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Abstract: There are pedagogical issues in dealing with the management of information 
technology projects conducted by distributed student teams.  At Pace University we have been 
using real-world student projects in capstone computing courses for about ten years.  While the 
courses were conducted in a classroom environment during the early years, the current course 
has been essentially online for the last three years in order to reach a greater number of students.  
Findings indicate that appropriate team management changes can smooth the transition from 
co-located to distributed teams. 

 
 
Introduction 
 
 This paper concerns the pedagogical issues of managing information technology development projects 
conducted by geographically distributed student teams.  We use team projects modeled on real-world development 
practice to provide students with the educational experience of collaborative efforts, similar to what is done in industry, 
in order to design, build, and test computer information systems.  This is the fourth paper describing the way 
real-world student projects have been integrated into the capstone computing courses in the Seidenberg School of 
Computer Science and Information Systems at Pace University.  The first described the development of computer 
information systems for actual customers (Tappert, 2002), the second emphasized projects relating to security 
(Tappert & Cha, 2004), and the third focused on the interplay of student projects and research (Tappert, Stix, & Cha, 
2007). 
 We have been using real-world information technology projects in masters-level capstone computing courses 
for about ten years.  Capstone courses that provide real-world projects for actual customers are not new.  They are 
available in one or two-semester courses at both the graduate and undergraduate levels, and we briefly discuss several 
related papers from the recent literature.  Novitzki (2001), in describing a one-semester graduate course, focused on 
the administrative issues and found that the most consistent shortcomings of the students related to their working with 
functional managers, their group skills, and their communication skills.  Two papers (Gorka, Miller, & Howe, 2007; 
Green, 2003) described one-semester undergraduate courses that provided projects in conjunction with industry.  
Goold (2003) described how a one-semester undergraduate course evolved from small student teams of 4-5 students to 
relatively large teams of 10-12 students.  Bruhn & Camp (2004) described a two-semester undergraduate course that 
required the full two semesters to provide an in-depth coverage of the phases of the systems development life cycle. 
 Beginning with the Fall 2006 semester, we migrated our highly successful, project-centered class from a 
traditional face-to-face format to an online format.  Part of the reason was progressiveness – technical support for 
online courses had advanced to the point where it was reliable, fast, and offered excellent user interfaces, and online 
courses are preferred by our professionally employed student body because there are no scheduling conflicts, no 
missed contacts because of travel, and no commuting costs.  In addition, we are readying ourselves for an expansion of 
the student body to students residing in different parts of the world.  While we had found mechanisms for overcoming 
the challenges that threatened the effective governance and achievement of traditional student development teams, 
now we were confronting uncertainties about how these mechanisms are porting to teams working in the context of an 
online class and the new mechanisms that might need to be created.  The online format precludes automatic, weekly 
assemblages that act as a safety net to the teams' interaction and smooth functioning.  It is well known that projects 
undertaken by groups lacking co-presence presuppose a higher level of organizational and process skills among their 
members (Cusumano, 2008).  This paper describes procedures that enabled the successful functioning of student 
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development teams in our largely online course. 
 
The Project-Oriented Capstone Course 
 

The current capstone course is a project-oriented, one-semester, web-assisted course for masters-level 
computing students in which student teams develop real-world computer information systems for actual customers.  
Students learn the importance of a systematic approach in the process of developing robust systems, the management 
of projects, how to interact with customers and conduct requirements analysis, how to build and test systems, and the 
related technical and soft skills.  Emphasis is placed on developing skills and knowledge in technical areas that have 
realistic value in the workplace.  In addition to technical skills, students develop problem-solving, critical thinking, 
communication, and teamwork skills.  By working on real-world systems with actual customers the students learn the 
appropriate skills – both technical and soft skills – for filling meaningful roles in the professional IT workplace. 

