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LE A R NIN G O BJ E CT I V E S
Once you have mastered the material in this chapter, you will be able to:
1. Understand the need for systems analysis and design in organizations.
2. Realize what the many roles of a systems analyst are.
3. Comprehend the fundamentals of three development methodologies: the systems
development life cycle (SDLC), the agile approach including Scrum, and object-oriented
systems analysis and design.

Organizations have long recognized the importance of managing key resources such as
people and raw materials. Information has now moved to its rightful place as a key resource.
Decision makers understand that information is not just a by-product of conducting business; rather, it fuels business and can be the critical factor in determining the success or
failure of a business.
To maximize the usefulness of information, a business must manage it correctly, just
as it manages other resources. Managers need to understand that costs are associated
with the production, distribution, security, storage, and retrieval of all information. Although
information is all around us, it is not free, and its strategic use for positioning a business
competitively should not be taken for granted.
The ready availability of networked computers, along with access to the Internet and
the Web, has created an information explosion throughout society in general and business
in particular. Managing computer-generated information differs in significant ways from
handling manually produced data. There is usually a greater quantity of computer information to administer. Costs of organizing and maintaining it can increase at alarming rates,
and users often treat it less skeptically than information obtained in different ways. This
chapter examines the fundamentals of different kinds of information systems, the varied
roles of systems analysts, and the phases in the systems development life cycle (SDLC) as
they relate to human–computer interaction (HCI) factors; it also introduces computer-aided
software engineering (CASE) tools.

1

2

PART 1 • SYSTEMS A NALYSIS FUNDAMENTALS

Need for Systems Analysis and Design
Systems analysis and design, as performed by systems analysts, is used to understand what people
need to be able to systematically analyze data input or data flow, process or transform data, store
data, and output information in the context of a particular organization or enterprise. Systems
analysts seek to identify and solve the right problems by performing a thorough analysis of the
client’s system. Furthermore, systems analysis and design is used to analyze, design, and implement improvements to the computerized information systems that support users and the functions
of businesses.
Security is critical to the functioning of organizational information systems, and security is
a challenge for everyone involved in systems development. Information systems present multiple vulnerabilities, and the idea of perfect security is a fantasy. Rather, organizations make
trade-offs, weighing the value of the data they are storing with the risk that they will experience
a security breach. As a systems developer, it is important that you design new systems with an
awareness of what you can do to design security into a system from the very beginning. Developing privacy controls and security by design, from the outset of systems design, is much more
desirable and effective than adding it to older, legacy systems. Of course, you should always
examine systems you are updating or improving for ways to address vulnerabilities and improve
training for security issues.
Developing a system without proper planning leads to great user dissatisfaction and frequently causes the system to fall into disuse. Systems analysis and design lends structure to the
analysis and design of information systems, a costly endeavor that might otherwise have been
done in a haphazard way. It can be thought of as a series of processes systematically undertaken
to improve a business through the use of computerized information systems. Systems analysis
and design involves working with current and eventual users of information systems to support
them in working with technologies in an organizational setting.
User involvement throughout a systems project is critical to the successful development
of computerized information systems. Systems analysts, whose roles in the organization are
discussed next, are the other essential component in developing useful information systems.
Users are moving to the forefront as software development teams become more international
in their composition. This means that there is more emphasis on working with software users;
on performing analysis of their business, problems, and objectives; and on communicating the
analysis and design of the planned system to all involved.

Roles of a Systems Analyst
A systems analyst systematically assesses how users interact with technology and how businesses
function by examining the inputting and processing of data and the outputting of information with the
intent of improving organization processes. Many improvements involve better support of users’ work
tasks and business functions through the use of computerized information systems. This definition
emphasizes a systematic, methodical approach to analyzing—and potentially improving—what is
occurring in the specific context experienced by users and created by a business.
Our definition of a systems analyst is necessarily broad. An analyst must be able to work
with people of all descriptions and be experienced in working with computers. An analyst plays
many roles, sometimes balancing several at the same time. The three primary roles of a systems
analyst are consultant, supporting expert, and agent of change.

Systems Analyst as Consultant
A systems analyst frequently acts as a systems consultant to humans and their businesses and,
thus, may be hired specifically to address information systems issues within a business. Such
hiring can be an advantage because outside consultants bring with them a fresh perspective that
people in an organization do not possess. It also means that outside analysts are at a disadvantage
because an outsider can never know the true organization culture. As an outside consultant, you
will rely heavily on the systematic methods discussed throughout this text to analyze and design
appropriate information systems for users working in a particular business. In addition, you will
rely on information systems users to help you understand the organizational culture from others’
viewpoints.
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CON SULTING O PPO RTUNITY 1. 1

Healthy Hiring: Ecommerce Help Wanted

“Y

ou’ll be happy to know that we made a strong case to management that we should hire a new systems analyst to specialize in
ecommerce development,” says Al Falfa, a systems analyst for the
multioutlet international chain Marathon Vitamin Shops. He is meeting with his large team of systems analysts to decide on the qualifications that their new team member should possess. Al continues,
saying, “In fact, they were so excited by the possibility of our team
helping to move Marathon into an ecommerce strategy that they’ve
said we should start our search now and not wait until the fall.”
Ginger Rute, another analyst, agrees, saying, “The demand for
website developers is still outstripping the supply. We should move
quickly. I think our new person should be knowledgeable in system
modeling, JavaScript, C++, Rational Rose, and be familiar with
Ajax, just to name a few.”
Al looks surprised at Ginger’s long list of skills but then
replies, “Well, that’s certainly one way we could go. But I would
also like to see a person with some business savvy. Most of the
people coming out of school will have solid coding skills, but they
should know about accounting, inventory, and distribution of goods
and services too.”
The newest member of the systems analysis group, Vita Ming,
finally breaks into the discussion. She says, “One of the reasons I
chose to come to work with all of you was that I thought we all got
along quite well together. Because I had some other opportunities, I
looked very carefully at what the atmosphere was here. From what
I’ve seen, we’re a friendly group. Let’s be sure to hire someone who
has a good personality and who fits in well with us.”
Al concurs, continuing, “Vita’s right. The new person should
be able to communicate well with us, and with business clients

too. We are always communicating in some way, through formal
presentations, drawing diagrams, or interviewing users. If they
understand decision making, it will make their job easier. Also,
Marathon is interested in integrating ecommerce into the entire
business. We need someone who at least grasps the strategic
importance of the Web; page design is such a small part of it.”
Ginger interjects again with a healthy dose of practicality,
saying, “Leave that to management. I still say the new person
should be a good coder.” Then she ponders aloud, “I wonder how
important unified modeling language (UML) will be?”
After listening patiently to everyone’s wish list, one of the
senior analysts, Cal Siem, speaks up, joking, “We’d better see if
Superman is available!”
As the group shares a laugh, Al sees an opportunity to try for
some consensus, saying, “We’ve had a chance to hear a number of
different qualifications. Let’s each take a moment and make a list of
the qualifications we personally think are essential for the new ecommerce development person to possess. We’ll share them and continue discussing until we can describe the person in enough detail to
turn a description over to the human resources group for processing.”
What qualifications should the systems analysis team be
looking for when hiring their new ecommerce development team
member? Is it more important to know specific languages or to
have an aptitude for picking up languages and software packages
quickly? How important is it that the person being hired has some
basic business understanding? Should all team members possess
identical competencies and skills? What personality or character
traits are desirable in a systems analyst who will be working in
ecommerce development?

Systems Analyst as Supporting Expert
Another role that you may be required to play is that of supporting expert within a business
for which you are regularly employed in some systems capacity. In this role, an analyst draws
on professional expertise concerning computer hardware and software and their uses in the
business. This work is often not a full-blown systems project and may entail only a small
modification or a decision affecting a single department.
As the supporting expert, you are not managing the project; you are merely serving as a
resource for those who are managing it. If you are a systems analyst employed by a manufacturing
or service organization, many of your daily activities may be encompassed by this role.

Systems Analyst as Agent of Change
The most comprehensive and responsible role that the systems analyst takes on is that of an agent
of change, whether internal or external to the business. As an analyst, you are an agent of change
whenever you perform any of the activities in the systems development life cycle (discussed in
the next section) and are present and interacting with users and the business for an extended
period (from two weeks to more than a year).
Your presence in the business changes it. As a systems analyst, you must recognize this
fact and use it as a starting point for your analysis. Hence, you must interact with users and
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management (if they are not one and the same) from the very beginning of your project. Without
their help, you cannot understand what they need to support their work in the organization, and
real change cannot take place.

Qualities of a Systems Analyst
From the foregoing descriptions of the roles the systems analyst plays, it is easy to see that
a successful systems analyst must possess a wide range of qualities. Above all, an analyst is
a problem solver. He or she is a person who views the analysis of problems as a challenge
and who enjoys devising workable solutions. When necessary, an analyst must be able to
systematically tackle the situation at hand through a skillful application of tools, techniques,
and experience.
An analyst must also be a communicator capable of relating meaningfully to other people
over extended periods of time. Systems analysts need to be able to understand humans’ needs
when interacting with technology, and they need enough computer experience to code, to
understand the capabilities of computers, to glean information requirements from users, and
to communicate what is needed to coders. Analysts also need to possess strong personal and
professional ethics to help them shape their client relationships.
A systems analyst must be a self-disciplined, self-motivated individual who is able to
manage and coordinate other people as well as innumerable project resources. Systems
analysis is a demanding career, but, in compensation, it is an ever changing and always
challenging one.

The Systems Development Life Cycle
Throughout this chapter, we refer to the systematic approach analysts take to the analysis and
design of information systems. Much of this is embodied in the three approaches we describe
in this book. The first approach is called the systems development life cycle (SDLC). The
SDLC is a phased approach to analysis and design based on the assumption that systems are
best developed through the use of a specific cycle of analyst and user activities. It has also
been called the waterfall method because the system analysis completes the first phase, then
moves down to the next, and so on, like water flowing steadily downward from one rock to
another.
Analysts disagree on exactly how many phases there are in the SDLC, but they generally laud its organized approach. Here we have divided the cycle into seven phases, as shown
in Figure 1.1. Although each phase is presented discretely, it is never accomplished as a
separate step. Instead, several activities may occur simultaneously, and activities may be
repeated.

FIGURE 1.1
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Identifying Problems, Opportunities, and Objectives
In this first phase of the SDLC, an analyst is concerned with correctly identifying problems,
opportunities, and objectives. This stage is critical to the success of the rest of the project because
no one wants to waste time addressing the wrong problem.
The first phase requires that the analyst look honestly at what is occurring in a business. Then,
together with other organization members, the analyst pinpoints problems. Others often bring up
these problems, and they are the reason the analyst was initially called. Opportunities are situations
that the analyst believes can be improved through the use of computerized information systems.
Seizing opportunities may allow the business to gain a competitive edge or set an industry standard.
Identifying objectives is also an important component of the first phase. The analyst must
first discover what the business is trying to do. Then the analyst will be able to see whether
some aspect of information systems applications can help the business reach its objectives by
addressing specific problems or opportunities.
The people involved in the first phase are the users, analysts, and systems managers coordinating the project. Activities in this phase consist of interviewing user management, summarizing the
knowledge obtained, estimating the scope of the project, and documenting the results. The output
of this phase is a feasibility report that contains a problem definition and summarizes the objectives.
Management must then make a decision on whether to proceed with the proposed project. If the
user group does not have sufficient funds in its budget or if it wishes to tackle unrelated problems,
or if the problems do not require a computer system, a different solution may be recommended, and
the systems project does not proceed any further.

Determining Human Information Requirements
In the next phase, the analyst determines the human needs of the users involved, using a variety of
tools to understand how users interact in the work context with their current information systems.
The analyst uses interactive methods such as interviewing, sampling and investigating hard data,
and using questionnaires; unobtrusive methods, such as observing decision makers’ behavior and
their office environments; and all-encompassing methods, such as prototyping.
The analyst will use these methods to pose and answer many questions concerning
human–computer interaction (HCI), including questions such as, “What are the users’ physical strengths and limitations?” In other words, “What needs to be done to make the system
audible, legible, and safe?” “How can the new system be designed to be easy to use, learn,
and remember?” “How can the system be made pleasing or even fun to use?” “How can the
system support a user’s individual work tasks and make them more productive in new ways?”
In the information requirements phase of the SDLC, the analyst is striving to understand
what information users need to perform their jobs. At this point, the analyst is examining how
to make the system useful to the people involved. How can the system better support individual tasks that need to be done? What new tasks are enabled by the new system that users were
unable to do without it? How can the new system extend a user’s capabilities beyond what the
old system provided? How can the analyst create a system that is rewarding for workers to use?
The people involved in this phase are the analysts and users, typically operations managers and
operations workers. The systems analyst needs to know the details of current system functions: the
who (the people who are involved), what (the business activity), where (the environment in which
the work takes place), when (the timing), and how (how the current procedures are performed)
of the business under study. The analyst must then ask why the business uses the current system.
There may be good reasons for doing business using the current methods, and these should be considered when designing any new system.
Agile development is an outgrowth of the object-oriented approach (OOA) to systems development that includes a method of development (including generating information requirements)
as well as software tools. In this text, it is paired with prototyping in Chapter 6. (There is more
about OOAs in Chapter 10.)
If the reason for current operations is that “it’s always been done that way,” however, the analyst
may wish to improve on the procedures. At the completion of this phase, the analyst should understand how users accomplish their work when interacting with a computer and begin to know how to
make the new system more useful and usable. The analyst should also know how the business functions and have complete information on the people, goals, data, and procedures involved.
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Analyzing System Needs
The next phase that the systems analyst undertakes involves analyzing system needs. Again,
special tools and techniques help the analyst make requirement determinations. Tools such
as data flow diagrams (DFDs) chart the input, processes, and output of the business’s functions, and activity diagrams or sequence diagrams show the sequence of events, illustrating systems in a structured, graphic form. From data flow, sequence, or other diagrams, a
data dictionary is developed that lists all the data items used in the system, as well as their
specifications.
During this phase the systems analyst also analyzes the structured decisions made. Structured decisions are those for which the conditions, condition alternatives, actions, and action
rules can be determined. Three major tools are used when analyzing structured decisions:
structured English, decision tables, and decision trees.
At this point in the SDLC, the systems analyst prepares a systems proposal that summarizes
what has been discovered about the users, usability, and usefulness of current systems; provides
cost-benefit analyses of alternatives; and makes recommendations on what (if anything) should
be done. If one of the recommendations is acceptable to management, the analyst proceeds along
that course. Each systems problem is unique, and there is never just one correct solution. The
manner in which a recommendation or solution is formulated depends on the individual qualities
and professional training of each analyst and the analyst’s interaction with users in the context of
their work environment.

Designing the Recommended System
In the design phase of the SDLC, the systems analyst uses the information collected earlier
to accomplish the logical design of the information system. The analyst designs procedures
for users to help them accurately enter data so that data going into the information system are
correct. In addition, the analyst provides for users to complete effective input to the information system by using techniques of good form and web page or screen design.
Part of the logical design of the information system is devising the HCI. The interface
connects the user with the system and is extremely important. The user interface is designed
with the help of users to make sure the system is audible, legible, and safe, as well as attractive
and enjoyable to use. Examples of physical user interfaces include a keyboard (to type in questions and answers), onscreen menus (to elicit user commands), and a variety of graphic user
interfaces (GUIs) that use a mouse or touch screen.

MAC APPEAL

At home and in our visits to university campuses and businesses around the world, we’ve noticed
that students and organizations are increasingly showing an interest in Macs. Therefore, we thought
it would add a little bit of interest to show some of the Mac options available to a systems designer.
Today, about one out of seven personal computers purchased in the United States is a Mac. Macs
are quality Intel-based machines that run under a competent operating system and can also run
Windows, so in effect, everything that can be done on a PC can be done on a Mac. One way to run
Windows is to boot directly into Windows (once it’s installed); another is to use virtualization, using
software such as Fusion by VMware.
Adopters of Macs have cited many reasons for using Macs, including better security built into
the Mac operating system, intelligent backup using the built-in Time Machine, the multitude of
applications already included, the reliability of setup and networking, and the ability to sync Macs
with other Macs and iPhones. The most compelling reason, we think, is the design itself.
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The design phase also includes designing databases that will store much of the data needed
by decision makers in the organization. Users benefit from a well-organized database that is
logical to them and corresponds to the way they view their work. In this phase, the analyst also
works with users to design output (either onscreen or printed) that meets their information
needs.

Developing and Documenting Software
In the fifth phase of the SDLC, the analyst works with coders to develop any original software
that is needed. During this phase the analyst works with users to develop effective documentation for software, including procedure manuals, online help, and websites featuring
frequently asked questions (FAQs) or Read Me files shipped with new software. Because
users are involved from the beginning, documentation should address the questions they have
raised and solved jointly with the analyst. Documentation tells users how to use software and
what to do if software problems occur.
Coders have a key role in this phase because they design, code, and remove syntactical
errors from computer programs. To ensure quality, a coder may conduct either a design or a code
walkthrough, explaining complex portions of the software to a team of other coders.

Testing and Maintaining the System
Before an information system can be used, it must be tested. It is much less costly to catch
problems before rather than after the system is signed over to users. Coders alone complete
some of the testing, and some testing is done by systems analysts in conjunction with coders.
A series of tests to pinpoint problems is run, first with sample data and eventually with actual
data from the current system. Test plans often are created early in the SDLC and are refined as
the project progresses.
Maintenance of the system and its documentation begins in this phase and is carried out
routinely throughout the life of the information system. Much of the coder’s routine work
consists of maintenance, and businesses spend a great deal of money on maintenance. Some
maintenance, such as program updates, can be done automatically via a vendor site on the
Web. Many of the systematic procedures the analyst employs throughout the SDLC can help
ensure that maintenance is kept to a minimum.

Implementing and Evaluating the System
In this last phase of systems development, the analyst helps implement the information system.
This phase involves training users to handle the system. Vendors do some training, but oversight
of training is the responsibility of the systems analyst. In addition, the analyst needs to plan for
a smooth conversion from the old system to the new one. This process includes converting files
from old formats to new ones or building a database, installing equipment, and bringing the new
system into production.
Evaluation is included as part of this final phase of the SDLC, but in fact evaluation takes
place during every phase. A key criterion that must be satisfied is whether the intended users are
indeed using the system. It should be noted that systems work is often cyclical. When an analyst
finishes one phase of systems development and proceeds to the next, the discovery of a problem
may force the analyst to return to the previous phase and modify the work done there.

The Impact of Maintenance
After the system is installed, it must be maintained, meaning that the computer applications must
be modified and kept up to date. Estimates of the time spent by departments on maintenance have
ranged from 48 percent to 60 percent of the total time spent developing systems. Very little time
remains for new systems development. As the number of programs written increases, so does the
amount of maintenance they require.
Maintenance is performed for two reasons. The first of these is to correct software errors. No
matter how thoroughly a system is tested, bugs or errors creep into computer applications. Bugs
in commercial PC software are often documented as “known anomalies,” and they are corrected
when new versions of the software are released or in an interim release. In custom software (also
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called bespoke software), bugs must be corrected as they are detected.
The other reason for performing system maintenance is to enhance the software’s capabilities in response to changing organizational needs, generally involving one of the following
three situations:
1. Users often request additional features after they become familiar with the computer system
and its capabilities.
2. The business changes over time.
3. Hardware and software are changing at an accelerated pace.
Figure 1.2 illustrates the amount of resources—usually time and money—spent on systems development and maintenance. The area under the curve represents the total dollar
amount spent. You can see that, over time, the total cost of maintenance is likely to exceed that
of systems development. At a certain point it becomes more feasible to perform a new systems
study because the cost of continued maintenance is clearly greater than the cost of creating an
entirely new information system.
In summary, maintenance is an ongoing process over the life cycle of an information
system. After the information system is installed, maintenance usually takes the form of
correcting previously undetected software errors. Once these are corrected, the system
approaches a steady state, providing dependable service to its users. Maintenance during
this period may consist of removing a few previously undetected bugs and updating the
system with a few minor enhancements. As time goes on and the business and technology
change, however, the maintenance effort increases dramatically.

Using CASE Tools
Analysts who adopt the SDLC approach often benefit from productivity tools, called computeraided software engineering (CASE) tools, created explicitly to improve their routine work
through the use of automated support. Analysts rely on CASE tools to increase productivity,
communicate more effectively with users, and integrate the work that they do on the system from
the beginning to the end of the life cycle.
All the information about the project is stored in an encyclopedia called the CASE repository, a large collection of records, elements, diagrams, screens, reports, and other information
(see Figure 1.3). Analysis reports may be produced using the repository information to show
where the design is incomplete or contains errors.
Visible Analyst (VA) is one example of a CASE tool that enables systems analysts to do
graphical planning, analysis, and design in order to build complex client/server applications
and databases. Visible Analyst and software products such as Microsoft Visio or OmniGraffle
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allow users to draw and modify diagrams easily. However, VA is a full-fledged CASE tool
with a repository and other features, whereas the other two are not.
Analysts and users alike report that CASE tools afford them a means of communication about the system during its conceptualization. Through the use of automated support featuring onscreen output, clients can readily see how data f lows and other system
concepts are depicted, and they can then request corrections or changes that would have
taken too much time with older tools. CASE tools also help support the modeling of an
organization’s functional requirements, assist analysts and users in drawing the boundaries
for a given project, and help them visualize how the project meshes with other parts of the
organization.
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The Agile Approach
Although this text tends to focus on SDLC, the most widely used approach in practice, at
times an analyst will recognize that his or her organization could benefit from an alternative approach. Perhaps a systems project using a structured approach has recently failed, or
perhaps the organization subcultures, composed of several different user groups, seem more
in step with an alternative method. We cannot do justice to these methods in a small space;
each deserves and has inspired its own books and research. By mentioning these approaches
here, however, we hope to help you become aware that under certain circumstances, your
organization may want to consider an alternative or a supplement to structured analysis and
design and to the SDLC.
The agile approach is a software development approach based on values, principles, and
core practices. The four values are communication, simplicity, feedback, and courage. We
recommend that systems analysts adopt these values in all projects they undertake, not just
when adopting the agile approach.
In order to finish a project, adjustments often need to be made in project management.
In Chapter 6, we will see that a agile methods can ensure successful completion of a project
by adjusting the important resources of time, cost, quality, and scope. When these four control variables are properly included in the planning, there is a state of balance between the
resources and the activities needed to complete the project.
Taking development practices to the extreme is most noticeable when one pursues practices
that are unique to agile development. In Chapter 6 we discuss four core agile practices: short
releases, the 40-hour workweek, hosting an onsite customer, and using pair programming. At
first glance these practices appear extreme, but as you will see, we can learn some important
lessons from incorporating many of the values and practices of the agile approach into systems
analysis and design projects.
We also explore an agile method called Scrum, which is named after a starting position
in the sport of rugby. Scrum’s success has much to do with its extremely quick releases. A
typical sprint cycle will last between two and four weeks. At the end of that period, the team
is expected to produce a potentially releasable product. That means that applications or websites are constantly changing. Each iteration boasts a new set of features produced during the
sprint cycle. Scrum is also unique because team members choose what they want to work
on as a team. Scrum is discussed further in Chapter 6. Let’s return to discussing the agile
approach in general.
Activities and behaviors shape the way development team members and customers act
during the development of an agile project. Two words that characterize a project done with
an agile approach are interactive and incremental. Figure 1.4 illustrates the five distinct stages
of the agile approach: exploration, planning, iterations to the first release, productionizing,
and maintenance. Notice the three red arrows that loop back into the “Iterations” box and
symbolize incremental changes created through repeated testing and feedback that eventually
lead to a stable but evolving system. Also note that multiple looping arrows feed back into the
productionizing phase. These symbolize that the pace of iterations is increased after a product
is released. The red arrow is shown leaving the maintenance stage and returning to the planning stage, illustrating a continuous feedback loop involving customers and the development
team as they agree to alter the evolving system.

Exploration
During exploration, you explore your environment, asserting your conviction that the problem can
and should be approached with agile development, assemble the team, and assess team member
skills. This stage takes anywhere from a few weeks (if you already know your team members and
technology) to a few months (if everything is new). You also will be actively examining potential
technologies needed to build the new system. During this stage you should practice estimating the
time needed for a variety of tasks. In exploration, customers also are experimenting with writing
user stories. The goal is to get the customer to refine a story enough so that you can competently
estimate the amount of time it will take to build the solution into the system you are planning.
This stage is all about adopting a playful and curious attitude toward the work environment, its
problems, technologies, and people.
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FIGURE 1.4
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The next stage of the agile development process is called planning. In contrast to the first stage,
planning may take only a few days to accomplish. In this stage, you and your customers agree
on a date anywhere from two months to half a year from the current date to deliver solutions to
their most pressing business problems (you will be addressing the smallest, most valuable set of
stories). If your exploration activities were sufficient, this stage should be very short.
The entire agile planning process has been characterized using the idea of a planning game, as
devised by Kent Beck, the father of Extreme Programming. The planning game spells out rules that
can help formulate the agile development team’s relationship with their business customers. Although
the rules form an idea of how you want each party to act during development, they are not meant as a
replacement for a relationship. They are a basis for building and maintaining a relationship.
Using the metaphor of a game, we talk in terms of the goal of the game, the strategy to pursue,
the pieces to move, and the players involved. The goal of the game is to maximize the value of the
system produced by the agile team. To arrive at the value, you have to deduct costs of development,
and the time, expense, and uncertainty taken on so that the development project can go forward.
The strategy pursued by the agile development team is always one of limiting uncertainty
(downplaying risk). To do that they design the simplest solution possible, put the system
into production as soon as possible, get feedback from the business customer about what’s
working, and adapt their design from there. Story cards become the pieces in the planning
game that briefly describe the task, provide notes, and provide an area for task tracking.
The two main players in the planning game are the development team and the business
customer. Deciding which business group in particular will be the business customer is not
always easy because the agile process is an unusually demanding role for the customer to
play. Customers decide what the development team should tackle first. Their decisions will
set priorities and check functionalities throughout the process.
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Iterations to the First Release
The third stage in the agile development process is composed of iterations to the first release. Typically these iterations (cycles of testing, feedback, and change) are about three weeks in duration.
You will be pushing yourself to sketch out the entire architecture of the system, even though it is
just in outline or skeletal form. One goal is to run customer-written function tests at the end of each
iteration. During the iterations stage you should also question whether the schedule needs to be
altered or whether you are tackling too many stories. Make small rituals out of each successful iteration, involving customers as well as developers. Always celebrate your progress, even if it is small,
because this is part of the culture of motivating everyone to work extremely hard on the project.

Productionizing
Several activities occur during the productionizing phase. In this phase the feedback cycle speeds
up so that rather than receiving feedback for an iteration every three weeks, software revisions
are being turned around in one week. You may institute daily briefings so everyone knows what
everyone else is doing. The product is released in this phase, but it may be improved by adding
other features. Getting a system into production is an exciting event. Make time to celebrate with
your teammates and mark the occasion. One of the keys to the agile approach, which we heartily
embrace, is that it is supposed to be fun to develop systems!

Maintenance
Once a system has been released, it needs to be kept running smoothly. New features may be
added, riskier customer suggestions may be considered, and team members may be rotated on or
off the team. The attitude you take at this point in the development process is more conservative
than at any other time. You are now in a “keeper of the flame” mode rather than the playful one
you experienced during exploration.

Object-Oriented Systems Analysis and Design
Object-oriented (O-O) systems analysis and design is an approach intended to facilitate the
development of systems that must change rapidly in response to dynamic business environments. Chapter 10 helps you understand what O-O systems analysis and design is, how it
differs from the structured approach of the SDLC, and when it may be appropriate to use
an OOA.
Object-oriented techniques often work well in situations in which complicated information systems are undergoing continuous maintenance, adaptation, and redesign. Objectoriented approaches use the industry standard for modeling O-O systems, called unified
modeling language (UML), to break down a system into a use case model.
Object-oriented programming differs from traditional procedural programming in that it
examines objects that are part of a system. Each object is a computer representation of some
actual thing or event. Objects may be customers, items, orders, and so on. Objects are represented by and grouped into classes that are optimal for reuse and maintainability. A class defines
the set of shared attributes and behaviors found in each object in the class.

