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Abstract

In 2004, a new program, called as the Project of Innovational Activities (PIA), was developed in the Nanjing University of Aeronautics & Astronautics (NUAA) to provide undergraduate students with an opportunity to do research work as early as possible. The PLA was distinctly different to a regular project in an engineering program. It was developed mainly to improve students abilities in making research plans, organizing a work team, team-work, creative thinking and writing a concluding report by motivating them to participate in research projects. According to the regulation of PIA, projects of PIA could be proposed by teachers, students and companies, were usually last for one year and would be done after class. The Office of Teaching Affairs in NUAA collected proposals from teachers, students and companies one time a year usualy in April for PIA. After a project of PIA was finished, students would hand in a concluding report and papers published on the project, the review committee of PIA would examine it and conduct an interview. The PLA was opened to all students of 1-4 grades in NUAA. Students could apply to do a project of PIA based on their interesting. While a student made a decision to participate a project of PIA, he/she would go to meet the proposer and get a approval firstly. If the proposal came from a student, then he/she would look for a teacher in a relative college or a department as his/her academic advisor at first, who would be in charge of supervising and directing in the process of project, and had to find out a Lab in which he/she could finish the project. The PIA was welcomed warmly by students in recent years. In 2010, there were 241 projects of PIA and about one thousand of students had participated in the PIA. As a result of PIA, many student works had got national student’s making competition awards. In this paper, we will introduce the implementation status of PIA by analyzing the project proposal data and data of students participating, and a general result of PIA by an example, at the last part will discuss encountered problems in recent years and plans for future development in NUAA.
1.
Introduction
Since coming into the 21th century, universities in china had put more and more attention on how to improve students' innovation abilities as they studied in campus, and many reforms had been carried out. In 2004, the NUAA mad a plan to set up a fund to support students doing research and experiments beyond their major courses. On April 22 of 2004, the Provost Office issued a new program, called as the Project of Innovational Activities (PIA), for undergraduate students. It provided undergraduate students with opportunities to participate in research projects or to pursue their creative ideas.

In the late 1990s, the Provost Office of NUAA made an investigation on the graduates, with baccalaureate degree, career development. Datum of questionnaire showed that there was a wide gap between engineering career needs and abilities that graduates would have got before they leaving university. The main questions were that the engineering education was going far away from engineering, graduates were weak of resolving real engineering problems, and lack of ability to innovate
. In the same time, students noted that they would face a fierce competition in the future, more and more of them were desirous to get some experience in solving engineering problems during they studied in universty, to get innovation-related skills for preparing them for future career development. How to meet these needs had became the key problems faced by the university during 1990s. 

For solving these problems, the university had to strengthen cultivation activities to enhance students' abilities in conceiving new ideas, implementing them, and to rise their personality. In traditional curricula, courses were designed based on knowledge system and structure, students learnt knowledge and basic skills, did sample experiments or solved a problem with limited condition in classroom or lab, they hardly had any opportunity to face a real engineering problem. To enhance abilities in innovation and solveing engineering problems, it is an effective way that students participate in innovation and research or design process to get experiences in practice. In china, there is a famous word: learning by doing. For this reason, the Provost Office of NUAA set up the PIA program to provide an opportunity for students to take innovation, research or design work.

The Project of Innovational Activities is an opportunity for students to participte in teachers’ reseach or to pursue their own creative ideas, and is available to all of undergradute students from 1-4th grades. The PIA includes three kinds of projects:

Students' proposal project: proposals coming from students and accepted by the review committee, and having a teacher as the supvisor invited by proponents or assigned by the review committee.

Teachers providing research opportunity: sub–projects of teachers’ reseach or assisting work with the brief description and requirements for the position.

Company project: proposed by enterprises and would be conducted on-campus with a supervisor from NUAA and a supervisor from enterprise.