A capstone course is usually the last course taken in a program of study, in this case to complete the master’s 
degree requirements.  Because the students have completed all the basic courses for their degree, they have a solid 
understanding of the fundamentals of computing and information technology and have acquired the studentship to fill 
in any gaps, as necessary, through self learning and independent study.  This course enables them to draw on this 
knowledge and to apply what they have learned, and possibly learn some new material, to complete a real-world team 
project for an actual customer, similar to what most computing professionals do in their work environment.  It is 
usually a great learning experience for the students and especially for those who have not previously worked on 
projects.  Students have their team to work closely with, to give them support, and to learn from; and they also have 
access to the instructor and the class as a whole for further support.  

 
Ingredients for Successful Teamwork in Distance Learning 
 
Although this is essentially an online course, we have three face-to-face meetings in a classroom during the 

semester: one near the beginning, one near the middle, and one at the end of the semester.  These contacts, presence at 
which is highly recommended but not required, are typically attended by about two-thirds of the students, those who 
live or work in the greater New York City area.  The first contact is important because it introduces communication 
standards and the archiving of course information.  An extensive course website presents all the course information,  
and links in the left menu area are to the various sections (pages) of the website: 
 

• Homepage – includes the instructor information, textbooks, course description and goals, course 
requirements, and grading system.   

• Syllabus – lists the weekly readings and assignments.   
• Projects – contains a table of the semester’s projects, and provides for each project the customer's name and 

contact information, the description of the project, the names of the students on the development team 
assigned to the project, and a link to the project team’s website.   

• Students – contains photos of the students so students know their classmates and the instructor can recall a 
student (possibly years later) when providing a letter of recommendation. 

• Project Deliver – lists and describes the project deliverables.  
• Grades – contains a table of the graded events and the current student grades indexed by the last 4 digits of 

their university ID number.   
• A link to the Blackboard educational software system (Blackboard, 2008) used for quizzes, discussions, and 

collecting digital assignments. 
 

From the project descriptions posted on the course website the students complete a project preference form during the 
first two weeks of the course.  They list their current company and job title, number of years work experience in 
information technology, work and home locations, whether they can attend the three classroom meetings, preferred 
communication mode (email, phone, IM, etc.), top five project choices, top five availability time choices for project 
communication (day of week plus morning, afternoon, or evening), project skills (requirements engineering, system 
design, programming, databases, web design, networking, communication/leadership, etc.).  The instructor uses this 
information to form teams, to select team leaders, and to assign teams to projects.  Some of the customers are doctoral 
students who need research supporting infrastructures. 
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Nature of the Team Projects – Categories and Examples 
 
The team project focuses on developing a computer information system that meets an actual customer's real 

needs.  Although the requirements for the projects come from the customers, the course instructor is the “boss” or 
“Chief Information Officer” of each project team, and, as such, the person who makes all the major decisions.  The 
project customer knows what he/she wants as an outcome but may not know the technical aspects of the project work 
(algorithms, program code, etc.).  Some projects have subject matter experts who are knowledgeable about certain 
domain related aspects of a project.  The customer, the subject matter experts, and the instructor can give advice to 
help guide the teamwork but are not expected to make major contributions to the actual project development effort.   

To inform the readers of the types of projects conducted, a summary of 63 projects and related 132 publications 
from 2001 to 2007 is presented in Table 1 (Tappert, Stix, & Cha, 2007).  Depending on the nature of a project, the 
technical skills can involve e-Commerce and Internet technologies, client-server systems (especially those with Web 
interfaces to backend databases), relational databases, web design and interfaces, HTML, Java programming, and 
scripting languages such as PHP and Cold Fusion for accessing databases through web interfaces.   

Project Category Number
Projects

Project
Semesters

Project
Related

Pubs

Offshoot
Pubs

Web Applications 8 12 8
Pervasive Systems 14 24 18
PC Applications 10 17 11
Artificial Intelligence 6 8 8
Pattern Recognition 8 11 27 19
Biometric Systems 12 15 17 19
Quality Assurance 5 9 5
Totals 63 96 94 38

Table 1. Summary of projects and publications,
from Tappert, Stix, & Cha (2007)

 
 

In the fall of 2008 we had seven projects as shown on the Projects page of the course website (Figure 1).  It was 
unusual this semester that most of the project customers were doctoral students enrolled in our Doctor of Professional 
Studies (DPS) program.  The Projects page lists the projects and contains, for each project, the project ID number, the 
project customer(s) with links to detailed contact information, a link to a detailed project description (and whether the 
project is a continuation of an earlier one), and the student team (marking the team leader).  The project ID number is 
also a link to the student team website for the project and the team website for the “Data Mining Subway Incidents” 
project is shown in Figure 2. 

