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Abstract 

There is an increasing emphasis on rapid development of products and services to meet immediate, mission-
critical needs. In order to reduce the development cycle, “agile” approaches are needed. There are methods, proc-
esses, and tools (MPTs) already in existence, and gaps where new solutions are needed that work within specific 
contexts. For a context where developers with unstable requirements must react quickly to stakeholder needs to 
build new capabilities that rely on existing systems in a wide range of operational environments, applicable MPTs 
were investigated using an online survey on approaches to requirements, stakeholders, sustainment and integration. 
Participants provided information on their experience and development environment, allowing responses to be 
evaluated within the context of interest. Scrum, Rapid Prototyping, and Continuous Integration emerged as promis-
ing MPTs. Further investigation included follow-up interviews with survey participants in similar environments to 
determine what did and did not work when implementing these and other MPTs. 

 
Introduction 

Many programs are facing an increased emphasis on rap-
idly developing products and services to meet immediate, 
mission-critical needs. As a result, development cycles are 
more often being measured in months or weeks rather than 
years. Traditional systems engineering approaches are being 
pressed into service to address these challenges, but the fit is 
not always good. Integrating agile approaches to these de-
velopment efforts may offer some benefit (Ref. 1). Unfortu-
nately, there has so far been only limited research into the 
unique challenges of these environments and the “agile” 
system engineering approaches that can address them. To 
address this need, the Systems Engineering Research Center 
lead by Stevens Institute has gathering data on Systems En-
gineering (SE) Methods, Processes, and Tools (MPT) that 
are being successfully used in such environments.  

This research was performed through the Systems Engi-
neering Research Center, (SERC) a DoD University Affili-
ated Research Center. SERC is a collaborative research cen-
ter with 19 schools and research organizations. This research 
was initiated by Stevens Institute of Technology, the Fraun-
hofer Center at the University of Maryland, the University of 
Alabama in Huntsville, and the University of Southern Cali-
fornia. As the research progressed, Missouri University of 
Science and Technology and the University of Massachu-
setts at Amherst joined the collaborative effort. This paper 
describes the results of an international survey on systems 
engineering methods, practices and tools as applied in such 
an environment. 

Multiple definitions of methods, processes, and tools 
were identified. In order to reduce confusion, a common set 
of definitions were agreed upon for this and future Systems 
Engineering Research Center tasks. An MPT is a systems 



 

engineering technique that fits into one of the following 
category definitions: 

 Method - a collection of inter-related processes, 
practices, and tools. A method is essentially a "recipe." It 
can be thought of as the application of inter-related proc-
esses, practices and tools to a class of problems with 
something in common.  

 Process - a logical sequence of steps intended to 
achieve an objective. The objective achieved may be ab-
stract (e.g. “negotiate among multiple stakeholders”) 
and/or a composite of multiple individual goals (e.g. 
“Deliver a fixed-date, variable-scope system”).  The 
structure of a process enables levels of aggregation to al-
low analysis at multiple levels of abstraction in support 
of decision-making.  

 Tool – anything which automates or partially auto-
mates a specific practice or process, and thereby en-
hances process performance efficiency. 
The evaluation of SE MPTs research effort was initiated 

to provide a broad sense of the availability or absence of 
useful SE MPTs in a fast-paced, network services environ-
ment. A useful MPT is defined as one that is relevant to the 
application environment, repeatable, and likely to have sig-
nificant impact.  

The focus environment for this research can be character-
ized by the following six factors: 

1. Quick reaction to stakeholder needs, 
2. Unstable requirements because of changes in the 

operating environment, 
3. Capabilities dependent on existing systems, 
4. Deployment in a wide range of operating environ-

ments, 
5. Independent product development efforts within the 

organization, and 
6. Requirements changes for system upgrades after 

initial system delivery. 
Within this environment, the following four key chal-

lenges were explored through the industry survey: 
7. Requirements - Changing requirements priorities 

and/or emerging requirements  
8. Stakeholders – Obtaining useful stakeholder input 

and dealing with conflicting stakeholder require-
ments 

9. Sustainment – Conflicts between developing new 
capabilities and supporting a currently deployed 
system 

10. Integration – Integrating independently evolving 
components into a larger interoperable system 

These areas were identified through interviews with per-
sonnel working in the focus environment. Challenge areas 1 
and 2 are closely related to the rapid development concerns 
and areas 3 and 4 are indicative of the scaling and deploy-
ment shortfalls. 

Surveys are commonly used to obtain data from a popu-
lation by asking questions to a sample of the population (Ref. 
2). To identify current industry practices for addressing the 

key challenge areas and determine context specific MPT 
recommendations, a set of survey questions, shown in Ap-
pendix A, was developed. This online survey was conducted 
using the Survey Monkey website 
(http://www.surveymonkey.com/). A password, available at 
the SERC website was necessary to enter the survey. Based 
on the survey, several MPTs were selected for additional 
research, with three selected as the most promising for ad-
dressing key challenges in the focus environment. A subset 
of survey participants was later interviewed to validate re-
searchers’ interpretations and further investigate the survey 
findings. For these three most promising MPTs, detailed 
discussions of processes, artifacts, and experiences are in-
cluded. 

