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Abstract 
Universities have started to move away from pure tradi-

tional lectured-based curriculums.   For example, in the com-

puting field many universities have implemented project-

based knowledge in their class curriculum and introduced 

teamwork and originality via real-world projects to provide 

experiences that can translate to future jobs. This paper pre-

sents a detailed overview of a how Pace University manages 

its capstone computing course. The foundation of this course 

is using real-world work projects to solve problems for actual 

customers.  The focus of this paper is on one semester’s eleven 

team projects.  The eleven teams have a variety of projects and 

this study describes: the nature of the projects, the QA metrics 

utilized, and the relationship of the student teamwork process 

to industry projects.  The QA process ensures the projects have 

good quality and are standardized for appropriate student ex-

perience.  The management of the capstone computing pro-

jects at Pace University is also compared to management of 

similar projects at other universities. 

Index Terms—Capstone computing courses, project manage-

ment, real-world computing projects, quality assurance, testing. 

 

1. INTRODUCTION 
With the gap between education and working becoming less 

visible, there will be changes in teaching styles. In the real 

world, work projects are undertaken to generate tangible solu-

tions to problems businesses are facing; this prepares students 

for working in groups. In the real world, no one works alone, 

most things are done with the help of other people or in teams. 

Teamwork promotes learning, as students are able to feed off 

the ideas of other fellow students and vice versa. Pace Univer-

sity’s Capstone Project focuses on giving their students real 

world work scenarios which the students must understand, and 

then come up with detailed solutions. The project offers stu-

dents the ability to work directly on an actual industry problem. 

This will hopefully give them leverage when applying for jobs 

in the future. The class is set up in two parts; the first part, is 

lectured-based – where students are given a series of quizzes 

throughout the week to test their knowledge on the lecture notes 

and text books. The second part is the capstone project itself; 

39 students are broken into 11 different teams, and each team 

concentrates on a specific problem for a customer. Customers 

range from the actual University itself to Verizon, while the 

teams/groups range from a single student to a group of 6. Each 

group was assigned a team leader, who communicated with the 

customer and the professor. All 11 groups were tasked with 

reading/reviewing their own project descriptions, writing a 

weekly progress report, writing an 8-10 page technical report 

that summarizes their research findings, and lastly, presenting 

their research findings. 
This paper will act as the class’s technical paper and will 

summarize the projects. It will also include material related to 

the testing and evaluation of systems, as well as general mate-

rials related to the project development process. Group 9 is 

working on this paper, and focuses on several tasks that review 

and evaluate the Spring 2015 semester's projects. It does this by 

reading/reviewing the project descriptions and the progress re-

ports. The customers for this team are one of Pace University’s 

professors. The team also evaluates the quality and robustness 

of the project systems and deliverables of the other 10 groups. 

Group 9 contacts each team to complete a survey in order to 

obtain the following information: how often they interacted 

with their customer, what went well and what didn’t, recom-

mendations to improve all aspects of the project process, etc. 

The Group’s overall deliverable is to ensure standardization and 

quality for all of the groups’ project systems and deliverables in 

the capstone class. 
This paper is broken down into sections as follows: Section 

2 gives an overview of each team’s project. Section 3 highlights 

how other university students work on their capstone projects. 

Section 4 concentrates on how the project relates to real world 

industry projects. Section 5 will focus on the feedback from a 

survey of the capstone project, undertaken by the 11 teams. This 

is to assess the standardization and quality of the university’s 

capstone project work and deliverables. The next section pre-

sents the results of the survey’s QA/Testing/Maintenance and 

the conclusions; while the final section discusses a proposal for 

future work. 

 

2. TEAMS OVERVIEW 
This section reviews 10 of the 11 teams’ requirements for 

their projects. It excludes team 9, which is the team working on 

this paper; and gives an overview of the teams’ problems and 

their customers. All 11 teams have a set of requirements they 

must follow. The teams are divided into three project sections, 

namely: Security, Biometrics and Capstone-related projects. 
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2.1 Security Projects 

The security project section is handled by Teams 1, 2, and 3. 

This section focuses on preventive security as it relates to mo-

bile phones, laptops, and people. The specific topics are mobile 

phone security, smartphone/laptop security acceptability/ease-

of-use study and modeling terrorist activity. 

2.1.1 Team 1 - Mobile Phone Security 

Team 1’s project, which was a continuation from last semes-

ter, focused on understanding smartphone users. This project 

aims to investigate authentication mechanisms and make in-

roads toward developing a unique one. The customer for this 

team is Verizon. The team must work with their customer and 

provide monthly written reports as well as status updates. Their 

work is to be completed in 2 phases: 

Phase 1 – This was completed in fall of 2014. The team con-

ducted a survey and presented their results. 

Phase 2 – This is the current phase of the team’s work, work-

ing with their customer – Verizon, to establish the requirements 

and scope of the project; and thereafter, following on phase 1, 

develop the technical and non-technical details with a view to-

wards delivering a solution for potential deployment by Veri-

zon. 

