts, students did not mention that physics was interesting.) The implications of this study in Zheng’s opinion were the need to maintain students’ interest and to reform the physics curriculum. 
The authors suggest that authentic projects requiring physics knowledge provide motivation for continued study. Such projects are available currently in the form of competitions such as the Model Solar Vehicle Challenge, the Energy Breakthrough and Robocup, all of which can be commenced at the primary school level and can continue through secondary education.  There is some evidence of their efficacy, for example after the inaugural West Australia Science and Engineering Challenge in 2006, St Mary's Anglican Girls' School in Karrinyup reported a 50% increase in their enrolment for physics (http://www.engineersmedia.com.au/magazines/enews/081208.html). 
Principles of Learning and Teaching (POLT).

The POLT www.education.vic.gov.au/studentlearningprinciples/default.htm indicate that optimum learning will be fostered by self motivation, focussing on student interests, challenging them to develop and apply deep thinking, use authentic forms of assessment, build in appropriate feedback and apply their learning to areas of broader community concern. The Model Solar Car Challenge (MSCC) endeavours to do all these things as will be indicated below.
Student Motivation.

 “Motivation is the process whereby goal-directed activity is instigated and sustained” p 5 (Pintrich and Schunk, 2002). It is described by McInerney (2000) as having three primary orientations, Cognitive theory, Social Cognitive theory and Behavioural theory. These are associated with students’ perceptions of success and failure, their need for social and emotional support and reward.  The MSCC provides students with opportunities to have some personal control over their learning and to learn in an environment that can provide a degree of social and emotional support. McInerney (ibid) discusses the importance of personally relevant problem solving situations in terms of motivation for learning. Again the MSCC provides such a context. Students when designing, making, testing and racing their vehicles are engaged in solving multiple problems requiring the learning and application of physics based knowledge.
Dewey (1951) considered that experience was the principle means of gaining real knowledge. This has often been interpreted by science teachers as establishing practical work in which students carry out a predetermined experiment using an established method to gain known answers. This approach fails to capture the interest of many students, who see little point in regurgitating what is already established to prove what can be learnt more easily from a book. Klainin (1989) identified that practical experience is central to cognitive development, creative thinking and problem solving, along with developing practical skills and promoting positive attitudes and interest. He pointed out that it is only successful if effectively structured with students having intrinsic motivation, a prime goal of the MSVC.

Klainin (ibid) emphasised the importance of learning scientific process by doing and enquiring, providing there is adequate incentive and appropriate rewards. The students in solar competition gain satisfaction from learning the skills to make something and seeing their car or boat work, showing its performance to friends and relations and additionally from the competition and the diverse range of prizes.

Fensham (1989) highlighted the socio-political context of science education and the increasing emphasis of designing learning experiences based on topics of social concern. Experience with solar cells as school is likely to develop an ongoing positive attitude to renewable energy and seeking ways of maximising energy efficiency.
Mark and Osborne (2000) identified that learning is based on cognition (what is learnt), meta-cognition (how it is learnt) and motivation (why students want to learn). They pointed out that peer pressure often discourages brighter students, especially boys, from wanting to stand out from the group either in terms of ability or hard work. However, these constraints do not seem to apply to sporting competitions and well known sporting identities are often heroes for boys. Hence there is unlikely to be a social stigma to trying hard when developing a vehicle for a competition where there are rewards for good performance, and the possible kudos from other students, even other schools, for those who excel. 