 
Survey Results and Analysis 

Survey responses represented a wide range of commer-
cial and defense organizations with 116 participants from 
over 50 different organizations.  The initial questions were 
used to collect demographic information. Aggregated re-
sponses to these demographic questions are shown in Tables 
1, 2, and 3.  

 
 

Table 1. Primary Job Functions of Survey Respondents. 

Primary Job Function Percentage 

Functional Manager 22.4 % 

Project Manager 7.8% 

Lead Systems Engineer 18.1% 

Other 22.4% 
Systems Engineer –Multiple Pro-
ject 

19.0% 

Systems Engineer – Single Project 6.9% 

Software Engineer 0.9% 

Engineer 2.6% 

 
 
Respondents typically had a significant degree of experi-

ence in systems and software engineering, but typically less 
experience in other engineering areas. Both management and 
engineering roles were represented by the survey population.  

While access to the survey was somewhat limited 
through the use of a password, the survey was not invitation 
only, and participation was not limited to only personnel 
working in environments analogous to the focus environ-
ment. To determine if a recommendation was from a similar 
environment, respondents were asked to provide some in-
formation on their current environment based on the follow-
ing six statements: 

 My product development environment has an em-
phasis on quick-reaction to stakeholder needs. 



 

Table 2. Participant Experience Levels 

Years of Experience 
Technical Area 

0 1-5 6-10 11-20 >20 

Systems Engineering 0.9% 28.3% 23.9% 29.2% 17.7% 

Software Engineering 15.3% 19.4% 14.3% 25.5% 25.5% 

Other Engineering Field 14.5% 24.1% 22.9% 15.7% 22.9% 

 
 

 Requirements are often unstable because of 
changes in the operating environment. 

 Capabilities delivered to stakeholders are dependent 
on other existing deployed systems. 

 The capabilities I am developing will be deployed 
in a wide range of operating environments. 

 My product development environment often oper-
ates independently of other product development efforts 
within my organization. 

 Changes in requirements for system upgrades are 
common once the initial capability is delivered to the 
stakeholder. 
In order to assess closeness of fit for each participant, re-

sponses to these six questions were weighted using a Likert 
scale. Strongly Agree was assigned +1, with Agree being 
+0.5, Disagree being -0.5 and Strongly Disagree being -1 for 
each of the above statements. The sum of these scores was 
calculated for each respondent. With 6 questions, an ideal fit 
to the focus environment would score a total of 6 points (an-
swering each question with Strongly Agree), an organization 
with no commonality would score a -6, and most organiza-
tions would be expected to fall somewhere in between. Four 
categories were established for closeness of fit to the focus 
environment with the population distributed as shown in 
Table 3. 

 
 

Table 3. Respondent Similarity to Focus Environment  

Similarity  
Range of  
Scores 

Population 
Percentage 

Excellent 5 to 6 11% 

Good 3 to 4.5 34% 

Some Commonality 0 to 2.5 45% 

No Commonality -6 to -0.5 10% 

 
 
Those respondents scoring Excellent and Good (45% of 

the general population) were labeled the Population of Inter-
est (PoI). Results for both the general population and the 
POI were analyzed for the remainder of survey questions.  

Having already applied a Likert scale, reliability analysis 
using Cronbach’s α was a logical next step in analyzing the 
survey.  For this assessment, numerical scores were reas-
signed. Answers of “Strongly Agree” were replaced with  

 
 

the numerical value of 4, “Agree” with 3, “Disagree” with 2, 
and “Strongly Disagree” with 1.  Reliability is the proportion 
of total variance attributed to true variance (Cohen, 2002).   
In other words, how consistent is the measure? The most 
common reporting method of reliability is the calculation of 
Cronbach’s α, which is a model of internal consistency using 
all possible split half correlations.  A Cronbach's value of 
greater than 0.7 is considered acceptable.  Utilizing the soft-
ware package SPSS for analysis of the scores, the Cron-
bach's α value was calculated to be 0.71 which means the 
measure is consistent. Having established reliability in this 
background information, the survey moved on to questions 
about the previously identified key areas. 