The team will also examine the use of latest phones like the 

Samsung Galaxy S5 and the Apple iPhone 6, which have sensor 

capabilities; and use the findings from Phase 1 to work on the 

following: 

 Implement apps or Android SDK java code to run Near 

Field Communication (NFC), geofencing, and sensor read-

ings (sensor readings could be carried out in conjunction 

with the work from Team 4). 

 Conduct a new survey regarding acceptance of these new 

technologies. 

Team 1’s solution should help organizations looking for al-

ternatives to the typical username/password access procedure, 

so they can focus on other types of acceptable non-password 

technologies, the ease or difficulty of changing perceptions re-

garding use of new technology, and the ease or difficulty of im-

plementing the technology. 

 

2.1.2 Team 2- Smartphone/Laptop Security Acceptabil-

ity/Ease-of-Use Study 

Team 2’s project is a continuation from last semester. The 

team focused on the verification of users of mobile devices 

through username and password. With passwords easily lost or 

compromised, they will endeavor to solve this problem to en-

sure secure access to smartphones and laptops. The customer 

for this project is Reorganization Technologies, Inc. 

Phase 1 – This was completed last semester, in the fall of 

2014, with the team creating a video and survey afterwards. 

Phase 2 - The team is working on conducting usability stud-

ies to evaluate the acceptability and the ease-of-use of two or 

more biometric prototype systems. Recognition Technologies, 

Inc. will allow them to use their proprietary facial and speaker 

verification systems for their studies. 

The team will conduct their evaluations through interviews 

and surveys from the experimental users of these biometric sys-

tems. Much of the project work will involve the design of the 

experimental study. This will likely consist of a preliminary ex-

ploratory study involving the project team in order to get a feel 

of the possibilities. Afterwards, they will design the study, re-

cruit experimental participants, conduct the interviews and sur-

veys, and finally, analyze the results. 

 

2.1.3 Team 3- Modeling Terrorist Activity 

Team 3 is tasked with modeling terrorist activity. The team 

will focus on how accurate models can help aid decision mak-

ing and potentially reduce the losses that could be incurred. 

Team 3’s customer is a doctoral student from Pace University. 

The team will carry out a literature review to assess the cur-

rent state of the art of modeling and predicting terrorist activity. 

The review should include: 

 An assessment of publicly available databases of crime and 

terrorist activity 

 An overview of the various models and approaches cur-

rently used. 

 An extensive bibliography 

2.2 Biometric Projects 

The Biometric projects section is handled by Teams 4, 5, 6, 

and 11. This section emphasizes the several different types of 

biometrics and how they can work together to solve real world 

problems. The teams range from android biometrics to mouse 

movement biometrics for a computer. 

 

2.2.1 Team 4- Android Biometric System: Gestures and De-

vice Motion/Orientation 
Phase 1 – completed in fall 2014. 

Phase 2 –This team’s project will focus on developing robust 

device gesture, and motion/orientation machine-learning bi-

ometric systems for mobile devices. For this project, the 

work will be restricted to a particular Android device model 

and the gestures will be restricted to scrolling and other non-

text input. It is anticipated that each of the three systems, or 

a combination of the three will be developed for the follow-

ing input types: 

 non-text-input gestures like scrolling 

 device motion 

 device orientation 

The customers for this team are several doctoral students from 

Pace University. This team requires that members have Android 

programming skills including Java development. The custom-

ers have a set of requirements, which include using agile meth-

odologies, such as pair programming, test driven development, 

etc. The customers also requires small interim deliverables in 

the form of project plans, design documents, test script docu-

ments, communications documents, and at the end of the se-

mester, a lessons learned document. The team’s tasks have in-

cluded the following: 

 Collecting gesture (scrolling, etc., but not text) input data 

on the selected Android devices. 

 Collecting device motion/orientation data on selected An-

droid devices. 

 Work with Vinnie to obtain biometric performance results 

on the three new biometric systems from the Pace Univer-

sity biometric backend classifier. 
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2.2.2 Team 5- Human-Assisted Pattern Classification 

Team 5’s project is a continuation of earlier work, the focus 

of which was on enhancing human-computer interaction in ap-

plications that utilize pattern recognition, and were higher ac-

curacy is required than is currently achievable by automated 

systems; but where there is enough time for a limited amount of 

human interaction. This topic has so far received only limited 

attention from the research community.  Team 5’s customer is 

a doctoral student from Pace University. 

Step 1: Training data creation. The team will make use of 

new training data which will be obtained using a customer-pro-

vided, Android-based tool. 

Step 2: Flower recognition test. After the photo data is 

available, the team will run an experiment with test data con-

sisting of a random selection of flower photos. 

Step 3: Re-run test with two different colors Spaces. 
The team will add columns for Hyperspectral imaging (HSI) 

and CIELab (Color Space) to the training data. Then compare 

accuracy (using data collected in Phase 2) with classification 

performed using HSI, then another comparison using CIELab. 

 

2.2.3 Team 6- Investigate and Design Multi-Biometric System 

Team 6’s project will investigate how to combine several bi-

ometric systems, such as the systems being developed in the 

Android Biometric System project. A generic multi-biometric 

system will then be designed that can combine two or more bi-

ometric systems.  The team requires a Python coder. Team 6’s 

customer is also a doctoral student from Pace University. The 

customer requires the team to work using an Agile format and 

will guide the team in its project development methodology. 

