Debugging Our Computer Science Program: research through the lens of corporate America
Chapter I: Introduction

Problem Statement

The problem is that many college and university Computer Science graduates and Information Technology (IT) graduates are not properly prepared academically to maintain, design, and develop Enterprise class web applications.
Purpose

The purpose of this research is to further understand the gaps in the recent Computer Science and Information Technology programs. This research will take place from the perspective of corporate America and from a software development team who is responsible for maintaining, designing, and building Enterprise class applications. The research data will be used to provide valuable feedback to the college and university Computer Science and Information Technology (IT) programs. 

Description of Community

The population of the software development team members selected for this research project consisted of the following characteristics.
1. The 13 software developers work professionally in a well-established 10-year-old corporate $100M technology company. 
2. The 13 software developers maintain, design, and build Microsoft .NET( web applications. 
3. The profile of the software development team members included three females and 10 males.

4. The professional experience of the team ranged from three to 25 years. The team members with three to five years experience make up 30% of the software development team. The team members with five to 10 years experience make up 60% of the software development team. The team members with more than 10 years experience make up 10% of the software development team.
Description of Work Setting

The work setting for the software development team members selected for this research project consisted of the following characteristics.
1. The software development team works in a well-established 10-year-old $100M corporate technology company. 
2. The team works with the standard Microsoft .NET( development tools to maintain, design, and build Microsoft .NET( web applications.

3. The team works locally in the corporate office but is allowed to work remotely from home two days a month.

4. The team works under the day-to-day direction of a Director of Software.

5. The entire team are salary employees of the company.
Writers Role

1. The writer’s current role in the software development team is that of a Director of Software.
2. The writer has 30 years of industry experience in software engineering and Information Technology. The 30 years experience includes more than 10 years in technical management, 10 years in enterprise architecture, and 10 years building complex applications that leveraged embedded systems, Windows( desktop applications, and enterprise web applications.  
3. The responsibility of the Director of Software includes acting as a hiring manager for the software development department. The writer includes more than 10 years experience hiring college graduates and new hires who have at least two to three years of experience maintaining, designing, and building software. 

4. The responsibilities of the Director of Software includes establishing job requirements, staffing the software development team, setting technical and strategic direction for the team, setting software development processes with the software development department, and establishing training plans for members of the team.
Chapter II: Study of the Problem
Problem Description
The problem is that many college and university Computer Science graduates and Information Technology (IT) graduates are not properly prepared academically to maintain, design, and develop Enterprise class web applications. Computer Science graduates and Information Technology graduates must be properly trained to maintain and build web applications. 
1. Web-related technologies have become predominantly used to implement a majority of all current desktop applications, business applications, mobile applications, and personal applications. 
2. Web-related technologies have been expanded to build applications for consumer devices, such as advanced TV set top boxes and digital TV’s. 
3. The Enterprise Java platform and the Microsoft .NET( platform are the major platforms of choice for many companies who need to build these web applications.
4. Research is required to determine how to improve the curriculum, how to improve the hands-on programming labs, and better prepare Computer Science and Information Technology graduates for entry into the current workforce for companies looking to hire software developers to maintain, design, and develop web applications. 
5. This research is important because if Computer Science graduates are not qualified to design and develop Enterprise class web applications these programming positions will continue to be filled by using lower cost offshore outsource resources in countries, such as India and China, and will limit the United States ability to compete in the global economy.

6. The following questions will be answered as a result of this action research project.
a. What can academia learn by studying current software development teams already working professionally in corporate software engineering and information technology companies? 
b. What can academia learn from recent college and university Computer Science and Information Technology graduates? 
c. Can academia use this information to identify gaps and provide constructive feedback to colleges and University’s to improve the quality of their education programs? 
d. This research project will attempt to answer these questions.
Problem Documentation
A number of forms of documentation can be used to identify the skills required when hiring new software developers who would be responsible for maintaining, designing, and building web applications. This inventory of skills obtained from the documentation sources can be compared and contrasted to the current technologies, standards, and platform trends that have been used in the industry over the past five years to build Enterprise web applications. Some of these forms of documentation could include:
1. Evaluation of new hire job requirements from hiring managers.