After obtaining demographic information, the survey 
moved on to questions about the key areas previously identi-
fied. For each of the four key areas, the survey assessed if 
the area was an issue for the respondent.  The four questions 
were answered affirmatively by the following percentages of 
respondents: 

1. Are changing requirements priorities or emerging 
requirements a challenge in your product develop-
ment environment? (91% of general population, 
89% of PoI) 

2. Is getting useful stakeholder input, or dealing with 
conflicting stakeholder requirements, a challenge in 
your product development environment?  (90% of 
general population, 91% of PoI) 

3. Is resolving conflicts between developing new ca-
pabilities and supporting the currently released sys-
tem a challenge in your product development envi-
ronment? (76% of general population, 75% of PoI) 

4. Is integrating independently evolving components 
into a larger system a challenge in your product de-
velopment environment? (78% of general popula-
tion, 80% of PoI) 

Following each question above, the question, “Are there 
any approaches you would recommend to other teams for 
dealing with this problem?” was asked. A short answer sec-
tion was provided for participants to enter this information. 
A total of 36 MPTs were identified with some being recom-
mended for multiple areas. Results of the survey were ana-
lyzed to identify both trends in the overall population and 
trends in the subset of the population that closely aligned 
with the focus environment. The top 10 MPT recommenda-
tions based on responses from the general population 



 

 

Table 4. Top Ten MPTs Identified with Key Areas. 

MPT Identified Total Requirements Stakeholders Sustainment Integration 

Rapid Prototyping 14 3 8 0 3 

Continuous Integration 11 0 0 2 9 

Iterative / Incremental Development 11 5 1 0 5 

Interface Control Document  8 1 1 0 6 

Incremental Commitment Model  7 6 1 0 0 

Stakeholder Analysis 6 1 5 0 0 

Sustainment Plan 6 0 1 5 0 

Requirements Arbitration 6 0 6 0 0 

Configuration Management  5 1 0 4 0 

Scrum 5 3 1 1 0 

 
 
are shown in Table 4. The table indicates which key area the 
MPT was recommended for addressing and how many re-
spondents recommended it in each area and in total. Several 
MPTs were recommended to address more than one of the 
key areas. For the total population, the three most frequent 
recommendations were for Rapid Prototyping, Continuous 
Integration, and Iterative / Incremental Development.  Be-
tween these three, each of the four key areas was addressed 
by at least one MPT. Many responses did not identify spe-
cific MPTs, but described general ideas. These responses 
were mapped to themes, and identified MPTs were grouped 
within each theme as part of a qualitative analysis (Ref. 3). 

These top 10 can be reordered to account for recommen-
dations made by the PoI. In Table 5, the top three MPTs 
suggested by the PoI are Rapid Prototyping, Iterative Devel-
opment, and Scrum. Most of the recommendations for these 
three MPTs were provided by the PoI.  

 
 

Table 5. Top Ten MPT Totals from the PoI 

MPT PoI Totals 

Rapid Prototyping 9 

Iterative / Incremental Development 9 

Scrum 3 

Continuous Integration 3 

Configuration Management 2 

Interface Control Document (ICD) 2 

Stakeholder Analysis 2 

Requirements Arbitration 2 

Incremental Commitment Model 2 

Sustainment Plan 0 

 
 

 
 
Iterative/incremental development as a broad philosophy 

is included as a key component of many of the other MPTs, 
including Scrum, and was, therefore, eliminated from the 
detailed discussion. With this in mind, the decision was 
made to further research Rapid Prototyping, Scrum, and  

Continuous Integration, the three highest scoring MPTs 
for the PoI. Based on survey responses, each of the four key 
areas can be addressed by at least one of the three MPTs.  
Based on the definitions assigned to methods, processes, and 
tools for this research, Rapid Prototyping, Scrum, and Con-
tinuous Integration are considered methods. 

Having now supplied potential answers, participants were 
next asked:  

 “Are there any approaches you tried to address the 
above problems that you found were not effective? (60% 
of general population, 73% of PoI)” 

 “If so, please describe the unsuccessful ap-
proaches.” 
The responses from the general population included: 

 CM 
 CMMI 
 Freezing the code 
 Freezing the requirements 
 Integrated Project Schedules (IPS) 
 Lack of control of interfaces / ICDs 
 Lack of IPTs or wrong expertise on an IPT 
 Lack of stakeholder analysis 
 Lack of stakeholder involvement 
 Long iteration cycles 
 Software patching 
 System modeling (too simplistic) 
 Top-down development 
 V-model 
 Waterfall 

Within the PoI, the most common answers were tradi-
tional waterfall development, lack of communication and 



 

insufficient expertise. The communication failures included, 
infrequent customer/user access, appointing inappropriate 
stakeholders, and a lack of communication between hard-
ware and software development teams. The lack of expertise 
was expressed as insufficient training/background, using 
predominantly new graduates, lack of access to subject mat-
ter experts, and ignoring/not seeking lessons learned. 

Respondents were next asked to “please identify the 3 or 
4 areas where you believe the most critical need for new 
approaches are found,” using a predetermined list. Table 6 
shows the results of this question for the general population 
and the PoI.  

 
 

Table 6. Critical Needs Ranking by General Population 
and PoI. 