The team has a set project plan in place which includes: 

 Reading the background papers to understand Pace Univer-

sity’s generic backend classification system that we use in 

all of our biometric systems. 

 Fusing the biometric systems at different levels, at the fea-

ture level and final output levels. 

o They have experimented with fusing at the feature 

level by simply merging in the feature vectors 

from our keystroke and stylometry systems. 

o The team will explore fusing at the classification 

output level. 

 Designing, implementing, and testing a generic multi-bio-

metric system that fuses two or more biometric systems, 

assuming both systems use the Pace University generic 

backend classification system. 

 

2.2.4 Team 11- Mouse Movement Biometric 

Phase 1-Team 11 has data which was collected over several 

semesters using mouse motion from students taking exams on 

Moodle. Currently, over 50 users have taken 10 quizzes each. 

Phase 2-The team is looking for a solution to determine how 

the mouse motion data can be used to differentiate between us-

ers. The customer for this project is one of Pace University’s 

doctoral students. 

Step 1: The project will be reverse-engineered to artificially 

accelerate the pointer motion to retrieve the actual mouse mo-

tion. 

Step 2: Then the project will address this critical obstacle 

that must be solved to continue research is this area. The project 

consists of one student, who has the following skills: data anal-

ysis, programming in a scientific language (matlab, python, 

julia, etc.), as well as a decent math background. This is a diffi-

cult project, and without these skills real progress could be in-

hibited. 

2.3 Capstone Projects 

The Capstone Projects section is being handled by Teams 7, 8, 

9 and 10. This section consists of the actual capstone course; 

with the exclusion of team 7 which is grouped here because its 

focus is on education, which ultimately is the focus of all the 

other teams as well. The teams range from game development 

to improving a Pace University CIS class. 

 

2.3.1 Team 7- Teach Programming with Games 

Team 7 has been tasked with finding a way to use games to 

teach programming. Their solution is to design some easy-to-

create games that students in computing courses could imple-

ment (or maybe just play) that would demonstrate/illustrate im-

portant computer programming principles. This is a one person 

team and the customer is two professors from Pace University. 

 

The team’s project for this semester will involve using com-

puter gaming to teach coding/programming to users. This will 

involve using C++ to create a computer game, namely a role-

playing game (RPG) that will contain weapons, characters, 

maps, levels, and many other features that a person would ex-

pect to find in any RPG. As for the educational aspect, it will 

comprise of a separate window containing the C++ code. Any 

time a certain part of the game is executed, the code which that 

part is based on will be shown in the coding window. Further-

more, the game will have a Pause menu where players can mod-

ify the settings of the game, including the speed of the dialogue 

that appears in the game, the general speed of the game, the dif-

ficulty level, and so on. Those changes will, of course, be re-

flected on the coding window once they are entered via the 

Pause menu. 

As for the overall layout of the game, there will be a multitude 

of levels and dungeons situated in a harsh and unforgiving land. 

The game play is similar to the video game series known as The 

Legend of Zelda ("Legend of Zelda: Ocarina of Time 3D." 

Zelda Universe. 11 Feb. 2015). 

2.3.2 Team 8- Teach Programming Capstone Computing 

Courses 

Team 8’s project task is to write an 8-10 page paper that re-

views the related literature on university capstone courses (sen-

ior undergraduate and graduate) that undertake real-world com-

puting projects. This paper will also be the project's technical 

paper and will be submitted to the Seidenberg Research Day 

Conference holding in May. This team’s customer is one of 

Pace University’s professors. Team 8 will however place em-

phasis on projects itself and as well as attempting to answer the 

questions below: 

 What are the management and other issues, such as sub-

group dynamics, with globally dispersed team members? 

Differentiate between “dispersed” and “distributed” teams. 
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 Do the teams, customer or both, determine the work sched-

ule of the team’s deliverables? 

 Are the projects one-semester or two-semester projects? 

 To gauge the interest of students in "teamwork dexterity," 

our Pace University capstone course compares project 

teamwork with group activities on TV reality game shows 

such as Survivor and The Apprentice. Are we unique or do 

other university capstone courses do this? Can you improve 

on our presentation of this comparison? 

This group will then give attention to sections of the paper 

which compare the characteristics of the television reality game 

shows and the capstone projects.  Then finally, include a brief 

section near the end of the paper that suggests ways of improv-

ing the current Seidenberg capstone projects course. 

 

2.3.3 Team 9-Seidenberg CIS 101 Course 

Team 9 is the group tasked with writing this paper. 

 

2.3.4 Team 10-Seidenberg CIS 101 Course 

Teams 10’s project is based primarily on CIS 101 – Introduc-

tion to Computing, which is presently a lab course with an 

online component.  The team’s project will evaluate the course 

content of CIS 101, compare this to its equivalent being taught 

at other universities, and give recommendations on improve-

ments to the course content to better prepare Pace students for 

future course work and employment. The emphasis is to find a 

way to make the course exciting for students, and keep up-to-

date with current technology so the students are more techno-

logically prepared. 

