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Abstract 
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Julie A. Lebo, M.S.E. 

The University of Texas at Austin, 2016 

Supervisor: Suzanne Barber 

 

Requirements are the foundation of any successful project, as they provide the 

guidance and constraints to build a system. Requirement engineering is a critical aspect 

of the software development lifecycle. Work in this field has primarily focused on 

developing processes and methods for new development projects. However, at least 50% 

of people that work in the software industry work on maintenance projects and little work 

has been done to explore the requirement process needs in this area. A small sample of 

maintenance projects were analyzed to identify the current requirement process utilized, 

determine strengths and weaknesses of this process, and explore the necessary and 

desired qualities of a future requirement process. Additionally, the differences between 

maintenance work and new development were further explored. Criteria were then 

developed to determine the usefulness and effectiveness of a requirement process for a 

maintenance project. Existing requirement methodologies were then evaluated to 

determine a possible strategy that would satisfy the criteria for maintenance work. The 

current approaches available in the requirement engineering field all satisfy parts of the 
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criteria, but a combination of these strategies should be used in a maintenance setting. 

Additional work is needed for maintenance requirement process development but existing 

methodologies provide useful and effective tools that can provide benefits for all types of 

projects. 
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I. Introduction 

Requirement engineering is an essential aspect of the software development life 

cycle (SDLC). Requirements are the foundation of a project as they provide the guidance 

and constraints for how the product should be made. Without well-written requirements, 

customers may not receive what they want or even need. Unfortunately, poorly written 

requirements are not uncommon in the software industry, despite the amount of work 

done in this field. Although there has been effort in researching and developing 

methodologies for requirement acquisition and management, the focus has been on 

projects that are new application development, essentially those starting from scratch. 

However, it is estimated that at least 50% of those in the software industry are working 

on maintenance projects as opposed to working on new applications [Jones 2006]. Since 

maintenance work does not just mean defect corrections, but can also be new 

functionality to an existing application, it is important to explore how requirement 

processes could be applied to legacy and maintenance projects. 

Software has become an essential part of life in today’s society. Each day new 

software is written, whether it solves a complex problem, provides a necessity, makes 

something more convenient, or for pure entertainment, the amount of software that exists 

is growing exponentially. Although the amount of new software development is 

staggering, it pales in comparison to software that is actively being maintained. Imagine 

all the software that has ever been developed, someone is still responsible for improving 

and maintaining that code. 

The number of people working on maintenance projects greatly outnumbers those 

working on development, and yet, most SDLC best practices focus only on new 

development, paying very little attention to maintenance work. This really only occurs in 

the software industry. For example, in the automotive industry engineers design and 

produce a new vehicle, but then the cars must be maintained over their lifespan, requiring 

more maintenance mechanics than designers. It is understood that there will be different 
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standards and procedures for work done in maintenance from that of new development 

and these are provided in the industry.  Similarly, once initial software development has 

been completed, a project will typically enter maintenance, thus requiring substantial 

effort and personnel. However, unlike many other engineering fields, software 

experiences significantly more changes in the maintenance phase. This occurs for many 

reasons. First, software is just that - soft, meaning that it can be more easily changed later 

in the SDLC, compared to other fields. For example, it is much more difficult and costly 

to change a chip design post-fabrication than it is to modify software after deployment. 

Software provides great flexibility and adaptability, but these advantages can also present 

a challenge. The software industry is also very competitive and requires companies 

reduce time to market. Due to limited time constraints, the flexibility and adaptability of 

software is often exploited. It is not uncommon for significant changes to occur in 

maintenance, leading to higher costs, risks, and management of the software. 

Maintenance projects are projects that build on existing systems, typically after 

initial development has been completed and the system deployed. Maintenance work 

involves much more than defect fixes and preventative activities. Typically the work falls 

into one of four categories: corrective, adaptive, preventive, and perfective. [McCormack 

2005] Corrective maintenance includes any defect fixes and associated testing for the 

corrective action. Adaptive maintenance includes modifications that must be made in 

order to accommodate changes to the system’s environment. Preventative maintenance 

includes changes that would result in easier maintenance of the project, such as 

refactoring or other internal modifications. This type of maintenance may also include 

hardware changes needed to support the system, such as underlying hardware upgrades. 

Perfective maintenance includes changes that are required in order to improve upon the 

system. These could originate from external stakeholders, users of the system, or even the 

internal maintenance team. Perfective changes typically add new or modify existing 

functionality to a system and are not considered defects like corrective maintenance 

items. Requirement efforts are especially needed with this category of maintenance work 
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as it results in the addition of new functionality to an existing system and these new 

requirements need to be elicited, formulated, and properly managed.  
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II. Evaluation Criteria 

Requirements engineering is no different than other facets of software engineering 

and should also include process improvement. Engineers are often encourages to 

establish good practices in order to perform their work faster, cheaper, and better. 

However, it is important to approach process improvement with a critical eye. A common 

misconception is that any improvement is better than no improvement, but as with any 

change, there is always an associative cost. To safeguard from making ineffective 

changes, it is essential to evaluate whether the improvement is worth the costs that it may 

incur. When implementing process improvement, maintenance projects must be even 

more diligent in critically assessing and evaluating these efforts to ensure a reasonable 

return on investment (ROI). 

To maximize the ROI of any requirement process improvement effort, this paper 

presents a criteria that was developed to evaluate the effectiveness and usefulness of a 

requirement methodology for a software project. Although this evaluation criteria could 

be used for any type of project, it was specifically developed with the consideration of the 

needs and challenges of maintenance projects. Maintenance work is more than just bug 

fixes and can include new capabilities to an existing system or modifications due to 

changes in the system’s environment.  This presents unique challenges for maintenance 

work that should be addressed by a requirement approach. 

MAINTENANCE PROJECT REQUIREMENT CHALLENGES 

Domain knowledge and technical expertise may no longer be available to a 

project once in maintenance, posing a significant challenge. When a system goes into 

maintenance, often times it is different personnel that maintain the software or system. 