The introduction to the Victorian Certificate of Education (VCE) Physics study design (http://www.vcaa.vic.edu.au/vce/studies/physics/physicsd.pdf) states that the “study design will assist teachers to provide a curriculum that is interesting and challenging for students with a wide range of expectations, including students who are aiming for medical, engineering, technology and science-based careers, P.7”. The MSVC not only meets the criteria of interesting and challenging but can also provide insights into possible career directions for students. Many of the aims listed in the study design are met by the MSVC shown by table one. It is acknowledged that the final year of VCE may place some limitations of student participation, however, participation in year eleven and below can be beneficial in terms of developing skills, deep understandings and motivation for continued study in physics.
The Victorian Model Solar Vehicle Challenge (VMSVC)
The VMSVC was developed by the team managers of the 1987 World Solar Challenge (WSC) entrants from Chisholm Institute of Technology and Warragul Technical School who desired to see more students able to access the learning gained by their students in the WSC. The Victorian committee is about to hold its 20th event at Scienceworks with the top cars progressing to the 17th national finals, also being held in Melbourne in November/
Structure of the Event
Cars up to 650mm long, 320mm wide and 180mm high use solar panels of 5 to 10 watt output from silicon cells to provide all motive power.  The cars run around a figure 8 track over a distance of 100metres, guided in 2 parallel lanes along a plastic guideway (similar to slot cars). No batteries are allowed, and the solar panels are ballasted according to a formula ensuring each panel has the same power to weight ratio, ensuring teams do not benefit from using high grade, expensive solar cells, helping maintain equal opportunity of success for all participants. 
The cars carry an egg as driver, to emphasize the need for robust construction, as the egg is not allowed to crack in an accident. The competition is held as a series of match races between pairs of cars. They start on an inclined plane to make for easier starting. Three rounds in a “round robin” competition are used for seeding purposes. The event then becomes a series of knockout races in which the loser is eliminated and the winner proceeds to the next round. 
Entrants are provided with a set of regulations which define the race format and specify design rules including solar cell areas, steering mechanism, driver requirements etc. Despite cloud reducing the normal solar intensity from 1,000w/m2, the best cars are still able to complete the course under most conditions, although climbing the 500mm high hill at the 80 metre mark has not been achieved under light under 100w/m2. In these conditions the winner is the car which gets to the hill first. 

Motivation of past MSVC participants.
Responses to questionnaires over the years 1998 to 2005 asked students to indicate what motivated them on a 1-5 Lickert type scale as shown in table 1. It is apparent that the respondents of both sexes were highly motivated to build something which works and accept a challenge, with boys more focussed on designing cars and girls more enthusiastic about the team work and the environmental implications of the event.
Table 1- Summary of Motivation Victorian Model Solar Challenge (VMSC).

	
	Ave
	Ave
	Ave

	Question
	total
	Male 
	Female 

	Enthusiasm to design a vehicle
	4.03
	4.16
	3.81 **

	Enthusiasm to build something which works
	4.23
	4.22
	4.23

	Enthusiasm to work as part of a team
	3.64
	3.58
	3.72

	Enthusiasm to something creative
	3.82
	3.78
	3.87

	Wish to help clean up the environment
	3.04
	2.89
	3.25 **

	Enthusiasm to develop organizational skills
	3.25
	3.31
	3.16

	Desire to accept a real challenge
	4.00
	4.06
	3.91


**indicates a statistically significant result on a 2 tail t test at the .05 level

A separate question  indicated that approximately 85% of students initially were more motivated by the challenge to successfully build a car rather than winning.
In response to the question, ”if you were to compete again, what would you do differently?”

most indicated they would do more testing and the authors suggest that much of this testing can provide opportunities to design experiments and provide data for scientific consideration. There is also evidence that students learn from other teams, sometimes in direct discussions but more frequently by observing differences in performance. Specific examples of this have included Box Hill High School assistance to a new entrant in the national event from the NT. Box Hill have also frequently made their oval track and workshop facilities available to other schools and Box Hill mentors have run workshops for teachers and students around Melbourne and more distant parts of Victoria.
Many students have gone on to courses/careers such as engineering, science and medicine.
Of the 7 student committee members who have graduated in the last 5 years, 5 have enrolled in engineering, 1 in environmental science and 1 agricultural science
Relationship Between VCE Physics and the MSVC