  

Current Course Outcomes: 

 Communication Skills 

 Analysis 

 Effective Citizenship 

 Social Interaction 

 Problem Solving 

 Technological Fluency 

This is a one person team and whose customers are two profes-

sors from Pace University. [1] 

 

3. UNIVERSITY OVERVIEW 

This section of the paper highlights how other universities 

work on their capstone projects. It will discuss the project work 

of several universities including Carnegie Mellon and the Uni-

versity of South Carolina. 

 

3.1 Quality Assurance in Capstone Courses 
Quality assurance is a group of activities carried out to con-

stantly monitor the process of an organization. Many colleges 

and universities have quality assurance built into their capstone 

courses.  Some have a team member or members managing 

quality assurance for the team. Others have an external auditor 

checking on quality assurance. 

 

3.1.1 Carnegie Mellon University 

Carnegie Mellon University (CMU) is a global research uni-

versity with more than 13,285 students, 98,000 alumni, and 

5,000 faculty staff. CMU has been a birthplace of innovation 

since it was founded in 1900. [2] 

The Information Systems Application (ISA) is a top level 

team-based capstone course in Information Systems at Carne-

gie Mellon University. This course has a dedicated Quality As-

surance Manager – one of the three assigned roles of each In-

formation Applications capstone course team. 

Quality Assurance Manager: While everyone on the team as-

sumes responsibility for project tasks, the QA Manager assures 

that all project tasks are completed on time, reflect the team's 

best efforts, and are of high quality. The QA Manager monitors 

the team's processes, communications, and meetings for effec-

tiveness and efficiency. The QA Manager collects reports and 

analyzes project metrics [2].  

 

3.1.2 University of Washington Bothell 

With nearly 5,000 students and 40 undergraduate and gradu-

ate degree programs, the University of Washington Bothell is 

the fastest-growing four-year public university in the state of 

Washington [3].   

The Masters of Science in Computer Science & Software 

capstone courses at the University of Washington Bothell has a 

Quality management/assurance plan which is part of the cap-

stone project proposal. 

 

Project Proposal 

Each student will write an initial project proposal to be re-

viewed and approved by the course instructor and faculty advi-

sor. Students are required to define and select a project that is 

new and that can be completed (or the defined portions thereof) 

within the capstone project course sequence. Adjustments to de-

liverables (e.g., due to unanticipated external factors, modifica-

tions to project deliverables) may be made subject to approval 

by the instructor and faculty advisor. The general format of the 

proposal will be as follows – but may vary dependent on the 

scope and nature of the project per approval by the instructor: 

 Project title 

 Sponsoring Organization 

 Faculty Advisor 

 Proposed Team Members & Responsibility Matrix (if a 

group or external team project) 

 Project Scope and Individual Student Learning Goals 

 Proposed Product Activity Grid and Deliverables 

 Quality management/assurance process plan including re-

view checkpoints 

 Resource Requirements.  

 

3.1.3 University of Nebraska Omaha – College of Infor-

mation Science and Technology 

 

In 1908, the University of Omaha was founded as a private, 

coeducational college by the Presbyterian Theological Semi-

nary at Omaha [4].  

The MIS Capstone course consists of a student-executed In-

formation Systems design project, providing an in-depth prac-

tical experience. The central challenge for Management Infor-

mation Systems professionals is to productively design, imple-

ment, and manage information systems, and to do so in a timely 

fashion. The course focuses on a real-life information systems 

design and development project that will be executed by the 

students using an Agile methodology. The project will typically 
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cover the conceptualization, analysis, design, and production of 

a working, functional prototype of the system which serves as 

a proof of concept. It may also involve a pilot project.  

In the fall of 2010, the University of Nebraska Omaha’s MIS 

Capstone course worked on a video interview distribution sys-

tem. This venture had thirteen members with multiple func-

tions: the system was successfully developed by a team of 7 

developers, 2 database designers, and 10 testers; and managed 

by a project manager, scrum master, technology manager and 

quality assurance manager. 

 

3.1.4 University of Oklahoma - School of Aerospace and Me-

chanical Engineering 

Created by the Oklahoma Territorial Legislature in 1890, the 

University of Oklahoma is a doctoral degree-granting research 

university serving the educational, cultural, economic and 

health-care needs of the state, region and nation. 

The School of Aerospace and Mechanical Engineering at the 

University of Oklahoma is one of six schools within the College 

of Engineering. Students at all levels - undergraduate and grad-

uate - have opportunities to see all aspects of a project from start 

to finish [5].  

University of Oklahoma School of Aerospace and Mechani-

cal Engineering Senior Design Practicum Program includes a 

student handbook that details the procedures for its two-term 

capstone course.  On page 9 of the handbook, there is an organ-

izational chart. The Technical group is broken into two divi-

sions, namely: #1 Technical Division and #2 is the Qualifica-

tion Division. 

 

3.2 Technical Group #2 forms the Qualification Divi-

sion 
This division ensures that the product meets or exceeds the 

expected level of quality. The Technical Group #2 is composed 

of all team members and is responsible for carrying out all qual-

ifying engineering work on the project such as testing, valida-

tion, review and feedback 

 

3.2.1 University of South Carolina 

Founded in 1801, the then South Carolina College flourished 

during in the period before the Civil War, overcame postwar 

struggles, was rechartered in 1906 as a university and trans-

formed itself into a national institution in the 20th and 21st cen-

turies. 