Object-Oriented Similarities to SDLC
The phases in UML are similar to those in the SDLC. Because these two methods share rigid
and exacting modeling, they happen at a slower, more deliberate pace than the phases of agile
modeling. An analyst goes through problem and identification phases, an analysis phase, and a
design phase, as shown in Figure 1.5.
Although the specifics are discussed in Chapters 2 and 10, the following steps provide a
brief description of the UML process.
DEFINE THE USE CASE MODEL In this phase, the analyst identifies the actors and the major events

initiated by the actors. Often the analyst starts by drawing a diagram with stick figures
representing the actors and arrows showing how the actors relate. This is called a use case
diagram (Chapter 2), and it represents the standard flow of events in the system. Then an analyst
typically writes up a use case scenario (Chapter 2), which describes in words the steps that are
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Phase
Create Class
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Develop Sequence
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normally performed.
DURING THE SYSTEMS ANALYSIS PHASE, BEGIN DRAWING UML DIAGRAMS In the second phase (Chapter 10),
the analyst draws activity diagrams, which illustrate all the major activities in the use case. In
addition, the analyst creates one or more sequence diagrams for each use case that show the
sequence of activities and their timing. This is an opportunity to go back and review the use
cases, rethink them, and modify them if necessary.
CONTINUING IN THE ANALYSIS PHASE, DEVELOP CLASS DIAGRAMS The nouns in the use cases are objects
that can potentially be grouped into classes. For example, every automobile is an object that
shares characteristics with other automobiles. Together they make up a class.
STILL IN THE ANALYSIS PHASE, DRAW STATECHART DIAGRAMS The class diagrams are used to draw
statechart diagrams, which help in understanding complex processes that cannot be fully derived
by the sequence diagrams. The statechart diagrams are extremely useful in modifying class
diagrams, so the iterative process of UML modeling continues.
BEGIN SYSTEMS DESIGN BY MODIFYING THE UML DIAGRAMS THEN COMPLETE THE SPECIFICATIONS Systems
design means modifying the existing system, and that implies modifying the diagrams drawn in
the previous phase. These diagrams can be used to derive classes, their attributes, and methods
(methods are simply operations). An analyst will need to write class specifications for each class,
including the attributes, methods, and their descriptions. The analyst also will develop method
specifications that detail the input and output requirements for each method, along with a detailed
description of the internal processing of the method.
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FIGURE 1.5
The steps in the UML development
process.
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DEVELOP AND DOCUMENT THE SYSTEM UML is, of course, a modeling language. An analyst may create
wonderful models, but if the system isn’t developed, there is not much point in building models.
Documentation is critical. The more complete the information you provide to the development
team through documentation and UML diagrams is, the faster the development and the more
solid the final production system.
Object-oriented methodologies often focus on small, quick iterations of development,
sometimes called the spiral model. Analysis is performed on a small part of the system, usually
starting with a high-priority item or perhaps the item that has the greatest risk. This is followed
by design and implementation. The cycle is repeated with analysis of the next part, design, and
some implementation, and this is repeated until the project is complete. Reworking diagrams
and the components themselves is normal. UML is a powerful modeling tool that can greatly
improve the quality of your systems analysis and design and the final product.

Choosing Which Systems Development Method to Use
The differences among the three approaches described here are not as large as they seem at the
outset. In all three approaches, the analyst needs to understand the organization first (Chapter 2).
Then the analyst or project team needs to budget time and resources and develop a project proposal
(Chapter 3). Next, they need to interview organization members and gather detailed data using
questionnaires (Chapter 4) and sample data from existing reports and by observing how business
is currently transacted (Chapter 5). The three approaches have all of these activities in common.
Even the methods themselves have similarities. The SDLC and OOAs both require extensive
planning and diagramming. The agile approach and the OOA both allow subsystems to be built one
at a time until the entire system is complete. The agile and SDLC approaches are both concerned
with the way data logically moves through the system.
So given a choice to develop a system using an SDLC approach, an agile approach, or an
object-oriented approach, which would you choose? Figure 1.6 provides a set of guidelines to
help you choose which method to use when developing your next system.

FIGURE 1.6
How to decide which development
method to use.

Choose

When

The Systems Development • systems have been developed and documented using SDLC
Life Cycle (SDLC) Approach • it is important to document each step of the way
• upper-level management feels more comfortable or safe
using SDLC
• there are adequate resources and time to complete the full
SDLC
• communication of how new systems work is important

Agile Methodologies

• there is a project champion of agile methods in the
organization
• applications need to be developed quickly in response to
a dynamic environment
• a rescue takes place (the system failed and there is no time
to ﬁgure out what went wrong)
• the customer is satisﬁed with incremental improvements
• executives and analysts agree with the principles of agile
methodologies

Object-Oriented
Methodologies

• the problems modeled lend themselves to classes
• an organization supports the UML learning
• systems can be added gradually, one subsystem at a time
• reuse of previously written software is a possibility
• it is acceptable to tackle the difﬁcult problems ﬁrst
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Developing Open Source Software
An alternative to traditional software development in which proprietary code is hidden from the
users is called open source software (OSS). With OSS, many users and coders can study, share,
and modify the code, or computer instructions. Rules of this community include the idea that
any program modifications must be shared with all the people on the project and that all licenses
must be adhered to.
Development of OSS also has been characterized as a philosophy rather than simply as the
process of creating new software. Those involved in OSS communities often view it as a way to
help societies change. Widely known open source projects include Apache for developing a web
server, the browser called Mozilla Firefox, and Linux, which is a Unix-like open source operating system.
However, it would be an oversimplification to think of OSS as a monolithic movement,
and it does little to reveal what type of users or user analysts are developing OSS projects and on what basis. To help us understand the open source movement, researchers have
recently categorized open source communities into four community types—ad hoc, standardized, organized, and commercial—along six different dimensions: general structure,
environment, goals, methods, user community, and licensing. Some researchers argue that
OSS is at a crossroads and that the commercial and community open source groups need to
understand where they converge and where the potential for conflict exists.

Why Organizations Participate in Open Source Communities?
Organizations participate in open source communities for a variety of reasons. One is the rapidity
with which new software can be developed and tested. It is faster to have a committed group of
expert developers develop, test, and debug code than it is to have one isolated team working on
software development. This cross-fertilization can be a boon to creativity.
Another reason to participate is the benefit of having many good minds working on innovative applications. Yet another reason for participating in an open source community might be the
potential for keeping down development costs.
Organizations might seek to participate in an open source community due to a desire to
bolster their own self-image and to contribute something worthwhile to the larger software
development community. They may want to contribute generously or altruistically to a higher
good beyond developing profitable proprietary software, and doing so may make them appear as
“good guys” to the external public.
Organizations may ask or even require that their software developers become involved in one
or more open source projects or communities, but individual developers must interact with the
community in a meaningful and knowledgeable way first to prove themselves worthy members of
the group based on their merits and then to strike up and maintain relationships that are mutually
beneficial.
Organizations and the design teams within them interact with Open Communities. Companies are taking advantage of an entire range of options that help them strike a harmonious
equilibrium so that their contributions to the open community and their differentiation from
the open community become clear strategically. Reasons for contribution to and differentiation from include cost, managing resources, and the time it takes to bring a new product to
the market.

The Role of the Analyst in Open Source Software
As an analyst you may find yourself, at the request of your chief employer, participating in an
open source community. One widely known open source community is that surrounding the
Linux kernel. This is a large, mostly virtual community of developers who all have different
levels or types of participation and who all have different reasons for being involved. Other
well-known open source projects include Mozilla Firefox, Android, Apache projects, and many
more. Even NASA, the U.S. National Aeronautics and Space Administration, has a lively open
source community (see http://ti.arc.nasa.gov/opensource/).
One reason your company may ask you to participate in an open source community is
curiosity about what the software benefits to the organization might be. This may be a result
of a sort of bandwagon effect, for when it becomes known that competitors are already
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on a daily basis, as well as computer skills. Understanding and relating well to users is critical to their
success.
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Analysts proceed systematically. The framework for their systematic approach is provided in what
is called the systems development life cycle (SDLC). This life cycle can be divided into seven sequential phases, although in reality the phases are interrelated and are often accomplished simultaneously.
The seven phases are identifying problems, opportunities, and objectives; determining human information requirements; analyzing system needs; designing the recommended system; developing and documenting software; testing and maintaining the system; and implementing and evaluating the system.
The agile approach is a software development approach based on values, principles, and core pracdesigned
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participating, your organization may want to get involved. With competitors actively participating in an open community, an organization may calculate that it is something that
should at least be investigated seriously, not dismissed summarily. Another reason your
company might ask you to participate as a developer in an open community is to achieve
what researchers have labeled “responsive design.” Responsive design means that while
you are participating in the open source community, you are at the same time employed by
an organization that wants to leverage your participation in the open source community to
incorporate OSS designs into proprietary products, processes, knowledge, and IT artifacts
that it is developing and that it hopes to eventually sell as a product that is differentiated
from what the open source community has produced. Through a process of responsive
design the IT artifact is imbued with both community and organization structures, knowledge, and practices.

Summary
Systems analysis and design is a systematic approach to identifying problems, opportunities, and objectives; to analyzing human- and computer-generated information flows in organizations; and to designing
computerized information systems to solve problems. Systems analysts are required to take on many roles
in the course of their work. Some of these roles are (1) an outside consultant to business, (2) a supporting
expert within a business, and (3) an agent of change in both internal and external situations. It is important
that you design new systems with an awareness of what you can do to design security into a system from
the very beginning.
Analysts possess a wide range of skills. First and foremost, an analyst is a problem solver, someone
who enjoys the challenge of analyzing a problem and devising a workable solution. Systems analysts
require communication skills that enable them to relate meaningfully to many different kinds of people
on a daily basis, as well as computer skills. Understanding and relating well to users is critical to their
success.

Understanding and
Modeling Organizational
Systems

2

LE A R NIN G O BJ E CT I V E S
Once you have mastered the material in this chapter, you will be able to:
1. Understand that organizations and their members are systems and that analysts need to
take a systems perspective.
2. Depict systems graphically, using context-level data flow diagrams, entity-relationship
models, use cases, and use case scenarios.
3. Recognize that different levels of management require different systems.
4. Comprehend that organizational culture influences the design of information systems.

To analyze and design appropriate information systems, systems analysts need to comprehend the organizations they work in as systems shaped through the interactions of three
main forces: levels of management, design of organizations, and organizational cultures.
Organizations are large systems composed of interrelated subsystems. The subsystems are influenced by three broad levels of management decision makers—operations,
middle management, and strategic management—that cut horizontally across the organizational system. To understand organizations properly, systems analysts start depicting them graphically as soon as they begin working with a company. These different
ways of seeing the organization include drawing context-level data flow diagrams and
entity-relationship (E-R) models, developing use cases, and writing use case scenarios.
Collaborative design can help systems analysts include users from many parts of the
organization. Organizational cultures and subcultures influence the way people in subsystems interrelate. Many technologies are available to support the creation of productive
cultures and subcultures, including work-sanctioned social media sites such as Slack.
These topics and their implications for information systems development are considered
in this chapter.
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Organizations as Systems
Organizations and their members are usefully conceptualized as systems designed to accomplish
predetermined goals and objectives through people and other resources that they employ.
Organizations are composed of smaller, interrelated systems (departments, units, divisions, and
so on) that serve specialized functions. Typical functions include accounting, marketing, production, IT support, operations, legal, and management. Specialized functions (smaller systems) are
eventually reintegrated through various ways to form an effective organizational whole.
The significance of conceptualizing organizations as complex systems is that systems principles allow insight into how organizations work. To ascertain information requirements properly
and to design appropriate information systems, it is of primary importance to understand the organization as a whole. All systems are composed of subsystems (which include information systems);
therefore, when studying an organization, we also examine how smaller systems are involved and
how they function.

Interrelatedness and Interdependence of Systems
All systems and subsystems are interrelated and interdependent. This fact has important implications both for organizations and for systems analysts who seek to help them better achieve their
goals. When any element of a system is changed or eliminated, the rest of the system’s elements
and subsystems are also significantly affected.
For example, suppose managers of an organization decide not to hire administrative assistants any longer and to replace their functions with networked PCs. This decision has the
potential to significantly affect not only the administrative assistants and the managers but also
all the organization’s members who built up communications networks with the now-departed
assistants.
All systems process inputs from their environments. By definition, processes change or
transform inputs into outputs. Whenever you examine a system, check to see what is being
changed or processed. If nothing is changed, you may not be identifying a process. Typical processes in systems include verifying, updating, and printing.
Another aspect of organizations as systems is that all systems are contained by boundaries separating them from their environments. Organizational boundaries exist on a continuum
ranging from extremely permeable to almost impermeable. To continue to adapt and survive,
organizations must be able first to import people, raw materials, and information through their
boundaries (inputs) and then to exchange their finished products, services, or information with
the outside world (outputs).
Feedback is one form of system control. As systems, all organizations use planning and control to manage their resources effectively. Figure 2.1 shows how system outputs are used as feedback that compares performance with goals. This comparison, in turn, helps managers formulate
more specific goals as inputs. An example is a U.S. manufacturing company that produces redwhite-and-blue weight-training sets as well as gunmetal-gray sets. The company finds that one
year after the summer Olympics, very few red-white-and-blue sets are purchased. Production
managers use this information as feedback to make decisions about what quantities of each color
to produce. Feedback in this instance is useful for planning and control.
The ideal system, however, self-corrects or self-regulates in such a way that decisions
on typical occurrences are not required. An example is a supply chain system for production

FIGURE 2.1
System outputs serve as feedback
that compares performance with
goals.
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CON SULTING O PPO RTUNITY 2. 1

The E in Vitamin E Stands for Ecommerce

“O

ur retail shops and mail-order division are quite healthy,”
says Bill Berry, one of the owners of Marathon Vitamin Shops,
“but to be competitive, we must establish an ecommerce website.”
His father, a co-owner, exclaims, “I agree, but where do we start?”
The elder Berry knew, of course, that it wasn’t a case of setting up
a website and asking customers to order off the website. He identified eight different parts to ecommerce and realized that they were
all part of a larger system. In other words, all the parts had to work
together to create a strong package. His list of elements essential to
ecommerce included the following:
1.
2.
3.
4.
5.
6.
7.

Attracting customers to an ecommerce website
Informing customers about products and services offered
Allowing customers to customize products online
Completing transactions with customers
Accepting payment from customers in a variety of forms
Supporting customers after the sale via the website
Arranging for the delivery of goods and services

8. Personalizing the look and feel of the website for different
customers
Bill Berry read the list and contemplated it for a while. “It is obvious that ecommerce is more complex than I thought,” he says. You can
help the owners of Marathon Vitamin Shops in the following ways:
1. Make a list of the elements that are interrelated or interdependent. Then write a paragraph stating why it is critical to
monitor these elements closely.
2. Decide on the boundaries and ultimate scope of the system.
Write a paragraph expressing an opinion on which elements
are critical for Marathon Vitamin Shops and which elements
can be explored at a later date.
3. Suggest which elements should be handled in-house and
which should be outsourced to another company that may
be better able to handle the job. Justify your suggestions in
two paragraphs, one for the in-house jobs and one for the
outsourced tasks.

planning that takes into account current and projected demand and formulates a proposed solution as output. An Italian knitwear manufacturer that markets its clothing in the United States has
just such a system. This company produces most of its sweaters in undyed white shades, uses
its computerized inventory information system to find out what colors are selling best, and then
dyes sweaters in hot-selling colors immediately before shipping them.
Feedback is received from within the organization and from the outside environments
around it. Anything external to an organization’s boundaries is considered to be an environment.
Numerous environments, with varying degrees of stability, constitute the milieu in which organizations exist.
Among these environments are (1) the environment of the community in which the organization is physically located, which is shaped by the size of its population and its demographic
profile, including factors such as education and average income; (2) the economic environment,
influenced by market factors, including competition; (3) the political environment, controlled
through state and local governments; and (4) the legal environment, issuing federal, state,
regional, and local laws and guidelines. Although changes in environment status can be planned
for, they often cannot be directly controlled by the organization.
Related and similar to the concept of external boundary permeability is the concept of internal openness or closedness of organizations. Openness and closedness also exist on a continuum
because there is no such thing as an absolutely open or a completely closed organization.

Virtual Organizations and Virtual Teams
Not all organizations or parts of organizations are visible in a physical location. Entire organizations or units of organizations can now possess virtual components that permit them to change
configurations to adapt to changing project or marketplace demands. Virtual enterprises use networks of computers and communications technology to bring people with specific skills together
electronically to work on projects that are not physically located in the same place. Information
technology enables coordination of these remote team members. Virtual teams often spring up in
already-established organizations; in some instances, however, organizations of remote workers
have been able to succeed without the traditional investment in a physical facility.
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FIGURE 2.2
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that subsystems are interrelated.
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The potential benefits of virtual organizations include the possibility of reducing costs of
physical facilities, more rapid response to customer needs, and helping virtual employees to
fulfill their familial obligations to growing children or aging parents. Just how important it will
be to meet the social needs of virtual workers is still open to research and debate. One example
of a need for tangible identification with a culture arose when students who were enrolled in an
online virtual university, with no physical campus (or sports teams), kept requesting items such
as sweatshirts, coffee mugs, and pennants with the virtual university’s logo imprinted on them.
These items are meaningful cultural artifacts that traditional brick-and-mortar schools have long
provided.
Many systems analysis and design teams are now able to work virtually, and in fact, many
of them marked the path for other types of employees to follow in accomplishing work virtually.
Some applications permit analysts who are providing technical assistance over the Web to “see”
the software and hardware configuration of the user requesting help, in this way creating an ad
hoc virtual team composed of the analyst and the user.

Taking a Systems Perspective
Taking a systems perspective allows systems analysts to start broadly clarifying and understanding the various businesses with which they will come into contact. It is important that members
of subsystems realize that their work is interrelated. Notice in Figure 2.2 that the outputs from
the production subsystems serve as inputs for marketing and that the outputs of marketing serve
as new inputs for production. Neither subsystem can properly accomplish its goals without the
other.
Problems occur when each manager possesses a different picture of the importance of his or
her own functional subsystem. In Figure 2.3 you can see that the marketing manager’s personal
perspective shows the business as driven by marketing, with all other functional areas interrelated but not of central importance. By the same token, the perspective of a production manager
positions production at the center of the business, with all other functional areas driven by it.
The relative importance of functional areas as revealed in the personal perspectives of managers takes on added significance when managers rise to the top through the ranks, becoming
strategic managers. They can create problems if they overemphasize their prior functional information requirements in relation to the broader needs of the organization.

Enterprise Systems: Viewing the Organization as a System
Enterprise system, or enterprise resource planning (ERP) system, describes an integrated organization (enterprise) information system. Specifically, ERP is software that helps the flow of information between the functional areas in the organization. Rather than being developed in-house, the
system is usually purchased from one of the software development companies well known for its
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ERP packages, such as SAP or Oracle. The product is then customized to fit the requirements of
a particular company. Typically, the vendor requires commitment from the organization in terms
of specialized user or analyst training. Over the last few years, ERP systems are moving to cloud
computing.
ERP has taken root in many large companies and is spreading to small and medium-sized
enterprises as well. Most of the lessons systems analysts have learned are applicable to implementing enterprise systems. However, as an analyst you need to recognize and act on the similarities and differences between implementing networked information systems and implementing
an ERP.
One of the major differences is that rather than redesigning business processes based on a
logical analysis of those processes and how they support the business strategy, and then choosing
the IT to support those processes, a large installation of ERP can reverse this by requiring the
implementation of new business processes that are embedded in the technology provided. Oftentimes you will be part of an internal systems team whose main job is to look after the interface
between legacy systems and the ERP being installed.
Enterprise implementations are complex and intense endeavors that result in tremendous
organization change. They can affect every aspect of the organization, including the design of
employees’ work, the skills required to become competent in one’s job, and even the strategic
positioning of the company. Implementing an ERP has become increasingly complex. Many
issues present important hurdles to clear if the ERP installation is to be declared a success; these
include user acceptance, integration with legacy systems, and the supply chain; upgrading functionality (and complexity) of ERP modules; reorganizing work life of users and decision makers;

A depiction of the personal
perspective of functional managers
shows that they feature their own
functional area as central to the
organization.
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expanded reach across several organizations (as part of the IT supply chain); and strategic repositioning of the company adopting an ERP.
New research has shown that ERP implementations can result in making employees more
effective and efficient two or three years after the installation, but it is in the planning and early
stages of ERP that a deep analysis examines how the new enterprise system will affect the daily
lives and jobs of employees involved in the new system (such as discussed in Chapter 14 on HCI
and usability issues). ERP systems are best considered as real game changers when it comes to
the job design of employees (including systems analysts) and as a moving force that can alter the
strategic approaches to change that the organization takes.

Depicting Systems Graphically
A system or subsystem as it exists within a corporate organization may be graphically depicted
in several ways. The various graphical models show the boundaries of the system and the information used in the system.

Systems and the Context-Level Data Flow Diagram
The first model is the context-level data flow diagram. Data flow diagrams focus on the data
flowing into and out of the system and the processing of the data. These basic components of
every computer program can be described in detail and used to analyze a system for accuracy
and completeness.
As shown in Figure 2.4, the context-level data flow diagram employs only three symbols:
(1) a rectangle with rounded corners, (2) a square with two shaded edges, and (3) an arrow. Processes transform incoming data into outgoing information, and the content level has only one
process, representing the entire system. The external entity represents any entity that supplies or
receives information from the system but is not a part of the system. This entity may be a person,
a group of people, a corporate position or department, or other systems. The lines that connect
the external entities to the process are called data flows, and they represent movement data.
An example of a context-level data flow diagram is found in Figure 2.5. This example represents the most basic elements of an airline reservation system and shows the system before
(when a travel agent acted as intermediary) and after direct online booking was made possible. In
the before diagram, the passenger (an entity) initiates a travel request (data flow). The contextlevel diagram doesn’t show enough detail to indicate exactly what happens (it isn’t supposed
to), but we can see that the passenger’s preferences and the available flights are sent to the travel
agent, which sends ticketing information back to the process. We can also see that the passenger
reservation is sent to the airline. The second context-level diagram show what happens when the

FIGURE 2.4
The basic symbols of a data flow
diagram.

A process means that some action
or group of actions take place.

An entity is a person, group,
department, or any system that
either receives or originates
information or data.

A data flow shows that information
is being passed from or to a
process.

CHAPTER 2 • UN DERSTAN DIN G AN D MODELIN G ORGAN IzATION AL SYSTEMS

Context-level Diagram Including the Travel Agent as Intermediary
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passenger books directly with an online system. The context-level data flow diagram serves as a
good starting point for drawing the use case diagram (discussed later in this chapter).
In Chapter 7, we will see that a data flow contains much information. For example, the
passenger reservation contains the passenger’s name, airline, flight number(s), date(s) of travel,
price, seating preference, and so on. For now, however, we are concerned mainly with how a
context-level data flow diagram defines the boundaries of the system. In the preceding example, only reservations are part of the process. Other decisions that the airline would make (for
example, purchasing airplanes, changing schedules, pricing, and hiring additional flight crew
members) are not part of this system.
The context-level data flow diagram is one way to show the scope of the system, or what
is to be included in the system. The external entities are outside the scope and something over
which the system has no control.

Systems and the Entity-Relationship Model
Another way a systems analyst can show the scope of a system and define proper system boundaries is to use an entity-relationship (E-R) model. The elements that make up an organizational
system can be referred to as entities. An entity may be a person, a place, or a thing, such as a
passenger on an airline, a destination, or a plane. Alternatively, an entity may be an event, such
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FIGURE 2.5
A context-level data flow diagram
for an airline reservation system.
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FIGURE 2.6
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as the end of the month, a sales period, or a machine breakdown. A relationship is the association
that describes the interaction among the entities.
There are many different conventions for drawing E-R diagrams (with names such as crow’s
foot, arrow, or Bachman notation). In this book, we use crow’s foot notation. For now, we assume
that an entity is a plain rectangular box.
Figure 2.6 illustrates a simple E-R diagram. Two entities are linked together by a line. In
this example, the end of the line is marked with two short parallel marks (| |), signifying that this
relationship is one-to-one. Thus, exactly one employee is assigned to one phone extension. No
one shares the same phone extension in this office.
The red arrows are not part of the E-R diagram; they are present to demonstrate how to read
the diagram. The phrase on the right side of the line is read from top to bottom as follows: “One
EMPLOYEE is assigned to one PHONE EXTENSION.” On the left side, as you read from bottom to top, the arrow says, “One PHONE EXTENSION is listed for one EMPLOYEE.”
Figure 2.7 shows another relationship. The crow’s foot notation (>—+) is obvious on this
diagram, and this particular example is a many-to-one example. As you read from left to right,
the arrow signifies, “Many EMPLOYEES are members of a DEPARTMENT.” As you read from
right to left, it implies, “One DEPARTMENT contains many EMPLOYEES.”

FIGURE 2.7
An E-R diagram showing a manyto-one relationship.
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FIGURE 2.8
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Notice that when a many-to-one relationship is present, the grammar changes from “is” to
“are,” even though the singular “is” is written on the line. The crow’s foot and the single mark
does not literally mean that this end of the relationship must be a mandatory “many.” Instead,
they imply that this end could be anything from one to many.
Figure 2.8 elaborates on this scheme. Here we have listed a number of typical entity relationships. The first is a one-to-one relationship: “An EMPLOYEE is assigned to an OFFICE.” The
second is a one-to-many relationship: “One CARGO AIRCRAFT will serve one or more DISTRIBUTION CENTERs.” The third one is slightly different because it has a circle at one end. It
can be read as “A SYSTEMS ANALYST may be assigned to MANY PROJECTs,” meaning that
the analyst can be assigned to no projects [that is what the circle (O), for zero, is for], one project,
or many projects. Likewise, the circle (O) indicates that none is possible in the next relationship.
Recall that the short mark means one. Therefore, we can read it as follows: “A MACHINE may
or may not be undergoing SCHEDULED MAINTENANCE.” Notice that the line is written as
“is undergoing,” but the end marks on the line indicate that either no maintenance (O) or maintenance (I) is actually going on.
The next relationship states, “One or many SALESPEOPLE (plural of SALESPERSON)
are assigned to one or more CUSTOMERs.” It is the classic many-to-many relationship. The
next relationship can be read as follows: “The HOME OFFICE can have one or many EMPLOYEEs” or “One or more EMPLOYEEs may or may not be assigned to the HOME OFFICE.” Once
again, the I and O together imply a Boolean situation—in other words, one or zero.
The final relationship shown here can be read as, “Many PASSENGERs are flying to many
DESTINATIONs.” Some people prefer this symbol [>—+]to indicate a mandatory “many”

Examples of different types of
relationships in E-R diagrams.
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FIGURE 2.9
Three different types of entities
used in E-R diagrams.
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condition. (Would it ever be possible to have only one passenger or only one destination?) Even
so, some CASE tools such as Visible Analyst do not offer this possibility because the optional
one-or-many condition as shown in the SALESPERSON–CUSTOMER relationship will do.
Up to now we have modeled all our relationships using one simple rectangle and a line. This
method works well when we are examining the relationships of real things such as real people,
places, and things. Sometimes, though, we create new items in the process of developing an
information system. Some examples are invoices, receipts, files, and databases. When we want
to describe how a person relates to a receipt, for example, it becomes convenient to indicate the
receipt in a different way. There are three different types of entities; the fundamental entity, the
associative entity, and the attributive entity are depicted in Figure 2.9.
An associative entity can exist only if it is connected to at least two other entities. For that
reason, some call it a gerund, a junction, an intersection, or a concatenated entity. This wording
makes sense because a receipt wouldn’t be necessary unless there were a customer and a salesperson making the transaction.
Another type of entity is an attributive entity. When an analyst wants to show data that are
completely dependent on the existence of a fundamental entity, an attributive entity should be
used. For example, if a library has multiple copies of the same book, an attributive entity can be
used to designate which copy of the book is being checked out. The attributive entity is useful for
showing repeating groups of data. For example, suppose we are going to model the relationships
that exist when a patron gets tickets to a concert or a show. The entities seem obvious at first: “a
PATRON and a CONCERT/SHOW,” as shown in Figure 2.10. What sort of relationship exists?