2. Evaluation of resumes.

3. Evaluation of job requirements posted on job boards.

4. Research industry trade journals, blogs, or Internet sites that discuss industry trends and technologies.
5. Research the current college and university programs to assemble an inventory of the technologies, standards, and platforms taught in the Computer Science and Information Technology programs. 
6. Research technology research firms, such as Gartner, to assemble an inventory of the technology and platform trends leveraged in the software development industry.
7. Research data can be obtained by completing surveys and interviews with current development teams in the industry. 
Literature Review
The following information was gathered to outline existing research that has been completed on the problem statement to support this action research project.

1. Ivan Kedrin from NY CTO, who is an online web technologist, reports that over 75% of job trends in 2011 demand the Enterprise Java platform or the Microsoft .NET( platform. The Microsoft .NET and JAVA are the most sought after general software development technology stacks. Microsoft .NET currently represents about 3.5% of all job openings; while JAVA is around 3% of all job openings. These numbers are inflated by non-web application development jobs. The respective percentages that represent web application development done using both platforms should be significantly lower e.g. I would not be surprised if less than 40% of total JAVA and Microsoft .NET development were web application development related, while the rest would fall into the client/server/other categories (Kedrin, 2011). 
2. Research conducted in 2010 across eight Fortune 500 businesses, nine small-to-medium businesses, and two nonprofit organizations, using the results of 20 interviews that consisted of seven open-ended questions, across IT professionals, such as 6 Sigma Black Belts, Senior Project Analysts, Quality Assurance Analysts, and Computer Scientists made the following recommendations.
a. Modify computer science curriculum to provide more emphasis on written and verbal communication skills, gathering, and eliciting customer requirements effectively (Simmons, 2010).
b. Provide the ability to be flexible and the ability to deal with varying personalities were highly emphasized (Simmons, 2010).
c. Introduce negotiation skills, time management, and cultural differences; outsource management, and information assurance trainings as some of the most notable skills in addition to a strong technical background (Simmons, 2010).
3. Initial research in 2010 from three of the top Computer Science programs in the United States, as reported by the GRE College Guide, shows that only a minimal number of classes ranging from program and development, Java, and C++ are offered as part of the program. 

4. The editors of Software Development Times, a popular technology magazine, wrote the following opinion piece in April 2010. 
a. What are computer-science students taught: To write software. Where are many newly hired programmers assigned? Code maintenance. Maintaining existing software is the quickest way to get up to speed, not only on the codebase itself but also on corporate coding practices. By studying the code base, and then by making small, incremental changes (to make patches or implement minor feature changes), developers gain essential knowledge and valuable experience. Yet with only rare exceptions, students aren’t taught how to maintain code by studying a code base, rooting out bugs, or adding incremental functionality. Maintenance is not perceived as being interesting and also does not lend itself well to the way that computer science is taught: in discrete semester-long courses focused on specific narrow topics. This is a shame. For years, employers have complained that computer science graduates lack the skills needed by businesses. Learning Java for four years by writing fresh programs is not exactly a good model for success in the corporate world, where few folks, if any, ever get to start a project from scratch. Sure, sometimes that is the case. But for the bulk of nine to five programmers, you are not working on new code; you’re working on old code. We propose a new course for all computer science majors. This course would be of code maintenance (SD Editorial Board, 2010).
5. An article by Bob Lewis from the InfoWorld Magazine, a popular technology magazine on computer technology, observed the following in 20010.

a. This seems to be a trend: In an effort to widen and deepen my own skill set, I have had occasion to examine computer science course material available online from a number of top-tier colleges and some from the lower rungs. In most instances, what I remember from my nearly 40-year-old computer science education still places me far ahead of what they are now teaching; I had to search elsewhere (mostly in open source offerings or even now-old, but graduate-level textbooks) for suitable material. (Lewis, 2010).