Two of these projects will be briefly described.  One, entitled “NWH Healthy Kids Website,” was the design of 
a website with a backend database for one of the non-profit programs at the local Northern Westchester Hospital.  The 
project presented a solution for managing and maintaining Web content by introducing a content management system 
(CMS) as a platform for Web applications.  Properly managed Web content requires a working knowledge of the Web 
application and good practices to ensure that website integrity is maintained.  Introducing a content management 
system in the form of a CMS based Web application helped prevent typical problems associated with website structure 
and management.  This study used Joomla, a content management system Web solution, as a platform to develop the 
Coalition for Healthy Kids website, demonstrating that a CMS is a practical solution for maintaining website integrity 
under conditions of constant reorganization and editing, making it easier for visitors to navigate the website. 

The second project, entitled “Data Mining Subway Incidents,” analyzed two databases of assaults against 
Metro Transit Authority (MTA) customers and employees between 2005 and 2007 provided by the New York City 
MTA.  Both databases were analyzed to discover patterns and trends for informational and predictive purposes.  The 
analysis was accomplished by cleansing, querying, and mining the data. Though both databases feature attributes for 
incident locations, train lines, times and dates of assaults, etc., the critical information regarding the nature of these 
incidents was recorded in the comment fields.  One database did not contain incident types, so pertinent and 
descriptive verbiage from the comment fields was programmatically identified in a manner to generate a deliverable 
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procedure, and the database was expanded to include new attributes and flags for mining the data using SQL.  The 
records in the second database were prearranged with incident types and suitable for quickly generating predictive and 
associative models using the data mining software program Weka. 

   

 
Figure 1. The “Projects” page of the course website for fall 2008. 

 
 

 
Figure 2. The team website for the “Data Mining Subway Incidents” project. 
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There are many benefits from the project activities.  The real-world projects provide valuable systems for the 
customers, allow the students to develop technical and soft skills, utilize student-centered team learning, foster 
interdisciplinary collaboration, encourage student involvement in the university and local communities, support 
student and faculty research, and enhance relationships between the university and local technology companies.  
Overall, these projects result in an advantageous outcome for all concerned. 

 
Nature of the Teams, Their Roles, and Methods of Work 
 
A team is a group of individuals having the responsibility to jointly accomplish an objective, and in this course 

the objective is to successfully complete a project.  Research has shown that work in teams enhances learning by 
creating an "active learning process."  Student teams have been found particularly effective when the students actually 
need each other to complete the project.  It is also the norm for employees to work in teams, and teams are used in all 
kinds of organizations, such as in industry, education, and government. 

 Most of the systems involve one or more of the following: programming, a database, a computer network, a 
Web interface.  Java is the preferred language for projects that require programming.  Non-programmers or weak 
programmers can contribute in many ways other than programming.  A team usually consists of 3-5 students – an 
Architect-Designer, one or two Implementers, a Quality Officer, and a team Coordinator-Liaison.  For small teams 
several team member functions can be combined.  At least one team member, usually the Coordinator-Liaison, must 
be a good communicator for customer and instructor interactions.  Once the project is underway, teams should interact 
at least once a week in addition to project work time, and interactions can be through a variety of communication 
modes, such as e-mail, online discussion, comments affixed to work-related materials, chat, and face-to-face. 

For project development work we use the agile methodology, particularly Extreme Programming (XP) which 
involves small releases and fast turnarounds in roughly two-week iterations (Beck, 2000, 37-38).  Each team delivers 
a prototype system that performs the basic required functions to their customer at the halfway point of the semester.  
This is possible since, according to the 80-20 rule (Pressman, 2001,  209), 80% of the project can be completed in 20% 
of the time it would take to deliver the complete 100% system.  A complete, high-quality system is delivered at the end 
of the semester. 