FIGURE 2.10
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E-R diagram.
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FIGURE 2.11
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At first glance, we see that the PATRON gets a reservation for a CONCERT/SHOW, and the
CONCERT/SHOW can be said to have made a booking for a PATRON.
The process isn’t that simple, of course, and the E-R diagram need not be that simple either.
The PATRON actually makes a RESERVATION, as shown in Figure 2.11. The RESERVATION
is for a CONCERT/SHOW. The CONCERT/SHOW holds the RESERVATION, and the RESERVATION is in the name of the PATRON. We added an associative entity here because a RESERVATION was created due to the information system required to relate the PATRON and the
CONCERT/SHOW.
Again this process is quite simple, but because concerts and shows have many performances,
the E-R diagram is drawn once more in Figure 2.12. Here we add an attributive entity to handle
the many performances of the CONCERT/SHOW. In this case the RESERVATION is made for a
particular PERFORMANCE, and the PERFORMANCE is one of many that belong to a specific
CONCERT/SHOW. In turn, the CONCERT/SHOW has many performances, and one PERFORMANCE has a RESERVATION that is in the name of a particular PATRON.
To the right of this E-R diagram is a set of data attributes that make up each of the entities.
Some entities may have attributes in common. The attributes that are underlined can be searched
for. The attributes are referred to as keys and are discussed in Chapter 13.
Systems designers often use E-R diagrams to help model a file or a database. It is even more
important, however, that a systems analyst understand both the entities and relationships in the
organizational system very early. In sketching out some basic E-R diagrams, the analyst needs to:
1. List the entities in the organization to gain a better understanding of the organization.
2. Choose key entities to narrow the scope of the problem to a manageable and meaningful
dimension.
3. Identify what the primary entity should be.
4. Confirm the results of steps 1 through 3 through other data-gathering methods (investigation, interviewing, administering questionnaires, observation, and prototyping), as discussed in Chapters 4 through 6.
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FIGURE 2.12
A more complete E-R diagram,
showing data attributes of the
entities.
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It is critical that a systems analyst begin to draw E-R diagrams upon entering an organization rather than waiting until the database needs to be designed. These E-R diagrams help the
analyst understand what business the organization is actually in, determine the size and scope of
the problem, and discern whether the right problem is being addressed. The E-R diagrams need
to be confirmed or revised as the data-gathering process takes place.

Use Case Modeling
Originally introduced as a diagram for use in object-oriented unified modeling language (UML),
use cases are now being used regardless of the approach to systems development. A use case
diagram can be used as part of the systems development life cycle (SDLC) approach or in agile
modeling. The word use is pronounced as a noun (“yoos”) rather than a verb (“yooz”). A use case
model describes what a system does without describing how the system does it; that is, it is a
logical model of the system. (Logical and conceptual models are further discussed in Chapter 7.)
A use case model reflects the view of a system from the perspective of a user outside the system
(that is, the system requirements).
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MAC AP P E AL

Microsoft Visio makes it easy for a systems analyst to draw E-R diagrams as well as most of the
other diagrams found in this book, but it is available only for PCs. Mac users have an alternative,
OmniGraffle Professional. OmniGraffle is easier to use than Microsoft Visio because its drag-anddrop interface is smoother and more intuitive.
It also features a “smart guide” that uses pop-up distance markers to help position the symbols in
the correct places. Many symbols, such as those used in E-R diagrams, are built in, but OmniGraffle
also lets the user search a third-party library called Graffletopia to find UML and other specialized
symbols.

An analyst develops use cases in a cooperative effort with the business experts who help
define the requirements of the system. A use case model provides an effective means of communication between the business team and the development team. A use case model partitions the
way the system works into behaviors, services, and responses (the use cases) that are significant
to the users of the system.
From the perspective of an actor (or user), a use case should produce something of value.
Therefore, the analyst must determine what is important to the user and remember to include
it in the use case diagram. For example, is entering a password something of value to the user?
It may be included if the user has a concern about security or if it is critical to the success of
the project.

Use Case Symbols
A use case diagram contains the actor and use case symbols, along with connecting lines. Actors
are similar to external entities; they exist outside the system. The term actor refers to a particular
role of a user of the system. For example, an actor may be an employee but also may be a customer at the company store. Even though it is the same person in the real world, it is represented
as two different symbols on a use case diagram because the person interacts with the system in
different roles. The actor exists outside the system and interacts with the system in a specific
way. An actor can be a human, another system, or a device such as a keyboard or a Web connection. Actors can initiate an instance of a use case. An actor may interact with one or more use
cases, and a use case may involve one or more actors.
Actors may be divided into two groups. Primary actors supply data or receive information
from the system. Some users directly interact with the system (system actors), but primary actors
also may be businesspeople who do not directly interact with the system but have a stake in it.
Primary actors are important because they are the people who use the system and can provide
details on what the use case should do. They also can provide a list of goals and priorities. Supporting actors (also called secondary actors) help to keep the system running or provide other
services. These are the analysts, coders, people who run the help desk, and so on.
Sometimes it is useful to create an actor profile that lists the actors, their background, and
their skills in a simple table format. This may be useful to understand how the actor interacts
with the system. An example is an Order Processing Specialist. The profile would be, “A routine
user of the software, familiar with minor features, order exceptions, and order customization.” It
is also useful to list the actors and their goals and priorities. Each goal may become a use case.
A use case provides developers with a view of what the users want. It is free of technical or
implementation details. We can think of a use case as a sequence of transactions in a system. The
use case model is based on the interactions and relationships of individual use cases.
A use case always describes three things: an actor that initiates an event, the event that triggers a use case, and the use case that performs the actions triggered by the event. In a use case, an
actor using the system initiates an event that begins a related series of interactions in the system.
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A use case documents a single transaction or event. An event is an input to the system that happens at a specific time and place and causes the system to do something.
It is better to create fewer use cases rather than more. Often queries and reports are not
included; 20 use cases (and no more than 40 or 50) are sufficient for a large system. Use cases
also may be nested, if needed. Some use cases use the verb manage to group use cases for adding, deleting, and changing into another, lower-level, use case diagram. You can include a use
case on several diagrams, but the actual use case is defined only once in the repository. A use
case is named with a verb and a noun.

Use Case Relationships
Active relationships are referred to as behavioral relationships and are used primarily in use
case diagrams. There are four basic types of behavioral relationships: communicates, includes,
extends, and generalizes. Notice that all of these terms are action verbs. Figure 2.13 shows the
arrows and lines used to diagram each of the four types of behavioral relationships. The four
relationships are described next.
COMMUNICATES The behavioral relationship communicates is used to connect an actor to a use case.
Remember that the task of a use case is to give some sort of result that is beneficial to the actor
in the system. Therefore, it is important to document these relationships between actors and use
cases. In our first example, a Student communicates with Enroll in Course. Examples of some
components of a student enrollment example are shown in the use case diagrams in Figure 2.14.
INCLUDES The includes relationship (also called the uses relationship) describes the situation in which

a use case contains behavior that is common to more than one use case. In other words, the common
use case is included in the other use cases. A dotted arrow that points to the common use case indicates
the includes relationship. An example would be a use case Pay Student Fees that is included in
Enroll in Course and Arrange Housing because in both cases students must pay their fees. Pay
Student Fees may be used by several use cases. The arrow points toward the common use case.
EXTENDS The extends relationship describes the situation in which one use case possesses the

behavior that allows the new use case to handle a variation or an exception from the basic use
case. For example, the extended use case Student Health Insurance extends the basic use case
Pay Student Fees. The arrow goes from the extended to the basic use case.
GENERALIZES The generalizes relationship implies that one thing is more typical than the other

thing. This relationship may exist between two actors or two use cases. For example, a Part-time
Student generalizes a Student. Similarly, some of the university employees are professors. The
arrow points to the general thing.

Relationship

Symbol

Meaning
An actor is connected to a use case using a line with
no arrowheads.

Communicates
Includes

<< include >>

A use case contains a behavior that is common to more than one
other use case. The arrow points to the common use case.

Extends

<< extend >>

A different use case handles exceptions from the basic use case.
The arrow points from the extended to the basic use case.

Generalizes

One UML “thing” is more general than another “thing.”
The arrow points to the general “thing.”

FIGURE 2.13
Some components of use case diagrams showing actors, use cases, and relationships for a student enrollment example.
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FIGURE 2.14
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Developing System Scope
The scope of a system defines its boundaries: what is in scope—or inside the system—and what
is out of scope. The project usually has a budget that helps to define scope, as well as start and
end times. Actors are always outside the scope of the system. The communicates lines that connect actors to the use cases are the boundaries and define the scope. Because a use case diagram
is created early in the system’s life cycle, the budget, starting time, and ending time may change
as the project progresses. As the analyst learns more about the system, the use case diagrams, use
case, and scope may change.

Developing Use Case Diagrams
The primary use case consists of a standard flow of events in the system that describes a standard
system behavior. The primary use case represents the normal, expected, and successful completion of the use case.
When diagramming a use case, start by asking the users to list everything the system should
do for them. This can be done using interviews, in a joint application design session (as described
in Chapter 4), or through other facilitated team sessions. The analyst may also use agile stories
sessions (described in Chapter 6) to develop use cases. Write down who is involved with each
use case and the responsibilities or services the use case must provide to actors or other systems.
In the initial phases, this may be a partial list that is expanded in the later analysis phases. Use
the following guidelines:
1. Review the business specifications and identify the actors involved.
2. Identify the high-level events and develop the primary use cases that describe those events
and how the actors initiate them. Carefully examine the roles played by the actors to identify all the possible primary use cases initiated by each actor. Use cases with little or no
user interaction do not have to be shown.
3. Review each primary use case to determine the possible variations of flow through the use
case. From this analysis, establish the alternative paths. Because the flow of events is usually different in each case, look for activities that could succeed or fail. Also look for any
branches in the use case logic in which different outcomes are possible.

Examples of use cases and
behavioral relationships for
student enrollment.

33

34

PART 1 • SYSTEMS A N ALYSIS FUNDAMENTALS

If a context-level data flow diagram has been created, it can be a starting point for creating
a use case. The external entities are potential actors. Then examine the data flow to determine
whether it would initiate a use case or be produced by a use case.
Figure 2.15 is an example of a use case diagram representing a system used to plan a conference. The actors are the Conference Chair, responsible for planning and managing the
conference, the conference Participant, Speakers, a Keynote Speaker, Hotel Reservations,
and a Caterer. Actors represent the role the user plays, and the Caterer may be either a hotel
employee or an external catering service.
Both the Conference Chair and the Caterer are involved in planning meals and banquets.
The Conference Chair is also responsible for arranging speakers. The Participant registers
for the conference. Notice that the Reserve Room use case is involved in an includes relationship with the Arrange Speaker and Register for Conference use cases because both speakers
and participants will need lodging. The Arrange Language Translation use case extends the
Register for Conference use case because not all participants will require language translation
services. The Speaker actor is a generalization of Keynote Speaker.

Developing Use Case Scenarios
Each use case has a description. We refer to the description as a use case scenario. As mentioned,
the primary use case represents the standard flow of events in the system, and alternative paths
describe variations to the behavior. Use case scenarios may describe what happens if an item
purchased is out of stock, or if a credit card company rejects a customer’s requested purchase.

FIGURE 2.15
A use case diagram representing a
system used to plan a conference.
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There is no standardized use case scenario format, so each organization is faced with specifying what standards should be included. Often the use cases are documented using a template
predetermined by the organization, which makes the use cases easier to read and provides standardized information for each use case in the model.

Use Case Levels
You may want to create use cases for different levels. One method (defined by Alistair Cockburn)
uses the following altitude metaphors:
1. White is the highest level, like clouds. This is the enterprise level, and there may be only
four to five use cases at this level for the entire organization. Examples might be to advertise goods, sell goods to customers, manage inventory, manage the supply chain, and optimize shipping.
2. Kite is lower than white but still a high level, providing an overview. The kite use case may
be at the business unit or department level and is a summary of goals. Examples would be
to register students, or, if working with a travel company, to make an airline, hotel, car, or
cruise reservation.
3. Blue is at sea level and is customarily used to depict user goals. This level often has the
greatest interest for users and is easiest for a business to understand. It is usually written
for a business activity, and each person should be able to do one blue level activity in anywhere from 2 to 20 minutes. Examples are register a continuing student, add a new customer, place an item in a shopping cart, and order checkout.
4. Indigo or fish is a use case that shows lots of detail, often at a functional or subfunctional
level. Examples are Choose a class, pay academic fees, look up the airport code for a given
city, and produce a list of customers after entering a name.
5. Black or clam, like the bottom of the ocean, are the most detailed use cases, at a subfunction level. Examples might be to validate secure logon, add a new field using dynamic
HTML, or use Ajax to update a web page in a small way.
A use case scenario example is shown in Figure 2.16. Some of the areas included are optional
and may not be used by all organizations. The three main areas are:
1. An area header that contains case identifiers and initiators
2. Steps performed
3. A footer area that contains preconditions, assumptions, questions, and other information
The first area, use case identifiers and initiators, orients the reader and contains the use case
name and a unique ID; the application area or system that this use case belongs to; the actors
involved in the use case; and the stakeholders that have a high level of interest in the use case.
Some stakeholders never interact directly with the system, such as the stockholders, the board of
directors, or the sales manager. Each primary actor is a stakeholder but is not listed in the stakeholder area. The first area should therefore include the level (blue, kite, and so on) and a brief
description of what the use case accomplishes.
The header concludes with the initiating (triggering) event—that is, what caused the use case
to start—and the type of trigger, either external or temporal. External events are those started by
an actor, either a person or another system requesting information, such as an airline reservation system requesting flight information from an airline system. Temporal events are those that
are triggered or started by time. Events occur at a specific time, such as sending an email about
special offers once a week on a Sunday evening, sending bills on a specific day, or generating
government statistics on a specified date every quarter.
The second area of the use case includes the steps performed and the information required
for each of the steps. These statements represent the standard flow of events and the steps taken
for the successful completion of the use case. It is desirable to write up a use case for the main
path and then to write up one for each of the alternative paths separately rather than using IF . . .
THEN . . . statements. Steps are numbered with an integer. The steps may come from a detailed
interview with users or may be derived from agile modeling stories (as described in Chapter 6).
These steps should be reviewed with the users for clarification.
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FIGURE 2.16
A use case scenario is divided
into three sections: identification
and initiation; steps performed;
and conditions, assumptions, and
questions.

Use case name:

Register for Conference

Area:

Conference Planning

Actor(s):

Participant

Stakeholder:

Conference Sponsor, Conference Speakers

Level:

Blue

UniqueID:

Conf RG 003

Description:

Allow conference participant to register online for the conference using a secure website.

Triggering Event:

Participant uses Conference Registration website, enters userID and password, and clicks the logon button.

Trigger type:

External

Temporal

Steps Performed (Main Path)

1. Participant logs in using the secure web server.

Information for Steps
userID, Password

2. Participant record is read and password is verified.

Participant Record, userID, Password

3. Participant and session information is displayed on the
Registration web page.

Participant Record, Session Record

4. Participant enters information on the Registration Web form
and clicks Submit button.

Registration Web Form

5. Registration information is validated on the Web server.

Registration Web Form

6. Registration Confirmation page is displayed to confirm
registration information.

Confirmation Web Page

7. Credit card is charged for registration fees.

Secure Credit Card Web Page

8. Add Registration Journal record is written.

Confirmation Web Page

9. Registration record is updated on the Registration Master.

Confirmation Web Page, Registration Record

10. Session record is updated for each selected session on
the Session Master.

Confirmation Web Page, Session Record

11. Participant record is updated for the participant on
the Participant Master.

Confirmation Web Page, Participant Record

12. Successful Registration Confirmation web page is sent to
the participant.

Registration Record Confirmation Number

Preconditions:

Participant has already registered and has created a user account.

Postconditions:

Participant has successfully registered for the conference.

Assumptions:

Participant has a browser and a valid userID and password.

Success Guarantee:

Participant has registered for the conference and is enrolled in all selected sessions.

Minimum Guarantee:

Participant was able to logon.

Requirements Met:

Allow conference participants to be able to register for the conference using a secure website.

Outstanding Issues:

How should a rejected credit card be handled?

Priority:

High

Risk:

Medium

The analyst should examine each of the steps and determine the information required for each
step. If the analyst cannot determine the information, he or she should schedule a follow-up interview with the user. Some use case descriptions include extensions or alternative scenarios, with the
exceptions as additional sections following the standard flow of events. These are numbered with
an integer, decimal point, and another integer, such as 3.1, 3.2, 3.3, and so on. These are steps that
may or may not be used. Analysts and users can brainstorm what can go wrong with the main path,
and they may uncover important details and conditions. It is necessary to work with the users to
determine what to do when these conditions occur. This helps to detect errors earlier in the life cycle.
Figure 2.17 illustrates how logic and alternative scenarios can be included in the middle section
of a use case. In this airline example, notice that Step 1 is made up of smaller steps, many of which
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FIGURE 2.17
Steps Performed (Main Path)

Information for Steps

1.

Airport Locations

Enter departing and arriving airports, dates of travel
1.1.

If an airport code is entered, display matching name, city, country

1.2.

If a city is entered, find all matching cities

1.3.

Customer selects a city

1.4.

If there is more than one airport for the city, display airports

1.5.

Client selects an airport

1.6.

Insert the airport code (3 characters)

1.7.

Display the matching airport country, city, and airport name

2.

Find all matching flights with available seats

3.

Customer selects flight

4.

Customer logs on

Customer Logon

5.

Customer selects passenger names

Passenger Records
Plane Number, Seating Chart, Available Seats

6.

Seating chart is displayed showing all available seats

7.

Customer selects seat(s) for each passenger

8.

Display confirmation and credit card page

9.

Credit card verified

10.

Email confirmation sent

11.

Airline reservation made

Flight Information

Extensions or Alternative Scenarios
Flight Selection
1.

A list of flights displays

2.

Customer selects a flight

3.

Request is sent to airline

4.

Flight is already full

Seat Selection
1.

A list of flights displays

2.

Customer selects a flight

3.

Request is sent to airline

4.

Seat reservations are retrieved

5.

Seating chart is displayed

6.

Customer cannot find an acceptable seat

Meal Selection for International Flights
1.

Customer selects meal from drop-down list

Available Airline Meal List

2.

Record is updated with meal selection

Customer Meal Record

are preceded by an “if.” These are still on the main path but occur only if the condition is met. For
example, if there are many airports that serve a city, then all the airports will be displayed. Extensions or alternate scenarios can appear here as well. For this airline, other scenarios include flight
selection, seat selection, and meal selection. Use cases may even include iterative or looping steps.
The third area of the use case includes:
• Preconditions, or the condition of the system before the use case may be performed, which
may be another use case. An example might be, “The viewer has successfully logged into
the system,” or it might be the successful completion of another use case.
• Postconditions, or the state of the system after the use case has finished, which include output people have received, transmissions to other systems, and data that have been created or
updated. These relate to the goals or user requirements from a problem definition (described
in Chapter 3) or to agile stories (described in Chapter 6).

Use cases can include
conditional steps as well
as extensions or alternative
scenarios.
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• Assumptions made that would affect the method of the use case and that could stipulate
required technology, such as the minimum technology requirements in a browser or even a
specific or higher version of a browser. An assumption might be that cookies or JavaScript
are enabled. The analyst must determine what to do if the assumptions are not met. When
using Google Maps, JavaScript must be enabled; if it is not enabled, the map will not display. Netflix requires cookies. Good web pages will detect that an assumption has not been
met and notify the viewer with a message, including information on how to turn on cookies
or JavaScript for different browsers.
• Minimal guarantee, which is the minimum promised to the users. They may not be happy
with this result, and it may be that nothing happens.
• Success guarantee, which is what would satisfy the users, and it is usually that the goal of
the use case has been met.
• Any outstanding issues or questions that must be answered before implementation of the use case.
• An optional statement of priority of the use case, which may come from a problem definition
or user requirements.
• An optional statement of risk involved in creating the use case.
The Requirements Met area links the use case to user requirements or objectives from a
problem definition. Once you develop the use case scenarios, be sure to review your results with
the business experts to verify and refine the use cases if needed.
In the use case scenario in Figure 2.16, called Register for Conference, the only actor
involved is the Participant. The overall area is Conference Planning, and the use case is triggered by the participant logging on to the Registration web page. The Steps Performed area
lists the sequence of events that must occur for a successful conference registration. Notice that
the information needed to perform each of the steps is listed on the right. This may include web
pages and forms, as well as database tables and records.
The Preconditions area in the footer section of the use case scenario lists what must occur
before the participant can register for a conference. In this example, the participant must have already
signed up as a member of the society and have a valid userID and password. The Postconditions area
lists what has been accomplished by the use case. The Assumptions area lists any basic premises the
analyst assumes are fulfilled by the actor beforehand. The Requirements Met area shows why this
use case is important and necessary for the business area to be successful. Priority is an indication of
which use cases should be developed first and which may be delayed. Risk is a rough assessment of
whether there may be problems or difficulties developing the use case. In this case, the risk is medium
because the registration use case requires a secure server and is accepting credit card information.

Creating Use Case Descriptions
Use the following four steps to create use case descriptions:
1. Use agile stories, problem definition objectives, user requirements, or a features list as a
starting point.

FIGURE 2.18
Reasons for writing use cases.

Reasons for Writing Use Cases
• Use cases effectively communicate systems requirements because the diagrams are
kept simple.
• Use cases allow people to tell stories.
• Use case stories make sense to nontechnical people.
• Use cases do not depend on a special language.
• Use cases can describe most functional requirements (such as interactions between
actors and applications).
• Use cases can describe nonfunctional requirements (such as performance and
maintainability) through the use of stereotypes.
• Use cases help analysts deﬁne boundaries.
• Use cases can be traceable, allowing analysts to identify links between use cases and
other design and documentation tools.
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2. Ask about the tasks that must be done to accomplish the transaction. Ask if the use case
reads any data or updates any tables.
3. Find out if there are any iterative or looping actions.
4. The use case ends when the customer goal is complete.

Why Use Case Diagrams Are Helpful
No matter what method you use to develop your system (traditional SDLC methods, agile methods, or object-oriented methods), you will find that use cases are valuable. The use case diagrams
identify all the actors in the problem domain, and a systems analyst can concentrate on what
people want and need to use the system, extend their capabilities, and enjoy their interaction with
technology. The main reasons for writing use cases are shown in Figure 2.18.
The actions that need to be completed are also clearly shown on the use case diagram. This
not only makes it easy for the analyst to identify processes, but it also aids in communication
with other analysts on the team and with business executives.
The use case scenario is worthwhile. A lot of the information the users impart to the analyst
already takes the form of stories, and it is easy to capture the stories on a use case scenario form.
The use case scenario always documents the triggering event so that an analyst can trace the
steps that led to other use cases. Because the steps performed are noted, it is possible to employ
use case scenarios to write logical processes.
Use case diagrams are becoming popular because of their simplicity and lack of technical
detail. They are used to show the scope of a system, along with the major features of the system
and the actors who work with those major features. The users see the system, and they can react
to it and provide feedback. They also may help to determine whether to build or buy the software.

Levels of Management
Management in organizations exists on three broad, horizontal levels: operational control,
managerial planning and control (middle management), and strategic management, as shown in
Figure 2.19. Each level carries its own responsibilities, and all work toward achieving organization goals and objectives in their own ways.

FIGURE 2.19

Strategic
Management

Managerial
Planning and Control

Operational Control

Management in organizations
exists on three horizontal levels:
operational control, managerial
planning and control, and strategic
management.
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CON SULTIN G OPPO RTUNITY 2. 2

Where There’s Carbon, There’s a Copy

“I

don’t know what we do with the pink ones yet,” Richard Russell admitted. “They’re part of a quadruplicate form that rips apart.
All I know is that we keep them for the filing clerk, and he files
them when he has time.”
Richard is a newly hired junior account executive for Carbon,
Carbon & Rippy, a brokerage house. You are walking through the
steps he takes in making a stock purchase “official” because his
boss has asked you to streamline the process whereby stock purchase information is stored in the computer system and retrieved.
After you leave, Richard continues thinking about the pink
forms. He tells his clerk, Harry Schultz, “In my two months here,
I haven’t seen anyone use those. They take up my time and yours,
not to mention all the filing space. Let’s pitch them.”
Richard and Harry proceed to open all the old files kept by Richard’s predecessor and throw out the filed pink forms, along with
those accumulated but not yet filed. It takes hours, but they make
a lot of room. “Definitely worth the time,” Richard reassures Harry.

Three weeks later, an assistant to Richard’s supervisor, Carol
Vaness, appears. Richard is happy to see a familiar face, greeting
her with, “Hi, Carol. What’s new?”
“Same old thing,” Carol sighs. “Well, I guess it isn’t old to
you, because you’re the newcomer. But I need all those pesky pink
forms.”
Almost in shock, Richard exchanges looks with Harry, then
mumbles, “You’re kidding, of course.”
Carol looks more serious than Richard ever thought possible,
replying, “No joke. I summarize all the pink forms from all the
brokers, and then my totals are compared with computerized stock
purchase information. It’s part of our routine, three-month audit
for transaction accuracy. My work depends on yours. Didn’t Ms.
McCue explain that to you when you started?”
What systems concept did Richard and Harry ignore when
tossing out the pink forms? What are the possible ramifications for
systems analysts if general systems concepts are ignored?

Operational control forms the bottom tier of three-tiered management. Operations managers
make decisions using predetermined rules that have predictable outcomes when implemented
correctly. They make decisions that affect implementation in work scheduling, inventory control,
shipping, receiving, and control of processes such as production. Operations managers oversee
the operating details of the organization.
Middle management forms the second, or intermediate, tier of the three-tiered management
system. Middle managers make short-term planning and control decisions about how resources
may best be allocated to meet organizational objectives.
Strategic management is the third level of three-tiered management control. Strategic managers look outward from the organization to the future, making decisions that will guide middle
and operations managers in the months and years ahead.
Strategic managers work in a highly uncertain decision-making environment. There are
sharp contrasts among the decision makers on many dimensions. For instance, strategic managers have multiple decision objectives, whereas operations managers have single ones. It is often
difficult for high-level managers to identify problems, but it is easy for operations managers to do
so. Strategic managers are faced with semistructured problems, whereas lower-level managers
deal mostly with structured problems.
The alternative solutions to a problem facing strategic managers are often difficult to articulate, but the alternatives that operations managers work with are usually easy to enumerate. Strategic managers most often make one-time decisions, whereas the decisions made by operations
managers tend to be repetitive.

