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Abstract

The software engineering series of courses at Mississippi State University rely heavily on real-world projects provided by customers across the university and community.  These projects provide services for the customer and essential experience to the software engineering student.  The challenge of producing under realistic pressure for a real customer provides an experience close to what the software engineering graduate will experience in their professional life. The university library, the university transportation system, the Center for Academic Partnerships, the local Habitat for Humanity organization, the National Wildlife Service, the U.S. Navy, and others have provided past projects. This year, the software engineering classes are teaming up to assist the K-12 schools throughout the state of Mississippi by working together to automate the Mississippi Science and Engineering Fair (MSEF) registration, judging, and reporting system.  This paper discusses this project, the successes and the difficulties thus far in the project, and the issue of collaborating to improve K-12 education.

Introduction

The Mississippi Science and Engineering Fair (MSEF) is the organization responsible for holding all of the science and engineering fairs in the state of Mississippi. They depend on universities in the state to manage the regions of the state science fair competition.  Mississippi State University (MSU) is responsible for science fair management in Region V of the MSEF.  The Office of Educational Outreach in the College of Engineering at MSU coordinates registration, judging, and reporting for the Region V Science Fair.  Last year, the Educational Outreach Coordinator approached the author about providing automation for science fair management at MSU.  The current registration process is paper-based, outdated and slow, and in many cases confusing to the students and teachers in the K-12 schools in MSEF Region V.  What was needed was a web-based system to speed up and simplify the process.

Turning software engineering students into professionals should be one of our goals. [2] The software engineering program in the Computer Science Department at Mississippi State University (MSU) relies heavily on practical projects to teach students the reality of producing real products for real customers. [1] The professors teaching the Software Engineering II and Software Engineering Senior Project classes are always on the lookout for projects that will provide realistic expectations to the software engineering students, but will not be so large that they are doomed to fail.  The science fair automation project appeared to be a worthwhile venture, considering the university’s interest in supporting K-12 education, but was too large to guarantee that the students in just one class would be able to complete it.  Since the first author was teaching the Software Engineering II class this fall, as well as assisting the second author in teaching the Software Engineering Senior Project class, this provided an opportunity to coordinate efforts in supporting this project, while guaranteeing that the students would be able to complete the project, and at the same time, teach the students about teamwork across organization boundaries. The remainder of this paper discusses this project and the effect it has had so far on the stakeholders.

The Science Fair Problem

Every year, all over the country, millions of school children of all ages are encouraged and sometimes required to complete a science fair project.  These projects are completed, and they are shown at the local level for a chance to be entered into the regional science fair or state science fair.  Then, if they are worthy, and they win the regional or state competition, they are automatically entered into a national or international science fair contest.  Most of the time, students’ projects don’t get beyond their local science fair.  Only a small percentage of the local projects get to compete at the regional or state science fair, and of those that win at that level, only the best of show gets to compete at the national or international levels.  The amount of paperwork required in this process is beyond belief, and in Mississippi, all of it is completed by hand.  Even the judging process at the regional and state science fairs is done manually, and entered into a spreadsheet for determining best of show.  Having served as a judge on numerous occasions, the author can attest to how difficult it is to maintain control of all of the paperwork. What is needed is an automated system that will allow the information to be entered once into an online form and be transmitted as needed wherever it needs to go.

In the current system, when students win their local competition and are permitted to compete at the regional or state level, the students are required to obtain a paper registration form, fill it out (hopefully correctly), and with the help of their teacher, mail the form to the science fair coordinator at their supporting regional office.  If the form is filled out correctly, then the information has to be entered into a database maintained by the science fair coordinator for use at the science fair.  If the form is not filled out correctly, the coordinator has two choices; fill out the form for the student, possibly making inappropriate choices, or return the form to the student for correction and resubmission.  One of the things needed in this effort is an automated process that will allow the students, with the help of their teachers, to go online to a web site maintained at the regional office and enter the required information into a web-based form.  The information could then be stored in a database for the science fair coordinator to access as required.  Reports could be generated as needed by the coordinator to more effectively manage the registration process. Additionally, the information would be available in the correct format so that it could be transmitted electronically to the international science fair, if needed.  Another part of this problem is automating the judging portion of the science fair. This unfortunately is a problem too big to handle with the available resources and will be left to a future project.

The Setting

During the final two years of the Bachelor of Science in Software Engineering (BSSE) program at MSU, a sequence of increasingly more focused and practical software engineering courses are offered to provide students with sufficient preparation to enter the software industrial community. [3] The first two courses in this sequence are Software Engineering I and Software Engineering II.  The last two courses are two halves of a year long experience spread over two semesters – the software engineering Senior Project I & II series. The next couple of sections describe these experience-based courses in greater detail.

Software Engineering I

SE I is the gateway course to all other software engineering courses at MSU.  Its purpose is to teach traditional software development processes and methodologies to software engineering students, as well as to introduce them to activities associated with a typical development effort.  It is a lab-based course with 2 hours of lecture and two hours of laboratory each week.  The lectures provide the theoretical basis of software engineering, and the laboratories provide opportunities for the students to read and critique documentation from industrial projects, and to develop documentation for a small laboratory project. 