Since this is a project-oriented course with no midterm or final exams, student grades depend mostly on their 
contribution to the project work.  The usual expected time commitment per student for a 3-credit course is 3 hours per 
week in class and twice that outside of class, for a total of 9 hour per week.  However, because this is an online course 
where students save commuting time, we expect a time commitment of about 10 hours per week, and this additional 
time commitment is one of the advantages of a distance-learning course. 

Students are advised in their project work, and also in their employment work, to follow the advice of Jack 
Welch, the CEO of General Electric from 1981 to 2001:  
 

My advice to someone who wants to be recognized today is over deliver on everything.  Always think about 
going above and beyond what the assignment is.  The silliest thing people do is fulfill the assignments from 
their bosses.  Over deliver.  Think beyond the assignment and bring new and bigger insights to the issue.  
Drive up the scope of the challenge; make the ideas bigger; challenge the leader to learn from new insights 
that you bring to the game.  Those are the people who help grow a business.  (Kornik, 2006) 

 
One of the key project deliverables is a technical paper that summarizes the results of the project and is 

presented at our yearly internal conference, called “CSIS Student-Faculty Research Day," which is complete with a 
review process and proceedings, see for example the recent Research Day website (Research Day, 2008).  We have 
found that working to produce publications is a strong motivating factor for the students.   
 

Assessment 
 

 Student assessment is as follows: quizzes (20%), initial team assignment (10%), team project midterm (20%), 
team project final (20%), and team project technical paper (30%).  Thus, 80% of a student’s grade is based on their 
contribution to the team effort with the quizzes (based primarily on the textbook material) providing the only 
individual assessment.  The initial team assignment, which is not related to the project and due early in the semester 
(after three weeks), provides the context for the students to learn to function as a team.  The team has the ultimate 
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responsibility for the project work and is graded accordingly.  Grades on team events are determined by first assigning 
a team grade and then adjusting an individual student’s grade up or down based on evaluations of the student’s 
contribution from the instructor, the project's customer(s), and the student’s teammates.   
 
Pedagogical Issues Stemming from the Scattered Teams 
 
 The main pedagogical issue in managing the real-world projects is the geographical distribution of the students.  
Currently about two-thirds of the students live or work in the greater NYC area.  The remaining third come mostly 
from more distant regions of the east coast but some have been from as far away as California and London, and a group 
of students from India is expected to take the course in the fall of 2009.  The distributed team issue is handled by a 
number of mechanisms and guidelines.   
 

Project Stakeholder Communication 
 

 To facilitate communication among the project stakeholders, we insist that, except for extenuating 
circumstances, communication between a team and instructor, and between a team and a customer, be through the 
team leader, with all team members copied on communication email and given summaries of face-to-face meetings.  
This reduces communication to the instructor from individual students and keeps all stakeholders updated on project 
activities.  Although we had the same guideline when the course was conducted in the classroom with local students, 
this guideline is even more critical for distributed teams.  Also, the instructor creates and uses email distribution lists 
for the whole class, for each project team including the customer, and for all the customers. 
  

Local Team Leaders 
 

 Project team leaders must be local, either living or working in the greater NYC area.  This allows for easy 
communication and meetings between the project team leaders and the project customers, who have, so far, all been 
local.  It also allows for similar contact between the project team leaders and the instructor, enabling the instructor to 
keep informed of the progress of the project work. 

 
Course Website 
 
The course website nicely presents all the course information as described above for convenient centralized 

access.  Most importantly, it contains the project-related information and links to the student-developed team project 
websites that are frequently updated with postings of project deliverables and other information.  To ensure that the 
students read and understand the material on the course website, the first quiz contains questions on the course 
operation as described in the website material. 

