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Introduction

Over the last few years the price of personal computers has dropped while performance has increased. This has made it practical for college students to own computers that heretofore had been provided by the institution. As a result there is now a national trend toward moving computers out of labs and into the hands and rooms of students. Several schools have instituted personal computer ownership policies over the years and the number is increasing each year.

The College of Engineering at Mississippi State University (MSU) is currently one of the schools that uses computers in the laboratory environment but is moving to become one of the schools that requires computer ownership. This paper describes conclusions resulting from an evaluation of implementing a personal computer initiative at MSU.

Hearin Foundation Grant

The College of Engineering at Mississippi State University was recently awarded a multi-million dollar grant from the Hearin Foundation in Jackson, Mississippi to facilitate enhancement of engineering education within the college. The funding was received in response to a proposal submitted that focused on enhancing several areas of education: a) undergraduate general education, b) entrepreneurship, c) communication skills, d) cross-disciplinary thinking, e) computational skills, f) global awareness, g) graduate general and research, h) outreach, and i) assessment.

To meet the goals outlined in the proposal, a team was established in each focus area consisting of a faculty member from each academic department in the college, a professional staff member in the college of engineering,  a student representative and, in some cases, representation external to the college and university. Each team was given an open charge: make recommendations to improve the educational process within the identified thematic areas. Teams were encouraged to integrate enhancements within the existing curriculum rather than initiating additional courses. Team recommendations were then reviewed and requests for proposals were distributed to the faculty.

The computational skills team was actually in place before the Hearin project  began and had been given the charge of evaluating the relative merits of requiring MSU College of Engineering students to buy/lease personal computers. The Hearin award allowed this study to be conducted at an accelerated pace and allowed extension of the team directive to include recommendations for curriculum modifications and implementation issues.

Computational Team Charge

The computational team was charged with investigating various methods in which the computational skills of our graduates could be enhanced to meet employer demands. This included an assessment of the timeliness and relative merits of a student personal computer initiative within the MSU College of Engineering.

The team focused on ways that engineering education could be enhanced by the use of computers, required student access, and impact upon curriculum content and means of delivery. Reaching a decision to require students to own or lease a personal computer was a difficult one to make.

Issues

The most important issues considered were: improvement in education, costs, student ownership or laboratory upgrades, computer platform, and whether students should own or lease.

Educational Improvement

Improving the educational process a student receives was the driving force behind the team’s work. The team recognized that the way engineering education is performed could be impacted if each student had individual access to a personal computer. Professors could rework their courses with the knowledge that each student would have a computer capable of performing the necessary tasks. 

Perhaps the greatest benefit to be realized by requiring students to own computers will be enhanced communication. Students will not have to wait outside a professor’s door for assistance for they now can be assured of personal contact with the professor via email. The professor can post common questions to his or her website for all students to see. Appointments can be made on-line and in some cases video conferencing can replace office visits. Other opportunities for enhanced communication include the use of chat rooms, on-line testing and pre-testing with feedback on incorrect answers, interactive learning, and even class rosters and a camera in a professors office connected to the web so students when a professor is in his or her office.

Team work on assignments will be much easier since each student can be expected to have access to email, the web, and common computer applications. Students will be working in class using the same tools and techniques as they will use in the work place once they graduate. Reports can be truly worked on jointly rather than having a group of students gather around one computer while one person does all of the typing.

The team does believe that computers can improve in some measure, the quality of our graduates. McCandless reports that reasons schools embrace the idea of universal access to computing are to level the playing field, prepare students for jobs in the real world, to reduce computer labs, and to effect change in teaching and learning.
 We also believe that, as stated by Tapscott, computers will improve the interaction between students and faculty allowing for better teamwork amongst our students.

Ownership versus Laboratory Upgrades

Even with the price reductions seen in personal computers over the years, a computer will be a major purchase for many of our students and the team was concerned over the economic impact this would have. The computational team therefore spent a great deal of time investigating various options and possibilities. 