Areas in critical need of new 
approaches 

General Popu-
lation Re-
sponses 

POI Re-
sponses 

Decision Management 36.3% 45.5% 
Stakeholder Requirements 
Definition 

35.3% 38.6% 

Requirements Analysis 32.4% 22.7% 

Architectural Design 30.4% 27.3% 
Life Cycle Model Manage-
ment 

27.5% 20.5% 

Risk Management 24.5% 25.0% 

Integration 23.5% 27.3% 

Acquisition 19.6% 0.0% 

Project Planning 18.6% 25.0% 
Project Assessment and 
Control 

18.6% 25.0% 

Verification 17.6% 18.2% 

Measurement 16.7% 27.3% 

Configuration Management 15.7% 13.6% 

Validation 15.7% 18.2% 
Project Portfolio Manage-
ment 

11.8% 9.1% 

Implementation 10.8% 11.4% 

Quality Management 9.8% 4.5% 

Information Management 8.8% 9.1% 

Infrastructure Management 6.9% 4.5% 
Human Resource Manage-
ment 

5.9% 6.8% 

Operation 3.9% 4.5% 

Maintenance 3.9% 2.3% 

Disposal 2.0% 2.3% 

 
 
The highest ranking areas for the general population were 

Decision Management, Stakeholder Requirements Definition, 

and Requirements Analysis. While Decision Management 
and Stakeholder Requirements Definition were at the top of 
the list for the PoI, Architectural Design, Risk Management, 
Integration, Project Planning, Project Assessment and Con-
trol, and Measurement all ranked higher than Requirements 
Analysis. No PoI participants cited Acquisition as in need of 
new approaches.  

The remainder of the survey was used to identify partici-
pants for a community of interest and potential interview 
candidates. Participants who expressed an interest were pro-
vided with a summary of the results. 

 
Follow up Interviews 

Participants who had supplied contact information, were 
part of the PoI, and answered more than half of the short 
answer questions were contacted for follow up interviews. 
The primary intent of these interviews was to gain additional 
insight into how organizations with some similarity to the 
focus environment were implementing the three primary 
MPTs (Scrum, Rapid Prototyping, and Continuous Integra-
tion). Questions, shown in Appendix B, were asked to better 
understand the environment and types of projects for indi-
vidual respondents. For each of the MPTs, respondents were 
asked each of the following: 

1. Do you use (MPT) to support the typical projects 
you are involved in? 

2. How have you had to tailor the MPT for your con-
text? 

3. What challenges have you faced in implementing 
the MPT in your development environment? Has 
Scrum influenced your development environment 
in a positive or negative way? 

4. Has the MPT enabled your team to be successful in 
meeting the needs of your stakeholders? Why or 
why not?  

The following list summarizes the industries and projects 
discussed during these interviews: 

 Aerospace (A) – Multiple complex development ef-
forts with safety as the primary stakeholder value, fol-
lowed by reliability and cost. Development time can be 
decades, but still involve frequent requirements changes. 
The development environment tends to involve stove-
pipes within and between programs and concurrent exe-
cution, often with blinders on. Interoperability of multi-
ple subsystems exists.  

 Defense (D) – Multiple secret and top-secret pro-
jects with 18 to 48 month delivery cycles of 100-500 
thousands of lines of code (KLOC) software with com-
plex algorithms and volatile requirements. Systems must 
interface with other systems for sharing of unclassified 
data, while keeping classified data inaccessible, including 
anti-tamper protection on chips. Schedule was the pri-
mary driver, projects were also evaluated by operational 
capability, accuracy, integrity, availability, continuity, 
and cost. 



 

 Gaming (G) – Developing the system to run an en-
tire floor of games provided by multiple vendors. This 
schedule driven project was a 1 year development effort 
with 200 employees and 20 teams. Interim and final 
products were delivered. The project required interfacing 
with other systems while maintaining information secu-
rity both for proprietary information and for personal in-
formation from end users. 250-300 features were in-
cluded. Cost was not considered a priority. 

 Healthcare IT (H) – This environment must show 
rapid progress while adhering to statutory requirements, 
maintaining security of information with monetary penal-
ties for breaches, and managing frequent requirements 
changes. The total development cycle is 18 months with 
quarterly delivery, and 200 story points per 2 week cycle 
(5000 function points per product).  

 Transportation (T) – This program involves the de-
velopment and implementation SE process guidebook for 
Intelligent Transportation Systems in a DOT context. 
There was a need for software development and integra-
tion into an environment with expertise in building 
physical infrastructure. Projects may be low, medium, or 
high in complexity, and cost is not necessarily an indica-
tion of complexity. Schedule is in terms of years. 
Five interviews were conducted in December of 2009 

with representatives from five distinct industries. The fol-
lowing highlights did not apply directly to the MPTs in the 
taxonomy, but are still of interest: 

 Many organizations face the same problems (e.g. 
dynamic requirements) which are not addressed by cur-
rent MPTs. This was noted anecdotally by interviews and 
quantitatively by comparing the general population and 
PoI’s responses to the key area questions in the survey. 
New ideas in SE are needed to address them. 