Students, participating in the PIA, are to go through each phase of a standard project from preparing an application to write a concluding report, including learning and understanding the reseach assignments, completing the application form, developing a work plan, conducting research or design work, analyzing data and presenting research results in oral and written form, interviewed by the review committee. To work in a team is encouraged , students, in a team, can come from different colleges, grades and disciplines at NUAA, and one of them is as the leader.
Projects of PIA usually last for one academic year and can be extended to one or half academic year. When projects are finished, students have to hand in a concluding report, the designed prototype or instrument, and published papers, supervisors give assessments on project completion status, students' performances and accomplishments. The review committee of PIA will make the final evaluation, including having an interview with students, and decide the grades of them on three levels, as no pass, pass or excellent. Getting an excellent degree, students can apply for an academic credit award. If a project met the academic criterion of a course exercise or  the final graduate project, students could apply for replacing them with their projects of PIA yet.

Since the PIA program were set up in 2004,  the number of students, who participated in PIA in every year, had sharply risen. The PIA had got more and more welcome in NUAA.

2.
Analysis of students participating

In recent years, there were about 200 projects of PIA for undergraduite students in every year. In 2010, the number of PIA application had rise to 317, more than 1000 students applied for participating in it, after supervisors reviewing and the review committee reading and appraising, 241 applications got approval. Today more than 5 percent of undergratuate students can get chances to participate in the PIA. From the 2009 and 2010 data, some distincts had appeared. 

Grade Distribution of Students

In 2008, there 191 teams of students applied for participating in the PIA, In 2010, the number of students’ team had risen to 317, shown in Fig 1. In 2010, there were 1166 students, in 317 teams, submited applications for the PIA, 743 of them were Juniors, this was the main part of students participating in PIA, the  second part was at grade 4th, there were 254 in 2010. And no freshmen applied for the PIA in 2008, 2009, and 2010. According 2010 data, in the 3rd year, there were about 20 percent of students who had the desire to participate in PIA. 
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Fig 1. Number of Teams Making  proposals
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Fig 2. Numbers of students appling for PIA

There were about 10 percent of applications from student teams which organized with different grades students. In 2010, there were 20 teams with students from 2 or 3 different grades but studying in same college, and 16 with students from different grades and studying in different colleges, shown in Table 1. 

Table 1 : Number of Teams With Students From Different Grades
	
	Number of teams with students studying in a college
	Number of teams with students studying in different colleges

	Team with lower grade students in leader position
	5
	9

	Team with higher grade students in leader position 
	15
	7


From the data of 2010, It was also noted that lower grade students, in 14 teams, were in leader positions. Lower grade students were in the leader positions mainly emerged in inter-disciplinary projects. In a same college, usually a higher grade student  was in the leader position.

Majors Distribution

Students studied in different college showed various of attention on PIA. In 2010, 214 of 1166 students came from the College of Aerospace Engineering, nearly about 20 percent of total students who appling for PIA. And only 30 students came from College of Civil Aviation. The student number, appling for PIA in 2010, of different colleges was showed in Fig 3. Students, studied in different disciplinary, also shown different of interests in PIA. The Flight Vehicle Design & Engineering, Mechanical Engineering and Automation, Material Science and Engineering, Electrical Engineeringand Automation,  and the Computer Science and Technology Information were the top 5 majors within which students were like to participate in PIA.  
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Fig 3. Number of  Students From Different Colleges
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Fig 4. Number of  Students from Main Engineering Majors

On the Fig 3, we can see that the College of Economics & Management had risen to the second place, there were 178 students who had applied for PIA in 2010. This was a great change in PIA, usually students, from engineering majors, were more interesting in PIA, recenty students who studied in economics,  business and management even were more interesting in PIA, they wish to improve their abilities in  making an investigation, data analysis, and writing a report by it.

Multidisciplinary Team

In 2010, 1166 students submited 317 applications, it was average about 3.68 students in a team. According to the statistical data, about 33 percent of them, 104 teams, were multidisciplinary. As an example, the team, applied for participating in the Control Assisted VTOL tail-sitter project, was composed of four students, three of them came from the Flight Vehicle Design & Engineering, and one came from the Detection of guidance and control technology. Another team was composed of 4 students, they proposed to design a robot for collecting table-tennis balls, 4 students were separately from majors of the Flight Vehicle Design and Engineering, Information and Computation Science, Electrical Engineering and Automation, and the Flight Vehicle Manufacture Engineering.
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Fig 5. Number of teams with students from different Majors
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Fig 6. Number of teams  with students from different colleges

As shown in Fig 5 and Fig 6, in 2010, the team number with students from two different majors was 78, from five was 3, and 55 teams were organized by students from different colleges.