b. We have had trouble finding qualified United States job applicants who want to do the work we need done. I wonder if there is a connection (Lewis, 2010).
6. An article by Keith Ward from the MSDN Magazine, a popular technology magazine on Microsoft technology, observed the following in 20010.
a. Ward provided a quote from a computer science professor who claimed that “Computer Science (and related computer program) enrollments have greatly declined, and schools are trying to reverse the trend. This includes making the programs easier so there will be fewer dropouts and it will be more attractive to students who don’t want to work hard but still get a degree.” 

b.  Ward provided a quote from a hiring manager for a technology company who claimed “I have never interviewed a candidate right out of college who I would hire. No recent graduate that I have interviewed has had sufficient understanding of real-world problems to be useful to me, at least for the salary that the interviewees were expecting.”
c. Ward went on to suggest that the industry use the power of the MSDN network to help determine if we are facing a crisis when it comes to teaching college students proper software development skills.
7. Gartner, a renowned technology research company, reported the following technology trends from 2006-2010 that provides an insight into the technologies that could be considered in current Computer Science and Information Technology programs. 

a. 2006: Web 2.0 that includes AJAX and mash-ups, real-world web that includes location aware technologies, and application architecture that includes model-driven architecture.

b. 2007: Real-world web, virtual worlds and social networks, user interface enhancements, and mobile robots.

c. 2008: Virtualization, Cloud computing, servers-beyond blades, web-oriented architectures, Enterprise mash-ups, specialized systems, social software, social networking, unified communications, business intelligence, Green IT.

d.  2009: Virtualization, business intelligence, cloud-computing, Green IT, unified communications, social software, social networking, web-oriented architecture, Enterprise mash-ups, specialized systems, servers – beyond blades.

e.  2010: Cloud computing, advanced analytics, client computing, Green IT, reshaping the Data Center, social computing, security – activity monitoring, flash memory, virtualization for availability, mobile applications.

f.  2011: Cloud computing, mobile applications and media tablets, social communications and collaboration, video, next generation analytics, social analytics, context-aware computing, storage class memory, ubiquitous computing, fabric-based infrastructure, and fabric-based computers. 

8.  The following research by Bagaya in 2007 suggests the need to improve the Computer Science and Information Technology curriculum.

a. New computer science majors have declined 32% since 2000 (Bagaya, 2007). 
b. Computer Science programs are now viewed as a path to unemployment versus a path to wealth (Bagaya, 2007). 
c. The U.S. now has a shortage of IT and Computer Science skills (Bagaya, 2007). 
d. 62% of IT workers lost jobs due to business downturn, 80% of IT workers will not stay in the profession, an increase demand of 38% for IT workers, and 41% of IT workers would not recommend this profession (Bagaya, 2007). 
e. The circumstances and forces behind offshore outsourcing present a challenge to the U.S. historical lead in high-tech innovation (Bagaya, 2007). 
f. University administrators need to design undergraduate courses to attract new students and retain enrolled students (Bagaya, 2007)
9.  An article by Esther Schindler from the Software Development Times, a popular technology magazine, observed the following in 2005.
a. "I seemed to be engaged in a constant battle with most of them to obtain properly documented and readable code," she said. Few would follow even the most basic guidelines. Many did not have the habit of proper code development in the first place." (Dzikovska, 2005).
b. IT managers may think that their new hires are ill-prepared for the real world, but many higher education professionals refuse to shoulder the blame. At its heart, the issue revolves around two questions: the expectation of a college grad's knowledge (and thus your company's need to provide additional training), and the old art-versus-science debate about programming that you probably had in your own dorm room when you were in school. (Schindler, 2005).

c. "A common belief among university faculty is that the purpose of a university degree is not to prepare the student to be productive in the workplace the first day after graduation. Training a worker to be effective in an organization is the responsibility of the hiring organization" (Lutes, 2005, 1).