Implications for Information Systems Development
Each of the three management levels has different implications for developing information systems. Some of the information requirements for managers are clear-cut, whereas others are fuzzy
and overlapping.
Operations managers need internal information that is of a repetitive, low-level nature.
They are highly dependent on information that captures current performance, and they are frequent users of online, real-time information resources. The need of operations managers for past
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CON SULTING O PPO RTUNITY 2. 3

Pyramid Power

“W

e really look up to you,” says Paul Le. As a systems analyst, you have been invited to help Pyramid, Inc., a small, independent book-publishing firm that specializes in paperback books
outside the publishing mainstream.
Paul continues, “We deal with what some folks think are fringe
topics. You know, pyramid power, end-of-the-world prophecies,
and healthier living by thinking of the color pink. Sometimes when
people see our books, they just shake their heads and say, ‘Tut—
uncommon topic.’ But we’re not slaves to any particular philosophy,
and we’ve been very successful. So much so that because I’m 24,
people call me the ‘boy king.’” Paul pauses to decipher your reaction.
Paul continues, “I’m at the top as president, and functional
areas such as editorial, accounting, production, and marketing are
under me.”
Paul’s assistant, Ceil Toom, who has been listening quietly up
to now, barges in with her comments: “The last systems experts that
did a project for us recommended the creation of liaison committees

of employees between accounting, production, and marketing, so
that we could share newly computerized inventory and sales figures
across the organization. They claimed that committees such as that
would cut down on needless duplication of output, and each functional area would be better integrated with all the rest.”
Paul picks up the story, saying, “It was fair—oh, for a while—
and the employees shared information, but the reason you’re here
is that the employees said they didn’t have time for committee
meetings and were uncomfortable sharing information with people
from other departments who were further up the ladder than they
were here at Pyramid.”
According to Paul and Ceil, what were the effects of installing
a management information system at Pyramid, Inc. that required
people to share information in ways that were not consistent with
their structure? Propose some general ways to resolve this problem so Pyramid employees can still obtain the sales and inventory
figures they need.

performance information and periodic information is only moderate. They have little use for
external information that allows future projections.
On the next management level, middle managers are in need of both short- and longerterm information. Due to the troubleshooting nature of their jobs, middle managers experience
extremely high needs for information in real time. To control properly, they also need current
information on performance as measured against set standards. Middle managers are highly
dependent on internal information. In contrast to operations managers, they have a high need for
historical information, along with information that allows for the prediction of future events and
simulation of numerous possible scenarios.
Strategic managers differ somewhat from both middle and operations managers in their
information requirements. They are highly dependent on information from external sources that
supply news of market trends and the strategies of competing corporations. Because the task of
managing strategically demands projections into the uncertain future, strategic managers have a
high need for information of a predictive nature and information that allows creation of many
different “what if” scenarios. They also need accurate assessments of risk, including those posed
to security of information system. Strategic managers also exhibit strong needs for periodically
reported information as they seek to adapt to fast-moving changes.

Collaborative Design
Collaborative design has many meanings in many fields, such as architecture, engineering, and
information systems. In systems analysis and design, collaborative design means that stakeholders who are external (outside clients) as well as those who are internal to the company follow
processes to share in designing a system that meets their goals. Internally, collaborators can
come from different levels of the organization’s hierarchy, including strategic, managerial, and
operations or from different departments of the same organizational level.
Researchers have found that many internal design collaborations rely on power relationships and information flows, which could be based in part on hierarchical relationships in the
organization (Levina, 2005; Phelps, 2012). Information systems projects may go more smoothly
if those in lower ranks of the organization, say graphics designers, are given the opportunity to
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use their expertise to create initial designs that are then examined by those who are not directly
in graphic design but are higher up in the IT department or organization. Researchers also found
that giving power to those who possess technical or strategic expertise in preference to graphic
designers when using structured methods to begin a project may cause problems in the collaboration (Levina, 2005; Phelps, 2012). For external collaborations, it is suggested that attention be
paid to including relevant stakeholders in appropriate information flows as well as emphasizing
the relationships that are formed between external and internal participants.

Organizational Culture
Organizational culture is an established area of research that has grown remarkably in the past
decades. Just as it is appropriate to think of organizations as including many technologies, it is
similarly appropriate to see them as hosts to multiple, often competing subcultures.
There is still little agreement on what precisely constitutes an organizational subculture. It is
agreed, however, that competing subcultures may be in conflict, attempting to gain adherents to
their vision of what the organization should be. Research is in progress to determine the effects
of virtual organizations and virtual teams on the creation of subcultures when members do not
share a physical workspace but share tasks.
Rather than think about culture as a whole, it is more useful to think about the researchable
determinants of subcultures, such as shared verbal and nonverbal symbolism. Verbal symbolism
includes shared language used to construct, convey, and preserve subcultural myths, metaphors,
visions, and humor. Nonverbal symbolism includes shared artifacts, rites, and ceremonies; clothing of decision makers and workers; the use, placement, and decoration of offices; and rituals for
celebrating members’ birthdays, promotions, and retirements.
Subcultures coexist within “official” organizational cultures. The officially sanctioned culture may prescribe a dress code, suitable ways to address superiors and coworkers, and proper
ways to deal with the outside public. Subcultures may be powerful determinants of information
requirements, availability, and use.
Organizational members may belong to one or more subcultures in the organization. Subcultures may exert a powerful influence on member behavior, including sanctions for or against the
use of information systems.
Understanding and recognizing predominant organizational subcultures may help a systems
analyst overcome the resistance to change that arises when a new information system is installed.
For example, the analyst might devise user training to address specific concerns of organizational
subcultures.

Technology’s Impact on Culture
Technology is changing the culture of organizations and teams. Slack is an employer-sanctioned
social media platform, or workplace-messaging app. Conversations between coworkers can be
public, private, or something in between. Conversations can be put together as a group or as a
person-to-person conversation. Channels can be devoted to seemingly trivial concernssuch as
popular snacks or employee cafeteria food, but its main purpose is to foster collaboration and
communication among officer workers. It is less formal that email and might be more popular
with those in the millennial age group. Slack can shape a culture, and it can become an office
culture complete with programmable pranks, featuring less formal interactions that email, and
helping team members to avoid the difficulty of expressing themselves face-to-face in a meeting
or even one to one.
Slack has both public and private channels. Public channels are open to all Slack team members, and messages posted to them are archived (stored and kept) and are searchable by the entire
work team. Private channels are circumscribed so that they are available to a limited number of
team members and are joined via invitation only. You must be a private channel member to be
able to view and search the contents of the private channel. Slack also has direct messages (DM)
or group messages (group DMs) that are used for rapid, private messaging between two or more
members of a work team. Their searchability depends on whether you are a recipient of the DM,
in which case you can view and search the contents. Slack and many other technology-based
tools can be very helpful in team communication.
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“Y

ou seem to have already made a good start at MRE. I’m
glad you met Mr. Evans. As you know, you’ll be reporting directly
to him during your consulting project. As his administrative assiatant for the past five years, I can tell you a lot about the company,
but remember that there are a number of ways to find out more. You
will want to interview users, observe their decision-making settings,
and look at archival reports, charts, and diagrams. To do so, you can
click on the phone directory to get an appointment with an interviewee, click on the building map to view the layout lf the building,
or click on the corporate website to see the functional areas and
formal hierarchical relationships at MRE.
“Many of the rules of corporate life apply in the MRE HyperCase. You can walk freely in many public areas. If you want to tour
a private office, however, you must first book an appointment with
one of our employees. Some secure areas are strictly off limits to
you as an outsider because you could pose a security risk.
“I don’t think you’ll find us excessively secretive, however,
because you may assume that any employee who grants you an
interview will also grant you access to the archival material in his
or her files as well as to current work on their desktops or screens.
“Unfortunately, some people in the company never seem to
make themselves available to consultants. I suggest that you be
persistent. There are lots of ways to find out about the people and
the systems of MRE. Creativity pays off. You’ll notice that the systems consultants, who follow their hunches, sharpen their technical
skills, and never stop thinking about piecing together the puzzles at

MRE are the ones who get the best results.
“Remember to use multiple methods—interviewing, observation, and investigation—to understand what we at MRE are trying to tell you. Sometimes actions, documents, and offices actually
speak louder than words!”

HYPERCASE Questions
1. What major organization change recently took place at
MRE? What department(s) was (were) involved? Why was
the change made?
2. What are the goals of the Training and Management Systems
Department?
3. Would you categorize MRE as a service industry, a manufacturer, or both? What kind of “products” does MRE “produce”? Suggest how the type of industry MRE is affects the
information systems it uses.
4. What type of organization structure does MRE have? What
are the implications of this structure for MRE?
5. Describe in a paragraph the “politics” of the Training and
Management Systems Department at MRE. Who is involved,
and what are some of the main issues?
6. Draw a use case diagram representing the activities of The
Webster Design Group at MRE when developing site and
facility master plans. (Use the MRE website to obtain your
basic information.)

Summary
There are three broad organizational fundamentals to consider when analyzing and designing information systems: the concept of organizations as systems, the various levels of management, and the overall
organizational culture.
Organizations are complex systems composed of interrelated and interdependent subsystems. In addition, systems and subsystems are characterized by their internal environments on a continuum from open
to closed. An open system allows free passage of resources (people, information, materials) through its
boundaries; closed systems do not permit free flow of input or output. Organizations and teams also can be
organized virtually, with remote members who are not in the same physical workspace connected electronically. Enterprise resource planning systems are integrated organization (enterprise) information systems
developed with customized, proprietary software that help the flow of information between the functional
areas in the organization.
There are many ways to graphically depict the system. An analyst should Choose among these tools
early on to get an overview of the system. These approaches include drawing context-level data flow diagrams, capturing relationships early on with E-R diagrams, and drawing use case diagrams or writing use
case scenarios based on user stories. Using these diagrams and techniques at the beginning of analysis can
help the analyst define the boundaries and scope of the system and can help bring into focus which people
and systems are external to the system being developed.
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HYPE RC AS E E X P E R I E N CE 1

E-R diagrams help a systems analyst understand the entities and relationships that comprise an organizational system. E-R diagrams can depict a one-to-one relationship, a one-to-many relationship, a many-toone relationship, and a many-to-many relationship.
The three levels of managerial control are operational, middle management, and strategic. The time
horizon of decision making is different for each level.
Organizational cultures and subcultures are important determinants of how people use information
and information systems. By grounding information systems in the context of the organization as a larger
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Summary

require communication skills that enable them to relate meaningfully to many different kinds of people
on a daily basis, as well as computer skills. Understanding and relating well to users is critical to their
success.
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1 ECNEIREPXE ESACREPYH

List the three broad, horizontal levels of management in organizations.
Who should be involved in collaborative design of information systems?
How can understanding organizational subcultures help in the design of information systems?
How can systems analysis team members use Slack to build or reinforce an organizational culture or
subculture?
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5. Neil is a decision maker for Pepe’s Atlantic Sausage Company. Because there are several suppliers of
ingredients and their prices fluctuate, he has come up with several different formulations for the various
sausages that he makes, depending on the availability of particular ingredients from particular suppliers.
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b. Write a brief tutorial or create a short Microsoft PowerPoint presentation for Carson on how to
draw context level diagrams. Be sure to define any technical terms, as well as the reasons for
drawing a context level diagram early in your visits to Elrod Manufacturing.
11. Draw a use case and write up a use case scenario for getting two or three email accounts. Think about
the steps that are needed to ensure security.
12. Draw a use case and write up a use case scenario for a user who is trying to logon to a secure site that
they subscribe to, but who has forgotten their password.
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design the IT artifact is imbued with both community and organization structures, knowledge, and practices.
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Project Management
L E A R N I N G OB J E CT I V E S
Once you have mastered the material in this chapter, you will be able to:
1. Understand how projects are initiated and selected, define a business problem, and
determine the feasibility of a proposed project.
2. Evaluate hardware and software alternatives by addressing the trade-offs.
3. Forecast and analyze tangible and intangible costs and benefits.
4. Manage a project by preparing a budget, creating a work breakdown structure, scheduling
activities, and controlling the schedule and costs.
5. Build and manage a project team.
6. Write an effective systems proposal, concentrating on both content and design.

Initiating projects, determining project feasibility, scheduling projects, estimating costs,
budgeting, and planning and then managing activities and team members for productivity
are all important capabilities for a systems analyst to master. As such, they are considered
project management fundamentals.
A systems project begins with problems or with opportunities for improvement in a
business that come up as the organization adapts to change. The increasing popularity of
ecommerce means that some fundamental changes are occurring as businesses either
originate their enterprises on or move their internal operations and external relationships
to the Internet. Changes that require a systems solution occur in the legal environment
as well as in the industry’s environment. A systems analyst works with users to create a
problem definition that reflects current business systems and concerns.
Once a project is suggested, the systems analyst works quickly with decision makers
to determine whether the project is feasible. When a project is approved for a full systems
study, the project activities are scheduled through the use of tools such as Gantt charts
and Program Evaluation and Review Technique (PERT) diagrams so that the project can be
completed on time. Part of ensuring the productivity of systems analysis team members is
effectively managing their scheduled activities. This chapter is devoted to a discussion of
project management fundamentals.
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Project Initiation
Systems projects are initiated by many different sources for a variety of reasons. Some of the
projects suggested will survive various stages of evaluation to be worked on by you (or you and
your team); others will not and should not get that far. Businesspeople suggest systems projects
for two broad reasons: (1) because they experience problems that lend themselves to systems
solutions, and (2) because they recognize opportunities for improvement through upgrading,
altering, or installing new systems. Both situations can arise as an organization adapts to and
copes with natural, evolutionary change.

Problems in an Organization
Managers do not like to conceive of their organization as having problems, let alone talk
about those problems or share them with someone from outside. Good managers, however,
realize that recognizing symptoms of problems or, at a later stage, diagnosing the problems
themselves and then confronting them are imperative if the business is to keep functioning at
its highest potential.
Problems surface in many different ways. In some instances, problems are uncovered
because performance measures are not being met. Problems (or symptoms of problems) with
processes that are visible in output and that could require the help of a systems analyst include
excessive errors and work performed too slowly, incompletely, incorrectly, or not at all. Other
symptoms of problems become evident when people do not meet baseline performance goals.
Changes in employee behavior such as unusually high absenteeism, high job dissatisfaction,
or high worker turnover should alert managers to potential problems. Any of these changes,
alone or in combination, might be a sufficient reason to request the help of a systems analyst.
Although difficulties such as those just described occur in an organization, feedback on
how well the organization is meeting intended goals may come from outside, in the form of
complaints or suggestions from customers, vendors, or suppliers, as well as lost or unexpectedly
low sales. This feedback from the external environment is extremely important and should not
be ignored. A summary of symptoms of problems and approaches useful in problem detection is
provided in Figure 3.1.

Defining the Problem
Whether using the classic systems development life cycle (SDLC) approach or an objectoriented approach, an analyst first defines the problems and objectives of the system. These
form the foundation for determining what needs to be accomplished by the system.
A problem definition usually contains some sort of problem statement, summarized in
a paragraph or two. This is followed by a series of issues or major independent pieces of the
problem. The issues are followed by a series of objectives or goals that match the issues point
by point. Issues are the current situation; objectives are the desired situation. The objectives
may be very specific or worded as a general statement.

To Identify Problems

Look for These Specific Signs:

Check output against performance criteria.

•
•
•
•
•

Observe behavior of employees.

• High absenteeism
• High job dissatisfaction
• High job turnover

Listen to external feedback from:
Vendors and service providers.
Customers.
Suppliers.

•
•
•
•

Too many errors
Work completed slowly
Work done incorrectly
Work done incompletely
Work not done at all

Complaints
Suggestions for improvement
Loss of sales
Lower sales

FIGURE 3.1
Checking output, observing
employee behavior, and listening
to feedback are all ways to help
the analyst pinpoint systems
problems and opportunities.
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CON SULTIN G OPPO RTUNITY 3. 1

The Sweetest Sound I’ve Ever Sipped

F

elix Straw, who represents one of the many U.S. distributors
of the European soft drink Sipps, gazes unhappily at the weather
app on his smartphone, which shows a map of the United States
saturated with dark red, indicating that most of the country
is experiencing an early spring heat wave, with no signs of a
letup. Holding up the screen of his smartphone as he speaks to
the assembled systems group, he says, “It’s the best thing that
could happen to us, or at least it should be. But when we had
to place our orders three months ago, we had no idea that this
spring monster heat wave was going to devour the country this
way!” Nodding his head toward a picture of their European plant
hung on the wall, he continues, “We need to be able to tell them
when things are hot over here so we can get enough product.
Otherwise, we’ll miss out every time. This happened two years
ago, and it just about killed us.
“Each of us distributors meets with our district managers to do three-month planning. When we agree, we email our
orders to European headquarters. They make their own adjustments, bottle the drinks, and then we get our modified orders
about 9 to 15 weeks later. But we need ways to tell them what’s
going on now. Why, we even have some new superstores that
are opening up here. They should know we have extra-high
demand.”
Corky, his assistant, agrees, saying, “Yeah, they should at least
look at our past sales around this time of year. Some springs are
hot, others are just average.”

Straw concurs, saying, “It would be music to my ears, it would
be really sweet, if they would work with us to spot trends and
changes—and then respond quickly.”
Stern’s, based in Blackpool, England, is a European beverage
maker and the developer and producer of Sipps. Sipps is a sweet,
fruit-flavored, nonalcoholic, noncarbonated drink served chilled
or with ice, and it is particularly popular when the weather is hot.
Sipps has sold briskly in Europe and grown in popularity in the
United States since its introduction five years ago, but the company
has had a difficult time adequately managing inventory and keeping
up with U.S. customer demand, which is affected by seasonal temperature fluctuations. Places with year-round, warm-temperature
climates and lots of tourists (such as Florida and California) have
large standing orders, but other areas of the country could benefit
from a less cumbersome, more responsive order-placing process. A
network of local distributors located throughout the United States
and Canada distributes Sipps.
As one of the systems analysts assigned to work with the U.S.
distributors of Sipps, you begin your analysis by listing some of the
key symptoms and problems you have identified after studying the
information flows, ordering process, and inventory management, and
after interviewing Mr. Straw and his assistant. In a paragraph, describe
which problems might indicate the need for a systems solution.
Note: This consulting opportunity is loosely based on J. C. Perez,
“Heineken’s HOPS Software Keeps A-Head on Inventory.” PC Week, 14,
2 (January 13, 1997): 31 and 34.

Here are some examples of business questions relating to business objectives:
•
•
•
•
•
•

What are the purposes of the organization?
Is the organization a for-profit or nonprofit organization?
Does the company plan to grow or expand?
What is the organization’s attitude (culture) about technology?
What is the organization’s budget for IT?
Does the organization’s staff have the expertise?

Needless to say, a systems analyst needs to understand how a business works.
Finally, the problem definition contains requirements—the things that must be
accomplished—along with the possible solutions and the constraints that limit the development
of the system. The requirements section may include security, usability, government requirements, and so on. Constraints often include the word not, indicating a limitation, and may contain budget restrictions or time limitations.
The problem definition is produced after completing interviews, observations, and document analysis with the users. The result of gathering this information is a wealth of facts and
important opinions in need of summary. The first step in producing the problem definition is
to find a number of points that may be included in one issue. Major points can be identified in
the interview in a number of ways:
1. Users may identify an issue, a topic, or a theme that is repeated several times, sometimes
by different people in several interviews.
2. Users may communicate using the same metaphors, such as saying the business is a journey,
a war, a game, an organism, a machine, a family, and so on.
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3. Users may tell a story to illustrate a problem that includes a beginning, a middle, and an
ending; a hero; obstacles to overcome; and a successful (or hoped for) resolution.
4. Users may speak at length on a topic.
5. Users may tell you outright, “This is a major problem.”
6. Users may communicate importance using body language or may speak emphatically on
an issue.
7. The problem may be the first thing the user mentions.
Once the issues have been identified, the objectives must be stated. An analyst may
have to do a follow-up interview to obtain more precise information about the objectives.
After the objectives are stated, the relative importance of the issues or objectives must
be determined. If there are not enough funds to develop the complete system, the critical
objectives must be completed first. Users are the best people to identify critical objectives
(with the support of analysts) because users are domain experts in their business area and
know how they work best with technologies in the organization. In addition to looking
through data and interviewing people, a systems analyst should try to witness the problem
firsthand.
A PROBLEM DEFINITION EXAMPLE: CATHERINE’S CATERING Catherine’s Catering is a small business that

caters meals, receptions, and banquets for business and social occasions such as luncheon
meetings and weddings. It was inspired by Catherine’s love of cooking and talent for preparing
fine meals. At first it was a small company with a handful of employees working on small projects.
Catherine met with customers to determine the number of people, the types of meals, and other
information necessary to cater an event. As her company’s reputation for creating superb food
and the quality of the service began to blossom, the number of events started to increase. A new
convention center built in the city and a prospering business community increased the number of
catering events.
Catherine was able to manage the business using spreadsheets and word processing but
had difficulty keeping up with the endless phone calls about what types of meals were available, changes to the number of guests attending the event, and the availability of specialty
dietary items, such as vegan, vegetarian, low-fat, low-carbohydrate, gluten-free, and so on.
Catherine hired a number of part-time employees to cook and cater the events, however the
complexity of scheduling personnel was becoming overwhelming to the new human resources
manager. Catherine decided to hire an IT and business consulting company to help her address
the problems her catering enterprise was facing.
After performing interviews and observing a number of key staff, the consultants found the
following concerns:
1. The master chef ordered supplies (produce, meat, and so on) from suppliers for each event.
The suppliers would provide discounts if greater quantities were ordered at a single time
for all events occurring in a given time frame.
2. Customers often called to change the number of guests for an event, with some changes
made only one or two days before the event was to occur.
3. It was too time-consuming for Catherine and her staff to handle each request for catering,
with about 60 percent of the calls resulting in a contract.
4. Conflicts in employee schedules were occurring, and some events were understaffed.
Complaints about the timeliness of service were becoming more frequent.
5. Catherine does not have any summary information about the number of events and types
of meals. It would be helpful to have trend information to help guide customers in their
choice of meals.
6. Events that include service for sit-down meals are often held in banquet rooms and at other
meeting halls. There are problems with scheduling sufficient wait staff and responding to
changes in the number of guests.
The problem definition is shown in Figure 3.2. Notice the weights on the right, representing
an average of the weights assigned by each employee. Objectives match the issues. Each objective
is used to create user requirements.
User requirements are then used to create either use cases and a use case diagram or
processes on a data flow diagram. Each objective may have one or more user requirements,
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FIGURE 3.2
Problem definition for Catherine’s
Catering developed with the help
of users.
Problem Definition
Catherine’s Catering is experiencing problems with handling the number of routine calls with customers, as well as
coordinating with external partners such as suppliers and meeting facilities. The growth in the number of part-time
staff is leading to scheduling conflicts and understaffed events.
Issues
1. Customer contact takes an inordinate amount of time for routine questions.
2. Managing part-time employees is time consuming and leads to scheduling errors.
3. It is difficult to accommodate last-minute changes for events.
4. Supplies are ordered for each event. Often shipments are received several times a day.
5. There are often problems communicating changes to event facilities.
6. There is little historical information about customers and meals.

Weight
10
9
7
6
5
3

Objectives
1. Provide a Web system for customers to obtain pricing information and place orders.
2. Create or purchase a human resources system with a scheduling component.
3. After customers have signed an event contract, provide them with Web access to their
account and a means for them to update the number of guests. Notify management of changes.
4. Provide a means to determine overall quantities of supplies for events occurring within a
concurrent time frame.
5. Provide a system for communicating changes to key personnel at event facilities.
6. Store all event data and make summary information available in a variety of formats.
Requirements
1. The system must be secure.
2. Feedback must be entered by event managers at the close of each event.
3. There must be a means for event facilities to change their contact person.
4. The system must be easy to use by nontechnical people.
Constraints
1. Development costs must not exceed $50,000.
2. The initial website for customer orders must be ready by March 1 to accommodate requests
for graduation parties and weddings.

several objectives may lead to the creation of one or perhaps no use cases (use cases are not
often created for simple reports), or each requirement may lead to the creation of one data flow
diagram process. The user requirements for Catherine’s Catering are to:
1. Create a dynamic website to allow current and potential clients to view and obtain pricing
information for a variety of different products.
2. Allow current and potential clients to submit a request with their catering choices, with the
request routed to an account manager.
3. Add clients to the client database, assigning each a userID and a password for access to
their projects.
4. Create a website for clients to view and update the number of guests for an event and
restrict changes in the number of guests when the event is less than five days in the future.
5. Obtain or create software to communicate directly with event facility personnel.
6. Develop or purchase a human resources system for scheduling part-time employees that
allows management to add employees and schedule them using a number of constraints.
7. Provide queries or reports with summary information.
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Each requirement may be used to create a preliminary test plan. Few details are available at
this time, so the test plan will be revised as the project progresses.
A simple test plan for Catherine’s Catering is:
1. Design test data to allow clients to view each different type of product.
2. Test to ensure that a catering request has been entered with valid data, as well as each possible
condition of invalid data. (Data will be defined later.) Ensure that the request is routed to the
appropriate account manager.
3. Test that all data fields pass all validation criteria for each field. Test good data to ensure
that clients are added to the client database and that a userID and a password are correctly
assigned.
4. Create a test plan that will confirm that clients are able to view event information. Test that
updates may not be made within five days of the event. Design test data to ensure correct
updating of the number of guests for an event.
5. Test that the software works correctly for communicating directly with event facility
personnel.
6. Test the human resources system for scheduling part-time employees, checking that
employees have been correctly added and that all invalid values for each field are
detected and reported. Check scheduling software for valid updates and each
invalid entry.
7. Check that all queries and reports work correctly and contain the correct summary
information.

Selection of Projects
Projects come from many different sources and for many reasons. Not all should be selected for
further study. You must be clear in your own mind about the reasons for recommending a systems
study on a project that seems to address a problem or could bring about improvement. Consider
the motivation that prompts a proposal on the project. You need to be sure that the project under
consideration is not being proposed simply to enhance your own political reputation or power or
that of the person or group proposing it, because there is a high probability that such a project will
be ill conceived and eventually poorly accepted.
As outlined in Chapter 2, prospective projects need to be examined from a systems perspective,
considering the impact of the proposed change on the entire organization. Recall that the various
subsystems of an organization are interrelated and interdependent, so a change to one subsystem
might affect all the others. Even though the decision makers directly involved ultimately set the
boundaries for a systems project, a systems project cannot be contemplated or selected in isolation
from the rest of the organization.
Beyond these general considerations are five specific questions that need to be asked regarding
project selection:
1.
2.
3.
4.
5.

Does it have backing from management?
Is the timing of the project commitment appropriate?
Is it possible to improve attainment of strategic organization goals?
Is it practical in terms of resources for the systems analyst and organization?
Is it a worthwhile project compared with other ways the organization could invest
resources?

First and foremost is backing from management. Absolutely nothing can be accomplished
without the endorsement of the people who will eventually foot the bill. This statement does not
mean that you lack influence in directing the project or that people other than management can’t
be included; however, management backing is essential.
Another important criterion for project selection is timing for you and the organization. Ask
yourself and the others who are involved whether the business is presently capable of making a
time commitment for installation of new systems or improvement to existing ones. You must also
be able to commit all or a portion of your time for the duration.
A third criterion is the possibility of improving attainment of strategic organization
goals such as (1) improving corporate profits, (2) supporting the competitive strategy of the
organization, (3) improving cooperation with vendors and partners, (4) improving internal
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operations support so that goods and services are produced efficiently and effectively, (5)
improving internal decision support so that decisions are more effective, (6) improving customer service, and (7) improving employee morale. The project should put the organization
on target, not deter it from its ultimate goals.
A fourth criterion is selecting a project that is practicable in terms of your resources and
capabilities as well as those of the business. Some projects will not fall within your realm of
expertise, and you must be able to recognize them.
Finally, you need to come to a basic agreement with the organization about the worthiness of the systems project relative to any other possible project being considered. There are
many possibilities for improvements, including (1) speeding up a process, (2) streamlining a
process through the elimination of unnecessary or duplicated steps, (3) combining processes,
(4) reducing errors in input through changes of forms and display screens, (5) reducing
redundant storage, (6) reducing redundant output, and (7) improving integration of systems
and subsystems. Remember that when a business commits to one project, it is committing
resources that thereby become unavailable for other projects. It is useful to view all possible
projects as competing for the business resources of time, money, and people.

Determining Feasibility
Once the number of projects has been narrowed according to the criteria discussed previously,
it is still necessary to determine whether the selected projects are feasible. Our definition of
feasibility goes much deeper than the common usage of the term. Systems project feasibility is
assessed in three principal ways: operationally, technically, and economically. A feasibility study
is not a full-blown systems study. Rather, a feasibility study is used to gather broad data for the
members of management that enables them to make a decision about whether to proceed with a
systems study.