University of South Carolina’s Computer Science & Engi-

neering Department has a Capstone Computing Project Boot 

Camp – a two-semester course. 

 

Milestones 

Capstone projects are broken up into a series of milestones. 

The milestones have an initial due date and a final due date. 

They are there to allow for an iterative development cycle. 

There are nineteen milestones; and milestone fifteen is Quality 

Assurance. 

 

Quality Assurance 

This milestone should be finished two weeks after you get a 

copy of the other team's project. Each team will get a copy of 

another team's project and do extensive testing of it. You will 

be added to the other team's GitHub project. GitHub is a soft-

ware repository hosting service that manages source code.   Add 

all the bugs you find on the project as GitHub issues (tagged: 

bug); A-teams will find at least a dozen bugs. The specific steps 

you need to take are: 

 Add someone from the other group to your GitHub ac-

count, so they can post bugs to your Issues list. 

 Make sure they can run your app, they know what it is sup-

posed to do, and that they know how to use it. If your app 

is a desktop/phone/tablet make sure they can install it, if it 

is a web app, then deploy it and give the URL to the other 

team [6]. 

 

3.2.2 Montana State University 

Beginning in 1999, MSU faculty made a commitment to dra-

matically increase the participation of undergraduate majors in 

senior capstone experiences. To accomplish this, MSU began 

requiring all baccalaureate curricula to include a required cap-

stone course for all students in that major. 

The first reporting requirement on the Montana State Univer-

sity Department of Mechanical and Industrial Engineering Cap-

stone 1 Spring of 2015 syllabus is the project management plan. 
The project management plan is a formal, written documen-

tation of the scheme your group will use to ensure timely com-

pletion and submission of deliverables, as defined in the section 

below. Project Management Plans will be due during the fourth 

week of class [7]. 

 

The chart below shows the breakdown of how the universi-

ties control quality assurance. 

College/Univer-

sity Name 

Quality 

Manager 

Whole 

Team 

Outside 

Auditor 

Carnegie Mellon 

University X   

Montana State 

University  X  

University of Ne-

braska Omaha X   

University of Ok-

lahoma College of 

Engineering 
 X  

University of 

South Carolina   X 

University of 

Washington 

Bothell 
X X  

 

4. INDUSTRY OVERVIEW 

This section of the paper will discuss how the industry values 

quality insurance. It will focus on the project work of a business 

and highlight differences between quality and quantity. 

 

4.1 Industry 
There is a renewed interest in quality control because corpo-

rations desire better control over financial, physical and human 

resources, and desire a better relationship with their customers. 

Corporations also desire faster development time, lower costs, 

improved reliability, higher quality and better internal coordi-

nation; which can help to improve employee morale, ensure 

http://www.cse.sc.edu/
http://www.cse.sc.edu/
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strategic goals are achieved and ultimately, higher profits for 

companies and corporations. 

 

4.1.1 Quality Definition 

In the industry, quality is defined as the totality of character-

istics of an entity that bear on its ability to satisfy stated or im-

plied needs. In other words, customers expect a product or ser-

vice to satisfy or exceed their needs. They want food to taste 

good, medical equipment to perform properly, websites to pro-

tect personal data and Internet Technology systems to work 

without crashing. Companies constantly rush products to the 

market with little regards to quality. Some organizations think 

if a name means quality consumers won’t actually care about 

quality. Companies can avoid these issues by using project 

quality management. Producers should plan, carryout quality 

management, perform quality assurance and control quality [8]. 

 

4.1.2 Why Companies are using Quality Control 

There is a renewed interest in quality control because corpo-

rations desire better control over financial, physical and human 

resources. Companies want a better relationship with their cus-

tomers. Corporations desire faster development time, lower 

costs, improved reliability, higher quality and increased relia-

bility and better internal coordination. These factors lead to 

higher worker morale and a positive impact on meeting strate-

gic goal and eventually higher profits for companies and corpo-

rations. 

One of the best ways to control quality is to hire quality peo-

ple. Former IBM CEO Tom Watson Jr. once said “We have al-

ways believed in IBM that our most important asset is our peo-

ple and so we have followed a basic principle of trying to hire, 

train and keep the best possible people. This principle, along 

with the recognition of the dignity of every individual, is the 

backbone of IBM employee relations” (1961) [9]. The global 

Information or Internet Technology (IT) work force has 

changed a great deal since 1961, but highly qualified IT workers 

are still in great demand. These workers develop and maintain 

IT hardware, software, networks and applications. There is a 

need for skilled Internet Technology (IT) workers and project 

managers. As technology has changed over the years, many IT 

workers have lost positions due to outsourcing or may have 

failed to keep their skills current. 

 

4.1.3 Six Sigma Method 

Six Sigma philosophies were developed by Motorola in the 

mid 1980’s to improve efficiency at electronics plant [10]. 