This means that the needed technical or domain expertise may no longer be readily 

available. It is important that technical and domain knowledge transfer occurs early 

during the project transfer in order to avoid losing valuable project information. Due to 

the length of time projects can remain in maintenance, this could also be the case if the 
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same team develops and maintains the system. Even with good design and 

documentation, if the necessary domain and technical expertise are not available to the 

maintenance team, it can be difficult to efficiently manage changes to the system. 

The original requirement process can also present a challenge for maintenance 

projects. If the method did not provide sufficient approaches for change management or 

requirement analysis, this could be especially problematic for maintenance projects. 

Maintenance projects typically experience high volumes of change. These changes can 

originate from a number of sources: bug fixes, new desired functionality, or 

modifications due to environment changes. It can be challenging to manage large 

amounts of changes over long periods of time. If the existing requirement process did not 

provide sufficient change management, this could become even more challenging.  The 

analysis portion of the requirement effort is another important component in requirement 

process, as there is greater potential for conflict and inconsistency in maintenance 

projects. As system and stakeholder needs change over time, the current needs may not 

align with the existing requirements. The analysis portion of the requirement effort 

allows for these differences to be identified and resolved in order to satisfy the current 

needs for the system.  If the previous requirement process did not provide methods for 

identifying and resolving these conflicts, defects could already be present in the 

requirements and would become even more difficult to find in the future. 

Another challenge that maintenance projects experience are assumptions and 

biases introduced by the current system. When working with an existing system rather 

than starting from scratch, certain assumptions about the way the system should or does 

work may influence requirement efforts. A project is especially susceptible to this 

problem if domain or technical expertise is not readily available. It is critical that the 

requirement process elicits the proper information and prevents previous assumptions and 

biases from negatively affecting acquisition efforts. 
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EVALUATION CRITERIA 

As illustrated above, there are many challenges that maintenance projects may 

experience that can differ from new application development. These challenges can often 

times produce different needs and expectations from a requirement engineering effort. To 

develop a useful requirement engineering evaluation criteria, one must first explore and 

understand the challenges and needs of maintenance projects. 

To develop useful criteria, one must first examine some of the aspects that should 

be evaluated when choosing a requirement engineering process. There are several 

qualities that a requirement process should possess in order to increase the likelihood of 

usage and success within a project. A valid requirement approach should include 

strategies for acquisition as well as requirement management. The requirements should 

be easily understood by all stakeholders regardless of technical or domain expertise, thus 

providing high visibility. An approach should also be valid and implementable in 

different development methodologies, such as Agile, Spiral, and Waterfall. Lastly, a 

successful requirement approach should be usable, easily understood, and practical. 

When an approach is difficult or cumbersome to follow, it is less likely to be followed 

and therefore lose any potential benefit the process could have provided. 

Change Management 

Managing requirement changes is one of the most important aspects of a 

requirement process. It is common for requirements to change throughout the 

development lifecycle, sometimes even while in the requirement phase. Changes can 

occur for many reasons. Sometimes it can be difficult for customers to describe what they 

really want or need. Other times, the system needs may be unclear or stakeholders may 

not realize what they really want or need until the system has been produced. Changes to 

a system, even in maintenance, can vary in scope and complexity, ranging from small 

modifications to major redesigns. 

Changes can also come from receiving clarification information that changes 

existing requirements. These changes need to be carefully considered and documented, as 
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they will typically lead to conflicts and inconsistencies that must be addressed. Lastly, 

changes can also be driven from external factors, such as organizational changes or 

budgetary constraints.  All of these changes could occur in a maintenance project and it is 

critical that a requirement process provides adaptability and management for these 

changes. 

One goal of requirement engineering is to gather the necessary information to 

build the desired system from the start, thereby hopefully reducing the amount of changes 

needed to the system in the future. However, due to the nature of maintenance work, 

change is inevitable. Therefore, it is important that a requirement process provides 

sufficient change management strategies to provide significant benefit for a project. 

Change management provides the means for growth and adaptation, which are both 

essential for the success of a maintenance project. Maintenance work includes different 

types of changes that may modify the system, such as preventative, adaptive, corrective, 

and perfective actions. As such, it may be necessary to add new requirements, modify 

existing requirements, or deprecate others. An acceptable requirement approach should 

facilitate all three of these activities while preserving version history of the requirements. 

Version control is another important aspect of change management. A history of 

requirement changes should be preserved to maintain traceability between the system 

need and an appropriate stakeholder. Traceability is essential to requirement engineering 

efforts as it helps support priorities and software architecture rationale. Knowing whom a 

requirement is important to and why it is needed are valuable pieces of information that 

should be documented and associated with requirements. 

Requirement Analysis 

Requirement analysis is a major facet of any requirement engineering effort. Part 

of this process includes analyzing the information gathered during the requirement 

acquisition phase for inconsistencies, conflicts, and commonalities. This effort is a 

critical to ensuring that good requirements are defined as an outcome of a requirement 

engineering effort. The importance of requirement analysis is further explained elsewhere 
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in this paper; however, an effective requirement approach should facilitate these activities 

and provide strategies for identifying conflicts, inconsistencies, and commonalities. 

Levels of Abstraction 

Providing levels of abstraction is another important feature that a requirement 

method should provide. Abstraction facilitates requirement changes, communicating 

requirements with different stakeholders, and documenting different levels of domain and 

technical information. A project may have a multitude of stakeholders, ranging in levels 

of technical and domain expertise. Stakeholders could include end-users, company CEOs, 

subject matter experts (SME), developers, system engineers, or project managers. As 

different stakeholders will have different viewpoints and priorities, a requirement method 

should allow for these differing viewpoints to be expressed. 

It is not uncommon for some stakeholders, such as a CEO, to have limited 

technical expertise. For example, a project’s requirement approach only represents 

requirements from a technical perspective and documents them using a formal 

specification modeling language. This approach would be great for identifying 

dependencies, conflicts, and commonalities. It would present requirement information to 

developers in a format that they can easily understand and translate into a product. 

However, if this same document was presented to the CEO for review and approval, it 

could be difficult for them to interpret the underlying functionalities and capabilities of 

the system. Similarly, if an approach were to only present requirements from a functional 

or domain perspective, it could be difficult for developers to understand the true technical 

requirements or constraints of the system. If requirements cannot be easily conveyed and 

understood by all stakeholders, there is greater potential for misunderstandings and 

defects. 