Determining Whether It Is Possible
After an analyst determines reasonable objectives for a project, the analyst needs to determine whether it is possible for the organization and its members to see the project through
to completion. Generally, the process of feasibility assessment is effective in screening out
projects that are inconsistent with the business’s objectives, that are technically impossible, or
that have no economic merit.
Although it is painstaking, studying feasibility is worthwhile because it saves businesses and
systems analysts time and money. In order for an analyst to recommend further development, a
project must show that it is feasible in all three of the following ways: technically, economically,
and operationally (see Figure 3.3).

FIGURE 3.3
The three key elements of
feasibility are technical, economic,
and operational feasibility.

The Three Key Elements of Feasibility
Technical Feasibility
Add on to present system
Technology available to meet users’ needs
Economic Feasibility
Systems analysts’ time
Cost of systems study
Cost of employees’ time for study
Estimated cost of hardware
Cost of packaged software or software development
Operational Feasibility
Whether the system will operate when put in service
Whether the system will be used
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TECHNICAL FEASIBILITY An analyst must find out whether it is possible to develop a new system
given the current technical resources. If not, can the system be upgraded or added to in a
manner that fulfills the request under consideration? If existing systems cannot be added to
or upgraded, the next question becomes whether there is technology in existence that meets
the specifications.
At the same time, the analyst can ask whether the organization has staff who are technically proficient to accomplish the objectives. If not, can the organization hire additional
coders, testers, experts, or others who may have different coding skills from theirs, or perhaps outsource the project completely? In addition, are software packages available that can
accomplish the objectives, and how significantly does that software need to be customized for
the organization?
ECONOMIC FEASIBILITY Economic feasibility is the second part of resource determination. The
basic resources to consider are your time and that of the systems analysis team, the cost of
doing a full systems study (including the time of employees you will be working with), the
cost of the business employee time, the estimated cost of hardware, and the estimated cost of
software, software development, or software customization.
The organization must be able to see the value of the investment it is pondering before
committing to an entire systems study. If short-term costs are not overshadowed by longterm gains or if the project produces no immediate reduction in operating costs, the system
is not economically feasible and should not proceed further.
OPERATIONAL FEASIBILITY Suppose for a moment that technical and economic resources are both
judged adequate. The systems analyst must now consider the operational feasibility of the
requested project. Operational feasibility is dependent on the human resources available for the
project and involves projecting whether the system will operate and be used once it is put into
service.
If users are virtually wed to the present system, see no problems with it, and generally are
not involved in requesting a new system, resistance to implementing the new system will be
strong. The new system has a low chance of becoming operational.
Alternatively, if users themselves have expressed a need for a system that is operational
more of the time and is more efficient and more accessible, chances are better that the requested
system will eventually be used. Much of the art of determining operational feasibility rests with
the user interfaces that are chosen, as we see in Chapter 14.

Estimating Workloads
The next step in ascertaining hardware needs is to estimate workloads. Thus, systems analysts
formulate numbers that represent both current and projected workloads for the system so that any
hardware obtained will be capable of handling current and future workloads.
If estimates are accurate, the business should not have to replace hardware solely due
to unforeseen growth in system use. (Other events, however, such as superior technological
innovations, may dictate hardware replacement if the business wants to maintain its competitive edge.)
Out of necessity, workloads are sampled rather than actually put through several computer
systems. The guidelines given in Chapter 5 can be of use here because in workload sampling the
systems analyst is taking a sample of necessary tasks and the computer resources required to
complete them.
Figure 3.4 compares the time required by existing and proposed information systems
that are supposed to handle a given workload. Notice that the company is currently using a
legacy computer system to prepare a summary of shipments to its distribution warehouses,
and a Web-based dashboard is being suggested. The workload comparison looks at when and
how each process is done, how much human time is required, and how much computer time
is needed. Notice that the newly proposed system should reduce the required human and
computer time significantly.
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FIGURE 3.4
Comparisons of workloads
between existing and proposed
systems.

Existing System

Proposed System

Task

Compare performance of
distribution warehouses
by running the summary
program.

Compare performance of
distribution warehouses
on the Web-based
dashboard.

Method

Computer programs are
run when needed; processing
is done from the workstation.

Updates occur immediately;
processing is done online.

Personnel

Distribution manager

Distribution manager

When and how

Daily:
Enter shipments on Excel
spreadsheet; verify accuracy
of spreadsheet manually; and
then write files to backup
media.
Monthly:
Run program that
summarizes daily records
and prints report; get
report and make evaluations.

Daily:
Enter shipments on the
Web-based system using
drop-down boxes. Data are
automatically backed up
to remote location.
Monthly:
Compare warehouses online
using the performance
dashboard; print only if
needed.

Human time
requirements

Daily: 20 minutes
Monthly: 30 minutes

Daily: 10 minutes
Monthly: 10 minutes

Computer time
requirements

Daily: 20 minutes
Monthly: 30 minutes

Daily: 10 minutes
Monthly: 10 minutes

Ascertaining Hardware and Software Needs
Assessing technical feasibility includes evaluating the ability of computer hardware and software to handle workloads adequately. Figure 3.5 shows the steps a systems analyst takes in
ascertaining hardware and software needs. First, all current computer hardware the organization
owns must be inventoried to discover what is on hand and what is usable.
A systems analyst needs to work with users to determine what hardware will be needed.
Hardware determinations can be made only in conjunction with determining human information requirements. Knowledge of the organization structure and how users interact with
technologies in an organization setting also can be helpful in hardware decisions. Only
when systems analysts, users, and management have a good grasp of what kinds of tasks
must be accomplished can hardware options be considered.

Inventorying Computer Hardware
A systems analyst needs to inventory what computer hardware is already available in the organization. As will become apparent, some of the hardware options involve expanding or recycling
current hardware, so it is important to know what is on hand.
If an updated computer hardware inventory is unavailable, the systems analyst needs to set
one up quickly and carry through on it. It is important to know the following:
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FIGURE 3.5

Inventory
Computer
Hardware

Steps in choosing hardware and
software.

Estimate
Workloads

Evaluate
Hardware
Alternatives
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Hardware

Use Cloud
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Choose Hardware
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Choose Cloud
Service Provider

Evaluate
Software
Alternatives

Create Your
Own Software

Use SaaS
Provider
Choose
COTS
Software

Design and
Develop In-house

Choose Software
Manufacturer

Choose SaaS
Provider

1. The type of equipment, including model number and manufacturer
2. The operational status of the equipment, such as on order, operating, in storage, or in need
of repair
3. The estimated age of the equipment
4. The projected life of the equipment
5. The physical location of the equipment
6. The department or person considered responsible for the equipment
7. The financial arrangement for the equipment, such as owned, leased, or rented
Ascertaining the current hardware available will result in a sounder decision-making process when hardware decisions are finally made because much of the guesswork about what
exists will have been eliminated. Through your earlier interviews with users, questionnaires surveying them, and research of archival data, you will already know the number of people available for data processing as well as their skills and capabilities. Use this information to project
how well the staffing needs for new hardware can be met.
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Evaluating Computer Hardware for Purchase
Evaluating new computer hardware is the shared responsibility of management, users, and
systems analysts. Although vendors will be supplying details about their particular offerings,
analysts need to oversee the evaluation process personally because they will have the best
interests of the business at heart. In addition, systems analysts may have to educate users and
management about the general advantages and disadvantages of hardware before they can
capably evaluate it.
Based on the current inventory of computer equipment and adequate estimates of current
and forecasted workloads, the next step in the process is to consider the kinds of equipment
available that appear to meet projected needs. Information from vendors on possible systems
and system configurations becomes more pertinent at this stage and should be reviewed with
management and users.
In addition, workloads can be simulated and run on different systems, including those
already used in the organization. This process is referred to as benchmarking.
Criteria that the systems analysts and users should use to evaluate performance of different
systems hardware include the following:
1. The time required for average transactions (including how long it takes to input data and
how long it takes to receive output)
2. The total volume capacity of the system (how much can be processed at the same time
before a problem arises)
3. The idle time of the CPU or network
4. The size of the memory provided
Some criteria will be shown in formal demonstrations; some cannot be simulated and must
be gleaned from manufacturers’ or service providers’ specifications. It is important to be clear
about the required and desired functions before getting too wrapped up in vendors’ claims during
demonstrations.
Once functional requirements are known and the products currently available are comprehended and compared with what already exists in the organization, the systems analysts
in conjunction with users and management can make decisions about whether obtaining new
hardware is necessary.
ADVANTAGES OF BUYING COMPUTER HARDWARE If the organization purchases its own computers,

it will have full control regarding the type of hardware and software. The company will
decide when to purchase it and when to replace it. Often it is cheaper in the long run to buy
computer equipment outright, but only if the organization buys the appropriate computer
equipment. Buying computers often has tax advantages in the United States because of the
depreciation rules.
DISADVANTAGES OF BUYING COMPUTER HARDWARE Purchasing computers presents a problem because

the initial cost of buying the equipment is often very high. Phasing in computer equipment
over time doesn’t always work due to compatibility problems that exist with different models
and legacy devices, but buying everything at once means tying up capital or borrowing money.
The risk of equipment obsolescence is a serious concern, and getting stuck with equipment
that is not useful because someone made the wrong decision is a very large risk. Finally, the
organization needs to remember that the full responsibility for the operation and maintenance
stays with the company that buys the equipment. This can be a big disadvantage because it
ties up people and money.

Renting Time and Space in the Cloud
Instead of purchasing their own equipment, companies can use cloud services. Some of the
services available are Web hosting, email hosting, application hosting, backup, storage and processing of databases, archiving, and ecommerce support. The advantages and disadvantages to
buying hardware versus using cloud services are shown in Figure 3.6.
Cloud services are scalable, which means if the business grows, the organization can easily
add computing power without procuring new hardware. Although few organizations save money
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Advantages

Disadvantages

Buying
computer
hardware

• Full control over hardware
and software
• Often cheaper in long run
• Provides tax advantages through
depreciation

• Initial cost is high
• Risk of obsolescence
• Risk of being stuck if choice
was wrong
• Full responsibility for operation
and maintenance

Using cloud
services

• Maintenance and upgrades
performed by provider
• Ability to change software and
hardware rapidly
• Scalable—can grow quickly
• Consistent over multiple platforms
• No capital is tied up

• Company doesn’t control its
own data
• Data security is at risk
• Reliability risks of the Internet
platform
• Proprietary APIs and software
may make switching providers
difﬁcult

by purchasing cloud services, they prize the agility afforded by being able to add or stop cloud
services as needed.
Three main categories of cloud computing are Software as a Service (SaaS), Infrastructure as a Service (IaaS), and Platform as a Service (PaaS). With SaaS, the cloud vendor sells
access to applications (discussed later in this chapter, when we discuss software). With IaaS,
also called Hardware as a Service (HaaS), an organization outsources its hardware operations
needs to the service provider. Using the PaaS approach, companies use the Internet to rent all
manner of hardware, operating systems, storage, and even network capacity. Another option is
to use a hybrid approach in which some of the hardware is maintained in the local organization
and some of the software is cloud-based. This includes public and private cloud services.
Decisions on cloud computing can first be addressed on a strategic level. Cearley (2010) states
that a business should (1) define a high-level business case that focuses on the high-level benefits of
cloud computing for the organization; (2) define core requirements (perhaps making a quick list to
start) that support the migration of IT to the cloud, including dimensions such as system performance,
security desired in cloud relationships, IT governance, and predicted growth of the enterprise; and
(3) define core technologies for the enterprise, starting with a list of cloud computing technologies
that are helpful. As an analyst, you may be asked to facilitate any or all of these steps, or your help
might be solicited at some point in the process of moving computing services to the cloud.
BENEFITS OF CLOUD COMPUTING Some of the benefits of cloud computing include less time spent
maintaining legacy systems or even performing routine tasks such as maintenance or upgrading
of present systems. Using the cloud may make it simpler to acquire IT services and may also
make it easier and quicker to separate from or discontinue services that are no longer necessary.
Using cloud services makes your applications scalable, which means you can grow them easily
by adding more cloud resources. Cloud computing also has the potential to offer consistency
across multiple platforms that were previously disjointed or difficult to integrate. Finally, no
capital is tied up, and no financing is required.
DRAWBACKS OF CLOUD COMPUTING As with any other innovation, there are some disadvantages
of adopting cloud computing for organizations. Loss of control of data stored in the cloud
is perhaps the most striking concern when relying on cloud computing; if the cloud services
provider ceased to exist, it is unclear what would happen to the organization’s data. Looming
almost as large are potential security threats to data that is not stored on premises or even on
the organization’s own computers. Reliability of the Internet as a platform forms the third main
concern for organizations.
Furthermore, something that could dampen an organization’s maneuverability when it
comes to cloud computing is the prospect that the company could get stuck using application
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FIGURE 3.6
Comparing the advantages and
disadvantages of buying computer
resources versus using cloud
services.
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programming interfaces (APIs) that are proprietary with the cloud provider. This might make
switching among cloud computing providers more difficult. Another development in cloud
computing of which analysts should be aware is that some countries are now mandating that
any company that does business there must use cloud service providers based in that country.
For example, Apple is now obeying legislation like this in China.

Evaluation of Vendor Support for Computer Hardware
Several key areas need to be evaluated when weighing the support services vendors offer to
businesses. Most hardware vendors offer testing of hardware on delivery and a 90-day warranty
covering any factory defects, but you must ascertain what else the vendor has to offer. Cloud
service providers offer 30- or 60-day money-back guarantees. Vendors of comparable quality
frequently distinguish themselves from others in the range of support services they offer.
A list of key criteria that ought to be checked when evaluating vendor support is provided in
Figure 3.7. Support services include routine and preventive maintenance of hardware, specified
response time (within six hours, next working day, and so on) in case of emergency equipment
breakdowns, loan of equipment in the event that hardware must be permanently replaced or off-site
repair is required, and in-house training or off-site group seminars for users. Cloud providers make
claims for uptime and promises to get back to you on a question within a certain amount of time,
such as 24 hours. Peruse the support services documents accompanying the purchase of equipment
and remember to involve appropriate legal staff before signing contracts for equipment or services.
Unfortunately, the process of evaluating computer hardware and cloud providers is not
as straightforward as simply comparing costs and choosing the least expensive option. Before
becoming convinced that buying cheaper compatibles is the way to endow your system with
add-on capability, you need to do enough research to feel confident that a hardware vendor or
cloud provider is a stable corporate entity.

Understanding the Bring Your Own Device (BYOD) Option
Bring your own device (BYOD) or bring your own technology (BYOT) is a trend appearing in a
variety of organizations in different industries. These organizations range in size and have employees
of differing skills. In general, BYOD or BYOT means that rather than using a smartphone or tablet
issued by the organization, the employee uses his or her own device to access corporate networks,
data, and services remotely when working outside the office. The BYOD approach is often presented

FIGURE 3.7
Guidelines for vendor selection.

Vendor Services

Specifics Vendors Typically Offer

Hardware Support

Full line of hardware
Quality products
Warranty

Software Support

Complete software needs
Custom programming
Warranty

Installation and Training

Commitment to schedule
In-house training
Technical assistance

Maintenance

Routine maintenance procedures
Specified response time in emergencies
Equipment loan while repair is being done

Cloud Services

Web hosting
Email hosting
Data storage

Software as a Service

Automatic software upgrades
Support services
Security and antivirus protection

CHAPTER 3 • PROJEC T MAN AGEMEN T

61

as a way to keep the organization’s hardware costs down and improve morale among employees
who, on average, already bring one or more mobile devices to work for personal tasks.
As a systems analyst, you will work to discover through a combination of interviews, surveys, and observation what personal technology is being used by the majority of the group. For
example, if you observe that all the executives in the decision-making group already bring in
iPads every day, you might conclude that designing dashboards for the iPad has some merit.
They are devices you want to include in your original design rather than as an afterthought. If
your observations show that most executives prefer face-to-face meetings, but they use their
handheld devices (such as mobile phones) to check other corporate data and emails during
meetings, then you might want to consider supporting corporate email on their personal phones.
BENEFITS AND DRAWBACKS OF BYOD The benefits of BYOD computing include building employee

morale, a potential for lowering the initial cost of organization IT hardware purchase, facilitating
remote, round-the-clock access to corporate computer networks regardless of location, and
building on a familiar user interface to access corporate computing services, applications,
databases, and storage. Security risks posed by untrained users are probably the biggest drawback.
Identified threats are loss of the device itself, theft of the device and its data, unauthorized access
to corporate networks using personal mobile devices, and so on. Other threats are posed by
commonly occurring behavior with mobile devices that may be fine on the private side but not
on the corporate side, such as using free Wi-Fi hotspots, using apps such as Dropbox, and others.

Creating Custom Software
Analysts and organizations are increasingly faced with a make, buy, or outsource decision when
assessing software for information systems projects, particularly when contemplating upgrades to
existing or legacy systems. Analysts have three choices: creating their own software, purchasing
commercial off-the-shelf (COTS) software, or using software from a SaaS provider. Figure 3.8
summarizes the advantages and disadvantages of each of these options.
Advantages

Disadvantages

Creating Custom
Software

• Speciﬁc response to
specialized business needs
• Innovation may give ﬁrm a
competitive advantage
• In-house staff available to
maintain software
• Pride of ownership

• May be signiﬁcantly higher
initial cost compared to COTS
software or ASP
• Necessity of hiring or working
with a development team
• Ongoing maintenance

Purchasing COTS
Packages

• Reﬁned in the commercial
world
• Increased reliability
• Increased functionality
• Often lower initial cost
• Already in use by other
ﬁrms
• Help and training comes
with software

• Programming focused; not
business focused
• Must live with the existing
features
• Limited customization
• Uncertain ﬁnancial future
of vendor
• Less ownership and
commitment

Using SaaS

• Organizations that do not
specialize in information
systems can focus on what
they do best (their strategic
mission)
• There is no need to hire,
train, or retain a large IT staff
• There is no expenditure of
employee time on
nonessential IT tasks

• Loss of control of data, systems,
IT employees, and schedules
• Concern over the ﬁnancial
viability and long-run stability
of the SaaS provider
• Security, conﬁdentiality, and
privacy concerns
• Loss of potential strategic
corporate advantage regarding
innovativeness of applications

FIGURE 3.8
Comparing the advantages and
disadvantages of creating custom
software, purchasing COTS
packages, and outsourcing to a
SaaS provider.
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CON SULTIN G OPPO RTUNITY 3. 2

Veni, Vidi, Vendi, or “I Came, I Saw, I Sold”

“I

t’s really some choice. I mean, no single package seems to
have everything we want. Some of them come darn close, though,”
says Roman, an advertising executive for Empire Magazine with
whom you have been working on a systems project. Recently, the
two of you have decided that packaged software would probably
suit the advertising department’s needs and stem its general decline.
“The last guy’s demo we saw—you know, the one who
worked for Data Coliseum—really had a well-rounded pitch. And
I like their brochure. Full-color printing, on card stock. Classic,”
Roman asserts. “And what about those people from Vesta Systems?
They’re really fired up. And their package was easy to use with a
minimum of ceremony. Besides, they said they would train all 12
of us, on-site, at no charge. But look at their advertising. They just
take things off their printers.”
Roman fiddles in his chair as he continues his ad hoc review
of software and software vendors. “That one package from Mars,
Inc. really sold me all on its own, though. I mean, it had a built-in

calendar widget to track ad campaign roll outs. And I like the way
the menus for the screen displays could all be chosen by Roman
numerals. It was easy to follow. And the vendor isn’t going to be
hard to move on price. I think they’re already in a price war.”
“Do you want to know my favorite, though?” Roman asks
archly. “It’s the one put out by Jupiter, Unlimited. I mean, it has
everything, doesn’t it? It costs a little extra coin, but it does what we
need it to do, and the documentation is heavenly. They don’t do any
training, of course. They think they’re above it.”
To answer Roman’s burning questions by your March 15 deadline,
you need to evaluate the software as well as the vendors, systematically,
and then render a decision. Evaluate each vendor and package based on
what Roman has said so far. (Assume that you can trust his opinions.)
What are Roman’s apparent biases when evaluating software and vendors? What further information do you need about each company and
its software before you can make a selection? Set up a table to evaluate
each vendor. Answer each question in a separate paragraph.

Several situations call for the creation of original, custom software or software components. The
most likely instance is when COTS software does not exist or cannot be identified for the desired
application. Alternatively, the software may exist but be unaffordable or not easily purchased or
licensed.
Original software should be created when an organization is attempting to gain a competitive advantage through the leveraged use of information systems. This is often the case when an
organization is creating ecommerce or other innovative applications where none have existed. An
organization also may be a “first mover” in the use of a particular technology or in its particular
industry. Organizations that have highly specialized requirements or exist in niche industries also
may benefit from creating original software.
The advantages of creating custom software include being able to respond to specialized user
and business needs, gaining a competitive advantage by creating innovative software, having inhouse staff available to maintain the software, and pride of owning something you have created.
The drawbacks of developing custom software include the potential for a significantly
higher initial cost compared to purchasing COTS software or contracting with a SaaS provider,
the necessity of hiring or working with a development team, and the fact that you are responsible
for the ongoing maintenance because you created the software.

Purchasing COTS Software
COTS software includes such products as the Microsoft Office suite, which includes Word for
word processing, Excel for spreadsheets, Access for building databases, and other applications.
Other types of COTS software are for organization-level systems rather than office or personal
use. A website such as softwareadvice.com lists popular (but costly) enterprise resource planning
(ERP) packages such as Oracle and SAP in their reviews of COTS software. These packages
differ radically in the amount of customization, support, and maintenance required compared to
Microsoft Office. COTS software also can refer to software components or objects (also called
building blocks) that can be purchased to provide a particular needed functionality in a system.
You should consider using COTS software when you can easily integrate the applications or
packages into existing or planned systems and when you have identified no need to immediately
or continuously change or customize systems for users. Your forecasts should demonstrate that
the organization you are designing the system for is unlikely to undergo major changes after the
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proposed purchase of COTS software, such as a dramatic increase in customers or large physical
expansions.
There are some advantages to purchasing COTS software that you should keep in mind as you
weigh alternatives. One advantage is that these products have been refined through the process of
commercial use and distribution and additional functionalities often are offered. Another advantage
is that packaged software is typically extensively tested and thus extremely reliable.
Increased functionality is often offered with COTS software because a commercial product
is likely to have companion products, add-on features, and upgrades that enhance its attractiveness. Also, analysts often find that the initial cost of COTS software is lower than the cost for
either in-house software development or the use of a SaaS provider.
Another advantage of purchasing COTS packages is that many other companies use them, so
analysts are not experimenting on their clients with one-of-a-kind software applications. Finally,
COTS software boasts an advantage in the help and training that accompanies the purchase of
the packaged software.
One example of the use of COTS software is from a theatre company in the nonprofit sector,
in which organizations (particularly in the performing arts) tend to lag behind their for-profit counterparts in adoption of information communication technologies (ICTs). The theatre company was
predictably slow to move to the Web. When the company wanted to create ecommerce applications, it
was put in a position of having to hire outside designers to create ecommerce applications for them. In
light of the expense and lack of in-house expertise, many nonprofit organizations simply did not move
the business portion of their organizations to the Web; instead, they waited for COTS packages, such
as PC-based box office software, or SaaS, such as online ticketing agencies with automation already
in place, to make these services available to patrons. In-house, custom software development is out of
the question for most of these groups, which typically have small or nonexistent IT staffs and budgets
and minimal internal IT expertise.
There is a downside to the use of COTS software. Because it is not meant to be fully customizable, the theatre company lost its ability to change the software to include key features in its
donor database on which users relied. COTS software also may include errors that could expose
an organization to liability issues.
There are other disadvantages to consider with the purchase of COTS software, including the
fact that packages are programmed rather than being focused on human users working in a business. Users must live with whatever features exist in the software, whether they are appropriate or
not. A disadvantage that grows out of this is the limited customizability of most packaged software.
Other disadvantages to purchasing COTS software include the necessity of investigating the financial stability of the software vendor and the diminished sense of ownership and commitment that is
inevitable when the software is considered a product rather than a process.
To achieve some perspective on systems being developed, you should recognize that over
half of all projects are built from the ground up (two-thirds using traditional methods like SDLC
and prototyping and one-third using agile or object-oriented technologies). Most of these are
developed using an internal systems analysis team. Computer programmers may be in-house or
outsourced.
Fewer than half of all projects are developed from existing applications or components. The
great majority are modified, some extensively. Less than 5 percent of software is off-the-shelf
software that requires no modifications at all.

Using the Services of a SaaS Provider
Organizations may realize some benefits from taking an entirely different approach to procuring
software: Outsourcing some of the organization’s software needs to a SaaS provider that specializes in IT applications.
There are specific benefits to outsourcing applications to a SaaS provider. For example,
organizations that want to retain their strategic focus and do what they’re best at may want to
outsource the production of information systems applications. In addition, outsourcing software
needs means that the organization doing the outsourcing may be able to sidestep the need to hire,
train, and retain a large IT staff. This can result in significant savings. When an organization uses
SaaS, there is little or no expenditure of valuable employee time on nonessential IT tasks; these
are handled professionally by SaaS.
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Hiring a SaaS provider should not be considered a magic formula for addressing software requirements. Some drawbacks to the use of SaaS must be seriously considered.
One disadvantage is a general loss of control over corporate data, information systems, IT
employees, and even processing and project schedules. Some companies believe that the
heart of their business is their information, so even the thought of relinquishing control over
it is distressing. Another disadvantage is concern over the financial viability of any SaaS
that is chosen. There might also be concerns about the security of the organization’s data
and records, along with concern about confidentiality of data and client privacy. Finally,
when choosing a SaaS provider, there is a potential loss of strategic corporate advantage that
might have been gained through the company’s deployment of its own innovative applications created by its employees.

Evaluation of Vendor Support for Software and SaaS
Whether you purchase a COTS package or contract for SaaS from a provider, you will be
working with vendors who may have their own best interests at heart. You must be willing
to evaluate software with users and not be unduly influenced by vendors’ sales pitches. Specifically, there are six main categories on which to grade software, as shown in Figure 3.9:
performance effectiveness, performance efficiency, ease of use, flexibility, quality of documentation, and manufacturer support.
Evaluate packaged software based on a demonstration using test data from your client’s
business and examine accompanying documentation. Vendors’ descriptions alone will not
suffice. Vendors typically certify that software is working, but they do not guarantee that it
will be error-free in every instance, that it will not crash when users take incorrect actions,
or that it will be compatible with all other software the organization is currently running.
Obviously, they will not guarantee their packaged software if it is used in conjunction with
faulty hardware.

FIGURE 3.9
Guidelines for evaluating software.

Software Requirements

Specific Software Features

Performance Effectiveness

Able to perform all required tasks
Able to perform all tasks desired
Well-designed display screens
Adequate capacity

Performance Efficiency

Fast response time
Efficient input
Efficient output
Efficient storage of data
Efficient backup

Ease of Use

Satisfactory user interface
Help menus available
“Read Me” files for last-minute changes
Flexible interface
Adequate feedback
Good error recovery

Flexibility

Options for input
Options for output
Usable with other software

Quality of Documentation

Good organization
Adequate online tutorial
Website with FAQ

Manufacturer Support

Technical support hotline
Newsletter/email
Website with downloadable product updates
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Identifying, Forecasting, and Comparing Costs
and Benefits
Costs and benefits of a proposed computer system must always be considered together because
they are interrelated and often interdependent. Although a systems analyst tries to propose a
system that fulfills various information requirements, decisions to continue with the proposed
system will be based on a cost-benefit analysis, not on information requirements. In many ways,
benefits are measured by costs, which becomes apparent in the next section.