Modern quality management requires customer satisfaction, 

prioritizes prevention over inspection and recognizes manage-

ment responsibility for quality. Six Sigma is a comprehensive 

and flexible system for achieving, sustaining and maximizing 

business success. Six Sigma principles are used to improve 

quality, decrease costs and satisfy customer needs. DMAIC 

(Define, Measure, Analyze, Improve, and Control) is a formal-

ized problem-solving procedure that Six Sigma uses to effec-

tively and efficiently improve any organization’s processes. 

Six Sigma needs an organizational commitment from the 

CEO to all levels of an organization. Six Sigma follows the ka-

rate belt system. The yellow belt signifies minimal training, the 

green signifies 2-3 weeks of training, while the black belt is of-

ten a project manager or expert. Six Sigma organizations can 

focus on the big picture and minute details. Six Sigma is not 

only a program but a philosophy that is customer-focused, and 

strives to cut waste. It also improves quality by reducing varia-

tion; standard deviation is used to determine the number of de-

fective units in a population 

Dr. W Edwards Deming is well known for his quality control 

work in Japan after World War 2. He was a statistician and for-

mer professor at NYU [11]. His methods helped improve the 

Japanese Auto Market, until it was better than their American 

competitors. The Deming cycle for improvement includes plan, 

do, check and act, which many Six Sigma principles are based 

on. The Deming prize is given to recognize quality organiza-

tions. Deming also has 14 points for management that he out-

lines in his book” Out of Crisis” 

Philip B Crosby, in his book “Quality is Free”, suggested that 

organizations should strive for zero defects. Poor quality should 

include all of the costs of not doing the job right the first time 

such as scrap, rework, lost labor hours and any other cost of 

doing below-par work. He feels the cost of low quality is un-

derstated and that companies should spend huge amounts of 

money improving quality. Crosby also developed the  Quality 

Management Process Maturity Grid, which is used to imple-

ment his 14 steps for quality improvement that include such 

things as making it clear management is committed to quality, 

determining where the problems are, establishing a zero defects 

committee and many more[12]. 

 

4.1.4 Human Resources Method 

A Human Resource Management Plan implements Quality 

Control. The plan includes stakeholders such as customers, 

sponsors, project team members, support staff and anyone else 

involved in the project. The plan utilizes four processes in order 

to make effective use of the people involved in a project. 

Firstly, a Human Resource Plan must ensure identification of 

all key players in any given project. Secondly, the plan must 

involve acquiring the best people for the team. Thirdly, the team 

is evaluated by analyzing its weaknesses while also building 

skills to fill any voids. And the final step involves managing the 

team to ensure all team members are doing their jobs effec-

tively. 

 

5 SURVEY OVERVIEW 
This section discusses the survey that was given to each 

group in Pace Universities IT 691 & CS692-1. 2 surveys were 

given to the 11 groups in the Pace CSIS graduate capstone 

course.  The key goal of the survey was to gather information 

from the groups on how they planned and delivered results for 

their project. The questions in the survey were split into numer-

ical categories: 

 Scale data 

 Overall size data 

 

The survey consisted of 10 questions, most of which were 

multiple choice, with a few fill-in data boxes. The survey was 

split further into categories based upon relevance to each pro-

ject. Since projects varied from more technical-oriented soft-

ware development to strictly research-based, it was necessary 

to tailor parts of the survey in order to gather the correct data. 

The preliminary questions pertained to team and stakeholder 
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communication, followed by project deliverables & milestone 

accruement questions. The complete set of questions and re-

sponses are in Appendix A and B. 

 

5.1 Inter-Team Communication 
Consistent and effective team communication is crucial for 

the success of a project. The goal was to understand how often 

the teams communicated amongst themselves, and if they be-

lieve the communication was productive. To further analyze the 

interactions of the projects teams, several key questions were 

asked: 

 How many meetings did your group have for the first half 

of the course? 

 Are meetings scheduled & planned-for in advance? 

 Are all members of the team contributing equally? 

 On a scale of 1-4, 1 being poor and 4 being effective, how 

would you rate communication among members in your 

group? 

 

5.2 Customer/Stakeholder Communication 

These questions were designed to assess the channel of com-

munication that occurs between the project teams and their re-

spective customers and stakeholders. Questions include: 

 How many meetings did your group have with customers 

& stakeholders for the first half of the course? 

 On a scale of 1-4, 1 being poor and 4 being efficient, how 

effective is your group at communicating with your cus-

tomers/stakeholders? 

 How often does the customer/stakeholder give feedback on 

performance? 

 

5.3 Software & Biometrics 

A separate section was developed for the groups that were 

tasked with software development. These metrics are geared to-

ward planned goals & milestones which were then compared to 

those delivered. These metrics are also designed to analyze the 

ratio of efficiency of output to team and stakeholder communi-

cation. The questions include: 

 Did you have a planned amount of project deliverables or 

milestones? 

 How many deliverables or milestones did you achieve? 

 

6 SURVEY RESULTS AND CONCLUSIONS  
This section of the paper will give a summary of the two sur-

veys results. It will discuss some of the high and lows of the 

surveys, as well as draw a conclusion from the data and the re-

search conducted throughout the paper. 