 MPTs cannot be replacements for thinking and 
communicating because those are both key to good engi-
neering and design. The expectation of tools to provide 
answers leads to less thinking and validation that can 
cause issues downstream. 

 Having the right people with the right training is es-
sential to success. 
Respondents also discussed or eluded to other MPTs. 

Change Control Boards were recommended for managing 
requirements reallocation. Two respondents discussed the 
benefits of pilot programs with customers prior to final re-
lease. Piloting allows users to provide feedback while the 
system is still in development and may not have full func-
tionality. Implementation issues not captured during testing 
may also be highlighted through this type of release. In both 
cases, only a small number of users were involved in pilots. 
Separation of sustainment and development with a distinc-
tion between enhancing code (sustainment) and adding new 
functionality (development) was also suggested. 

Responses obtained through these interviews for Rapid 
Prototyping, Scrum, and Continuous Integration have been 

integrated into the sections of this paper detailing each of 
these methods. 

 
Rapid Prototyping 

Survey participants recommended Rapid Prototyping for 
the Requirements, Stakeholders, and Integration key areas. 

Rapid Prototyping is a method for developing prototype 
which implements or mimics a subset of the desired func-
tionality of the system. In Rapid Prototyping, a working pro-
totype is used to evaluate errors or ambiguities in the system 
requirements, identify usability and other non-functional 
concerns, improve design, and improve maintainability. By 
rapidly producing prototypes, developers can solicit feed-
back quickly and early in the development process from key 
stakeholders. Rapid prototypes are minimal systems that 
demonstrate or explore functional requirements, but without 
the architectural robustness or non-functional properties 
necessary for integration into the final system. Rapid proto-
typing can also be used to create minimal systems that ex-
hibit desired behavior for testing against the deployment 
system. Prototypes are intended to be discarded after evalua-
tion, and not integrated into the actual system. 

Rapid prototyping with the intent to integrate requires a 
careful balancing of the tradeoffs. A quickly developed pro-
totype can effectively solicit stakeholder feedback in a 
timely fashion but should not be integrated with the final 
system due to quality and maintainability concerns. A more 
robust prototype requires more effort for development, but 
risks the features demonstrated are what the stakeholder 
needs. 

In practice, four of five interview participants used Rapid 
Prototyping. All four respondents who had used rapid proto-
typing considered it beneficial in terms of reducing rework 
during the design & development which reduces cost and 
schedule risk. 

Respondents A, G, and H used rapid prototyping to aid in 
communicating with the customer and problem solving, and 
developed systems as a separate effort (with hardware proto-
types potentially reserved as back-up systems). Respondent 
A cited budgetary constraints as a limitation. Respondent D 
indicated that sometimes rapid prototyping is a formal part 
of a program, but often it is an internally-funded activity to 
accelerate technology maturity. Ensuring that prototypes are 
discarded and not carried forward into E&MD was consid-
ered the greatest challenge by these three.  

Respondent G used prototypes frequently and integrated 
successful prototypes into the developed system. The expec-
tation was that prototypes would be “designed for reality.” 
In cases where prototyping did not lead to integration, les-
sons were learned, but time was considered wasted. Rapid 
prototyping was considered beneficial in terms of reducing 
rework during the design & development which reduces cost 
and schedule risk. 

Rapid prototyping in software and hardware design have 
been practiced for decades. In a graduate course, software 



 

prototyping was shown to quantitatively reduce effort and 
total lines of code compared to specifying (Ref. 4). From 
stereo lithography models to hand sketches of a GUI, a wide 
variety of types of prototypes can and are used. The key is to 
have sufficient detail in the prototype to evaluate require-
ments or solicit stakeholder feedback for just a part of the 
system in development. 

 
Scrum 

Survey participants recommended Scrum for the Re-
quirements, Stakeholders, and Sustainment key areas. 

Scrum is a project management method originally de-
signed for small teams composed of a ScrumMaster (project 
manager), the product owner (stakeholder representative), 
and the sprint team (developers) (Ref. 5). Requirements are 
broken down into a set of, preferably, independent deliver-
ables that can be completed in 2-4 weeks each (as deter-
mined by input from all stakeholders).  The deliverables, 
along with their estimated time to completion, are kept in a 
product backlog. Analysis, development and testing take 
place in the 2-4 week iterations called sprints.  At the begin-
ning of each sprint, the product owner, project manager, and 
team determine which features can be completed during the 
sprint making considerations for priority and the estimated 
time required to complete a feature. This is captured in a 
sprint backlog. 

During the sprint, the project manager ensures the team is 
focusing on their assigned tasks and enforces accurate re-
porting of the amount of time spent on each feature.  While 
the Scrum method has specific processes, the tool and tech-
niques used to analyze, develop and test deliverables are at 
the discretion of the development team.  The team meets for 
a daily stand-up meeting where each member describes what 
they completed the previous day, what they plan to do today, 
and if anything is blocking the team member from complet-
ing their goal.  