Forecasting
Systems analysts are required to predict certain key variables before submitting a proposal to the
client. To some degree, a systems analyst will rely on a what-if analysis such as, “What if labor
costs rise only 5 percent per year for the next three years, rather than 10 percent?” The systems
analyst should realize, however, that he or she cannot rely on what-if analysis for everything if
the proposal is to be credible, meaningful, and valuable.
A systems analyst has many forecasting models available. The main condition for choosing a model is the availability of historical data. If historical data are unavailable, the analyst
must turn to one of the judgment methods: estimates from the sales force, surveys to estimate
customer demand, Delphi studies (a consensus forecast developed independently by a group of
experts through a series of iterations), creation of scenarios, or historical analogies.
If historical data are available, the next differentiation between classes of techniques
involves whether the forecast is conditional or unconditional. Conditional implies that there is
an association among variables in the model or that such a causal relationship exists. Common
methods in this group include correlation, regression, leading indicators, econometrics, and
input/output models.
Unconditional forecasting means the analyst isn’t required to find or identify any causal
relationships. Consequently, systems analysts find that these methods are low-cost, easy-toimplement alternatives. Included in this group are graphical judgment, moving averages, and
analysis of time-series data. Because these methods are simple, reliable, and cost-effective,
the remainder of the section focuses on them.
ESTIMATION OF TRENDS Trends can be estimated in a number of different ways. One way to

estimate trends is to use a moving average. This method is useful because some seasonal,
cyclical, or random patterns may be smoothed, leaving the trend pattern. The principle behind
moving averages is to calculate the arithmetic mean of data from a fixed number of periods; a
three-month moving average is simply the average of the past three months. For example, the
average sales for January, February, and March are used to predict the sales for April. Then the
average sales for February, March, and April are used to predict the sales for May, and so on.
When the results are graphed, it is easily noticeable that the widely fluctuating data are
smoothed. The moving average method is useful for its smoothing ability, but it also has many
disadvantages. Moving averages are more strongly affected by extreme values than by using
graphical judgment or estimating by using other methods, such as least squares. An analyst
should learn forecasting well, as it often provides information that is valuable in justifying an
entire project.

Identifying Benefits and Costs
Benefits and costs can be either tangible or intangible. Both tangible and intangible benefits and
costs must be taken into account when systems are considered.
TANGIBLE BENEFITS Tangible benefits are advantages that are measurable in dollars that accrue

to the organization through the use of the information system. Examples of tangible benefits
are an increase in the speed of processing, access to otherwise inaccessible information,
access to information on a more timely basis than was possible before, the advantage of the
computer’s superior calculating power, and a decrease in the amount of employee time needed
to complete specific tasks. And there are other tangible benefits. Although measurement is
not always easy, tangible benefits can be measured in terms of actual dollars, resources, or
time saved.
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CON SULTIN G OPPO RTUNITY 3. 3

We’re Off to See the Wizards

E

lphaba I. Menzel and Glinda K. Chenoweth are the owners of
Emerald City Beautyscapes, a commercial landscaping company.
They are trying to decide whether to write their own software, perhaps using Microsoft Access as a basis; adopt a COTS software
package such as QuickBooks Pro; or hire a service called Lawn
Wizards, Inc. to perform all their bookkeeping functions.
Elphaba turns to Glinda and asks, “Is it possible for us to create
a system of our own?”
Glinda replies, “I suppose we could, but it would take forever.
We would need to define all our fields, our queries, and our reports.
We would need to know who hasn’t paid us yet and how long it has
been since we last billed them.”
“Yes,” says Elphaba, “and we would also have to create product descriptions, service descriptions, and codes for everything we
sell and provide.”
“If that were all we needed, we could probably do it,” says
Glinda. “But we also need to include a scheduling system. We need
to know when we can provide the services to our customers and
what to do if we fall behind schedule. Maybe it just isn’t worth it.
“Still,” reflects Glinda, “my mother used to say ‘There’s no
place like home.’ Maybe there’s no software like homegrown.”
“You see both sides of everything,” remarks Elphaba. “But the
path you want to take is too long and risky. We need a software
package that is ready for us to use now. I hear that there are products they call commercial off-the-shelf (COTS) software that we
can buy and adapt to our lawn service business. I’ll investigate.” So
Elphaba sets out to look for software that may be suitable.
“I’ve found something,” cries Elphaba. “I found this software
called QuickBooks Pro at www.quickbooks.intuit.com, and it looks
like we can afford it. There are numerous versions of the software
already—one for accounting, one for construction, one for health services. Maybe we can find a package that suits us. If not, it looks like we
can customize the generic version of QuickBooks Pro to fit our needs.
“Our system could grow too. QuickBooks Pro is readily scalable. We can add customers, suppliers, or products easily. I just
wanted to plant the idea of buying a ready-made package on you.
Another possibility is to subscribe to a QuickBooks Online plan.”

“That’s interesting,” says Glinda, “but I’ve been doing my own
research. Some of our competitors have told me they let a company
do all the work for them. The company is called Lawn Wizards.
They do landscaping, but they also maintain accounts receivable
and scheduling packages.”
So off they went to see the Wizards.
Joel Green, the owner and creator of Lawn Wizards, is
proud of his software. “I spent a great deal of time working with
my suppliers, that is, nurseries, in the area, and we have developed a coding system for everything,” he brags. “All the trees,
sizes of trees, shrubs, flowers, mulch, and even lawn care tools
have numbers.
“I started with a small firm, but when customers realized I paid
attention to every little detail, my business blossomed.” He adds,
“My suppliers love my system because it cuts down on confusion.
“I noticed that my competitors were working with the same
suppliers but were getting less preferential treatment because
they couldn’t communicate about products very effectively. So I
decided I would offer my software for hire. I would make money
by renting out my software and demand even greater respect from
my suppliers. I can even deliver it through the cloud. My end-user
license agreement states that I own the software, product codes,
and data generated by the system.
“Using my unique Wizards software, I can customize the package a bit for the customer, but essentially all the lawn services in
the state will be using my database, codes, and B2B features. I
maintain my software. If you could see the software code, it would
look just like a manicured lawn.”
Now Glinda and Elphaba are even more confused than before.
They have four distinct options: create a custom package on their
own, buy a standalone COTS software product such as QuickBooks Pro, subscribe to an online plan such as QuickBooks Online,
or outsource their needs to Lawn Wizards. Help them learn the
true secret of (software) happiness by helping them articulate the
pros and cons of each of their alternatives. What would you recommend? In two paragraphs, write a recommendation that grows out
of your consideration of their specific business situation.

INTANGIBLE BENEFITS Some benefits that accrue to an organization from the use of an information
system are difficult to measure but are important nonetheless. They are known as intangible benefits.
Intangible benefits include improving the decision-making process, enhancing accuracy,
becoming more competitive in customer service, maintaining a good business image, and
increasing job satisfaction for employees by eliminating tedious tasks. As you can see from this
list, intangible benefits are extremely important and can have far-reaching implications for a
business as it relates to people both outside and within the organization.
Although intangible benefits of an information system are important factors that must be
considered when deciding whether to proceed with a system, a system built solely for its intangible benefits will not be successful. You must discuss both tangible and intangible benefits in
your proposal because presenting both will enable decision makers in the business to make a
well-informed decision about the proposed system.
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TANGIBLE COSTS The concepts of tangible and intangible costs present a conceptual parallel to the
tangible and intangible benefits discussed already. Tangible costs are costs that a systems analyst
and the business’s accounting personnel can accurately project.
Included in tangible costs are the cost of equipment such as computers and printers, the cost
of resources, the cost of systems analysts’ time, the cost of computer programmers’ time, and
other employees’ salaries. These costs are usually well established or can be discovered quite
easily; they are costs that will require the business to make a cash outlay.
INTANGIBLE COSTS Intangible costs are difficult to estimate and may not be known. They include
losing a competitive edge, losing the reputation for being first with an innovation or the leader
in a field, declining company image due to increased customer dissatisfaction, and ineffective
decision making due to untimely or inaccessible information. As you can imagine, it is nearly
impossible to accurately project a dollar amount for intangible costs. To aid decision makers who
want to weigh a proposed system and all its implications, you must include intangible costs even
though they are not quantifiable.

Comparing Costs and Benefits
There are many well-known techniques for comparing the costs and benefits of a proposed
system. Two are break-even analysis and payback.
BREAK-EVEN ANALYSIS By comparing costs alone, a systems analyst can use break-even

analysis to determine the break-even capacity of a proposed information system. The point
at which the total costs of the current system and the proposed system intersect represents
the break-even point, the point where it becomes profitable for the business to get the new
information system.
Total costs include the costs that recur during operation of a system plus the developmental costs that occur only once (one-time costs of installing a new system)—that is, the
tangible costs that were discussed previously. Figure 3.10 illustrates a break-even analysis
on a small store that maintains inventory using a manual system. As volume rises, the costs
of the manual system rise at an increasing rate. A new computer system would cost a substantial sum up front, but the incremental costs for higher volume would be rather small.
The graph shows that the computer system would be cost-effective if the business sold
about 600 units per week.

FIGURE 3.10
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FIGURE 3.11
Payback analysis showing a payback period of three and a half years.

Payback is useful when a business is growing and volume is a key variable in costs. One
disadvantage of break-even analysis is that benefits are assumed to remain the same, regardless
of which system is in place. From our study of tangible and intangible benefits, we know that this
is clearly not the case.
Payback analysis can determine how long it will take for the benefits of the system to pay
back the costs of developing it. Figure 3.11 illustrates a system with a payback period of three
and a half years.

Managing Time and Activities
The process of analysis and design can become unwieldy, especially when the system being
developed is large. To keep the development activities as manageable as possible, systems
analysts usually use some of the techniques of project management to help get organized.

The Work Breakdown Structure
Systems analysts are responsible for completing projects on time and within budget and for including the features promised. To accomplish all three of these goals, a project needs to be broken down
into smaller tasks or activities. These tasks together make up a work breakdown structure (WBS).
When defined properly, the tasks that comprise a WBS have special properties:
1. Each task or activity contains one deliverable, or tangible outcome, from the activity.
2. Each task can be assigned to a single individual or a single group.
3. Each task has a responsible person monitoring and controlling performance.
Activities in a work breakdown structure do not need to take the same amount of time or involve
the same number of team members. The activities defined must add up to 100 percent of the
work, however.
The main method for developing a WBS is decomposition, or starting with large ideas and
then breaking them down into manageable activities. This subdivision of ideas into smaller ideas
and eventually into tasks stops when each task has only one deliverable.
There are different types of work breakdown structures. A WBS can be product oriented. In
other words, building a website can be broken down into many parts, with each set of pages having a specific purpose. You could divide a website into its home page, product description pages,
a FAQ page, a contact page, and an ecommerce page. Each of these pages could contain activities
that you could use in your work breakdown structure.
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FIGURE 3.12
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Another way is to create a process-oriented work breakdown structure. An example of
this is shown in Figure 3.12. This type of WBS is typical in systems analysis and design.
In this example, we show the development of a website, but rather than show the development of each page, this example emphasizes the importance of each phase in the systems
development life cycle.

Time Estimation Techniques
The process of analysis and design can become unwieldy, especially when the system being
developed is large. To keep the development activities as manageable as possible, you can
employ some of the techniques of project management to help get organized. In this section,
we discuss keeping a project on schedule by using time management techniques and keeping a
project on budget by using cost management and control techniques.

A sample work breakdown
structure (WBS).
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One of the difficult tasks is estimating the time it takes to complete each of the tasks. There
are numerous approaches:
1.
2.
3.
4.
5.

Relying on experience
Using analogies
Using three-point estimation
Identifying function points
Using time estimation software

RELYING ON EXPERIENCE Experience pays off when it comes to estimating how long an activity
will take. If you have previous experience developing software, you will not only know
how much time some tasks will likely take, you will also know how much time it will take
if something goes wrong. Your experience gives you a most likely estimate as well as a
pessimistic estimate.
USING ANALOGIES If you don’t have experience developing a particular piece of software but have

worked on other types of projects of any kind, you still may be able to arrive at meaningful estimates.
This approach involves identifying a project that is in some ways similar to the one you are about
to begin and then describing the analogy. This means you will need to build two models, including
two Program Evaluation and Review Technique (PERT) or network diagrams, and compare their
similarities. Then you can have confidence when you provide time estimates for the new project.
USING THREE-POINT ESTIMATION Three-point estimation has been used for many years and is still a

valid technique for time estimating. You start by developing three time estimates for completing
each task and then apply a simple formula to calculate a weighted average. The formula is:
E = (a + 4 * m + b)/6
where a is the best-case estimate, b is the pessimistic or worst-case time estimate, and m is the
most likely time estimate.
Typically the best-case scenario would improve on the time elapsed a little, but the pessimistic or worst-case estimate would imply that something disastrous happens, such as a weather or
personnel delay. For example, writing a software module may take 10 days in most cases, but if
the project is easier than expected, it might take only 8 days. If, however, the coder accepts a job
elsewhere, it may take 30 days. If you apply the formula, you get this estimate:
E = (8 + 4 * 10 + 30)/6
= 13 days
In this case, you will estimate that it will take 13 days to finish the task.
USING FUNCTION POINT ANALYSIS Another way of estimating the amount of work that needs to be

done and how large a staff you need to complete a project is called function point analysis. This
method takes the five main components of a computer system—(1) external inputs, (2) external
outputs, (3) external queries, (4) internal logical files, and (5) external interface files—and rates
them in terms of complexity.
You can use function point analysis to estimate the time it takes to develop a system in different computer languages and compare them to one another. For more information about function
point analysis, visit the International Function Point Users Group’s website at www.ifpug.org.
USING TIME ESTIMATION SOFTWARE Estimating models, such as the Constructive Cost Model
(COCOMO II), Constructive Systems Engineering Cost Model (COSYSMO), or software based
on one or both of these models, such as SystemStar, work as follows. A systems analyst enters an
estimate of the size of the system. This can be entered in a number of different ways, including
the lines of source code of the current system.
Also considered are other variables, such as the experience or capability of the team, the type
of platform or operating system, the level of usability of the finished software (for example, what
languages are necessary), and other factors that can drive up costs. Once the data are entered,
you can make calculations and get a rough projection of the completion date. As the project gets
under way, more specific estimates are possible.
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FIGURE 3.15
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chart the special symbol ▲ signifies that right now, it is week 9. The bars with color shading represent projects or parts of projects that have been completed, telling us that the systems analyst
is behind in introducing prototypes but ahead in analyzing data flows. Action must be taken on
introducing prototypes soon so that other activities or even the project itself will not be delayed
as a result.
The main advantage of a Gantt chart is its simplicity. Not only is this technique easy to use,
but it also lends itself to worthwhile communication with end users. Another advantage of using
a Gantt chart is that the bars representing activities or tasks are drawn to scale; that is, the size
of the bars indicates the relative length of time it will take to complete each task. You can use
Microsoft Project to develop a Gantt chart.

Using PERT Diagrams
PERT is an acronym for Program Evaluation and Review Technique. A program (a synonym
for a project) is represented by a network of nodes and arrows that are evaluated to determine
the critical activities, improve the schedule if necessary, and review progress once the project is
undertaken. PERT was developed in the late 1950s for use in the U.S. Navy’s Polaris nuclear
submarine project. It reportedly saved the U.S. Navy two years of development time. PERT
charts are called network diagrams in Microsoft Project.
PERT is useful when activities can be done in parallel rather than in sequence. A systems
analyst can benefit from using PERT by applying it to systems projects on a smaller scale,
especially when some team members can be working on certain activities at the same time that
other team members are working on other tasks.
Figure 3.16 compares a simple Gantt chart with a PERT diagram. Arrows in the PERT diagram represent the activities expressed as bars in the Gantt chart. The length of the arrows has
no direct relationship with the activity durations. Circles on the PERT diagram are called events
and can be identified by numbers, letters, or any other arbitrary form of designation. The circular
nodes are present to (1) recognize that an activity is completed and (2) indicate which activities
need to be completed before new activities may be undertaken (which is called precedence).
In the PERT example shown here, activity C may not be started until activity A is completed.
Precedence is not indicated at all in the Gantt chart, so it is not possible to tell whether activity C
is scheduled to start on day 4 on purpose or by coincidence.
A project has a beginning, a middle, and an end; in this example, the beginning is event 10,
and the end is event 50. To find the length of the project, each path from beginning to end is identified, and the length of each path is calculated. In this example, path 10–20–40–50 has a length
of 15 days, whereas path 10–30–40–50 has a length of 11 days. Even though one person may be
working on path 10–20–40–50 and another on path 10–30–40–50, the project is not a race. The
project requires that both sets of activities (or paths) be completed; consequently, the project takes
15 days to complete.

Using a two-dimensional Gantt
chart for planning activities that
can be accomplished in parallel.
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FIGURE 3.16
A Gantt chart compared with a
PERT diagram (network diagram)
for scheduling activities.
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The longest path is referred to as the critical path. Although the critical path is determined
by calculating the longest path, it is defined as the path that will cause the whole project to fall
behind if even one day’s delay is encountered on that path. Note that if you are delayed one
day on path 10–20–40–50, the entire project will take longer, but if you are delayed one day
on path 10–30–40–50, the entire project will not suffer. The leeway to fall behind somewhat on
noncritical paths is called slack time.
Occasionally, PERT diagrams need pseudo-activities, referred to as dummy activities, to
preserve the logic of or to clarify the diagram. Figure 3.17 shows two PERT diagrams with
dummies. Project 1 and Project 2 are quite different, and the way the dummy is drawn makes
the difference clear. In Project 1, activity C can be started only if both A and B are finished
because all arrows coming into a node must be completed before leaving the node. In Project 2,
however, activity C requires only activity B’s completion and can therefore be under way while
activity A is still taking place.

FIGURE 3.17
Precedence of activities is
important in determining the
length of a project when using a
PERT diagram.

20
A, 9

Dummy

10
B, 2

40

Project 1

40

Project 2

C, 5

30

20
Dummy

A, 9

10
B, 2

30

C, 5

CHAPTER 3 • PROJEC T MAN AGEMEN T

Activity
A
B
C
D
E
F
G
H
I
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A
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H
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8
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Conduct interviews
Administer questionnaires
Read company reports
Analyze data flow
Introduce prototype
Observe reactions to prototype
Perform cost-benefit analysis
Prepare proposal
Present proposal

FIGURE 3.18
Listing activities for use in
drawing a PERT diagram.

Project 1 takes 14 days to complete, whereas Project 2 takes only 9 days. The dummy in
Project 1 is necessary, of course, because it indicates a crucial precedence relationship. The
dummy in Project 2, on the other hand, is not required, and activity A could have been drawn
from 10 to 40, eleminating event 20 completely.
Therefore, there are many reasons for using a PERT diagram over a Gantt chart. The PERT
diagram allows:
1. Easy identification of the order of precedence
2. Easy identification of the critical path and thus critical activities
3. Easy determination of slack time
A PERT EXAMPLE Suppose a systems analyst is trying to set up a realistic schedule for the data-

gathering and proposal phases of the systems analysis and design life cycle. The systems
analyst looks over the situation and lists activities that need to be accomplished along the
way. This list, which appears in Figure 3.18, also shows that some activities must precede
other activities. The time estimates were determined as discussed in an earlier section of this
chapter.
DRAWING THE PERT DIAGRAM In constructing the PERT diagram for this example, the analyst looks
first at the activities that require no predecessor activities—in this case A (conduct interviews)
and C (read company reports). In the example in Figure 3.19, the analyst chose to number the
nodes 10, 20, 30, and so on and drew two arrows out of the beginning node 10. These arrows
represent activities A and C and are labeled as such. Nodes numbered 20 and 30 are drawn at
the end of these respective arrows. The next step is to look for any activity that requires only
A as a predecessor; task B (administer questionnaires) is the only one, so it can be represented
by an arrow drawn from node 20 to node 30.
Because activities D (analyze data flow) and E (introduce prototype) require both activities B and C to be finished before they are started, arrows labeled D and E are drawn from
node 30, the event that recognizes the completion of both B and C. This process is continued
until the entire PERT diagram is completed. Notice that the entire project ends at an event
called node 80.

FIGURE 3.19
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A completed PERT diagram for
the analysis phase of a systems
project.
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IDENTIFYING THE CRITICAL PATH Once the PERT diagram is drawn, it is possible to identify the
critical path by calculating the sum of the activity times on each path and choosing the
longest path. In this example, there are four paths: 10–20–30–50–60–70–80, 10–20–30–40–
60–70–80, 10–30–50–60–70–80, and 10–30–40–60–70–80. The longest path is 10–20–30–
50–60–70–80, which takes 22 days. It is essential that the systems analyst carefully monitor
the activities on the critical path to keep the entire project on time or even shorten the project
length, if warranted.

Controlling a Project
No matter how well a systems analyst plans a project, things can go wrong. In this section, we
discuss how to estimate cost and prepare a budget, how to predict and prepare for risk, how to
make up time using expediting, and how to control costs when the budget needs revising, the
team falls behind, or experiences cost overruns.

Estimating Costs and Preparing the Budget
Keeping a project on time is important, but it is also essential that the cost of a project be
managed properly. Once a work breakdown structure is created and a schedule is planned, the
analyst needs to:
1. Estimate costs for each activity in the work breakdown structure
2. Prepare a budget for the project and have it approved by the organization or client
3. Manage and control the costs throughout the project
Earlier we discussed cost estimates for equipment and off-the-shelf software, resources we
need to complete the project. Now we are concerned with other types of resources needed to
complete each task in the work breakdown structure. The main resources for this part of the
project are the time of the team members and the type of special equipment and tools needed to
finish each of the activities.
Many approaches to cost estimation are available to a systems analyst. They are similar to
the estimates used for time estimates and include the following:
1. Basing estimates on similar projects, also called the top-down approach
2. Building bottom-up estimates
3. Using parametric modeling
THE TOP-DOWN APPROACH TO COST ESTIMATION Previous experience with estimating costs means a

great deal, especially if the project you are attempting to estimate resembles a project you have
previously worked on. If you’ve developed a website with similar features, then you can reliably
estimate the costs of developing a new website.
Customization is possible. The new website may feature a different number of products for
sale, but it is possible to adjust the costs according.
THE BOTTOM-UP APPROACH TO COST ESTIMATION Often, an analyst is faced with a project that requires
something unique, such as development in a different programming language. In this case, the
analyst needs to use a bottom-up approach.
A systems analyst can take the work breakdown structure and ask each responsible project team member to estimate the cost involved for completing the activity that is his or her
responsibility. This method, however, yields estimates that may be good or bad, depending
on the abilities of each team member. The analyst, acting as a project manager, must review
each of these estimates and arrive at a cost estimation that satisfies the team and the client.
The obvious problem with the bottom-up method is the time it takes to make each estimate
along the way.
PARAMETRIC MODELING This method involves making estimates for each of the many factors, or
parameters, that make up a project. For example, you can estimate that it will cost $75 per line of
code and $80 per hour for the computer programmers needed; you can then estimate the lines of
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Color-coding helps a project manager sort out similar phases, tasks, and resources. OmniPlan, available for Macs, takes advantage of color-coding to set up a project, identify tasks, identify the critical
path, and flag impossible situations.

code and hours it will take to complete the project. Special parametric modeling software such as
COCOMO II, mentioned previously, is often useful when modeling the project.
WHY COST ESTIMATES FAIL In practice, most systems analysts use a combination of all three of the

cost-estimating methods just described. There are two main reasons cost estimates fail. First, an
analyst is likely to be overly optimistic. An analyst believes in his or her team members, and an
optimistic estimate will show the team completing the project quickly and without errors all the
time. An analyst is likely to be optimistic and underestimate the lines of code and effort in general.
Second, an analyst may want to move past the cost estimation process and get on with
preparing and presenting the budget and beginning the actual work on the project. The analyst may therefore spend less time than is needed to properly prepare the estimates. The
analyst should be as accurate as possible, even though the estimates will be revised as the
project continues.
PREPARING THE BUDGET In the end, a systems analyst needs to prepare a budget even if the estimates

are not perfect. The budget is a critical deliverable, and every client wants to see a detailed
budget early in the process.
When working for a client, a systems analyst needs to conform to the standard process the
client uses to develop a budget. Most of the time, the client will have standard forms it uses for
this purpose. A sample budget is shown in Figure 3.20.

Items
1. Project Team
Project manager (systems analyst)
Project team members
Outside contractors (testers)
2. Hardware resources
Workstations
iPads
3. Software
Off-the-shelf software
Software developed in-house
4. Training
Seminars for team members
Seminars for trainees
Trainee hourly costs
Total Project Cost Estimate

Hours or
Units

Cost per Hour
or Unit

Subtotals

600
2,400
200

$120
80
20

$72,000
192,000
4,000

5
5

4,000
900

20,000
4,500

5

400
75,000

2,000
75,000

5
5
1,300

3,500
1,200
20

17,500
6,000
26,000
$419,000

FIGURE 3.20
Part of a sample budget for a
software development project,
showing hardware, software, and
personnel costs.
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The budget contains estimates for the hours worked and the rates of pay for each of the internal or outsourced workers. It also contains hardware and software costs and spells out how much
of each type of equipment is needed. It also explains the costs involved with training.

Managing Risk
The early discussions you have with management and others requesting a project, along
with the feasibility studies you do, are usually the best defenses possible against taking on
projects that have a high probability of failure. Your training and experience will improve
your ability to judge the worthiness of projects and the motivations that prompt others to
request projects. If you are part of an in-house systems analysis team, you must keep current with the political climate of the organization as well as with financial and competitive
situations.
It is important, however, to note that systems projects can and do have serious problems.
Those that are developed using agile methods are not immune to such troubles. To illustrate what
can go wrong in a project, a systems analyst may want to draw a fishbone diagram (also called
a cause-and-effect diagram, or an Ishikawa diagram). When you examine Figure 3.21, you will
see why it is called a fishbone diagram; it resembles the skeleton of a fish.
When using a fishbone diagram, you systematically list all the problems that can possibly
occur. In the case of the agile approach, it is useful to organize a fishbone diagram by listing all
the resource control variables on the top and all the activities on the bottom. Some problems,
such as schedule slips, might be obvious, but others, such as scope creep (the desire to add
features after the analyst hears new stories) or developing features with little value, are not as
obvious.
You can learn from the wisdom gained by people involved in earlier project failures. When
asked to reflect on why projects had failed, professional programmers cited management setting
impossible or unrealistic dates for completion, belief in the myth that simply adding more people

Quality

Cost

High staff turnover

Defect rate excessive
Customer not
satisfied with interface

Fear of change
Design not
creative enough

Designing

Need for additional
programmers

System fails tests
Inadequate feedback
from testing

Testing

Scope

Time

Scope creep
Features with
little value

Too complex code
Recoding required by
business changes

Coding

Schedule slips

Misunderstanding of
business
Communication
breakdown

Listening

FIGURE 3.21
A fishbone diagram may be used to identify all the things that can go wrong in developing a system.
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to a project would expedite it (even though the original target date on the project was unrealistic),
and management behaving unreasonably by forbidding the team to seek professional expertise
from outside the group to help solve specific problems.
Remember that you are not alone in the decision to begin a project. Although apprised of
your team’s recommendations, management will have the final say about whether a proposed
project is worthy of further study (that is, further investment of resources). The decision process
of your team must be open and stand up to scrutiny from those outside it. The team members
should consider that their reputation and standing in the organization are inseparable from the
projects they accept.

Managing Time Using Expediting
Speeding up a process is called expediting, and sometimes you may benefit from completing a
project much faster, such as receiving a bonus if you finish sooner. A second example is realizing
that valuable project team resources and team members can be used for some other project if you
finish the current project before the due date.
Figure 3.22 lists each activity in the project and the original estimated time required to
complete each of these activities. The third column, labeled “crash time,” refers to the absolute
minimum time in which an activity can be completed if additional money is funneled to that
activity. The final column contains the cost of reducing the activity duration by one week.
Expediting can help reduce the time it takes to complete an entire project, but the expedited
activities have to be on the critical path for expediting to make a time difference. Which activity
is expedited on the critical path depends on the cost, assuming that the activity is not already at its
crash time.
The maximum number of weeks each activity can be reduced is the difference between the
expected time and its crash time. For example, activity B, administering questionnaires, could be
reduced from four weeks to two weeks at a cost of $500 per week, but it cannot be reduced to less than
two weeks; activity H, preparing the proposal, cannot be reduced because it is already at its crash time.
The expediting analysis for this example is provided in Figure 3.23. The expediting process
takes place one step at a time, until it is impossible to expedite any further. The columns in the table
include eligible activities (tasks that are on the critical path and can be reduced by expediting), the
activity chosen (because it is the cheapest alternative), the time it currently takes to complete each
of the paths, the cost of expediting the chosen activity, and finally the cumulative cost.
In the first step, the critical path is 10–20–30–50–60–70–80, so the eligible activities are
A, B, D, and I. Activities G and H are also on the critical path, but they are already at their
crash times and are consequently ineligible for expediting. The cheapest alternative is to expedite
activity B by one day, which reduces the first path from 22 to 21 weeks and the second from
19 to 18 weeks; the third and fourth paths are not affected by the reduction because activity B is
not on either of those paths.