A successful requirement method should provide mechanisms that develop levels 

of abstraction so that the right information is being presented to the appropriate 

stakeholder. It is also important the relationships between the different abstraction levels 

be maintained. Understanding how requirements span the different levels is necessary for 
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managing any changes.  If traceability cannot be maintained between the different levels 

of abstraction it can be difficult to manage changes to the requirements. When 

requirement modifications occur, it is imperative that the changes be properly propagated 

through the different levels of abstraction in order to identify inconsistencies and 

conflicts and maintain correctness of the requirements. Requirements are used to 

communicate the needs and desires of a system between stakeholders. Improving this 

communication by providing levels of abstraction increases stakeholder visibility into the 

requirement process, and thereby ensuring better feedback and customer satisfaction. 

Usability and Practicality 

Most important of all, a requirement process must be easy to use. If a requirement 

approach satisfies all other criteria but is difficult to use, it does not provide much benefit 

to the project. Why is usability the most important attribute for a requirement engineering 

effort? Due to the highly competitive and fast paced nature of the software industry, 

companies have to work quickly to get their products to market. Often times this means 

that work must be done in a hurry and certain activities may have to be compromised in 

order to accomplish this. Requirement engineering is seen as unnecessary and time 

consuming by some in the software industry. With the introduction of Agile and Extreme 

Programming (XP) development methodologies, a larger focus has been placed on 

reducing or even removing process oriented activities in order to complete products at a 

much faster pace. However, if projects do not spend the necessary time upfront to ensure 

that the right product is being built, there is a greater chance of being unsuccessful. 

To increase the usage of requirement engineering methods, it must be ensured that 

any proposed process be as easy to use and as minimally intrusive as possible. The 

likelihood of a requirement method being implemented within a project is much greater if 

it does not require a substantial amount of effort or time. Team buy-in is also another 

important factor that should be considered when determining the viability of a 

requirement process. If a team does not understand the value a process can add, it is 

unlikely the process will be followed correctly or at all. It is better to have a simple and 
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easy to use process that will actually be followed completely than a complicated and 

cumbersome approach that never actually gets implemented. 
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III. Method Development 

PROCESS IMPROVEMENT TRANSITION PLAN 

Process improvement is an important aspect of software engineering practices. 

Since software engineering is still relatively new compared to other engineering fields, 

there is still ongoing effort in determining ways software processes can be improved 

while still increasing software quality in less time and for less money. Requirement 

engineering is often viewed as a tedious and arduous effort, making it an ideal candidate 

for improvement. However, a project will be much more successful implementing any 

changes if there is a clear plan for transitioning to a new approach. 

The first part of an auspicious transition is to first take a critical assessment of the 

project’s existing requirement process. Figuring out and documenting a project’s current 

requirement process will help a project understand how requirements are acquired, 

analyzed, and managed. This step helps identify the strengths and weakness of the 

existing process so that any improvement can be evaluated properly. If a project does not 

understand how the process currently works, it cannot properly determine if any 

improvement has actually been made. 

Once a project thoroughly understands the existing requirement process, its 

effectiveness should then be evaluated. Requirement expectations and needs should be 

examined to determine where the current process is lacking. This will identify areas that 

should be addressed in a process improvement effort. Projects can use the evaluation 

criteria presented in this paper as a guideline, but every project is different and should be 

looked at with a critical eye. Projects should then prioritize process improvements, taking 

into account stakeholder feedback, requirement needs, and any weaknesses of the 

existing process. For example, if a project determines that it cannot elicit enough 

technical details with the existing process, and then initial improvements should be 

focused on requirement acquisition efforts. 
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The most important part of any process improvement is continual assessment and 

evaluation. A project should re-evaluate the effectiveness and validity of the requirement 

process. The evaluation criteria developed by the project should be used to periodically 

assess the value of the improvement. This feedback loop is essential for any successful 

improvement effort. 

EVALUATION OF EXISTING METHODOLOGIES 

Although requirement engineering is still maturing within the software 

engineering field, substantial progress has been made in developing requirement 

strategies. These methods typically focus on the acquisition and management of 

requirements for new application development. Maintenance projects have different 

needs of a requirement process and may require different features of that process. This 

section will discuss the strengths and weaknesses of existing methodologies and then 

propose strategies for requirement efforts in maintenance work. 

One of the first is the modeling method. It specifies requirements through formal 

techniques by using modeling language to define semantics and first-order programming 

logic. Capabilities are translated into entities, operations, and constraints. [Lamsweerde 

00] This method facilitates acquiring technical details that may be required for accurate 

implementation in a clear, concise language. This method requires that a very low level 

of information be available at the acquisition phase, which is not always the case. The 

modeling method requires a special skill set by the requirement team to acquire and 

understand very technical details and then translates that into the proper modeling 

language. While this is a very thorough methodology, it requires expertise and time that 

may not be available in a maintenance work context. 

Goal-based methodologies are another strategy in requirement engineering and a 

potentially viable methodology for maintenance projects. This method provides 

elicitation of both functional and non-functional requirements. The goal-based approach 

also provides mechanisms for maintaining traceability, assessing stakeholder priority, and 

managing requirement conflicts. However, it can be difficult to elicit goals from 
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stakeholders. This is especially true in a maintenance setting as project level goals may 

change substantially and system modifications may still be required to satisfy existing 

goals. It can be difficult to elicit technical details with the goal-based method as it 

typically follows a top-down approach and can easily miss valuable information. 

Building from goal-based methods and techniques, scenario driven, or task 

driven, methods were developed. Scenario-based methods are another strong candidate 

for maintenance projects. Requirements are created by identifying functionality needed to 

satisfy a specific scenario. Stakeholder involvement is necessary for successful 

implementation of this method. This method presents requirement acquisition in a 

manner that is familiar and easy to understand for the customer, thus it typically yields 

rich requirements and identifies key functionality of the system. It can be difficult for 

stakeholders to think outside the context of specific scenarios. Therefore, even though 

one should be able to elicit the main system capabilities, vital information can be missed 

if it does not appear in a specific scenario. 