d. The sheer number of complex and expensive tools and techniques makes the challenge even more difficult. A student takes two courses in his major per semester, more than eight semesters. "That gives you 16 courses to teach a student everything, from how to write a simple program using variables and if statements, all the way to how to work on a team to develop a multitier enterprise application that supports thousands of concurrent users, has a Web user interface and a Windows form GUI, and uses a robust RDBMS back end" (Lutes, 2005, 1).
e. The university system does not encourage faculty relevance. First, they are rewarded more for research and publication rather than industry experience; and many professors have only secondhand knowledge of life in an IT shop. They may not be all that good at programming or testing themselves, Lutes suggested, and they have probably never developed a secure application for use in a networked environment.

f. Most four-year programs still are trying to turn out computer science graduates who are prepared to move into any part of the field, or to go on to a research-oriented graduate program. Perhaps, said Ward that is not realistic. The computer science field, she said, is starting to fission into several separate specializations, much as engineering has. "We're seeing more schools offering 'tracks' of upper-division electives that allow students to gain some additional depth in one part of the field at the expense of others, and we're seeing more students turn to non-thesis masters degrees for additional specialization. We are also starting to see more specific four-year programs, such as software engineering degrees." There is also more emphasis on real-world skills in the generalist education.
10.  Hoganson in 2004 researched the impacts of the movement of technical jobs, made recommendations, and suggested a strategy to improve a Computer Science program to counteract the impact of the offshore movement. Hoganson noted the following:
a. Computer Science enrollments are off nationwide, due in part to the tech downturn, and due in part to the well-publicized movement of tech jobs overseas in a global economy with instantaneous communications. Computer Science program coordinators and curriculum committees are in a quandary: the organization and content of a science education should not be dependent upon the whims of the marketplace (Hoganson, 2004).
b. Observations suggest that IT knowledge and skills that are critical to a business enterprise, and hence more difficult to successfully outsource may form the basis for positioning computer science degree programs (Hoganson, 2004).
c. Computer Science degree programs that capitalize on these observations to prepare their graduates with knowledge in areas that tend to be critical and strategic, may mitigate some of the effect of the outsourcing movement on their graduate's job prospects and on program enrollment (Hoganson, 2004).
Causative Analysis
A number of causes are believed to exist in the misalignment between the Computer Science and Information Technology curriculum and the needs of the software development industry. 
1. The Computer Science and Information Technology industry is moving at a much faster pace compared to the pace of the curriculum updates in college and university Computer Science programs. 
2. The college and university professors are not teaching the core fundamental and foundational programming principles required to maintain, design, and build web applications adequately using the Enterprise Java platform or the Microsoft .NET( platform. 
3. The skills and the experience of the college and university professors are not aligned properly with the technologies being used in the industry.
Chapter III: Outcome and Analysis
Goals (Expectations)
The goals of this action research project are to provide the following research to college and University’s in the United States.
1. Recommendations will be made to the Computer Science and Information Technology curriculum and the improvements that can be made to hands-on labs, as it relates to maintain, designing, and developing Enterprise class web applications. 
2. The research will identify gaps between the existing curriculum and the software development industry. Resolving these gaps in college and university Computer Science and Information Technology programs will enable graduates to become better prepared for entry-level programming positions and be more proficient at maintaining, designing, and building simple N-tier Enterprise class web application. 
3. After the research is completed the action research project will document the recommendations needed to improve our Computer Science and Information Technology bachelor and graduate programs.
4. The University’s will benefit in a number of ways from the results of this action research project. 