FIGURE 3.22

Activity

Estimated
Duration

Crash Time

Cost/Week

A

3

1

$ 800

B

4

2

500

C

4

2

400

D

8

6

1,000

E

5

5

1,000

F

3

3

800

G

3

3

800

H

2

2

400

I

2

1

600

Estimated duration, crash time,
and the cost of expediting project
activities.
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FIGURE 3.23
Using expediting to minimize
project time.

Eligible
Activities

Activity
Chosen

Time for Each Path

Cost

Cumulative
Cost

A, B, D, or I

B

21 18 19 16

$ 500

$ 500

A, B, D, or I

B

20 17 19 15

500

1,000

A, D, or I

I

19 17 18 15

600

1,600

A or D

A

18 16 18 15

800

2,400

A and C, or D

D

17 16 17 15

1,000

3,400

A and C, or D

D

16 16 16 15

1,000

4,400

A and C

A and C

15 15 15 14

1,200

5,600

22 19 19 16

The critical path, and therefore the entire project, is reduced from 22 to 21 weeks (circled on
the table). We can repeat this reduction and reduce the project time by another week.
When activity B reaches its crash time, another activity must be chosen. Row 3 in the table
shows that activities A, D, and I are eligible, and activity I is the cheapest alternative. Reducing
activity I reduces not only the critical path but all paths because it is common to all of them.
In the fourth step, activity A is chosen, reducing paths 1 and 2, but as a result, there are now
two critical paths. This implies that any reduction of the project time will take place only if both
of the critical paths are reduced at the same time.
We can shorten both paths in the fifth and sixth steps by choosing either a combination of
activities A and C (one activity from each of the critical paths) or activity D (an activity common to both critical paths). Reducing activity D by 2 days shortens the paths to 16, 16, 16, and
15 days, respectively, and now there are three critical paths.
Finally, when activity D reaches its crash time, the only available choice is a combination
of activities A and C. The minimum project time is therefore 15 weeks, obtainable by reducing
activity A by 2 days, activity B by 2 days, activity C by 1 day, activity D by 2 days, and activity
I by one day, at a total cost of $5,600.
This example describes all-out expediting to obtain the minimum project time at any cost.
But a systems analyst may be faced with a budget. In our example, a budget of $4,000 would
result in expediting up to and including step 5. The project would be shortened from 22 to
17 weeks, at a cost of $3,400.
Another possible criterion would be the net amount that could be saved if the project were
shortened. Suppose that in the above example the analyst would save $750 per week, mostly
consisting of opportunities available for the project team to begin new projects sooner. In this
case, expediting would not take place until Step 3 because the incremental cost of Step 4 ($800
for expending activity A) would exceed the $750 saved.
Expediting can make or break a successful project. The systems analyst has to remain on top
of the situation by managing the project throughout the entire development process. The analyst
needs to make sure project costs are managed properly.

Controlling Costs Using Earned Value Management
Once a systems analyst has an approved budget, it is imperative that the analyst keeps it updated
so the project doesn’t exceed the budget as it progresses. The baseline needs to be continually
revised, and all the stakeholders need to be informed.
Changes often occur in the middle of a project. The client may request new features, or new
technologies may be introduced that will change the way the system is developed. No matter
what these changes are, the budget needs to be revised.
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One tool available to systems analysts is earned value management (EVM). It is a technique
used to help determine progress (or setbacks) on a project and involves project cost, the project
schedule, and the performance of the project team. Here are the four key measures in EVM:
• Budget at completion (BAC) is the total budget for the project, from the beginning until
completion. If you are calculating the performance measures for a task, then it is the total
budget for the task.
• Planned value (PV) is the value of the work that is to be completed on the project (or,
alternatively, the work completed on any task). Because the value of the work completed
is how much effort and money will be put into it, you can think of PV as the budgeted cost
of work scheduled.
• Actual Cost (AC) is the total cost (direct and indirect) incurred in completing the work on the
project (or, alternatively, a task) up to that particular point in time. Another way of referring to
this is actual cost of work performed to date.
• Earned value (EV) is an estimate of the value of the work performed thus far. EV refers only
to the work that has been completed to date. Earned value is calculated as follows:
EV = PV * p
where p is the percentage of the work completed thus far.
Figure 3.24 shows the cost of developing a website over a five-month period. In this example, the development of our website is well under way. The budget at completion is the planned
budget of $18,000, the total estimated cost of developing the website at the end of five months. It
is calculated by summing the cost figures in the estimated cost column.
At the end of the first, second, and third months, the actual cost of the project equals the
cumulative estimated cost, but in the fourth month, the actual cost is $17,000 versus the $15,000
from the cumulative estimate column. It is obvious that we are going over our budget.
It appears to be worse. We’ve only completed 50 percent of Stage 4 at the end of the fourth
month. That means we’re falling behind in our schedule as the costs are rising.
Let’s see what the damage is. We already know that the budget at completion for the project
is $18,000 and that the actual cost at the end of the fourth month is $17,000. Let’s determine the
planned value and the earned value at this time.
The planned value is simply the cumulative estimate at the end of month 4, or $15,000. To
calculate the planned value we need to multiply the earned value by the percentage of the project
that is complete. We see in the table that the first three stages are complete, but the fourth stage
is only half finished. To date, this means that:
p = (100 + 100 + 100 + 50)/(100 + 100 + 100 + 100)
= .875
So the earned value is:
EV = PV * p
= $15,000 * .875
= $13,125

At the
End of

Stage

Estimated
Cost

Month 1
Month 2
Month 3
Month 4
Month 5

Stage 1
Stage 2
Stage 3
Stage 4
Stage 5

$6,000
3,000
3,000
3,000
3,000

Cumulative Estimated
Estimate
Duration
$6,000
9,000
12,000
15,000
18,000

1 month
1 month
1 month
1 month
1 month

Stage
Completed

Actual Cost of
Stage to Date

Actual Cost of
Project to Date

100%
100%
100%
50%
0%

$6,000
3,000
3,000
5,000
Not yet begun

$6,000
9,000
12,000
17,000
Not yet begun

FIGURE 3.24
The anticipated cost of a website development project over a five-month period.
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The four variables—budget at completion, planned value, actual cost, and earned value—are
the core of earned value management. They can be used to calculate a number of performance
measures, including cost variance, schedule variance, the cost performance index, and the schedule performance index:
• Cost variance (CV) tells us whether the project or task is costing more than we have planned.
If cost variance is negative, our costs are greater than planned. If it is positive, it is costing less
than planned. Cost variance is simply:
CV = EV - AC
• Schedule variance (SV) tells us whether the project is taking more time than planned. If so,
it will have a negative impact on our costs. Once again, if schedule variance is negative, then
it is taking longer than planned to perform the work, and the amount is the cost overage. If
schedule variance is positive, then it is taking less time than planned, and the amount indicates
how much we are under budget. Schedule variance is obtained by subtracting the planned
value from the earned value, as follows:
SV = EV - PV
• Cost performance index (CPI) is a ratio that signifies whether a project is over budget.
If the index is less than 1.0, the project or task is over budget. If the ratio is greater than
1.0, the project or task is under budget. Cost performance index can be calculated as
follows:
CPI = EV / AC
• Schedule performance index (SPI) is a ratio that tells us whether a project is falling
behind schedule. If the schedule performance index is less than 1.0, it implies that the
project or task is behind schedule. If the schedule performance index ratio is greater than
1.0, the project is ahead of schedule. Schedule performance index can be calculated as
follows:
SPI = EV / PV
In our continuing example of website development, we can now calculate these four
performance measures:
Cost variance at the end of the fourth month is:
CV = EV - AC
= $13,125 - $17,000
= (-$3,875)
meaning that we are $3,875 over budget.
Schedule variance is:
SV = EV - PV
= $13,125 - $15,000
= (-$1,875)
implying that we are behind schedule and are over budget.
The cost performance index is:
CPI = EV / AC
= $13,125 / $17,000
= .772
or 77.2 percent. This means the team is performing at a rate far below the expected rate of performance. This figure will be used later.
The schedule performance index (SPI) is:
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SPI = EV / PV
= $13,125 / $15,000
= .875
or 87.5 percent. Once again, a ratio lower than 1.0 means that the project is behind schedule.
Finally, a systems analyst may want to calculate two key variables: estimate to complete
(ETC) and estimate at completion (EAC). They tell the analyst how much it will cost to finish the
project or task from this point onward.
Estimate to complete considers how the team has done in the past and estimates how much
additional money will be required to complete the project at its current rate of performance. It is
calculated by subtracting the earned value from the budget at completion. That result is divided
by the cost performance index calculated earlier, as follows:
ETC = (BAC - EV) / CPI
Estimate at completion represents the revised budget. It is the amount the entire project
or task will cost when it is finished. It is calculated by adding the actual cost to the estimated
amount of money it will take to complete the project. The equation is:
EAC = AC + ETC
In our ongoing example of the website development project, the estimate to complete the
project is:
ETC = ($18,000 - $13,125) / .772 = $6,315
This means that we will need to spend $6,315 more than we have up to this point to finish the
website. The estimate at completion will be:
EAC = $17,000 + $6,315
= $23,315
which is significantly more than the $18,000 we originally budgeted for. Figure 3.25 shows how
some of these performance measures relate to the original schedule and budget and the revised
schedule and budget.

FIGURE 3.25
PV = $15,000

Stage 1

Stage 2

Originally Budgeted
BAC = $18,000

Stage 3

Stage 4

Stage 5

EV = $13,125
AC = $17,000

ETC = $6,315

Time

Revised Budget
EAC = $23,315

How the earned value
management values relate to the
planned and actual development of
the website.
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It is important for a systems analyst to keep an eye on cost and to address the budgetary
implications when unexpected delays or cost overruns occur. An analyst must constantly balance
cost, time, and scope (that is, which systems features will be included) when working on any
project.

Managing the Project Team
Along with managing time and resources, systems analysts must also manage people. Management is accomplished primarily by communicating accurately to team members who
have been selected for their competence and compatibility. Goals for project productivity
must be set, and members of systems analysis teams must be motivated to achieve them.

Assembling a Team
Assembling a team is desirable. If a project manager has an opportunity to create a dream
team of skilled people to develop a system, who should he or she choose? In general, project managers need to look for others who share their values of teamwork and are guided
by the desire to deliver a high-quality system on time and on budget. Other desirable team
member characteristics include a good work ethic, honesty, competence, and readiness to
take on leadership based on expertise, motivation, enthusiasm for the project, and trust of
teammates.
The project manager needs to know about business principles, but it doesn’t hurt to have
at least one other person on the team who understands how a business operates. Perhaps this
person should be a specialist in the area of the system being developed. When developing
an ecommerce site, for example, a team can enlist the help of someone in marketing, and
those developing an inventory system can ask a person versed in production and operations
to provide expertise.
A team ideally should include at least two systems analysts. They can help each other,
check each other’s work, and shift their workloads. There is certainly a need to have
people with programming skills on board. Coding is important, but people who know
how to conduct walkthroughs, reviews, testing, and documenting systems are important
as well. Some people are good at seeing the big picture, and others perform well when
tasks are broken down into smaller ones for them. Every team should have both types of
individuals.
Beyond the basics just described, a project manager should look for people with both
experience and enthusiasm. Experience is especially important when trying to estimate the
time required for completing a project. Experience in computer programming can mean code
is developed five times faster than if it is developed by an inexperienced team. A usability
expert is also a useful addition to the team.
The team must be motivated. One way to keep a team positively oriented throughout the
entire process is to select good people at the outset. Look for enthusiasm, imagination, and an
ability to communicate with different kinds of people. These basic attributes hold the potential
for success. In addition, superior writers and articulate speakers can present proposals and
work directly with customers, so hiring such individuals is a good idea.
Trust is an important part of a team. All members of the project need to act responsibly and
agree to do their best and complete their part of the project. People may have different work
styles, but they all need to agree to work together toward a common goal.

Communication Strategies for Managing Teams
Teams have their own personalities as a result of combining each individual team member with
every other in a way that creates a totally new network of interactions. A way to organize your
thinking about teams is to visualize them as always seeking a balance between accomplishing
the work at hand and maintaining relationships among team members.
In fact, teams often have two leaders, not just one. Usually one person will emerge who
leads members to accomplish tasks, and another person will emerge who is concerned with
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HY P E RCAS E EXPERIENCE 3. 1

“I

hope everyone you’ve encountered at MRE has treated you
well. Here’s a short review of some of the ways you can access our
organization through HyperCase. The reception area at MRE contains the key links to the rest of our organization. Perhaps you’ve
already discovered these on your own, but I wanted to remind you
of them now because I don’t want to get so engrossed in the rest of
our organization problems that I forget to mention them.
“The empty doorway you see is a link to the next room,
which we call the East Atrium. You have probably noticed that
all open doorways are links to adjacent rooms. Notice the building map displayed in the reception area. You are free to go to
public areas such as the canteen, but as you know, you must have
an employee escort you into a private office. You cannot go there
on your own.
“By now you have probably noticed the two documents and
the computer on the small table in the reception area. The little red
one is the MRE internal phone directory. Just click on an employee
name, and if that person is in, he or she will grant you an interview
and a tour of the office. I leave you to your own devices in figuring
out what the other document is.
“The computer on the table is on and displays the web page for
MRE. Take a look at the corporate website and visit all the links.

It tells the story of our company and the people who work here.
We’re quite proud of it and have gotten positive feedback about it
from visitors.
“If you have had a chance to interview a few people and see
how our company works, I’m sure you are becoming aware of
some of the politics involved. We are also worried, though, about
more technical issues, such as what constitutes feasibility for a
training project and what does not.”

HYPERCASE Questions
1. What criteria do the Training Unit use to judge the feasibility
of a new project? List them.
2. List any changes or modifications to these criteria that you
would recommend.
3. Mr. Evans has asked you to help prepare a proposal for a new
project tracking system for the Training Unit. Briefly discuss
the technical, economic, and operational feasibility of each
alternative for a proposed project tracking system for the
Training Unit.
4. Which option would you recommend? Use evidence from
HyperCase to support your decision.

the social relationships among group members. Both are necessary for the team. These individuals have been labeled by other researchers as task leader and socioemotional leader,
respectively. Every team is subject to tensions that are an outgrowth of seeking a balance
between accomplishing tasks and maintaining relationships among team members.
For a team to continue its effectiveness, tensions must be continually resolved. Minimizing or ignoring tensions will lead to ineffectiveness and eventual disintegration of the
team. Much of the tension release necessary can be gained through skillful use of feedback
by all team members. All members, however, need to agree that the way they interact (that
is, the process) is important enough to merit some time. Productivity goals for processes are
discussed in a later section.
Securing agreement on appropriate member interaction involves creating explicit and
implicit team norms (collective expectations, values, and ways of behaving) that guide members in their relationships. A team’s norms belong to it and will not necessarily transfer from
one team to another. These norms change over time and are better thought of as a team process
of interaction than a product.
Norms can be functional or dysfunctional. Just because a particular behavior is a norm
for a team does not mean it is helping the team to achieve its goals. For example, an expectation that junior team members should do all project scheduling may be a team norm. By
adhering to this norm, the team puts extreme pressure on new members and does not take
full advantage of the experience of the team. It is a norm that, if continued, could make team
members waste precious resources.
Team members need to make norms explicit and periodically assess whether norms are
functional or dysfunctional in helping the team achieve its goals. The overriding expectation
for your team must be that change is the norm. Ask yourself whether team norms are helping or
hindering the team’s progress.
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Setting Project Productivity Goals
As you work with your team members on a variety of projects, you or your team leader
will acquire acumen for projecting what the team can achieve in a specific amount of time.
Using the hints on methods for estimating time required discussed earlier in this chapter
and coupling them with experience will enable the team to set worthwhile productivity
goals.
Systems analysts are accustomed to thinking about productivity goals for employees
who show tangible outputs, such as the number of pairs of blue jeans sewn per hour, the
number of entries keyed in per minute, or the number of items scanned per second. As
manufacturing productivity rises, however, it is becoming clear that managerial productivity must keep pace. It is with this aim in mind that productivity goals for the systems
analysis team are set.
A team needs to formulate and agree to goals, and these goals should be based on team
members’ expertise and former performance, as well as on the nature of the specific project.
Goals will vary somewhat for each project undertaken because sometimes an entire system
will be installed, whereas other projects might involve limited modifications to a portion of an
existing system.

Motivating Project Team Members
Although motivation is an extremely complex topic, it is a good one to consider, even if briefly,
at this point. To oversimplify, recall that people join organizations to provide for some of their
basic needs, such as food, clothing, and shelter. All humans, however, also have higher-level
needs, including affiliation, control, independence, and creativity. People are motivated to fulfill
unmet needs on several levels.
Team members can be motivated, at least partially, through participation in goal setting, as
described in the previous section. The very act of setting a challenging but achievable goal and
then periodically measuring performance against the goal seems to work in motivating people.
Goals act almost as magnets in attracting people to achievement.
Part of the reason goal setting motivates people is that team members know prior to
any performance review exactly what is expected of them. The success of goal setting for
motivating can also be ascribed to affording each team member some autonomy in achieving the goals. Although a goal is predetermined, the means to achieve it may not be. In this
instance, team members are free to use their own expertise and experience to meet their
goals.
Setting goals can motivate team members by clarifying for them and others what must be
done to get results. Goals define the level of achievement that is expected of team members. This
use of goals simplifies the working atmosphere, and it electrifies it with the possibility that what
is expected can indeed be done.

Managing Ecommerce Projects
Many of the approaches and techniques discussed so far are transferable to ecommerce
project management. You should be cautioned, however, that although there are many similarities, there are also many differences. One difference is that the data used by ecommerce
systems are scattered all over an organization. Therefore, you are not just managing data
in a self-contained department or even in one solitary unit. Hence, organization politics
may come into play because units often feel protective of the data they generate and do not
understand the need to share them across the organization.
Another stark difference is that ecommerce project teams typically need more staff
from across the organization and with a variety of skills, including developers, consultants,
database experts, and system integrators. Stable project groups that exist within a cohesive
information systems (IS) group or systems development team are the exception rather than
the rule. In addition, because so much help may be required initially, ecommerce project
managers need to build partnerships externally and internally well ahead of the implementation, perhaps sharing talent across projects to defray costs of ecommerce implementations
and to muster the required number of people with the necessary expertise. The potential for
organization politics to drive a wedge between team members is very real.

CHAPTER 3 • PROJEC T MAN AGEMEN T

One way to prevent politics from sabotaging a project is for the ecommerce project
manager to emphasize the integration of the ecommerce system with the organization’s
internal systems and in so doing emphasize the organizational aspect embedded in the ecommerce project. As one ecommerce project manager told us, “Designing the front end [what
the consumer sees] is the easy part of all this. The real challenge comes from integrating
ecommerce strategically into all of the organization’s systems.”
A fourth difference between traditional project management and ecommerce project
management centers on security concerns. The ecommerce system will be linking with the
outside world via the Internet, so security is of the utmost importance. Developing and implementing a security plan before the new system is in place is a project in and of itself and must
be managed as such.

Creating a Project Charter
Part of the planning process is to agree on what will be done and at what time. Analysts who
are external consultants, as well as those who are organization members, need to specify what
they will eventually deliver and when they will deliver it. The entire team as well as the client
need to be on board. This chapter has elaborated on ways to estimate the delivery date for the
completed system and also how to identify organization goals and assess the feasibility of the
proposed system.
The project charter is a written narrative that clarifies the following questions:
1. What does the user expect of the project (that is, what are the objectives)? What will the
system do to meet the needs (achieve the objectives)?
2. What is the scope (or what are the boundaries) of the project? (What does the user consider
to be beyond the project’s reach?)
3. What analysis methods will the analyst use to interact with users in gathering data and
developing and testing the system?
4. Who are the key participants? How much time are users willing and able to commit to
participating?
5. What are the project deliverables? (What new or updated software, hardware, procedures,
and documentation do the users expect to have available for interaction when the project
is done?)
6. Who will evaluate the system, and how will they evaluate it? What are the steps in the
assessment process? How will the results be communicated, and to whom?
7. What is the estimated project timeline? How often will analysts report project
milestones?
8. Who will train the users?
9. Who will maintain the system?
The project charter describes in a written document the expected results of the systems project (deliverables) and the time frame for delivery. It essentially becomes a contract between the
chief analyst (or project manager) and the analysis team, with the organization users requesting
the new system.

The Systems Proposal
The project charter serves the purpose of identifying objectives, determining scope, and assigning responsibilities, but an analyst still needs to prepare a systems proposal that includes much
of the detail about system needs, options, and recommendations. This section covers both the
content and style that make up a systems proposal.

What to Include in a Systems Proposal
A written systems proposal has 10 main sections. Each section has a particular function, and
eventually the proposal should be arranged in the following order:
1. Cover letter
2. Title page of project

87

88

PART 1 • SYSTEMS A N ALYSIS FUNDAMENTALS

CON SULTIN G OPPO RTUNITY 3. 5

Goal Tending

“H

ere’s what I think we can accomplish in the next five
weeks,” says Hy, the leader of your systems analysis team, as he
confidently pulls out a schedule listing each team member’s name
alongside a list of short-term goals. Just a week ago, your systems
analysis team went through an intense meeting on expediting the
project schedule for the Kitchener Redwings, an Ontario hockey
organization whose management is pressuring you to produce a
prototype.
The three other members of the team look at the chart in surprise. Finally, one of the members, Rip, speaks: “I’m in shock. We
each have so much to do as it is—and now this.”
Hy replies defensively, “We’ve got to aim high, Rip. They’re
in the off-season. It’s the only time to get them. If we set our goals
too low, we won’t finish the system prototype, let alone the system
itself, before another hockey season passes. The idea is to give the
Kitchener Redwings the fighting edge through the use of their new
system.”
Fiona, another team member, enters the discussion, saying,
“Goodness knows their players can’t give them that!” She pauses

3.
4.
5.
6.
7.
8.
9.
10.

for the customary groan from the assembled group, then continues.
“But seriously, these goals are killers. You could have at least asked
us what we thought, Hy. We may even know better than you what’s
possible.”
“This is a pressing problem, not a tea party, Fiona,” Hy
replies. “Polite polling of team members was out of the question. Something had to be done quickly. So I went ahead with
these. I say we submit our schedule to management based on
this. We can push back deadlines later if we have to. But this
way, they’ll know we’re committed to accomplishing a lot during
the off-season.”
As a fourth team member listening to the foregoing exchange,
formulate three suggestions that would help Hy improve his
approach to goal formation and presentation. How well motivated
do you think the team will be if they share Fiona’s view of Hy’s
goals? What are the possible ramifications of supplying management with overly optimistic goals? Write one paragraph devoted to
short-term effects and another one discussing the long-term effects
of setting unrealistically high goals.

Table of contents
Executive summary (including recommendations)
Outline of systems study with appropriate documentation
Detailed results of the systems study
Systems alternatives (three or four possible solutions)
Systems analysts’ recommendations
Proposal summary
Appendices (assorted documentation, summary of phases, correspondence, and so on)

A cover letter to managers and the IT task force should accompany the systems proposal.
It should list the people who did the study and summarize the objectives of the study. Keep the
cover letter concise and friendly.
Include on the title page the name of the project, the names of the systems analysis team
members, and the date the proposal is submitted. The proposal title must accurately express
the content of the proposal, but it can also exhibit some imagination. The table of contents can
be useful to readers of long proposals. If the proposal is less than 10 pages long, omit the table
of contents.
The executive summary, in 250 to 375 words, provides the who, what, when, where, why,
and how of the proposal, just as would the first paragraph in a news story. It should also
include the recommendations of the systems analysts and desired management action because
some people will only have time to read the summary. It should be written last, after the rest
of the proposal is complete.
The outline of the systems study provides information about all the methods used in
the study and who or what was studied. Any questionnaires, interviews, sampling of archival data, observation, or prototyping used in the systems study should be discussed in this
section.
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This detailed results section describes what the systems analyst has found out about
human and systems needs through all the methods described in the preceding section. Conclusions about problems workers experience when interacting with technologies and systems that have come to the fore through the study should be noted here. This section should
list the problems or suggest opportunities that call forth the alternatives presented in the
next section.
In the systems alternatives section of the proposal, present two or three alternative
solutions that directly address the aforementioned problems. The alternatives you present
should include one that recommends keeping the system the same. Each alternative should
be explored separately. Describe the costs and benefits of each situation. Because there are
usually trade-offs involved in any solution, be sure to include the advantages and disadvantages of each.
Each alternative must clearly indicate what users and managers must do to implement
it. The wording should be as clear as possible, such as “Buy notebook computers for all
middle managers,” “Purchase packaged software to support users in managing inventory,” or
“Modify the existing system through funding in-house programming efforts.”
After the systems analysis team has weighed the alternatives, it will have a definite
professional opinion about which solution is most workable. The systems analysts’ recommendations section expresses the recommended solution. Include the reasons supporting the team’s recommendation so that it is easy to understand why it is being made. The
recommendation should f low logically from the preceding analysis of alternative solutions, and it should clearly relate the human–computer interaction findings to the choice
offered.
The proposal summary is a brief statement that mirrors the content of the executive
summary. It gives the objectives of the study and the recommended solution. You should
once more stress the project’s importance and feasibility, along with the value of the recommendations for reaching the users’ goals and improving the business. Conclude the proposal
on a positive note.
The appendices are the last part of the systems proposal, and they can include any
information that you feel may be of interest to specific individuals but that is not essential
for understanding the systems study and what is being proposed.
Once the systems proposal is written, carefully select who should receive the report.
Personally hand the report to the people you have selected. Your visibility is important for
the acceptance and eventual success of the system.
You can propose a special meeting of key decision makers regarding the systems project for the purpose of delivering the results of the systems proposal. Develop a separate oral
presentation (illustrated with PowerPoint slides or some other presentation software such
as Keynote) that features highlights of your written report. Keep your presentation brief, 30
to 40 minutes maximum, with the majority of time devoted to questions. Never read your
report aloud. It is preferable to prepare and deliver a dynamic slide presentation that takes
advantage of the fact that you can interact with key decision makers face to face.

Using Figures for Effective Communication
The emphasis so far in this section has been on considering your audience when composing
a systems proposal. Tables and graphs as well as words are important in capturing and communicating the basics of the proposed system. Never underestimate good design.
Integrating figures into your proposal helps demonstrate that you are responsive to the different ways people absorb information. Figures in the report supplement written information
and must always be interpreted in words; they should never stand alone.
EFFECTIVE USE OF TABLES Although tables are technically not visual aids, they provide a different

way of grouping and presenting analyzed data that an analyst wants to communicate to proposal
readers.
Tables use labeled columns and rows to present statistical or alphabetical data in an
organized way. Each table must be numbered according to the order in which it appears in
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HYPE RC AS E E X P E R I E N CE 1
HY P E RCASE E XPERIENCE 3. 2

“W

elcome to Maple Ridge Engineering, what we call MRE.
We hope you’ll enjoy serving as a systems consultant for us.
ometimes the people who have been here for some time are
Although I’ve worked here five years in different capacities, I’ve just
surprised at how much we have actually grown. Yes, I do admit
been reassigned to serve as an administrative aide to Mr. Evans, the
that it isn’t easy to keep track of what each person is up to or even
headpurchases
of the new
Training
andhas
Management
Department.
what
each
department
made in theSystems
way of hardware
We’re
certainly
a diverse
group.
you make
your way
through
and
software.
We’re
working
on it,As
though.
Mr. Evans
would
like the
company,
sure to use all
skills,purchases.
both technical
and to
people
to
see morebe
accountability
for your
computer
He wants
oriented,
arewhere
and toitidentify
make
suretoweunderstand
know whatwho
we we
have,
is, whythe
weproblems
have it, and
conflicts
that
should beMRE
solved
regarding or,
ourasinformation
who’s
using
it, you
and think
if it’s boosting
productivity,
he so
delicately
systems.”puts it, ‘to see whether it’s just an expensive toy’ that we
can live
“Towithout.”
bring you up to date, let me say that Maple Ridge Engineering is a medium-sized medical engineering company. Last
HYPERCASE
Questions
year, our revenues
exceeded $287 million. We employ about 335
1. Complete
inventory foremployees
the Training as well
people.
Therea computer
are aboutequipment
150 administrative
and Management
describing
all the
as management
and Systems
clericalDepartment,
staff like myself;
approximately
75
systems you
find. Hint: Create
an inventory
form physicians,
to simplify and
professional
employees,
including
engineers,
your analysts;
task.
systems
and about 110 trade employees, such as drafters and technicians.”
“There are four offices. You will visit us through HyperCase in
our home office in Maple Ridge, Tennessee. We have three other
branches in the southern United States as well: Atlanta, Georgia;

“S

2.