At the end of each sprint, the team updates the product 
backlog to reflect the time spent on each feature and the time 
remaining on each feature.  Evaluation of progress and risks 
are discussed with all stakeholders at the end of each sprint. 
The team holds a retrospective to discuss problems and dif-
ficulties before planning the next sprint. 
 In practice, three of the five interview respondents 
used Scrum. Communication was a challenge cited by all 
respondents. Two considered Scrum beneficial while the 
third was not certain if Scrum was beneficial. 

Respondent H’s implementation of Scrum uses two 
weekly meetings instead of daily stand-up meetings. Com-
municating problems with the team during these meetings 
was cited as an issue. They have ~200 story points per two 
week sprint. This has led to specific velocity expectations 
from the customer, and the respondent would recommend 
using “percentage of work left” as a measurement to the 
customer instead of velocity (the number of story points 
completed per sprint). 

Respondent G used some Scrum practices, under the 
name “iterative development” with 4 week development 
cycles, providing some validation for the previous argument 
for studying only Scrum instead of both Scrum and Iterative 
Development. Their greatest challenge was running many 
parallel teams. Each team held daily stand-ups. People, in-
cluding team leads, were on multiple teams and just schedul-
ing daily stand-ups was an issue. The project involved both 
new development and the integration of legacy components. 
The requirements were frequently changing in terms of what 
iteration features were implemented. As iterations were ac-
complished, features that had not been met were shifted to 
later iterations. The shift was not necessarily to the next it-
eration. Reallocations were managed through a Change Con-
trol Board. This project was a successful implementation of 
Scrum. Deadlines were met, but the interviewee indicated 
that an earlier focus on performance and more effective use 
of performance modeling would have improved the process. 

Respondent D has used Scrum on less than 10% of pro-
grams. The program manager represents the customer on 
these programs, and the requirements and product backlog 
are formally documented as part of EVM. Product backlog 
was used as a measure and updated after each daily meeting. 
It was unclear if Scrum improved success of the programs. 
System architecture was found to be essential for daily meet-
ings. Self-management was cited as a struggle. The ineffec-
tiveness of scrum-of-scrum for coordinating multiple teams 
meant that Scrum did not scale well beyond 10 people. 

Scrum is currently widely used by teams in development 
environments from Amazon.com to Nationwide Insurance. 
The Scrum method is also applicable outside of software 
development as a means of project management (Ref. 6). 
 

Continuous Integration 

Survey participants recommended Continuous Integration 
for the Sustainment and Integration key areas. 

Continuous Integration is a method used in Agile soft-
ware development (Ref. 7). This method, on of the 12 origi-
nal practices of Extreme Programming, relies on regularly 
integrating individually-developed code or subcomponents 
into a larger system. Regularly integrating components en-
forces interface standards and periodically verifies interop-
erability. Continuous Integration is supported by self testing 
and an automated build processes. An automated deploy-
ment process may also be included.  Developers may inte-
grate with a copy of the system multiple times in a single 
day to verify subcomponents before committing these devel-
opments to the system daily. This frequent integration by 
multiple developers highlights interoperability issues early 
on.  

In practice, three of five interview respondents used Con-
tinuous Integration. The two remaining respondents have 
complex hardware integration that limits the feasibility of 
Continuous Integration. The participants using Continuous 



 

Integration all found that automation of some processes was 
beneficial. 

Respondent H uses Continuous Integration with nightly 
builds with “very positive results.” 

Respondent G started using Continuous Integration dur-
ing the 3rd iteration. Initially, integration was all manual, 
and trying to implement Continuous Integration on a sched-
ule driven project was a “nightmare.” Once Continuous In-
tegration was integrated, it was beneficial, but starting Con-
tinuous Integration sooner would have lead to greater suc-
cess. 

Respondent D only uses Continuous Integration on pro-
jects using Scrum. Textbook Continuous Integration is used 
on these projects. Automated static analysis is seen as a 
benefit, but the respondent stated that they have no quantita-
tive data to prove this. The typical project involves manual 
builds initiated by the project engineer. Automated integra-
tion testing is used, but it is also manually initiated. 

Continuous Integration was ranked the most effective and 
second easiest to learn Agile practice in a recent survey of 
Agile users (Ref. 8). In another survey of 45 Extreme Pro-
gramming development teams, over 90% of participants 
found Continuous Integration helpful (Ref. 9). 

 
Ongoing Research 

There are clear differences between the textbook descrip-
tions of each MPT and how those practices are being applied. 
Ongoing research is occurring to construct consistent repre-
sentations of MPTs, thoroughly analyze MPTs, and develop 
means for modifying and generating MPTs to meet the needs 
of the community. 