 
Blackboard Educational Software 
 
We use the Blackboard educational software system (Blackboard, 2008) for quizzes, for collecting digital 

deliverables, and for discussion forums.  There are discussion forums for archiving all instructor email to the whole 
class for easy reference, for student introductions (students are asked to introduce themselves online during the first 
week of the semester), for discussions related to the textbook and other course material, and for discussions relating to 
each of the projects.  The project forums are used to discuss project-related material, and each project team is required 
to post a weekly project status report on their project forum.  It might be mentioned that previously student teams gave 
their status reports verbally in the classroom and students could benefit by learning about the other projects and 
hearing the instructor feedback, whereas now they are posted to the discussion forum and are less likely to be reviewed 
by students in other projects. 
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Three Classroom Meetings 
 
The three 3.5-hour classroom meetings are important to bring the local students together so they can meet some 

of their teammates and form some face-to-face bonding.  The first meeting occurs after the first week of the semester.  
By this time:  

• the students have introduced themselves online through a Blackboard forum, reviewed the course 
website, and submitted the project preference information form to the instructor 

• the instructor has received the students’ project preferences and associated information, formed the 
student project teams, assigned teams to projects, chosen project team leaders, and posted the 
information on the project’s page of the course website 

 

At this meeting the instructor and students introduce themselves face-to-face (half hour), the instructor gives a lecture 
on the nature and value of conducting real-world projects in a capstone course (one hour), the instructor reviews the 
specifics of the course material and describes details for each of the projects (one hour), and the students group 
themselves into their project teams and begin planning project activities (one hour).   

At the second (midterm) meeting the students make a PowerPoint slide presentation of their project prototypes 
(20-30 minutes per team depending on the number of projects – there were 7 projects in fall 2008 with an average of 4 
students per team).  Material covered in these presentations includes, as appropriate and as time permits, a subset of 
the following items: brief description of project, summary of project specifications, frequency of meetings with 
customer/stake-holders and usual method of communication, plans to address changes in customer requirements, 
summary of user stories collected (if any), analyses accomplished (object-oriented might include defined classes and 
operations), design decisions and the trade-offs encountered, work breakdown structures, PERT chart, and/or Gantt 
chart, components built/planned, testing strategy, what was accomplished to complete the prototype, what will be 
added in the remainder of the semester, what has been easy/difficult during this half of the semester, and a prototype 
demonstration.  Project customers are invited to attend. 

At the third (semester-end) meeting the students present their final project system.  This meeting is similar to 
the second meeting, and most customers will attend the final presentations. 

 
Peer Evaluations 
 
Finally, we use peer evaluations to assess the project contributions of each team member.  Although used when 

the course was conducted in the classroom, peer evaluations are even more critical for distributed teams because some 
team members have minimal, if any, direct contact with the customer and instructor.   

 
Pedagogical Evaluations 
 
At the end of the semester we survey the students using the Survey Monkey (2008) web-based survey system to 

obtain useful student feedback.  We use these pedagogical evaluations of the course methodologies to determine what 
works best from the students’ point of view.  We find, for example, that student teams use many modes of 
communication, and one of the interesting ones recently reported was Skype conference calls (Skype, 2008).  
 
Conclusions 
 
 The online course format necessarily means a reduction in the face-to-face contact time of student teams jointly 
working on projects inasmuch as weekly class assemblages no longer exit.  All courses with a collaborative 
component requiring groups to complete a task requiring cooperation and coordination over an extended time will find 
that the students are forced into working in a distributed context.  For projects' success, and therefore course success, 
effective techniques for managing distributed student teams are required.  We confronted this pedagogical issue head 
on in a masters-level, capstone course in which teams of students in computer science and internet technology develop 
real-world systems for actual customers.  This course had been in successful operation for over five years in the 
face-to-face mode when it shifted to online.  Here we experienced success as well.  
 Our success in the online mode rests on much of the same management infrastructure that had facilitated 
effective communications among "traditional teams," notably the website that comprehensively centralized access to 
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project information and Blackboard for organizing digital deliverables and discussion forums.  The new pedagogy 
consists of an initial face-to-face contact offering a rigorous introduction to the usage of the information dispensing 
and communication channels, the requirement that the team leader live locally and be amenable to in-person meetings 
with the customer and the instructor, and rigid requirements about circulating communications and archiving 
documents.  
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