 

6.1 Survey 1 Results 
The survey was taken by 11 out of the 11 groups including 

this group. There was a fluctuation of data for the second ques-

tion, 27% said they had either 4-6, 7-9 or not applicable amount 

of meetings before the first class presentation. The non-appli-

cable results were from the students working on individual pro-

jects.  

Almost 63% of students had meetings scheduled & planned-

for in advance, 27% of these were not-applicable; leaving only 

10% whose meetings were planned. There was a 46% chance 

that a student actually contributed an equal amount of work; 

100% of all students participated in their group in some way. 

Only 36% of students were efficient in communicating with 

each other.  

Majority of the groups appeared to have at least 1-3 meetings 

with their customers, about 64%. Of this 64%, about 90% of 

these said they were efficient or a little less than efficient at 

communicating with their customers/stakeholders. 64% of cus-

tomers regularly gave feedback on the group’s performance; 

only 1 group reported that their customers seldom gave feed-

back. Surprisingly only 27% or 3 groups did not have planned 

amount of project deliverables or milestones for the first half of 

the semester; and the average response was about 4 delivera-

bles. About half of the groups actually achieved their delivera-

bles or milestones. 

 

6.2 Survey 2 Results 
The survey was taken by 11 out of the 11 groups including 

this group. There was less fluctuation of data for the second 

question in Survey 2; 45% of groups had 4-6 meetings after the 

first class presentation. 73% of all students had meetings sched-

uled & planned-for in advance which was higher than Survey 

1. There was a 36% chance that a student often contributed an 

equal amount of work, and 36% sometimes. The % of students 

who communicated efficiently with their group often was sim-

ilar to that of Survey 1 – with 36% of students being efficient at 

communicating with each other.   

Majority of the groups had at least 1-3 meetings with their 

customers which is about 64%; while the rest has 4-6 meetings. 

About 73% of the groups said they were efficient or a little less 

than efficient at communicating with their customers/stake-

holders. 64% of those customers often gave feedback on the 

group’s performance; 2 groups reported that their customers 

seldom gave feedback; which is slightly higher than that of Sur-

vey 1. 27% or 3 groups did not have planned amount of project 

deliverables or milestones for the second half of the semester, 

which was similar to that of the first survey. The average re-

sponse was about 3 deliverables. About 88% of the groups ac-

tually achieved their deliverables or milestones, which shows a 

rise from Survey 1. 

 

Conclusion 
The quality of a project can affect its success. Having a ded-

icated person or team to monitor a team’s process could be ben-

eficial. Pace University, Carnegie Mellon University, and Uni-

versity of Nebraska Omaha all insist on at least one person. 

However, for Montana State University and University of Ok-

lahoma College of Engineering, the whole team is responsible 

for quality. At the University of Washington Bothell, quality 

assurance is dependent on the size of the team; while at the Uni-

versity of South Carolina, quality assurance is carried out for its 

Capstone Computing Project Boot Camp by an external auditor. 

Regardless of the set-up, verifying and ensuring that procedures 

are rigorous enough is essential for the creation of a quality 

product. 
In the industry, having good quality workers is critical to the 

survival of any organization. Having a student who has real 

work experience through capstone projects ensures they are 

more marketable. It also gives organizations the ability to see 



 

 

A2.8 

 

what students are capable of. As stated previously, quality is 

defined as the totality of characteristics of an entity that defines 

its ability to satisfy stated or implied needs. 

Generally, students at Pace University who are taking part in 

the capstone projects are engaged in their projects. They are 

taking the initiative to set deliverables and follow through. An 

important aspect of the capstone projects were the customers 

themselves, who were engaged by the students, assisting the 

students with what they needed to succeed at the project. A stag-

gering 68% of customers actually meet with their students of-

ten, and 90% of them actually helped ensure the students’ pro-

jects were successful. There were still some down sides – less 

than 42% of students’ actually did equal amount of work to-

wards their projects, so even though the project was getting 

done, some students were taking on more of the burden. Over-

all, the surveys indicates that students benefit from working on 

real world projects, and the importance of quality assurance to 

the capstone project. 

 

7 FUTURE WORK 
Future work would include allowing the survey to reach each 

member of the group. This way you can get a better picture of 

how each group member feels about quality assurance. The re-

sults from the survey specify there are other areas to dig into for 

greater detail, such as what is the context of the meetings within 

the groups and with the customers? The study can be improved 

further as our survey only consisted of the students in the cap-

stone class at Pace University. Given that most of the students 

were CS/IT students, in future the survey should be open to all 

departments in Pace that have Capstone courses; the Business 

department would be a good starting point. Afterwards, the sur-

vey can be opened up to other schools that offer the capstone 

course. Thus, our results may perhaps be biased due to the back-

ground of our participant group. So in future, to get a broader 

view of customers’ role in group projects the surveys could be 

extended to a broader audience, and examine if/how that would 

affect the data results. 