Most of multidisciplinary teams were orginazed for needs of inter-discipline work. As mentioned above, the project to design a robot for collecting table-tennis balls need a cooperation from mechanical engineering, electrical engineering, automation engineering, and Information and computation engineering, students, from relative colleges, formed a team and submited an application. And there also were a few of projects, nearly 2-3 percent of all projects, which were opend to all students, mainly on social problems or student behaviors in campus with public concerns, such as the investigation and analysis into college students' network consumer consciousness in which 5 students, from the College of Civil Aviation, College of Economics & Management and the College of Humanities & Social Sciences, participated. Although, there were a few of proposals on this kind of projects, students, from engineering majors, had got chance to learn methods of studing and analysising social problems. This provied a channel for engineering students to improve their abilities in dealing with “the economic, political, ethical, and social constraints as boundary conditions that define the possible range of solutions for engineering problems and demand the interaction of engineers with the public.”

There were also few engineering projects with students from the College of Economics & Management and the College of Humanities & Social Sciences. In the project of small vertical axis wind-driven generator conch type vane bionic design, in 2010, a student was from the College of Economics & Management, studing in the International Economics and Trade. In 1999, a student, from the major of the Media and Journalism, participated in the project of helicopter rotor/fixed wing conversion new-style vertical take-off and landing unmanned spacecraft. But the number of students from a no engineering major to participate in an engineering project was less than those from an engineering major to participate in a no engineering project. There was only one in 2010 and one in 1999 who came from a no engineering major and participated in an engineering project.

3. Source of projects

In recent years, there were about 200-300 projects for undergratuade students in PIA. During April in every year, the Offfice of Teaching Affairs collected project proposals from teachers, students and companies, and issued a list of PIA projects in May in campus . 

3.1  Projects mostly from teachers’s proposals
At the beginning, the university expected that projects of PIA were from three ways. One was the teachers' research projects to providing a research opportunity to students, the other was  company projects to providing students with an opportunity to savle real engineering problems, the third was students’ proposals by which they could learn how to translate an innovative idea into reality. But in operation of the PIA, a few of projects came from companies directly to students, companies would prefer to sign project contacts with teachers. On the other hand, it was also difficult for students to conceive a project. Because, if a student conceived a project, he/she had to expound and prove its feasibility firstly, this was difficulty to him/her, and it was also hard to look for a teacher as the academic advisor. So in recent years, only few of projects were  proposed by students, there were about 2-3 projects in each year. In 2008, a student, named Tang Jie, and his team proposed a project of Greenhouse automatic management system developed, they invited teacher Hu as their academic advisor. In 2009, student, named Li Nanya, and his team proposed a project of a new forest monitoring and prevention system developed based on the electric potential of trees trunks. And  in the list of  2011, there are only tow projects from students. 

Although a few of projects were proposed by students, some voluable results had been obtained. For example, in 2009, student Xi Kunyin and his team finished a development of  a new kind  of IC card expander, their design results had got the practical patent license ( Patent Number: ZL 2009 2 0039529.9).

3.2  Types of Projects
In 2010, almost of projects were proposed by teachers, some of them from their reseach projects, and some were proposed only for students to do an exercie on reseach work.

Table 2 : Number of projects proposed and got approval.
	
	Number of projects proposed 
	Number of projects approved

	Rooting in teachers' projects
	252
	221

	Not from teachers’ projects 
	65
	21


There were 252 proposals which rooted in teachers’ research projects, about 79.5 percent of the total proposals, and over 87% of them got approval. 65 projects were not from teachers’ research project, and only 21, shown in Table 2, got approval. Compared with 87 percent of approval, the approval rate, of not from teachers’ projects, was lower, about 32 percent. 