Computer labs were first considered as an option but rejected due to costs and access issues. MSU is not permitted to assess technology fees to cover the costs of these computers and simply having a computer in a lab was not necessarily guaranteeing that a student has access to it when needed.

Computer labs also present several problems. First, they must be maintained and updated. With funding for higher education on the decline, we realized that technology purchased today would not be able to be updated for several years and our students would be working with obsolete equipment in a few short years. Second, maintenance costs for computer labs would also take away from scarce resources.

The team was convinced that unlimited computer access would enhance undergraduate engineering education. Unlimited access to computers would allow students to integrate them into their everyday study, participate in collaborative learning with their peers (particularly those required to have notebooks), and gain a competitive edge with employers.

The team debated whether access should mean owning a computer or merely upgrading the computer labs we currently have. The team came to the conclusion that in order to have the desired change in education we are interested in achieving, each student must have unlimited, personal, one-on-one access to a computer at any time he or she chooses. Furthermore, some departments plan to use computers in the classroom and will therefore require their students to have laptop computers. Individual access would also allow the students and professors to rely more on communications via the world-wide web and email and participate in a collaborative learning environment.

What the team decided was that each student needed individual access to a personal computer and that the best method to ensure this was to adopt the computer ownership model. The team also discovered that this model will not result in saving the College money by not having to furnish complete computer labs but in fact, would most likely result in increased expenditures due to additional overhead such as improved networks, classroom wiring, faculty/staff hardware and software upgrades, and allow the college to focus on specialized computing facilities and resources. The advantage here is that the College’s resources can be redirected into items that have longer lifetimes, such as network wiring and other infrastructure items, rather than the purchase of computers which quickly become obsolete. The decision to adopt the computer ownership model was not one that was driven by perceived cost savings.

Another reason for rejecting the idea of upgrading labs was that the team wanted to avoid the difference between the “haves” and the “have nots”.
 Presently, many students have their own computers. This allows them to do their work at times most convenient to them and in environments that fit better with their individual learning styles. Students who do not own computers must rely on using those provided in computer labs having restricted access. This situation puts the “have nots” at a distinct disadvantage both in and out of the classroom.

From talking with others who successfully incorporated personal computers into their curriculum, we realize that student ownership will not eliminate the need for some computer labs. Nor will such a requirement reduce information technology costs to the college. There will be some courses in which the hardware or the software required will simply be too expensive for students to own. In these cases, specialized, departmental labs will be needed. Any money saved by not having to equip computer labs for the average student user will have to be put back into infrastructure upgrades and may well require additional funds.

Own or Lease

The team stopped short of saying each student must own his own computer. We are requiring each student to have a computer in order to have the computer costs rolled into financial aid packages, but we will not require each to own a computer. We also will not allow students to share a computer since that will circumvent the premise that each student has unlimited access to a computer.

Leasing is an option for students who can not afford to purchase a computer or chose not to purchase a computer. Structured appropriately, a lease program will also allow a student to have access to a computer even if that student is not sure he wishes to remain in engineering. Leasing is also an option for the College and faculty since it can allow for refreshing the technology periodically.

Metcalf’s Law

One topic the team debated was whether we should first revamp the curriculum so that students could put their computers to immediate use, or whether the students should first be required to obtain computers. Robert Metcalf, the inventor of Ethernet, is known for many laws including his most famous stating that the power of a network is equal to the number of nodes squared but he also has something to say about the issue under consideration here. Metcalf says that in order for a true revolution to occur in the way business (or education) is done, at least 60% of the infrastructure must be in place.
 Once this level of infrastructure is in place then a critical mass is reached which allows for educational processes to be changed. Until this level of infrastructure has been achieved then there is insufficient infrastructure to make the changes needed. 