 

Appendix 
A: Group Response to Survey 1 

Survey Questions- A total of 11 out of 11 groups answered the 

survey in the link below. https://www.surveymonkey.com/re-

sults/SM-VVGYHZY9/ 

 

B: Group Response to Survey 2 

Survey Questions- A total of 11 out of 11 groups answered the 

survey in the link below. https://www.surveymonkey.com/re-

sults/SM-YZRTPZY9/ 

 

References 
[2] Carnegie Mellon, http://www.andrew.cmu.edu/course/67-475/, ac-

cessed March 2015. 

[12] Crosby, Philip (1981) “Quality is Free.” signet New York. 

[11] Deming, Edwards (2000) “Out of the Crisis.” MIT Press. Cam-

bridge. 

[8] “Introduction to Quality.” Chartered Quality Institute. Royal Char-

ter, 2015. Web. 18 Apr. 2015. http://www.thecqi.org/Knowledge-

Hub/Resources/Factsheets/Introduction-to-quality. 

[3] Montana State University, http://www.coe.mon-

tana.edu/me/ME_MET_Capstone/Capstone%201%20Spring%20201

5/Capstone_1_Spring2015_Syllabus.html, accessed March 2015 

[10] Pyzdek, Thomas and Keller, Paul. “The Six Sigma Handbook 3rd 

ed.” McGraw-Hill Companies. New York, 2010. 

[1] Tappert, Dr. Charles, “IT691 Capstone Project CS691-692 Com-

puter Science Projects CS389 Software Engineering.” 

http://www.csis.Pace.edu/~ctappert/it691-15spring/default.htm, ac-

cessed March 2015. 

[4] University of Nebraska Omaha, http://www.unomaha.edu/college-

of-information-science-and-technology/information-systems-and-

quantitative-analysis/graduate/capstone-option.php, accessed March 

2015. 

[5] University of Oklahoma College of Engineering, 

http://www.ou.edu/con-

tent/dam/CoE/AME/Capstone%20Pages/2014%20Student%20Handb

ook%20Contents.pdf, accessed March 2015 

http://www.ou.edu/coe/ame/undergraduate/capstone_pro-

grams/mechcapstone/stuhandbook.html, accessed March 2015. 

[6] University of South Carolina, http://www.cse.sc.edu/cap-

stone/milestone/quality-assurance, accessed March 2015. 

[7] University of Washington Bothell, http://www.uwb.edu/getattach-

ment/css/courses-and-info/syllabi/595a-wnt12-socha.pdf, accessed 

March 2015. 

[9] www.IBM.com. http://www-03.ibm.com/ibm/history/docu-

ments/pdf/quotes.pdf accessed March 2015. 

 

 

 

https://www.surveymonkey.com/results/SM-VVGYHZY9/
https://www.surveymonkey.com/results/SM-VVGYHZY9/
https://www.surveymonkey.com/results/SM-YZRTPZY9/
https://www.surveymonkey.com/results/SM-YZRTPZY9/
http://www.andrew.cmu.edu/course/67-475/
http://www.thecqi.org/Knowledge-Hub/Resources/Factsheets/Introduction-to-quality
http://www.thecqi.org/Knowledge-Hub/Resources/Factsheets/Introduction-to-quality
http://www.coe.montana.edu/me/ME_MET_Capstone/Capstone%201%20Spring%202015/Capstone_1_Spring2015_Syllabus.html
http://www.coe.montana.edu/me/ME_MET_Capstone/Capstone%201%20Spring%202015/Capstone_1_Spring2015_Syllabus.html
http://www.coe.montana.edu/me/ME_MET_Capstone/Capstone%201%20Spring%202015/Capstone_1_Spring2015_Syllabus.html
http://www.csis.pace.edu/~ctappert/it691-15spring/default.htm
http://www.unomaha.edu/college-of-information-science-and-technology/information-systems-and-quantitative-analysis/graduate/capstone-option.php
http://www.unomaha.edu/college-of-information-science-and-technology/information-systems-and-quantitative-analysis/graduate/capstone-option.php
http://www.unomaha.edu/college-of-information-science-and-technology/information-systems-and-quantitative-analysis/graduate/capstone-option.php
http://www.ou.edu/content/dam/CoE/AME/Capstone%20Pages/2014%20Student%20Handbook%20Contents.pdf
http://www.ou.edu/content/dam/CoE/AME/Capstone%20Pages/2014%20Student%20Handbook%20Contents.pdf
http://www.ou.edu/content/dam/CoE/AME/Capstone%20Pages/2014%20Student%20Handbook%20Contents.pdf
http://www.ou.edu/coe/ame/undergraduate/capstone_programs/mechcapstone/stuhandbook.html
http://www.ou.edu/coe/ame/undergraduate/capstone_programs/mechcapstone/stuhandbook.html
http://www.cse.sc.edu/capstone/milestone/quality-assurance
http://www.cse.sc.edu/capstone/milestone/quality-assurance
http://www.uwb.edu/getattachment/css/courses-and-info/syllabi/595a-wnt12-socha.pdf
http://www.uwb.edu/getattachment/css/courses-and-info/syllabi/595a-wnt12-socha.pdf
http://www.ibm.com/
http://www-03.ibm.com/ibm/history/documents/pdf/quotes.pdf
http://www-03.ibm.com/ibm/history/documents/pdf/quotes.pdf