COMMON MAINTENANCE PROJECT REQUIREMENT NEEDS 

In order to develop a solid requirement engineering strategy for maintenance 

projects, it is important to understand the common needs and expectations for this type of 

work. Upon completion of project interviews for this paper, it became clear there were 

several key qualities desired from a requirement engineering effort for maintenance 

projects. 

One of the most important aspects of maintenance work is maintaining customer 

credibility and visibility. Maintenance projects typically have less customer interaction 

because the initial development has been completed. Work on these projects typically 

addresses existing problems with the software or possible improvements to a system. 

These types of activities require less interaction with stakeholders than initial requirement 

acquisition or development. So once a project enters maintenance, it is important that the 

team keep a high level of customer satisfaction. In order to accomplish this, a 

requirement process should facilitate customer involvement and interaction. Having open 
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communication during the requirement process can yield richer requirements that will be 

helpful during engineering and development activities.  If the customer is an active 

participant in the requirement process, there is a greater likelihood the customer will be 

satisfied with the end product. Customer interaction is also the key to maintaining 

credibility with stakeholders and achieving long term project success. 

While customer credibility is essential for a maintenance project’s success, it is 

also important that it handle conflicting stakeholder priorities and viewpoints. 

Requirement priorities help clarify the true needs of the system and ensure that the right 

work is completed in the correct order. Priorities also help to provide traceability between 

a requirements and its importance to the system. Based on priorities, decisions will be 

made about what functionality is implemented and when. The requirements should 

provide justification and rationale for engineering and implementation decisions that 

could be key factors of the project’s success. 

Traceability is another desired quality for maintenance projects. Understanding 

why a requirement is important to the system and who needs the functionality is valuable 

information for making these critical decisions. This is even more important in 

maintenance projects since active development is no longer occurring and long periods of 

time may pass between iterations. Key development personnel can leave, or domain 

expertise may no longer be available when performing maintenance work. Therefore, 

having traceability between the requirement and the original source and intent of a 

requirement may be vital for maintenance project success. 

A requirement process should also be capable of eliciting both functional and 

non-functional requirements. Both types of requirements are necessary for ensuring 

customer satisfaction with the system. Non-functional requirements are not difficult to 

elicit but can be quite challenging to clarify and implement. A successful requirement 

approach should facilitate unambiguous and verifiable requirement definitions. Eliciting 

technical details from stakeholders is another common need of maintenance projects. In a 

maintenance context, sometimes the necessary technical and domain expertise are no 
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longer available to the project. Technical details are important for developers to correctly 

implement the associated system functionality. 

Lastly, a requirement approach must be easy to use and minimally intrusive to the 

development process. This characteristic was shared amongst all three interviewed 

projects and considered to be the most important. If a requirement approach is difficult or 

cumbersome to use, there is little chance of the project having success with the 

implementation of the process. An approach should provide more value than applied 

effort in order to ensure a return on investment. Maintenance projects typically do not 

have the resources, time, or personnel to execute process-heavy activities. Requirement 

effort can be viewed as time consuming and unnecessary. This is especially true if a 

project does not have a dedicated requirement engineering team as the responsibilities 

then fall to project managers, developers, or other technical staff. This is often the case in 

maintenance projects and so it becomes even more important that the requirement 

approach be usable and effective. 

DEFICIENCY-DRIVEN METHODOLOGY 

Now that the criteria has been developed to evaluate the effectiveness of a 

requirement process for maintenance projects, it should be determined if any existing 

methodologies satisfy these criteria. This paper explores three main methods for 

requirement engineering: model-based, goal-based, and scenario-based. The modeling 

approach provides several strengths and clearly communicates system needs, but does not 

sufficiently meet the needs for maintenance projects. The modeling method can be 

difficult to use, thereby making it an impractical solution for maintenance projects. 

However, both the goal-based and scenario-based approaches have potential for success 

in maintenance projects. These methods provide adequate methods for eliciting 

functional requirements and providing customer visibility and interaction. However, 

neither of these acquisition methods provides means for eliciting technical details. 

To satisfy all aspects of the evaluation criteria, an approach should implement 

elements of both goal-based and scenario-based methods while incorporating new 
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acquisition techniques to elicit deeper technical details. The deficiency-drive approach 

builds from scenario-based and goal-based techniques but provides opportunities for 

acquisition of strong technical details. The same techniques as both goal-based and 

scenario-based approaches are used in the deficiency-driven approach, but the acquisition 

technique should be slightly modified. Rather than ask questions that explore goals or 

scenarios, the focus should be on system deficiencies and how they can be improved. The 

project should include stakeholders in identifying areas where the software does not 

satisfy customer needs, needs general improvement, or contains defects. This can be 

accomplished through brainstorm sessions with stakeholders, similar to scenario-based 

acquisition. Project leaders should be actively working with stakeholders to evaluate the 

system and identify requirements based on needed changes. This could include external 

changes that may affect the system, hardware upgrades, or modifications due to 

environmental changes. This will help identify additional requirements that may not be 

considered deficiencies. Unlike goal or scenario-based techniques, this approach ensures 

that high priority requirements are being worked on. This method should also provide 

opportunities to elicit deeper technical information as the sessions are not bound to a 

specific goal or scenario, but leaving room for the group to explore the system. This 

could present a challenge for sessions to remain on task, but having rough guidelines for 

the sessions, perhaps by functionality or scenario could mitigate this. Once the brainstorm 

sessions are held and system evaluation complete, the modifications should be 

categorized and associated with any goals or scenarios. A project should use the analysis 

and management techniques for goal-based or scenario-based approaches to identify 

conflicts and manage changes. These techniques could greatly vary depending on the 

resources, tools, and scope of the project. 

Identifying the deficiencies requires stakeholder interaction and developing 

deficiency resolution provides the opportunity to elicit technical details. Stakeholders are 

free to critically examine the needs of the system without any bias or assumptions. For 

example, if a stakeholder identifies an issue with the performance or look of the system, 

this can be identified during brainstorm sessions. Focusing acquisition efforts on software 
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deficiencies does not restrict elicitation of either functional or non-functional 

requirements. Exploring stakeholder concerns and addressing deficiencies in the 

maintenance phase can help establish or maintain credibility. This method also provides 

stakeholder visibility into the requirement process as they are active participants in the 

process and understand how development priorities are being determined. Lastly, this 

approach does not require substantial effort from stakeholders or development teams. 