Many schools offer the MSVC in early or middle years of high school with many students participating for a number of years, with their vehicle’s performance and their understanding of the issues increasing accordingly. Such experience provides insight into the relevance of physics, maths and the environment, encouraging more students to continue to VCE level.  One top student currently completing final year in mechanical engineering at Monash University, competed from year 4 to year 12, increasing his knowledge in many aspects of physics and engineering each year.
However, for classes who may wish to adopt the MSVC at year 11, a simple but effective alternative to designing a completely new vehicle, is to build a car from a kit. Such cars can be constructed in one day, even by primary students, and can provide an excellent platform for exploring many of the issues listed in the physics curriculum as discussed below. For studies of motion and electricity and renewable energy in unit 2, such a car could be build in the post exam period at the end of unit 1.
Table 2.  How the Model Solar Vehicle Challenge links to VCE Physics

	VCE Physics Study Design
	Areas of Study - Outcomes
	Solar Car related experiments

	Unit One
	Area 3.5 Sustainable Energy sources
	Hands on use of photovoltaic cells can supplement discussions on pv cells, wind, hydro etc.  

	Unit two


	Area 1. 

Movement 

Newtonian Mechanics
	Roll down incline – 

      Vectors

      Weight & friction

      Energy transfer/transformation

	
	Area 2.

Electricity
	Practical operation of a simple DC circuit – 

      Simple DC motor

      Switch

      Series and parallel circuits

      Solar or battery powered

	
	Area 3(II).

Aerospace
	Aerodynamic drag of cars can be analysed and its influence on performance ie. Power consumption

	
	Area 3(III)

Alternative Energy Sources
	Ie. Solar panel behaviour.

Measure output variation with 

      Light intensity (sun/shade)

      Angle of incidence

      Cell temperature

      Shading of 1 cell in a series string

      Power vs volts graph

	Unit Three
	Area 1. 

Motion 

Newtonian Mechanics
	Simulation of car using excel simulation

      Cornering forces and stability

      Take off on the crest of the hill

      Stopping using a crash barrier

      Energy usage

	
	Area 2,

Materials
	Forces on model during normal running or in crash situations
Choice of materials for strength or stiffness to weight ratio in tension, compression and bending.

	
	Area 3.

Further Electronics
	Medium complexity DC to DC conversion  for power optimisation using commercial power controllers incorporating resistors, diodes, capacitors, inductor, FET and op ampo IC. 

	Unit Four
	Area 1.

Electric power
	DC motors


While teachers may feel a lack of confidence on design aspects of a car, the committee are happy to run workshops for involved schools to either design a car or build a kit car.
Assessment: 
 In addition to students developing, testing and racing a car, they are also required by the MSVC regulations to produce a poster which “should document experiments and or calculations, which were used in the design of the Model Solar Car.  Some discussion of the benefits or use of solar power for minimizing greenhouse gas emissions is encouraged.  Graphs and design drawings will be marked favourably.” (2009 Vmsvc regulations). Students are also required to be interviewed on a range of design and experimentation issues. The results of poster and interview evaluation are used to help determine which of the top cars should be invited to the national competition. Several teams whose cars finished in the top 4 were not invited to the national competition due to poor posters and disappointing knowledge as indicated in the interviews. Many schools (eg Syndal South Primary) have asked participating students to address the school council or other appropriate groups of parents or students about the design and performance of their cars.
While these activities obviously do not directly influence school or exam based results, they do provide additional motivation. The work done for the poster may well help develop an annotated folio or production of a log book, test results provide data for analysis, and the learning for the interview could well be applied to an oral presentation or a written test. 
Conclusion and Recommendations

Deep learning and consequently good VCE performance will be encouraged by learning environments which develop high intrinsic motivation, enable students to apply their knowledge to a real practical activity,, by diverse assessment procedures all within the context of learning about real-world environmental issues. The committee which runs the VMSCC has been committed to the authentic learning of physics principles for 20 years and expects the Challenge to continue developing the scientists and engineers for the foreseeable future.
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