MPT Framework 

As part of this research, a framework was developed for 
capturing details of MPTs (Ref. 10). This framework in-
cludes bridge diagrams and taxonomies for each MPT. The 
bridge diagram links methods, processes, elements, and 
themes, and highlights relevant tools, artifacts, agents, and 
resources. The framework is applicable to a wide range of 
MPTs, and research into this application is ongoing. The 
taxonomy further details the individual components of the 
bridge diagram. This framework has already been applied to  
Scrum, Rapid Prototyping, and Continuous Integration. 

 
The next MPTs to be captured into the framework and 

modeled would obviously be those identified by multiple 
respondents from the survey. Some, like iterative develop-
ment, will integrate with components already developed. 
Others will require extended effort. During the MPT identi-
fication section of this survey, there was a recurring theme 
of the importance of stakeholder involvement for three of the 
key challenge areas. While Stakeholder Analysis was sug-
gested by some, other suggestions for this involvement were 
too widely ranging to capture in a single MPT. This theme 

was highlighted again when respondents were asked to iden-
tify unsuccessful approaches. Clearly, this area should be 
addressed through additional research. 

Micro-process Modeling 

As an extension to the developed framework, the appli-
cability of a particular MPT to an environment was modeled 
using Little-JIL process definition language (Ref. 11). This 
modeling provides a clear understanding and description of 
MPT relationships, the capability to analyze MPT compo-
nents, and the capability to identify the impact of changes 
made to the MPT. Analysis the processes of an MPT through 
this type of model allows researchers to obtain greater in-
sights and detect defects and vulnerabilities for MPTs. By 
having an executable model that supports both defect analy-
sis and measurement, changes to the MPT can be imple-
mented and their impact can be evaluated prior to piloting. 
This provides the basis for a broad spectrum of experimenta-
tion, ranging from process refactoring all the way to totally 
new approaches. 

Continuing and extending community of interest 

The constraints and challenges of the focus environment 
led researchers to work with practitioners from similar con-
texts. Through these practitioners, verification of the rec-
ommendations against practical experience was possible. 
The identification and engagement with this set of practitio-
ners, first through the industry survey and later through more 
comprehensive follow-up interviews, were key to the re-
search findings. Beyond providing useful input to the re-
search products of this effort, these practitioners form the 
basis of a community of system engineers interested in ideas 
for infusing agility into their development processes. There 
is no doubt that they will make positive contributions to the 
future work as well. The SERC intends to continue and ex-
tend this community of interest to leverage in future research 
tasks. 

 
Conclusions 

An online survey of methods, processes and tools was 
conducted. Respondents with a wide range of experience and 
roles from multiple commercial and government agencies 
provided input. Previously identified key areas of require-
ments, stakeholders, sustainment and integration were ad-
dressed with recommendations for and against, and areas for 
future research identified. Survey responses were analyzed 
for both the total population, and the subset population of 
interest which most closely matched the focus environment. 
Rapid Prototyping, Continuous Integration, and Scrum were 
further analyzed through follow-up interviews and additional 
research. The three MPTs together provide coverage for all 
four key areas. Individually, each Method looks promising 
for a fast-paced, network services environment. 

 



 

Appendix A: Survey Questions 

The following are the questions asked on the survey. An 
asterisk (*) indicates a required answer. 

Demographics 

*1. Your company or organization (e.g. Coca-Cola, US 
Navy) 

2. Your division, group or sub-organization (e.g. Coca-
Cola Europe Group, NAVAIR) [Optional] 

*3. Which of the following best describes your primary 
job function? 

 Functional Manager 
 Project Manager 
 Lead Systems Engineer 
 Systems Engineer – Supporting Multiple Projects 
 Systems Engineer – Supporting a Single Project 
 Software Engineer 
 Engineer 
 Other (please specify) 

*4. Please indicate your years of experience in each of 
the following 

 0  1-5  6-10  11-20  >20 
Systems  

Engineering 
Software  

Engineering 
Other  

Engineering Field  
(Electrical, 
 Mechanical,  
aerospace, etc.) 

Your Development / Acquisition Environment 

We would like to know more about the environment 
where you applied agile systems engineering. This could be 
your present project or a project you worked on in the past. 

*1. Please indicate your level of agreement with the fol-
lowing statements (Strongly Disagree, Disagree, Agree, 
Strongly Agree): 

 My product development environment has an em-
phasis on quick-reaction to stakeholder needs. 

 Requirements are often unstable because of 
changes in the operating environment. 

 Capabilities delivered to stakeholders are dependent 
on other existing deployed systems. 

 The capabilities I am developing will be deployed 
in a wide range of operating environments. 

 My product development environment often oper-
ates independently of other product development efforts 
within my organization. 

 Changes in requirements for system upgrades are 
common once the initial capability is delivered to the 
stakeholder. 

Identification of Methods, Practices and Tools 

These questions help us to build a database of systems 
engineering methods and tools that have been successfully 
applied in these non-traditional development environments. 