Since the acquisition effort only needs stakeholder brainstorm session and system 

evaluations, there is minimal effort required by development teams and time spent is 

value added to the project as it includes customer interaction. However, this method does 

not address any shortcomings in existing methods for requirement management. The 

deficiency-driven approach assumes the utilization of existing techniques and aims at 

improving requirement acquisition efforts. 
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IV. Maintenance Project Examples 

Next, requirement process needs of maintenance projects should be explored to 

determine how these might be different than new project development. In order to better 

understand what a maintenance project really needs from a requirement process 

perspective, a task was developed to understand how real world projects were acquiring 

and managing requirements in a maintenance setting. Three different maintenance 

projects were interviewed to ascertain their current process, the requirement needs of the 

projects, and how the process could potentially be improved in order to better suit their 

needs. The three projects that were chosen for this assessment are varied in size, 

complexity, and longevity. The projects chosen are not meant to be a complete 

representation of the software industry, but provide a sufficient representation to identify 

strategies for requirement acquisition and management in maintenance work. In order to 

provide anonymity and confidentiality, the names of the projects have been abstracted for 

the purposes of this paper. In addition, certain details have been withheld but the overall 

integrity of the interviews has been maintained. The following sections summarize the 

interview with each of the project managers. Provided is a description of each project, 

their overall mission, requirement process, and the advantages and disadvantages of the 

processes. 

 

PROJECT A 

Characterization 

Project A is a small software development project that typically includes 

modernization of mostly existing analysis tools. The team includes 5-6 software 

developers. The approach used in this project for requirement acquisition is the same for 

new or maintenance work as both have the same set of stakeholders. New work on this 

project is typically modernization of an existing code base and could therefore be 



 19 

considered maintenance work. The project maintains roughly 200 requirements. Core 

functionality does not change, occasionally aesthetic changes are needed, and small 

modifications to requirements happen on a frequent basis. Project A needs a requirement 

process that can handle a high rate of change and high customer visibility and interaction. 

Approach 

Project A performs requirement acquisition by performing technical stakeholder 

interviews and then observing how the end-users work with the system. A brainstorm 

workshop is then held with customers from a cross-section of users and the outcome 

organized and prioritized. A prototype is then created to establish a feedback loop. 

Customer management determines high-level expectations and the details come from 

technical staff. All communication between the development team and the customer is 

through one point of contact (POC). The process was developed over several years of 

trying different techniques to see which proved the most effective. 

Assessment 

The requirement acquisition process works effectively for this project because it 

provides visibility of the user needs and that the functions required by the customers are 

met. This process allows for the acquisition and management of both nonfunctional and 

functional requirements. A cross-section of the customer is used for the brainstorm 

workshop, yielding technically rich requirements that have stakeholder buy-in. Another 

advantage of this process is that eventually the customer receives a product they want. 

This helps build customer relations and credibility, which are both essential for the 

project to be successful. However, this requirement acquisition process has several 

shortcomings as well. The first disadvantage is that this process requires face-to-face 

interaction which can be costly and time consuming. This type of interaction is needed to 

maintain requirement traceability. Another disadvantage of this process is if the customer 

cannot articulate what they want, this can result in a significant amount of rework and 
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schedule delays. High volumes of change can add additional stress and frustration for 

both stakeholders and the development team. 

Project A’s requirement process provides limited change management. When 

requirement changes are made, a spreadsheet is manually updated to reflect the change 

and source. The process also does not provide sufficient mechanisms for requirement 

analysis. Again, manual inspection of the requirements is needed to identify conflicts and 

inconsistencies. This can be time consuming and error prone. The process does not 

formally provide levels of abstraction. However, stakeholders are involved in 

brainstorming sessions, which facilitates gathering technical and domain knowledge 

directly from the users. This provides the opportunity to identify and manage different 

stakeholder requirement needs and maintain traceability.  However, the requirements are 

not documented with explicit abstraction levels in mind. Although the process does 

require manual effort and time to analyze and manage the requirements, the process has 

shown to be very usable, practical, and effective. 

The deficiency-driven (DD) method would provide added value to Project A. 

Focusing on deficiencies would help in brainstorm sessions and provide technical 

stakeholders the opportunities to identify conflicts or inconsistencies. The DD method 

would leverage the exceptional customer interaction and feedback of this project and 

enhance customer visibility and satisfaction by ensuring highest priority concerns were 

worked first. However, this method would not address the requirement challenges for this 

project but would help reduce changes by addressing deficiencies and concerns during 

stakeholder brainstorm sessions. 

PROJECT B 

Project B is a real-time continuously operating data sourcing system. This project 

is extremely complex, highly integrated, and reliable and has been in operation for over 

20 years. The project consists of networking, hardware, and software components. The 

project team comprises of roughly 40 people, including both hardware and software 

engineers. Although the entire team is working to satisfy the project as a whole, the 
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hardware and software teams often work independently of each other. Some interactions 

are required between the two groups but they typically operate with different 

management and development techniques. For the purpose of this analysis, they will be 

treated as two separate entities. The software development project will be referred as 

Project B1 and the hardware development project as Project B2. 

Project B1 

Characterization 

Project B1 is relatively small with just 4 to 5 developers. Roughly 1000 

requirements are maintained, 550 of which are currently marked implemented. Typically, 

only three requirements are being developed in a given release. Most requirements are 

considered relevant and necessary for a long time. Although this process accounts for a 

small percentage of the team’s time, Project B1 is still looking for a more efficient and 

effective process that will provide the most value for the smallest amount of effort. In 

addition, there is a strong desire for a requirement process that could facilitate greater 

customer input and interaction. This means that the method must provide a way for 

customers to easily communicate with developers and allow them to readily access 

requirement information. It is also important that the requirement method provide 

feedback as to the effectiveness of the process, shortcomings and challenges of the 

process, the level of detail required to produce a product that suits the customer’s needs, 

and indicates the satisfaction of the customer with the product delivered. 