a. The University’s will benefit by providing a more competitive, current, and exciting Computer Science program better aligned with the current software development industry. 
b. The University’s curriculum, classes, and labs will be improved. 
c. The University’s graduates will benefit because they will be more competitive in the job marketplace and be better prepared for entry-level programming positions. 
d. The University’s professors will benefit because they will discover skills and technical gaps in their teachings to improve their curriculum. 
e. The corporations hiring Computer Science and Information Technology graduates benefit because they can hire United States college graduates as apposed to filling these positions with lower cost offshore outsourcing resources from countries, such as India and China.
Expected Outcomes
The expected outcomes of this action research project will be to provide the following:
1. Specific changes will be identified that will be made to the curriculum to improve the skills in new graduates working in software development teams responsible for maintaining, designing, and building Enterprise web applications. The research data from this project will justify the recommendation of at least six additional hands-on labs that can be offered during the last one to two semesters of the Computer Science and Information Technology program.
2. The curriculum of the classes will be aligned closer to technology used in the industry and will promote more hands-on labs thereby improving the readiness of the students for the industry. 
3. The additional classes will also improve the attractiveness of the Computer Science program to potential students to increase enrollment rates. When a college or University implements the recommendations from this research their Computer Science or Information Technology program will differentiate their program from at least 80% of the top 10 University Computer Science programs in the United States.
Measurement of Outcomes
1. Both quantitative and qualitative research data will be used in the action research project. Quantitative research data will be obtained by analyzing the classes being offered in the current bachelor and graduate Computer Science and Information Technology programs from the top 10 universities in the United States. Qualitative research data will be obtained by conducting interviews with software developers in the industry who have graduated from a Computer Science or Information Technology program within the past five to 10 years. 
2. The technologies and skills being taught in the Computer Science and Information Technology programs will be matched and compared against the essential technology training and skills required by the software development industry. 
3. To identify the technologies and skills required by the software development industry and quantify the readiness of the Computer Science and Information Technology graduates the following research will be completed:
a.  A series of two surveys will be completed with the members of a software development team. 
b. An interview will be completed with the members of a software development team.
c. The survey data will provide concrete quantitative research data and the interview data will provide the important qualitative research data. 
d. The results of the university Computer Science and Information Technology program research along with the surveys and interviews will be used to obtain research data that will be used to identify curriculum gaps in the Computer Science and Information Technology programs. The results of the research will be used to compare the current state of the Computer Science and Information Technology programs with the desired future state required by the software development industry. 
e. The analysis will be used to identify gaps between the Computer Science and Information Technology curriculum, hands-on programming labs, and the technology training and skills required to design and build Enterprise class web applications in the software development industry. 
Analysis of Results
1.  An advanced Enterprise web application design and development program needs to be put in place by community college and university Computer Science programs.
2.  An Enterprise web application maintenance program needs to be put in place by community college and university Computer Science programs.
3.  A search of the top bachelor and masters Computer Science programs showed that only introductory Enterprise web application programming classes are available for students. 
4.  Students are only taught the basics of the Enterprise web application platforms, which do not adequately prepare the student for entry-level programming positions in the information technology or the software engineering fields.