One of the questions debated by the team was whether we should change the curriculum first or require students to have computers first. According to Metcalf, until the infrastructure is in place (each student has access to a personal computer) then the process of changing the curriculum will not occur. While it can be easily thought that before students are required to own computers the classrooms should be wired and the courses should be re-worked, it should be remembered that we are attempting to change the education process, not just require computers and many uses of the computers will not require their use in class. This agrees with what we intuitively feel; faculty will not make the needed investment in revamping their courses until they are confident that the modifications can and will be implemented.

Platform

For ease of support, we decided to specify that the computer of choice will be an IBM compatible with a Windows operating system. Each student will be able to deviate from the norm but only college specified platforms will be supported, making the student responsible for dealing with any resulting incompatibility problems.

The computational team has chosen to leave the details of a platform (desktop vs. laptop) up to each department. The college will specify a minimum configuration along with several options for the students to chose. We will also encourage the purchase of laptops since we believe they will aid in enhancing the education process. Also, a minimum software configuration will be specified including an office productivity suite, drawing package, mathematical software, and other packages as needed. The final package will be arrived at with faculty and student input and departments will be required to standardize on particular software to reduce the costs to students. These standards will be determined by hardware and software working group within the college.

Each year, a few months prior to the start of school, the hardware and software working group will decide on the specifics of a computer platform. This will allow the latest equipment to be considered and specified. A minimally configured system will be specified along with some optional upgrades that will provide enhanced performance. Adequate time will be allowed for students/parents to purchase the computer and community colleges, another source of our students, will be kept informed of our status so that their students will arrive at MSU fully prepared and adequately equipped.

Partnership vs. Vendor

The team recognized that in order to achieve our goals we needed more than a supplier of computer products. We needed someone who would help us with the entire implementation program to include providing computers, training, and assistance with implementation.

We decided to team with a company that offered several advantages to us. First they offer a quality product at a reasonable price. Second, the management style and entrepreneurial qualities of the company are in keeping with the overall goals of the Hearin Initiative. And third, although they have some experience in this area, it is relatively new to them and they were willing to try some new things with us.

Assessment

Improvements in the Personal Computer Initiative will be achieved through the development and use of assessment instruments.  Surveys and interviews with students and faculty will allow us to determine the impact of computers on the educational process as well as determine if any corrections to the hardware need to be made. We will also work closely with other schools and coalitions and share lessons learned.

The pilot programs will also provide additional assessment opportunities. By having some sections composed of students required to have computers and other sections composed of students not required to have computers, comparisons can be made. Both faculty and student attitudes will be assessed along with comparison of amount of material covered, grades between sections, and other factors.

Path Forward

Based upon computational team recommendations, the College will require incoming Freshman to either purchase or lease a personal computer beginning in the 1999 Fall semester. To help facilitate this policy the college will initiate a pilot program in two departments in the 1998 Fall semester. Some Hearin funds will then be used to initiate these pilots.

Several departments have plans to implement freshman courses that will utilize computer technology. The intent of these courses is to introduce the students to engineering and teach them how to use their computers while improving delivery of technical course content. This will not only improve their engineering skills but will give them tools to use in their other courses as well. Also, now that the decision has been reached, professors can begin the process of reworking their courses with the assurance that students will have unrestricted access to computers.

Although all departments will require freshmen to have computers in the fall of 1999, some departments will also impose the requirement at other levels as well. Mechanical Engineering, for example, has specific plans for using laptop computers in their junior level courses. They will therefore require not only their freshmen to own or lease computers but will also require their juniors to own or lease one as well.

Discussions have already been held with other departments on campus (math and physics) and we believe they will move towards modifying their courses to incorporate computer usage.

Faculty and staff training on the implementation of computer technology into the classroom must also be conducted. An effective method of delivering this training and encouraging faculty participation is currently under study. The college is also investigating methods by which faculty can be rewarded for outstanding contributions to teaching using computer technology.

Conclusions

We believe that the proper use of computer technology in engineering education will have a profound effect on the way our graduates perform once they are in the workforce. This is a small yet vital part to changing the way we do business in educating engineers at MSU.
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