Approach 

The requirement acquisition process is mostly driven from internal resources, 

although external personnel are also involved in the requirements process. The 

requirement database is maintained with a web based wiki application. Anyone on the 

team, whether internal, external, hardware, software, analysis, or test, can enter 

suggestions into the requirements database. The entries are intended to be starting off 
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points or suggestions for improvements and/or changes to the system. The expectation is 

that requirements will be clarified so that the need and rationale provide enough 

information so that the requirement can be properly implemented and tested. Typically 

internal technical personnel expand requirements. Then, once a year, formal reviews are 

held to determine the validity and completeness of the requirements. Once a requirement 

has been formally reviewed, both project management and the customer analyze the 

entire database to determine the priorities for the next release. 

Assessment 

The requirement acquisition and definition process defined for Project B1 was 

developed based on the need for a better way of tracking requirements other than stale 

Word documents. Prior to the requirement process decision, there was a lack of formality 

and version history that was needed. This process has proven to be effective in addressing 

the customer’s most critical needs in a timely manner. Although it does not necessarily 

elicit technical details, it provides the scaffolding for developers to begin implementation 

of the requirements. The requirement acquisition process for Project B1 is a relatively 

lightweight process and captures the core needs of the customer with very little overhead. 

In addition, this process does not require a specific tool and can be implemented with 

very minimal documentation. 

Although effective in certain areas, the requirement process for Project B1 does 

has room for improvement.  Even though the requirement process is relatively 

lightweight, it never fully closes the loop and does not provide the structure needed to 

find the level of detail required for proper implementation of the user’s needs. This 

method also does not provide clarification of the intended use of the software due to 

limited customer interaction. This is vital information to the development and testing 

teams to ensure customer satisfaction with the end product. In addition, the amount of 

time required for requirements to go through the process is too long and often times the 

requirements are not written adequately to move forward. Due to the lack of traceability, 

this can lead to reprioritization and wasted development efforts. Also, if requirement 
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changes occur after the implementation has started they can often go undocumented, 

thereby providing no change management. If these changes are not captured, design and 

implementation decisions may conflict with the documented requirements. This 

requirement process also does not capture non-functional requirements well as the 

requirements are built upon suggestions. 

The requirement process utilized by Project B1 also provides limited change 

management. The requirements are managed in Web-based Wiki application that 

provides some management features. However, manual entry and inspection is required 

to maintain these features. Each requirement has tags that identify requirement 

relationships, such as parent-child and dependencies. These tags can be used to identify 

potential conflicts or inconsistencies. However, in order to perform any requirement 

analysis, it must be assumed that the tags were manually entered correctly and updated 

appropriately when changes occur. Requirement analysis is another step that requires 

manual inspection. This process has not always been successful as often inconsistencies 

and conflicts are not found until the design phase of development. Project B1’s 

requirement process also does not provide levels of abstraction. Since the majority of 

requirements are not fully expanded and written internally, no abstraction is provided for 

other stakeholders. This presents challenges for customers understanding the function and 

value the requirements provide. Lastly, Project B1’s requirement process is not as usable 

or practical as desired. The acquisition process either provides too much or too little 

technical information to beneficial to all stakeholders. The process also requires a 

substantial amount of manual effort and time to elicit, manage, and expand the 

requirements. 

The deficiency-driven (DD) method would present Project B1 an opportunity to 

elicit strong technical information from stakeholders. It would also help with requirement 

prioritization by determining which deficiencies were most important or had the highest 

impact. The DD method would not address the change management concerns of the 

existing process but may help with requirement analysis activities by providing a 

platform for issues to be addressed. The DD method does not present more overhead 
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from the current Project B1 process and would bring significant value in expanding 

requirements. 

 

Project B2 

Characterization 

The team for Project B2 consists of roughly 12 hardware and field engineers. 

Project B2 consists of designing, acquiring, coordinating, and implementing various 

hardware configurations. The scheduling and pace of this work differs greatly from the 

software portion of Project B. The software portion is schedule driven while the hardware 

portion is more goals driven. The schedules and deadlines are driven by the goals of the 

hardware enhancement and maintenance team and are not necessarily tied to a software 

release. 

Although the hardware requirement management process does provide some 

important advantages, the number of requirements being maintained by the hardware 

group is growing. As the number continues to grow, the weaknesses of this process are 

being magnified and it has become clear that a process will be needed. The most essential 

attribute of a new process would be the speed and efficiency of identifying and 

documenting new requirements. In addition, the process would need to be relatively 

lightweight since most of the requirement details are driven internally and customer 

needs can change often and quickly. Since the nature of hardware requirements for 

Project B are problems that need to be solved rather the formal specifications or 

functional needs, it can be difficult to capture them as requirements. The process should 

facilitate the development of the requirement and capture feedback from the design and 

implementation phases. Ideally, the requirement process could help bridge the gap 

between the hardware team and the software team on Project B, helping to create a 

quality system in a more efficient and timely manner. 
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Approach 

No formal requirement acquisition or management processes have been defined 

for this group. Currently, the project receives direction and requirements through very 

informal channels, such as emails and verbal communications. Sometimes more formal 

requirements are levied upon the group by an external organization. When this occurs 

there is more structure but often times there is no accountability to the written 

requirements as the external organizations often changes designs or expectations with 

little notification or consultation. 

The requirements for this team are really tasks and goals set by the customer or by 

the team itself. An example of this would be “We need to modify all the deployed 

hardware from Configuration 1 to Configuration 2 by May 2017”. Under traditional or 

formal standards, this would not be a well-written requirement, as it provides no 

specificity as to what Configuration 2 is. The definition of Configuration 2 can change 

frequently during the implementation period, so it becomes critical that the hardware 

team be flexible and adaptable to the changing needs of the customer. Since most of the 

tasks assigned to this team resemble requests rather than requirements, they are often 

only documented with Statement of Work, email threads, or the hardware Five Year Plan 

that outlines the tasks and priorities for the next five years. These documents serve as the 

requirements for Project B2. 