Software Engineering II

SE II is an advanced software engineering course for undergraduates.  This course continues the software engineering fundamentals by addressing more advanced topics.  Alternative design paradigms are explored, as well as the use of commercial CASE tools for activities like project management, cost estimation, configuration management, and software evolution.  Additionally, web engineering and reengineering are explored, as well as new and controversial techniques such as Extreme Programming.  The laboratory experience associated with SE II introduces an industrial experience for the first time to the software engineering curriculum.  Industrial partners, local businesses, and other university agencies are approached to provide real software system needs that can be accomplished by a small team in a single semester.  Students are formed into teams to address these development needs.

This participation involves all of the activities that would be required in an industrial team, from forming a team with diverse skill sets and providing a management structure to delivering the final product. Activities the team will be required to perform include: requirements engineering, design, development, delivery and maintenance.  Laboratory periods in SE II provide an opportunity for the students to work in their teams under the guidance of a laboratory instructor that is familiar with the processes they are using.

Software Engineering Senior Project

The capstone course is the culminating senior experience for BSSE students. It is a two-semester practicum where the students are formed into project teams and expected to exercise the entire lifecycle approach to software engineering. This begins with a Request for Proposal (RFP) that they respond to in a formal manner.  Students must decide on a management structure, respond to the RFP with an appropriate proposal (to include cost, management and technical offerings).  They must devise a process, develop the product within that process, and deliver the product to the customer within the schedule and budget constraints proposed by the team.  They finish their year’s experience by entering a maintenance phase for the delivered product. 

Additionally, they are required to provide all of the same monthly status reports and a final report that software contractors typically provide.  We believe this kind of preparation is essential to a well-rounded software engineering graduate, as these kinds of skills are always required in industry. Our first offering of this senior project was held last year. The project involved work for a Department of Defense organization and the construction of a web-enabled interface for multiple databases. The project was not a complete success, as it did not provide a complete solution, but that was due as much to the customer not knowing exactly what they wanted as it was to the students not completing the work.  Everyone knows what a problem “requirements creep” can be. It was valuable to the customer though, as it allowed them an opportunity to refine their requirements, and it gave them a prototype they could show to a contractor for building the integrated database.

The Solution

The science fair problem was originally proposed as a project for the Software Engineering II lab. Unfortunately, it was too extensive a project to be completed in one semester by a team or multiple teams in one semester. The next thought was to find out if the professor teaching the Software Engineering Senior Project Course had found a project for this year. He had not yet found a project, but since the BSSE program is still gearing up, and only three students had signed up for the Senior Project Course, it was determined that the project was too big for that class as well. Since software development organizations sometimes have to find temporary help to complete a project that is too big for their organization, the idea was raised to share the project between the SE II lab and the Senior Project Course.  The authors worked together with the customer to construct a Request for Proposals (RFP).  The RFP was given to the students in the Senior Project Course to build a complete proposal, but they were informed that part of the work was already underway by a sub-contractor that would work for them, if they won the bid.  That was the SE II lab team working on this project.

The SE II lab team consisted of five students, one of which was familiar with the science fair problem through summer work assignments in the Office of Educational Outreach.  Their job was to build a prototype of the web interface for the student registration system.  They met with the customer for an initial requirements elicitation session, and followed that with regular meetings with the customer.  They provided regular feedback through the publishing of traditional software engineering lifecycle documents: SRS
, SAD
, SDD
, etc. to both the customer and the Senior Project Course students as their prime contractor. Even though the students only had one semester to complete the prototype, they were able to accomplish it to the satisfaction of both of their customers.  Customer feedback in the grading process was very positive.  The team even had the opportunity to have an interim version of their prototype tested by middle school students from Armstrong Middle School in Starkville, MS when they were on a visit to the College of Engineering.  The grade school students were very critical and helpful about the interface, and the team learned some valuable lessons about how young students think and process information that they were able to incorporate into their prototype.

Based on the requirements engineering help provided by the SE II team, the Senior Project team was able to complete a reasonably good proposal, and was awarded the work as proposed.  Their work on the proposal and the SRS for the project as a whole was greatly benefited by the documentation provided by the SE II lab students.  The real benefit appears to be the experience gained by sharing the workload with another group of students as sub-contractors.  The only deliverables required of the Senior Project Course students in the Fall Semester are the proposal and the Software Requirements Specification, and their submissions were much better because of this collaboration.  In the Spring Semester, one of the students on the SE II lab team working on this project will be joining the Senior Project Course mid-year, and will be able to share his experiences directly through the rest of the project.

The Result

The Office of Educational Outreach now has a web page that can be used by students and teachers in MSEF Region V to register and update their project applications. This will benefit the students and teachers in the K-12 schools by enabling them to more efficiently register their projects for the Regional Science Fair.  Reducing the paperwork required for submission of a science fair project will allow more time and energy to be spent on science and less time on administration. The website will also enable the Outreach Coordinator to more efficiently manage the registration information, and if a student submits information that is not entirely correct, it is now easier for the Outreach Coordinator to notify the student and his/her teacher and have the information corrected online.  Additionally, it will be an easier process to schedule the science fair at MSU and recruit judges whose capabilities are more aligned with the projects being presented, because that information is more clearly spelled out in the new interface.