3.
4.

5.

Charlotte, North Carolina; and New Orleans, Louisiana. We’d love
to have you visit when you’re in the area.”
now, youevaluation
should explore
HyperCase
Using“For
the software
guidelines
given inusing
the either Firefox,
chapter,
a brief evaluation
GEMS, a software packSafari, do
or Microsoft
InternetofExplorer.”
age used
the more
Training
andMaple
Management
Systems
“To by
learn
about
Ridge Engineering
as a company
Department
employees.
In a paragraph,
briefly critique
or to find out
how to interview
our employees,
who will use the systhis
custom
software
byhow
comparing
it with
COTS
software
tems
you design,
and
to observe
their
offices
in our company,
such
Microsoft
you as
may
want toProject.
start by going to the website www.pearsonhigh
List
the intangible costs
andclick
benefits
of link
GEMS,
as reported
ered.com/kendall.
Then
on the
labeled
HyperCase. At the
by employees of MRE.
HyperCase display screen, click on Start, and you will be in the
Briefly describe the two alternatives Mr. Evans is conreception room for Maple Ridge Engineering. From this point, you
sidering for the proposed project tracking and reporting
can start consulting right away.”
system.
website contains
useful
information
What This
organizational
and political
factors
should Mr.about
Evansthe project as
well as infiles
that can
downloaded
to your
There is a
consider
proposing
hisbe
new
system at MRE?
(Incomputer.
a brief
set of Visible
Analyst
(VA) conflicts.)
data files, and there is another set of
paragraph,
discuss
three central
Visio data files that match HyperCase. They contain a partially constructed series of data flow diagrams, entity-relationship diagrams,
UML diagrams, and repository information. The HyperCase website also contains additional exercises that may be assigned. HyperCase is designed to be explored, and you should not overlook any
object or clue on a web page.

Summary
participating, your organization may want to get involved. With competitors actively par-

The five major project management fundamentals a systems analyst must handle are (1) project initiation—
ticipating in an open community, an organization may calculate that it is something that
defining a problem, (2) determining project feasibility, (3) activity planning and control, (4) project schedulat least systems
be investigated
not dismissed
summarily.
your
ing,should
and (5) managing
analysis teamseriously,
members. When
faced with questions
of how Another
businesses reason
can
company
might
ask
you
to
participate
as
a
developer
in
an
open
community
is
to
achieve
meet their goals and solve systems problems, an analyst creates a problem definition. A problem definition
have
labeled
“responsive
design.”
Responsive
design
meansforthat while
is awhat
formalresearchers
statement of the
problem,
including
(1) the issues
of the present
situation, (2)
the objectives
each
issue,
the requirements
be source
included community,
in all proposed you
systems,
(4) the
constraints
that
you
are(3)participating
inthat
themust
open
are and
at the
same
time employed
by
limit
development.
ansystem
organization
that wants to leverage your participation in the open source community to
Selecting a project is a difficult decision because more projects will be requested than can actually be
incorporate
OSS designs into proprietary products, processes, knowledge, and IT artifacts
done. Five important criteria for project selection are (1) that the requested project be backed by managethat
it
is
developing
and thatforita hopes
to eventually
as ita move
product
that istoward
differentiated
ment, (2) that it be timed appropriately
commitment
of resources,sell
(3) that
the business
from what
the open
community
responsive
attainment
of its goals,
(4) thatsource
it be practical,
and (5) has
that itproduced.
be importantThrough
enough to abe process
consideredofover
design
the
IT artifact is imbued with both community and organization structures, knowlother
possible
projects.
If a requested
project meets these criteria, a feasibility study of its operational, technical, and economic
edge,
and practices.
merits can be done. Through the feasibility study, a systems analyst gathers data to enable management to
decide whether to proceed with a full systems study. By inventorying equipment already on hand and on
order, systems analysts can better determine whether new, modified, or current computer hardware is to be
recommended.
There are advantages and disadvantages to purchasing computer hardware. Alternatively the analyst may help the organization weigh the advantages and disadvantages of renting time and space
Systems
analysis
design
is a systematic
approach
to identifying
problems,
through
use of
a cloudand
service
provider.
Three main
categories
of cloud computing
areopportunities,
Software as a and objectives;(SaaS),
to analyzing
human-as
and
computer-generated
information
flows in(PaaS).
organizations;
and to designing
Service
Infrastructure
a Service
(IaaS), and Platform
as a Service
As user sophiscomputerized
information
systems
to solvebring
problems.
Systems
analysts
are approaches
required to take
on many roles
tication
grows, some
companies
are adopting
your own
device
(BYOD)
to boost
in theofcourse
of their
of these
roles
are (1)
an outsideofconsultant
to mobile
business,
(2) a supporting
morale
employees
andwork.
lowerSome
the initial
cost
to the
organization
purchasing
devices.
expertrisks
within
a business,
(3) are
an agent
change
in both
and external
situations.
It is important
Security
from
untrainedand
users
likelyofthe
biggest
threatinternal
to organizations
adopting
a “bring
your
own
device”
that
you
designpolicy.
new systems with an awareness of what you can do to design security into a system from
Cloud
and other hardware vendors will supply support services such as preventive mainthe
veryservices
beginning.
tenance Analysts
and user training
are typically
Software
can be created
as a custom
possessthat
a wide
range of negotiated
skills. Firstseparately.
and foremost,
an analyst
is a problem
solver, someone
product,
purchased
a commercial
off-the-shelf
(COTS)and
software
package,
or outsourced
to Systems
a SaaS analysts
who enjoys
the as
challenge
of analyzing
a problem
devising
a workable
solution.
provider.
require communication skills that enable them to relate meaningfully to many different kinds of people

Summary

on a daily basis, as well as computer skills. Understanding and relating well to users is critical to their
success.
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1 ECNEIREPXE ESACREPYH

Preparing a systems proposal means identifying all the costs and benefits of a number of alternatives. A systems analyst has a number of methods available to forecast future costs, benefits, volumes
of transactions, and economic variables that affect costs and benefits. Costs and benefits can be
tangible (quantifiable) or intangible (nonquantifiable and resistant to direct comparison). A systems
analyst can use many methods for analyzing costs and benefits, including break-even analysis and the
payback method.
Project planning includes the estimation of time required for each of the analyst’s activities, scheduling
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A systems analyst must follow these steps when putting together an effective systems proposal:
Effectively organize the proposal content and write and deliver the proposal in an appropriate business
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HYPE RC AS E E X P E R I E N CE 1
Review Questions
1. What are the five major project fundamentals?
2. List three ways to find out about problems or opportunities that might call for a systems solution.
3. List the five criteria for systems project selection.
4. Define technical feasibility.
5. Define economic feasibility.
Charlotte, North Carolina; and New Orleans, Louisiana. We’d love
elcome to Maple Ridge Engineering,
what we call MRE.
6. Define operational feasibility.
to have you visit when you’re in the area.”
We hope you’ll enjoy serving as a systems consultant for us.
7. List four criteria for evaluating system hardware.
“For now, you should explore HyperCase using either Firefox,
Although I’ve worked here five years
in different capacities, I’ve just
8. What two main options do organizations have for acquiring or using computer hardware?
Safari,
or Microsoft Internet Explorer.”
been reassigned to serve as an administrative
aide
to
Mr.
Evans,
the
9. What does COTS stand for?
“To learn
about Maple Ridge Engineering as a company
head of the new Training and Management
Systems
Department.
10. List five of
the many
benefits of cloud computing
formore
organizations.
or to computing
find out how
interview our employees, who will use the sysWe’re certainly a diverse group. As
through
the of cloud
11.you
Listmake
threeyour
of theway
many
drawbacks
for to
organizations.
tems you design, and how to observe their offices in our company,
company, be sure to use all your12.
skills,
both
and for?
people
What
doestechnical
BYOD stand
may want to start by going to the website www.pearsonhigh
oriented, to understand who we are
to identify
the problems
andto an you
13.and
What
are the benefits
of BYOD
organization?
Whatregarding
are the benefits
of BYOD to an ered.com/kendall.
employee?
Then click on the link labeled HyperCase. At the
conflicts that you think should be14.
solved
our information
15. What is the biggest drawback of BYOD
for an organization?
HyperCase
display screen, click on Start, and you will be in the
systems.”
are three
main
categories
computing?
reception
room for Maple Ridge Engineering. From this point, you
“To bring you up to date, let16.
meWhat
say that
Maple
Ridge
Engi-of cloud
17. Define
tangible company.
costs and tangible
Give
an example
of each
one.
can start
consulting
right
away.”
neering is a medium-sized medical
engineering
Last benefits.
18.million.
Define intangible
costs
and intangible
benefits.
an example
each one.
This Give
website
containsofuseful
information about the project as
year, our revenues exceeded $287
We employ
about
335
19. List four techniques for comparing the costs and benefits of a proposed system.
well as files that can be downloaded to your computer. There is a
people. There are about 150 administrative employees as well
20. When is calculating the payback period useful?
set of Visible Analyst (VA) data files, and there is another set of
as management and clerical staff like myself; approximately 75
21. What are the three drawbacks of using the payback method?
Visio and
datawhen
files should
that match
They contain a partially conprofessional employees, including
engineers,
physicians,
and
22. What is work breakdown structure (WBS),
it be HyperCase.
used?
structed series of data flow diagrams, entity-relationship diagrams,
systems analysts; and about 11023.
trade
employees,
such as draftWhat
is a Gantt chart?
UML diagrams,
ers and technicians.”
24. When is a PERT diagram useful for systems
projects? and repository information. The HyperCase webalso contains
additional
thatsystems
may beprojects.
assigned. Hyper“There are four offices. You will
visitthree
us through
HyperCase
25. List
advantages
of using in
a PERTsite
diagram
over a Gantt
chart forexercises
scheduling
Case is designed to be explored, and you should not overlook any
our home office in Maple Ridge,26.
Tennessee.
three
other
Define theWe
termhave
critical
path.
Howasdoes
a project
manager
assess the
risk oforthings
going
wrong
and take that into consideration
object
clue on
a web
page.
branches in the southern United 27.
States
well:
Atlanta,
Georgia;
when planning the time needed to complete a project?
28. What costs need to be estimated to prepare a budget?
29. Why is preparing a budget so important for a systems analyst who is managing a project?
yourcall
organization
want
to get involved. With competitors actively par30.participating,
What three instances
for expeditingmay
a systems
project?
in antime
open
community,
an aorganization
may calculate that it is something that
31.ticipating
What does crash
mean
when expediting
project?
least
be management
investigated
seriously, not dismissed summarily. Another reason your
32.should
What is at
earned
value
(EVM)?
33.company
What are the
four key
earned value as
management?
might
askmeasures
you toinparticipate
a developer in an open community is to achieve
34.what
For what
purposes can
a systems
analyst
use earned value
management?
researchers
have
labeled
“responsive
design.”
Responsive design means that while
35. List the two types of team leaders.
you are participating in the open source community, you are at the same time employed by
36. What is meant by a dysfunctional team norm?
organization
that process?
wants to leverage your participation in the open source community to
37.anWhat
is meant by team
designs
into
proprietary
products,
processes,
knowledge,
38.incorporate
What are threeOSS
reasons
that goal
setting
seems to motivate
systems
analysis team
members? and IT artifacts
39.that
What
ways in which
projecttomanagement
it are
is four
developing
and ecommerce
that it hopes
eventuallydiffers
sell from
as atraditional
productproject
that is differentiated
management?
from
what the open source community has produced. Through a process of responsive
40.design
What elements
contained
in a projectwith
charter?
the IT are
artifact
is imbued
both community and organization structures, knowl41. For what purpose is a fishbone diagram used?
edge,
and
practices.
42. What are the three steps a systems analyst must follow to put together an effective systems proposal?
43. List the 10 main sections of a systems proposal.
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Summary

Problems
Systems analysis and design is a systematic approach to identifying problems, opportunities, and objecto analyzing
humanandLouis
computer-generated
information
flows
in organizations;
and to designing
1.tives;
Williwonk’s
Chocolates
of St.
makes an assortment
of chocolate
candy
and candy novelties.
computerized
to solve
Systems analysts
areand
required
take on many roles
The company information
has six in-citysystems
stores, five
storesproblems.
in major metropolitan
airports,
a smalltomail-order
inbranch.
the course
of their has
work.
Somecomputerized
of these roles
are (1) ansystem
outsidethat
consultant
to business,
a supporting
Williwonk’s
a small,
information
tracks inventory
in its (2)
plant,
helps within
schedule
production,
and(3)
soan
on,agent
but this
system is
tied
directlyand
intoexternal
any of its
retail outlets.
expert
a business,
and
of change
innot
both
internal
situations.
It is important
Theyou
mail-order
system
is handled
manually,
andofany
emailed
order
forms
received
through
that
design new
systems
with an
awareness
what
you can
do to
design
security
into athe
system from
website
are answered via email by clerical personnel, with orders being forwarded to the appropriate
the
very beginning.
department.
Analysts possess a wide range of skills. First and foremost, an analyst is a problem solver, someone
who enjoys the challenge of analyzing a problem and devising a workable solution. Systems analysts
require communication skills that enable them to relate meaningfully to many different kinds of people
on a daily basis, as well as computer skills. Understanding and relating well to users is critical to their
success.
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Recently, several Williwonk’s stores experienced a rash of complaints from mail-order customers
that the candy was spoiled upon arrival, that it did not arrive when promised, or that it never arrived;
the company also received several letters complaining that candy in various airports tasted stale.
Williwonk’s has been selling a new, low-carb, dietetic form of chocolate made with sugar-free artificial
sweetener. Sales have been brisk, but there have been problems shipping the wrong type of chocolate
to an address for a diabetic person. There were a number of complaints, and Williwonk’s sent a number
of free boxes of chocolate to ease the situation.
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3. After getting to know Williwonk’s management people better, you have approached them with your
ideas on possible systems improvements that could address some of the problems or opportunities
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located in a small, remote New England town in the U.S., with a declining population, and the
employees who handle the traditional mail-order business have little computer training.
a. Considering the company’s situation, draw up a list of software attributes that SoftWear Silhouettes should emphasize in its choice of software to create a website and integrate the mail-order
business with business from the website.
b. Would you recommend COTS software, custom software, or outsourcing to a SaaS provider?
State your choice and defend it in a paragraph.
Charlotte,
NorthinCarolina;
elcome to Maple Ridge Engineering,
we that
call contributed
MRE.
c. List the what
variables
to
your response
part b. and New Orleans, Louisiana. We’d love
8. aThe
following
is 12 years’
computer
game
have Village,
you visita when
you’re
inof
thecivilization
area.” building now
We hope you’ll enjoy serving as
systems
consultant
fordemand
us. fortoViking
available
forcapacities,
tablets andI’ve
smartphones:
“For now, you should explore HyperCase using either Firefox,
Although I’ve worked here five years in
different
just

“W

been reassigned to serve as an administrative aide to Mr. Evans, the
head of the new Training and Management
Department.
Year Systems
Demand
We’re certainly a diverse group. As you2006
make your
way
through the
20,123
company, be sure to use all your skills, both technical and people
oriented, to understand who we are and2007
to identify18,999
the problems and
2008
20,900
conflicts that you think should be solved
regarding
our information
systems.”
2009
31,200
“To bring you up to date, let me 2010
say that Maple
38,000Ridge Engineering is a medium-sized medical engineering company. Last
2011
41,200
year, our revenues exceeded $287 million. We employ about 335
2012
49,700
people. There are about 150 administrative employees
as well
as management and clerical staff like2013
myself; 46,400
approximately 75
professional employees, including 2014
engineers,50,200
physicians, and
systems analysts; and about 110 trade employees, such as draft2015
52,300
ers and technicians.”
2016us through
49,200
“There are four offices. You will visit
HyperCase in
2017
our home office in Maple Ridge, Tennessee.
We57,600
have three other
branches in the southern United States as well: Atlanta, Georgia;

Safari, or Microsoft Internet Explorer.”
“To learn more about Maple Ridge Engineering as a company
or to find out how to interview our employees, who will use the systems you design, and how to observe their offices in our company,
you may want to start by going to the website www.pearsonhigh
ered.com/kendall. Then click on the link labeled HyperCase. At the
HyperCase display screen, click on Start, and you will be in the
reception room for Maple Ridge Engineering. From this point, you
can start consulting right away.”
This website contains useful information about the project as
well as files that can be downloaded to your computer. There is a
set of Visible Analyst (VA) data files, and there is another set of
Visio data files that match HyperCase. They contain a partially constructed series of data flow diagrams, entity-relationship diagrams,
UML diagrams, and repository information. The HyperCase website also contains additional exercises that may be assigned. HyperCase is designed to be explored, and you should not overlook any
object or clue on a web page.

a. Graph the demand data for Viking Village.
b. Determine the linear trend for Viking Village, using a three-year moving average.
9. Do the data for Viking Village appear to have a cyclical variation? Explain.
your
organization
want
toinget
involved.
Withcomputer
competitors
10.participating,
Interglobal Health
Consultants
has askedmay
for your
help
comparing
its present
system actively participating
openofcommunity,
may The
calculate
it costs
is something
that
with a new in
onean
its board
directors wouldan
likeorganization
to see implemented.
proposedthat
system
and
present system
costs
as follows: seriously, not dismissed summarily. Another reason your
should
at least
beare
investigated

company
might ask you to
participate
a developer
in an Costs
open community is to achieve
Item
Proposed
System as
Costs
Present System
what
researchers
have
labeled
“responsive
design.”
Responsive
design means that while
Year 1
you are participating in the open source community, you are at the same time employed by
Equipment lease
$20,000
$11,500
an organization that wants to leverage your participation in the open source community to
Salaries
30,000
50,000
incorporate OSS designs into proprietary products, processes, knowledge, and IT artifacts
Overhead
4,000
that it is developing and that it hopes to eventually sell 3,000
as a product that is differentiated
30,000 has produced. Through
—
fromDevelopment
what the open source community
a process of responsive
Year 2the IT artifact is imbued with both community and organization structures, knowldesign
lease
$20,000
$10,500
edge,Equipment
and practices.
Salaries
Overhead
Development

Summary
Year 3

33,000

55,000

4,400

3,300

12,000

—

Equipment
lease
$20,000 approach to identifying
$10,500
Systems
analysis
and design is a systematic
problems, opportunities, and objectives;Salaries
to analyzing human- and computer-generated
information flows
36,000
60,000in organizations; and to designing
computerized
problems. Systems analysts
Overhead information systems to solve
4,900
3,600 are required to take on many roles
in the course of their work. Some of these roles are (1) an outside consultant to business, (2) a supporting
Development
—
—
expert within a business, and (3) an agent of change in both internal and external situations. It is important
Year 4
that you design new systems with an awareness of what you can do to design security into a system from
Equipment
lease
$20,000
$10,500
the very
beginning.
Analysts possess a wide range of 39,000
skills. First and foremost, 66,000
an analyst is a problem solver, someone
Salaries
who Overhead
enjoys the challenge of analyzing5,500
a problem and devising a4,000
workable solution. Systems analysts
require
communication skills that enable them
to relate meaningfully
to many different kinds of people
Development
—
—
on a daily basis, as well as computer skills. Understanding and relating well to users is critical to their
success.

S L A T N E M A D N U F S I S YL A N A S M E T S Y S • 1 T R A P

61

CHAPTER 3 • PROJEC T MAN AGEMEN T

97

1 ECNEIREPXE ESACREPYH

Graph the costs of the proposed and present systems and show the break-even point.
11. The following are system benefits for Interglobal Health Consultants (from Problem 10):
Year

Benefits

1

$55,000

2

75,000
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FIGURE 3.EX1
Data to help in the organization
of a design project for creating
an information system that tracks
shipments of frozen foods to
warehouses.
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FIGURE 3.EX2
The PERT diagram for Brian’s
frozen foods company.
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15. Using the PERT diagram in Figure 3.EX2 to determine answers:
a. What activities can you expedite to complete the project a week ahead of schedule?
b. Suppose activity E is the least costly activity to expedite. What happens if you try to expedite the
project by more than one week? Explain.
16. You can help Cherry finish her project faster by expediting. Here are the costs.

“W

Activity

Estimated Duration

Crash Time

Cost per Week

Charlotte, North Carolina; and New Orleans, Louisiana. We’d love
elcome to Maple Ridge Engineering, what we call MRE.
A
6
3
600
to have you visit when you’re in the area.”
We hope you’ll enjoy serving as a systems consultant for us.
B
3 just
100 HyperCase using either Firefox,
“For2now, you should explore
Although I’ve worked here five years in different
capacities, I’ve
C aide to Mr. Evans,
2 the
Safari, or2 Microsoft Internet400
Explorer.”
been reassigned to serve as an administrative
“To 2learn more about Maple
head of the new Training and Management
D Systems Department.
3
400 Ridge Engineering as a company
or to find2out how to interview
We’re certainly a diverse group. As you make
E your way through
4 the
200our employees, who will use the systems you design, and how to observe their offices in our company,
company, be sure to use all your skills, both technical and people
F
2
2
200
you may want to start by going to the website www.pearsonhigh
oriented, to understand who we are and to identify the problems and
G
5
3
ered.com/kendall. Then click300
on the link labeled HyperCase. At the
conflicts that you think should be solved regarding our information
H
3
2 display screen, 400
HyperCase
click on Start, and you will be in the
systems.”
reception2 room for Maple Ridge
“To bring you up to date, let me say that
I Maple Ridge2Engi300 Engineering. From this point, you
can start consulting right away.”
neering is a medium-sized medical engineering company. Last
If Cherry
keep her
expediting
$325 per
week, she
would
benefit from
expediting
Thistowebsite
contains
useful
information
about
the project as
year, our revenues exceeded $287 million.
Wecan
employ
about
335 expenses
because sheemployees
can start a new
project earlier
than
planned.
If she
over the to
$325
percomputer.
week limit,There
it
well as
files
that can
be goes
downloaded
your
is a
people. There are about 150 administrative
as well
would
not beapproximately
worthwhile.
set of Visible Analyst (VA) data files, and there is another set of
as management and clerical staff like
myself;
75
a. Which three activities cannot be expedited at all because they are at their crash times already?
Visio data files that match HyperCase. They contain a partially conprofessional employees, including engineers, physicians, and
b. Which two activities cannot be expedited because their expediting cost exceeds the daily limit?
structed series of data flow diagrams, entity-relationship diagrams,
systems analysts; and about 110 trade employees, such as draftc. Which two activities are unlikely candidates for expediting because they are not on the critical
UML diagrams, and repository information. The HyperCase webers and technicians.”
path?
site
also activities
contains should
additional
exercisestothat
maythe
be project
assigned. Hyper“There are four offices. You will d.
visit
HyperCase
Setusupthrough
a table and
show stepinby step
which
be expedited
shorten
Case
is designed
be explored,
andtheyou
should
not overlook
any
our home office in Maple Ridge, Tennessee.
We have
othertime the
time. What
is the three
minimum
project
will take to
if Cherry
expedites
project
as much
as
branches in the southern United Statesshe
as can
well:
Atlanta,
Georgia;
and
stays within
her limits?object or clue on a web page.
e. Why is Cherry’s limit exceeded if you try to shorten the project by one week more?
17. Robyn Cucurullo is developing a social networking app for tablet computers. She has:

participating, your organization may want to get involved. With competitors actively participating in an open community, an organization mayActual
calculate
Cost ofthat it is something that
should
atStage
least Estimated
be investigated
seriously,
not dismissedStage
summarily.
Another reason your
Week or
Cost of Stage
Stage Completed
to Date
company
to participate as 100%
a developer in an 500
open community is to achieve
Week 1might ask you$500
whatWeek
researchers
have labeled
“responsive
design.” Responsive
design means that while
2
400
100%
500
you are
participating
in the
you are700
at the same time employed by
Week
3
600 open source community,
100%
an organization
that wants
to leverage your
participation in the
open source community to
Week 4
500
50%
50
incorporate OSS designs into proprietary products, processes, knowledge, and IT artifacts
Week 5
400
0
Not yet begun
that it is developing and that it hopes to eventually sell as a product that is differentiated
from
what
thesimilar
open tosource
community
a. Create
a table
the one in
Figure 3.24. has produced. Through a process of responsive
design
the
IT
artifact
is
imbued
with planned
both community
and cost
organization
structures,
knowlb. Calculate the budget at completion (BAC),
value (PV), actual
(AC), and earned
value
(EV)
at Week
3.
edge,
and
practices.
c. For Week 3, calculate the performance measures of cost variance (CV), schedule variance (SV),
the cost performance index (CPI), and the schedule performance index (SPI).

FIGURE 3.EX3

Summary
Description

Tasks to be performed during
systems development of an order
fulfillment system.

Systems analysis and design is a systematic approach to identifying problems, opportunities, and objecNone
6
Interview executives
A
tives; to analyzing human- and computer-generated information flows in organizations; and to designing
Interview staff in order fulfillment
B
None
3
computerized
information
are required
B
2 to take on many roles
Design input
prototype systems to solve problems.
C Systems analysts
in the
course
of their
work. Some of these roles areD(1) an outside
(2) a supporting
Design
output
prototype
A, Cconsultant to business,
3
expert
within
a business, and (3) an agent of changeE in both internal
A, C and external4situations. It is important
Write
use cases
thatRecord
you design
new systems
with an awareness ofFwhat you canD do to design security
into a system from
2
staff reactions
to prototypes
G
E, F
5
system
the Develop
very beginning.
B, Gan analyst is a 3
Write
up training
manual
Analysts
possess
a wide range of skills. FirstHand foremost,
problem solver, someone
staffthe
working
in order
H a workable solution.
2
whoTrain
enjoys
challenge
of fulfillment
analyzing a problemI and devising
Systems analysts
require communication skills that enable them to relate meaningfully to many different kinds of people
on a daily basis, as well as computer skills. Understanding and relating well to users is critical to their
success.

Task

Must Follow

Time (Weeks)
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d. What can you tell about the budget in Week 3 by using these performance measures?
e. What can you tell about the schedule in Week 3 by using these performance measures?
f. For Week 3, calculate the estimated time to complete (ETC) and estimate at completion (EAC).
18. Using the data in the table from the previous problem:
a. Create a table similar to the one in Figure 3.24 if you haven’t done so already.
b. Calculate the budget at completion (BAC), planned value (PV), actual cost (AC), and earned value
(EV) at Week 4.
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c. Write a paragraph with your group to explain how a person would use all the quantitative and
qualitative information to make an informed decision about which VoIP provider to select. Are any
other variables important? What type of software could be used to help compare these services?
3. With your group, choose one VoIP provider you would recommend to a client based on the analysis
in Group Project 2, Parts a and b.
4. With your group members, explore project management software such as Microsoft Project.
a. What features are available? Work with your group to list them.
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Summary
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on a daily basis, as well as computer skills. Understanding and relating well to users is critical to their
success.
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