4.
A Typical example of PIA projecs
From April to December In 2010, the review commiittee of PIA had evaluated 184 of 2009's projects. As one of them, Li Nanya and his team finished their research work, developing a new forest fire monitoring and prevention system based on the electric potential of trees trunks, and passed the final evaluation.

As they summarized in their report, their PIA project had gone through 4 periods: making a proposal and preparing for research, researching on key technology, developing system and improving it, reporting research completion status and results in oral and writing form. 

At the first period, Li Nanya proposed to develop a new forest fire monitoring and prevention system and invited students Wang Ruilong, Xiao Jian, Luo Wenchao to join his research team, three of them came from the College of Mechanical Engineering, one came from the College of Information Science & Technology. They checked up related research data, made a research plan, did preparing research, including analysing the demands for preventing forest fire, comparing and analysing the advantages and disadvantages of  available systems . After all, they submited a proposal to the review committee of PIA to develop a forest fire monitoring and prevention system based on the electric potential of trees trunks.

At the second period, they designed a ultra-low-power Wireless Transmitter and a module of voltage measurement  with high input impedance, for they want to utilize the PD (potential difference) between tree trunk and ground caused by the PH value changing. They studied how to build up a power supply by trunks in series or in parallel and the relation of sensitive trunk temperature and electric voltage change. They are the key problems had to solve at first.

At the third period,  a fire prevent system was developed. After testing in a practical way, they found that the power supply was a challenge. There were three problems with the power supply built with trunks in series or  in parallel. One was the power value was too low to supply the system running. Second was the voltage of it was instable. And the third was that the price of low-power devices is too high. For salving the power supply problems, they improved the design plan of power supply system, used a button cell as the power supply. After improving, the prevent system worked well in all-weather. 
At the end of their research, they wrote a concluding report and present their work and results to the review committee of PIA. After the PIA, they delived two papers to relative jourals, and patented for the new forest fire monitoring and preventing system ( Patent application number: 201010278993.0).

In their report, they said they had got wonderful harvests and experiences beside of the new system, they worked in a team, havest the friendship, the research chievement and the joy of innovation activities. As student Li wrote: “a year ago, in the fall, I standed under platanus trees in campus, saw yellow leafs floated down in breez, feeled the autumn had come. This moment, an unusual but wonderful thinking apeared in my mind, if the platanus trees could generate electric energy like flowers doing reported no long time ago, could we utilize it to do some thing for protect the forest? At this time, the orignal idea of our proposal come to me.” Student Xiao said: “in the past, we admired scientists’ work by which so many science and technoloy achiviements come into being, today we participated in the PIA and had finished our project successfully, in the process, we experienced the happy of sucesses, the hardship while facing a hurdle.”
5.
Future development
After 8 years, the PIA has accepted broadly by undergraduate students and faculty, more and more students apply for participating in it, and some fruits has got by it, such as patents. It is a wellcome way for students to take part in a reasearch work as early as possible, or to pursue their innovative ideas. But from analysis above, we also noted that some problems are remained. 

In 2010, 76 of applications did not get approval, it was 24 percent of tall applications. It meant that some students' applications were poor of quality, there was lack of  suitable train on preparing a research application.

About 13 percent of projects did not finish at the deadline in 2009, they applied to extend the time limit, 9 percent of projects were canceled by the review committee for being far failed to meet the requirements, and one of them failed in the appraise and was given a No pass.

It was less of students' proposals. As mentioning above, in every year, there were only 2-3 project proposal from students. 
Companies preferred to sign project contact with teachers, it was unpractical that undergraduate students undertook company projects on their own
, 

It was difficult to balance the academic criterion with the education results. Some projects could provide students with an opportunity to experience each phase of standard  research activity, but were not with high level of academic criterion. When facing these projects, the review committee would be in a dilemma over how to appraise students' work.

For improving the PIA, first of all is to set up a criterion for grading students work. Second is  to developing a special training course on how to write a research application to improve the preparing work quality. Beside these, how to rise the rate of student project proposal is a major problem, this need to pay more effort.
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