*1. Are changing requirements priorities or emerging re-
quirements a challenge in your product development envi-
ronment? (Yes, No) 

2. Are there any approaches you would recommend to 
other teams for dealing with this problem? 

*3. Is getting useful stakeholder input, or dealing with 
conflicting stakeholder requirements, a challenge in your 
product development environment? (Yes, No) 

4. Are there any approaches you would recommend to 
other teams for dealing with this problem? 

*5. Is resolving conflicts between developing new capa-
bilities and supporting the currently released system a chal-
lenge in your product development environment? (Yes, No) 

6. Are there any approaches you would recommend to 
other teams for dealing with this problem? 

*7. Is integrating independently evolving components 
into a larger system a challenge in your product development 
environment? (Yes, No) 

8. Are there any approaches you would recommend to 
other teams for dealing with this problem? 

*9. Are there any approaches you tried to address the 
above problems that were not effective? (Yes, No) 

10. If so, please describe the unsuccessful approaches. 

Identifying Gaps 

While we are interested in identifying things that work 
and things that don't work, we are also interested in where 
there seems to be nothing available. Please help us identify 
places where research and new approaches would be wel-
come. 

1. Please identify the 3 or 4 areas where you believe the 
most critical need for new approaches are found. 

 Acquisition   
 Supply   
 Life Cycle Model Management 
 Infrastructure Management  
 Project Portfolio Management 
 Human Resource Management  
 Quality Management  
 Project Planning  
 Project Assessment and Control  
 Decision Management  
 Risk Management  
 Configuration Management  
 Information Management 
 Measurement  
 Stakeholder Requirements Definition 
 Requirements Analysis 
 Architectural Design 



 

 Implementation 
 Integration 
 Verification 
 Transition 
 Validation 
 Operation 
 Maintenance 
 Disposal 

2. Please let us know about any specific needs you have 
discovered for better methods, practices and tools. 

Community of Interest (Optional) 

1. If you would like a copy of the findings report and a 
list of responding organizations, please enter your email 
address here. 

2. We are establishing a community of interest around 
agile systems engineering. Would you like to be added to the 
list of interested parties? (You will need to enter your email 
address above) (Yes, No) 

Other Feedback 

A chance for you to comment on the survey or the con-
cept of agile systems engineering. 

1. Please add any comments here. 
 

Appendix B: Follow-up Interview Questions? 

1. What are the primary stakeholder values (such as 
schedule, cost, reliability, maintainability, etc.) that drive 
your product development environment? 

2. Please describe the typical projects that you are cur-
rently involved with in terms of size, complexity, duration 
and/or stability of requirements? 

 a. Domain – e.g. commercial, defense, contract 
 b. Size – e.g. approximate KLOC (thousand lines of 

code), if applicable 
 c. Relative complexity – low, medium, high 
 d. Duration – Deliverable cycle and age of product 

 e. Requirements stability – stable (up front defini-
tion and commitment), infrequent changes, frequent changes 

4. How would you characterize your product develop-
ment environment in terms of information sharing, security 
and/or interfacing with other systems or system of systems? 

5. Does your product involve information sharing with 
outside systems? 

6. Does your product interface/interoperate with other 
components? 

7. Is security a strict requirement for your system? What 
are the implications of a security breach? 

8. Do you use Scrum to support the typical projects you 
are involved in? 

 a. How have you had to tailor Scrum for your con-
text? 

 b. What challenges have you faced in implementing 
Scrum in your development environment? Has Scrum influ-
enced your development environment in a positive or nega-
tive way? 

 c. Has Scrum enabled your team to be successful in 
meeting the needs of your stakeholders? Why or why not? 

9. Do you use rapid prototyping to support the typical 
projects you are involved in? 

 a. How have you had to tailor rapid prototyping for 
your context? 

 b. What challenges have you faced in implementing 
rapid prototyping in your development environment? Has 
rapid prototyping influenced your development environment 
in a positive or negative way? 

 c. Has rapid prototyping enabled your team to be 
successful in meeting the needs of your stakeholders? Why 
or why not? 

10. Do you use continuous integration to support the 
typical projects you are involved in? 

 a. How have you had to tailor continuous integra-
tion for your context? 

 b. What challenges have you faced in implementing 
continuous integration in your development environment? 
Has continuous integration influenced your development 
environment in a positive or negative way? 

 c. Has continuous integration enabled your team to 
be successful in meeting the needs of your stakeholders? 
Why or why not? 

11. In your current or expected product development ef-
forts, what challenges exist for which there are no good 
MPTs? 

12. (If time permits.) What other processes, practices, or 
tools does your team use to manage/deal with changing re-
quirements, stakeholder feedback, integra-
tion/interoperability, maintenance? 

13. What other comments or suggestions do you have on 
the MPTs? 

14. Would you like a copy of the final report from these 
interviews? 
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