Assessment 

This process has proven to be both effective and challenging for the hardware 

team. One advantage of this process is that it allows the hardware team to respond and 

adapt to changing needs of the customer. Since nothing is captured in a formal manner, 

there is very little overhead associated with this approach. Flexibility is crucial to the 

hardware requirement process. This method allows for work to get done quickly and 

facilitates meeting the customer’s needs and goals. However, there are some 

disadvantages with the process. First, very few people are aware of all the requirements at 

any given time. Since requirements are communicated verbally or through email and are 



 26 

not documented in a centralized place, only one or two people really know about the 

requirement. This is also means that no one really understands the needs of the system as 

a whole since all the requirements are partitioned to different people. This can create a 

significant issue when trying to implement requirements that may have dependencies or 

conflicts. It also creates difficulties when the hardware team needs to communicate with 

other groups within Project B, such as the software team. Second, there is no mechanism 

for feedback to the requirement once the design has been completed. Since the 

requirements are loosely defined tasks, the real contents of the requirement will come 

from the design. If this is not captured, disconnect between the requirement and design 

could occur. Without proper documentation, it can be difficult to determine what the 

system need was versus what was implemented. There is also no feedback to the 

requirement documentation when changes are made to the requirement, whether from the 

internal sources or the customer. This again leads to confusion as to what the needs are 

versus the implementation. Lastly, despite the low overhead being an advantage, it can 

also be a disadvantage as very little, if any, specifics are tracked. This can cause 

confusion and incorrect assumptions in the design, implementation, and test phases. If the 

requirement does not provide any specifications or, at the very least direction, then it can 

be very difficult for the engineers to design hardware that will satisfy the customer’s 

needs. 

The requirement process for Project B2 provides no change management. All 

changes are received through email and phone conversations. The process does not 

provide very much documentation to begin with, so there are little opportunities to 

document changes as they occur. However, the process does provide some means for 

requirement analysis. Since the requirements are documented informally, conversations 

and design discussions expose conflicts or inconsistencies. However, if analysis could be 

provided at an earlier time, the effectiveness of the requirements could be increased. This 

requirement process does not provide levels of abstraction. The technical requirements 

are levied on the hardware team with stakeholder understand, as such abstraction may not 

be as important for this project as it would be for others. The process has been found to 
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be effective but a little difficult to manage. With little formal documentation and high 

rates of change, it can be difficult to manage requirements in this context. However, 

customers have been satisfied with the delivered products, likely due to high levels of 

organization and communication with key stakeholders. 

The deficiency-driven (DD) method would be a successful tool for Project B2. 

With no formal acquisition in place, this process would allow quick and meaningful 

elicitation of functional and non-functional requirements. Utilization of this method 

would be a substantial difference in customer interaction and inquiry approaches but it 

would provide a framework for requirements to be acquired and stored. However, the DD 

method would not address the requirement management challenges for this project. 

PROJECT C 

Characterization 

Project C is a mission critical application that implements a solution for complex 

mathematical computations on large sets of data. The team consists of approximately 5 

software developers. The project consists of roughly 40 requirements, so although 

computationally complex, it is relatively small. Although this project involved new 

application development, a previous implementation of this mission existed. As such, this 

could be considered a hybrid maintenance project since the acquisition process resembled 

a new application, however the stakeholders had a previous implementation for the 

problem and so viewed it as a maintenance project (i.e. modifying an existing project). It 

is also important to note that the team used the same requirement process for this hybrid 

project as they have with pure maintenance and new application projects in the past.  

Project C started with no requirements and followed the acquisition and management 

process as outlined below. 

To address the needs of Project C, there are several qualities that should be 

provided by a requirement process. Although domain information is essential to defining 

adequate requirements, a requirement approach should also elicit technical details of the 
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system. Technical details are imperative for the successful development of effort of 

Project C. Requirement traceability is another important factor that is need for this 

project. It is essential to the software development process that requirement priority, 

rationale, and stakeholder viewpoint be maintained. Understanding how a requirement 

relates to a system is important for the development process. Stakeholder understanding 

and visibility of the requirements and process is arguably one of the most important 

qualities of a requirement approach for this project. If the team cannot sufficiently 

communicate to customers their understanding of the system’s needs, it will become 

increasingly difficult to identify problems with the requirements. 

Approach 

Since the project had no previously written requirements or specifications, the 

acquisition process had to be done from scratch. Brainstorming sessions with 

stakeholders was the main method utilized to elicit information to define requirements for 

Project C. These sessions consisted of the project manager, senior developers, and key 

technical stakeholders discussing workflows, use cases, and error handling. The objective 

of these discussions is to discover user’s expectations for how the system should behave. 

In order to ensure that the necessary and proper information was elicited during 

these brainstorm sessions; it was crucial to identify the correct SME. Another 

modification to the team’s previous requirement process was the addition of technical 

points of contacts. Since the project’s requirement process only involved brainstorming 

activities and was not an inquiry-based model, it was possible that during development 

questions could arise that had not been addressed during the acquisition process. As such, 

it was helpful to have technical resources from which to elicit further information during 

the development process. 

The requirements for Project C are mostly driven from internal stakeholders, 

however customers are actively involved in the process. Stakeholder feedback is an 

essential part of the requirement process for this project. Although customers can suggest 

new requirements at almost any time, the entire requirement database is reviewed with 
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stakeholders on a frequent basis. During this meeting, stakeholders are given the 

opportunity to provide feedback on the requirements, priorities for implementation, and 

on the process itself. 

Assessment 

The requirement approach for Project C has proven to be very effective. The 

process has been successful at creating high levels of customer interaction and 

establishing and maintaining credibility.  It has also created high stakeholder visibility 

into the requirement process and provides several points of feedback into both the 

process and the requirements themselves. Including the proper SMEs in the 

brainstorming sessions resulted in richer requirements and more information about each 

subject matter. Also, by selecting a technical POC, the project has been successful 

eliciting the proper technical information. 