In the coming semester, the students in the Senior Project Course will be going through the remainder of the software lifecycle for this project, and will be adding a judging module that will allow the judges scores to be incorporated directly into the database of registrants and automatically select the winners in each category. Additionally, they will be providing a module that will interface with the International Science Fair web page and allow the local winner’s registration information to be transmitted directly to the their database.

A side-benefit of this project is that it is creating a partnership between software engineering educators and K-12 educators.  Success in this project can only serve to enhance the student’s image of software engineering as a prospective career path, leading to more good quality students choosing software engineering education at Mississippi State University.

Conclusion

As the software engineering education program at Mississippi State University grows, we continue to gain valuable knowledge in how to better prepare our software engineering students to enter a highly demanding software development industry.  This project resulted in the unintended benefit of teaching them how to work in a prime-contractor / sub-contractor relationship, as well as provide a valuable service to help K-12 education in science and engineering.  Continuing effort will ensure that this project is completed and provides the benefit that is intended, both to the students in the software engineering program and in the K-12 schools throughout Mississippi.
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Extended Abstract

The software engineering series of courses at Mississippi State University rely heavily on real-world projects provided by customers across the university and community.  These projects provide services for the customer and essential experience to the software engineering student.  The challenge of producing under realistic pressure for a real customer provides an experience close to what the software engineering graduate will experience in their professional life. The university library, the university transportation system, the Center for Academic Partnerships, the local Habitat for Humanity organization, the National Wildlife Service, the U.S. Navy, and others have provided past projects. This year, the software engineering classes are teaming up to assist the K-12 schools throughout the state of Mississippi by working together to automate the Mississippi Science and Engineering Fair (MSEF) registration, judging, and reporting system.  

As the software engineering education program at Mississippi State University grows, we continue to gain valuable knowledge in how to better prepare our software engineering students to enter a highly demanding software development industry.  Requiring the software engineering classes to work together across course boundaries resulted in the unintended benefit of teaching them how to work in a prime-contractor / sub-contractor relationship, as well as provide a valuable service to help K-12 education in science and engineering.  Continuing effort will ensure that this project is completed and provides the benefit that is intended, both to the students in the software engineering program and in the K-12 schools throughout Mississippi.

[image: image1.wmf] 

ASEE COPYRIGHT TRANSFER

(Note:  Complete Title of paper, Authors and Part A or Part B)

	TITLE OF PAPER:
	Using Software Engineering Classes to Support K-12 Education

	AUTHORS:
	David A. Dampier and Thomas Philip

	PUBLICATION:
	ASEE Southeastern Section Meeting Proceedings


Part A

The undersigned, desiring to publish the above paper in a publication of the ASEE or co-sponsored by the ASEE, hereby transfer their copyrights in the above paper to the American Society for Engineering Education, known as ASEE.

In return for these rights, the ASEE hereby grants the above authors, and the employers for whom the work was performed, permission to:

1. Reuse portions of the above paper in other works

2. Reproduce the above paper for personal or internal use, provided that a) the source and ASEE copyright are indicated, b) the copies are not used in a way that implies ASEE endorsement of a product or service of an employer, and c) that the copies are not offered for sale

In exercising its rights under copyright, the ASEE will make all reasonable efforts to act in the interests of the authors and employers as well as in its own interest.  In particular, the ASEE requires that:

1. The consent of the first-named author be sought as a condition in granting republication permission to others.

2. The consent of the authors or their employers be obtained as a condition in granting permission to others to reuse a portion or all of the paper for promotion or marketing purposes.

In the event that the above paper is not accepted and published by ASEE, or is withdrawn by the author before acceptance by the ASEE, this agreement becomes null and void.

	Signature
	
	Title if not author

	     
	
	     

	Mississippi State University
	
	Date

	
	
	



Part B (For U.S. Government Employees Only)

This will certify that all authors of the above paper are employees of the U.S. Government and performed this work as part of their employment.

	Signature
	
	Title if not author

	     
	
	     

	Name of Government Organization
	
	date

	
	
	


ASEE Southeast Section Annual Conference

Audio-Visual Request Form and Author Information Sheet

Paper Title: Using Software Engineering Classes to Support K-12 Education
Presenting Author: David A. Dampier

Needed Audio-Visual Equipment: Laptop Projector

Suggested Comments for Introduction: Use Biography

� Department of Computer Science, Mississippi State University, Mississippi State, MS 39762, dampier@cs.msstate.edu


� Department of Computer Science, Mississippi State University, Mississippi State, MS 39762, philip@cs.msstate.edu


� SRS – Software Requirements Specification


� SAD – Software Architectural Design


� SDD – Software Detailed Design





ASEE Southeast Section Conference

1