5.  A small survey was completed with recent Computer Science and Information Technology graduates and found that these graduates had to obtain the required introductory industry knowledge either by working three to five years in the industry or by taking expensive certification classes. Advanced programming topics in the college catalog need to include the proper instruction on the design of N-Layer applications along with industry best practices. 

Chapter IV: Solution Strategy
Statement of Problem
The problem is that many college and university Computer Science graduates and Information Technology (IT) graduates are not properly prepared academically to maintain, design, and develop Enterprise class web applications.

Discussion
1. The United States now has a shortage of IT and Computer Science skills (Bagaya, 2007). University administrators need to design undergraduate and graduate courses to attract new students and retain enrolled students (Bagaya, 2007). 
2. To help resolve these issues advanced Computer Science programs including classes to teach the fundamentals in maintaining, designing, and building web applications. This program could be extended to community colleges or university’s Computer Science and Information Technology curriculum.
3. The Computer Science and the Information Technology curriculum will need to be updated to include an Enterprise web application-programming track. These tracks should be offered in either the Enterprise Java platform or Microsoft .NET( platform. The selection of the programming platforms should be provided as an option to the student. The track should also include the proper training in the skills required to maintain software, which is generally one of the first responsibilities of a graduate student. To augment the new web application-programming tracks the Computer Science curriculum will also need to include more hands-on programming labs that teach the student how to build N-tier Enterprise web applications using current technology, common design patterns, and industry standards. 
4. College and university professors also need to upgrade their skills and experience in the Enterprise Java platform and Microsoft .NET( platform.
Selected Solutions
To identify the gaps in the Computer Science and Information Technology programs research data will be collected using the following instruments: 
1. Research of the top 10 major universities programs in Computer Science and Information Technology programs will be completed. The research will assemble an inventory of the technologies, standards, and platforms being taught in these programs. This inventory will be compared and contrasted to the current technologies, standards, and platform trends used in the industry between 2005-2010 to build Enterprise web applications.

2. An anonymous survey will be distributed to a current software development team working for a United States company in corporate America. The survey will focus on determining the experience of the team in the core technical domains used to design and build Enterprise web applications. The survey will be used to take inventory of the graduate’s skills and capabilities that were taught during their college program to design and build Enterprise web applications as well as to use this inventory of skills to identify the potential gaps in the Computer Science and Information Technology programs. The questions for this survey are provided in Appendix A of this research paper.
3. An anonymous survey will be distributed to a current software development team working for a United States company in corporate America. The survey will focus on determining the experience of the team in the basic skills required to maintain Enterprise web applications. The survey will be used to take inventory of the graduate’s skills and capabilities that are required to maintain Enterprise web applications as well as to use this inventory of skills to identify the potential gaps in the Computer Science and Information Technology programs. The questions for this survey are provided in Appendix B of this research paper.
4. An interview will be completed with five software developers working for a United States company in corporate America. The interview will focus on the classes they received in a college or university Computer Science and Information Technology program and how these classes related to the skills required for their first professional programming position. The interview will also seek recommendations from these recent college graduates on what can be done to improve university Computer Science and Information Technology program. The questions for this interview are provided in Appendix C of this research paper.
5. In addition to the above research the author will teach a condensed 12-hour Web Application Design 101 course to a software development team. After completing the web application design class the software development team will learn the skills to model and design a web application leveraging either the Enterprise Java and Microsoft .NET( platforms. The software development team will be introduced to industry best practices, technology frameworks, and learn a proven industry design methodology. The software development team will be exposed to the following technical courses that will also include companion hands-on labs:
a. Course #1: Understand the Software Development Lifecycle (SDLC).
b. Course #2: Understand how to decompose requirements during Requirements Analysis.
c. Course #3: Understand the N-Layer Architecture.
d. Course #4: Understand how to design the Presentation Layer.
i. Hands-on Lab
e. Course #5: Understand how to design the Business Services Layer.
i. Hands-on Lab
f. Course #6: Understand how to design the Data Access Service Layer.
i. Hands-on Lab
g. Course #7: Understand industry Best Practices.
h. Course #8: Putting it All Together.
i. Hands-on Lab
6. The before mentioned courses will be given to a current software development team. Once the class has been completed the software development team will be interviewed to see if the class would be appropriate for a Computer Science program. The research data will be used to fill in any of the gaps in a Computer Science program or Information Technology program.
The selected solutions will be completed over an eight man-week timeline, will require the writer and previously identified software development team as resources, and will cost an estimated $20,000 to implement. The following implementation timeline will be used to execute the solutions.

· Week 1: Conduct anonymous core technical skills survey, research the top 10 major universities programs in Computer Science and Information Technology programs, complete training on course #1 and course #2, and write up the results of the survey.
· Week 2:  Conduct anonymous maintenance skills survey, complete training on course #3 and course #4, and write up the results of the survey.
· Week 3:  Conduct face-to-face interviews, complete training on course #5 and course #6, and write up the results of the survey.
· Week 4:  Complete training on course #7 and course #8.
· Week 5-8: Complete action research project paper.
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