Although the requirement approach described above has been demonstrated to be 

effective and meet the requirement needs for Project C, there is still some room for 

improvement. Project C’s requirement approach does not incorporate non-functional 

requirements well. Non-functional requirements can sometimes have more impact on 

customer satisfaction than functional requirements. Non-functional requirements can also 

be more subjective, making it even more important to truly understand what the customer 

needs. For example, a stakeholder has communicated that they need the application to be 

“fast”. This non-functional requirement may be one of the highest priority requirements 

but “fast” is extremely ambiguous and unverifiable. Being able to elicit, analyze, and 

manage non-functional requirements is essential for project success and customer 

satisfaction. Another disadvantage of this approach is that it does not provide any formal 

processes or strategies for determining requirement consistency and completeness. 

Requirements are determined to be complete through manual inspection by the project 

manager. Although this has proven to be a sufficient method, it is time consuming, 

inefficient, and prone to user error. Lastly, the Project C requirement approach may not 

scale well for maintenance work as it involves a lot of time and effort due to 
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brainstorming sessions and manual management and analysis. This approach has 

demonstrated to be effective for a small amount of requirements, however if the 

maintenance work involves substantial additions or modifications to the requirements, the 

amount of effort to maintain and elicit requirements could grow unmanageable. 

The requirement process for Project C provides a decent amount of change 

management. The documentation method used for this project supports simple change 

entry and maintains version control. A moderate amount of manual effort is required to 

manage the documentation, but it is within reason. However, manual effort and time is 

still required for requirement analysis. Although this has proved to be effective, having 

only one source for analysis has been time consuming and error prone. Although the 

levels of abstraction are not documented separately, different technical levels of 

information are provided. The team identifies high level goals and objectives that are 

important to the stakeholder but also provide technical details that are required for 

development efforts.  Project C’s requirement process has shown to be both easy to use 

and practical. It elicits the necessary amount of details while still being lightweight and 

flexible. 

The deficiency-driven (DD) method would help provide Project C with a method 

for eliciting non-functional requirements. The current process already successfully elicits 

technical information, but the DD method could help achieve this information in a 

quicker fashion. The DD method would utilize the high customer interaction already 

established and provide a new avenue of acquisition that may yield in fuller and deeper 

requirements. 
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V. Background 

Requirements are the building blocks for a software project as they provide the 

specifications for what is both needed and wanted in a product. A requirement 

communicates the capabilities or constraints a system must satisfy. Essentially, 

requirements should describe the desired software system to be built by defining 

functional and non-functional aspects of the system. A requirement process aims to 

understand what a system should achieve in order to ensure the correct system is built. It 

then becomes clear why developing well-written requirements can greatly contribute to a 

project’s success. If one does not understand what a system should be, there is little 

chance that a product will be built that satisfies a customer’s needs. Therefore, it is 

essential to spend the effort to make sure the needs and the wants for the system under 

development are completely understood. 

Due to the fast paced nature of the software industry, it is common for projects to 

not follow a formalized requirement process. It is often believed that developers should 

be capable of designing a system based on very high-level customer needs. But 

requirements provide an opportunity to extract helpful and critical information from 

stakeholders that may be the difference between the success and failure of a project. 

There is a common saying that, “All is well that ends well”. This is too often the slogan 

in the software industry. Software is just that, soft. Unlike hardware, software can be 

easily modified and redesigned with significantly reduced cost and effort. However, that 

does not mean that best practices should remove the engineering aspects from software 

and approach software haphazardly. Applying good engineering practices and spending a 

little more time up front to make sure the system is built right the first time is crucial for 

success. 

Poor requirements can have substantial repercussions for a company, such as lost 

profits, negative reputation, loss of credibility, and wasted effort, time, and money. 

Requirements are the first opportunity for defects to be introduced. The further in the 
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software development lifecycle a defect is present, the more costly it becomes. Defects 

can be introduced into requirements for a number of reasons. Ambiguity being one of the 

most common reasons defects in requirements. In order for requirements to be 

successfully implemented they need to be clear, concise, complete, and consistent. 

Ambiguity introduces the possibility that a requirement can be interpreted in different 

manners, which often leads to mistakes or misunderstandings. There are several other 

attributes that requirement should possess such as verifiable, necessary, and free of 

implementation details. It is extremely important that as much ambiguity as possible be 

removed as early as possible in order to prevent confusion and defects in the architecture 

or design processes. 

For example, if a customer hires a company and provides them with the following 

problem statement: “Create a means for protecting a small group of human beings from 

the hostile elements of their environments.” This statement is riddled with ambiguity, 

leaving room for each person’s to have their own interpretation. The company decided to 

have three different teams implement this project. The first team designed an igloo; the 

second team presented a castle, and the third team a space station. [Gause 89] These three 

solutions are vastly different and yet all satisfy the problem statement. If requirements are 

not written to eliminate ambiguity, a company may spend a lot of effort working on 

something that does not even come close to the customer’s needs. 

Conflicts and inconsistencies with requirements can also cause defects. If two 

requirements are conflicting or inconsistent, this could indicate that the system needs are 

not truly understood. Conflicts can be especially bad if not found in the requirement 

phase. If development has already begun and the problem not addressed, significant work 

can be lost, causing potential schedule slips and wasted time and money. Requirement 

analysis is an important part of requirement engineering efforts that helps identify and 

resolve these types of issues. Requirement errors can still happen, but the likelihood is 

greatly reduced if companies allocate the proper time to engineering efforts. 

 



 33 

EXISTING REQUIREMENT METHODS 

Requirement engineering is relatively young field and has only begun getting 

momentum and recognition in the past 10 years. Despite this, there is quite a selection of 

requirement acquisition and management methodologies that have been developed. 

However, when compared to the other aspects of the SDLC, requirement engineering is 

still a new and growing field. This section will explore the current methodologies and 

strategies for acquiring requirements. 

One approach to acquiring and developing requirements is to use modeling. This 

practice is common among other engineering fields and so was one of the first methods to 

be applied to requirements. This method typically treats the capabilities of the 

requirements as various entities, operations, and constraints [Lamsweerde 00]. This 

method allows the requirements to be specified through more formal techniques by using 

modeling language in order to define semantics and first-order programming logic. Due 

to the formality of the method, it has proven to be effective at reducing ambiguity and 

clearly communicating to developers what was needed for the system. However this 

method does not provide a way to communicate the requirements to customers at a non-

technical level. This aspect may not always be necessary, but if customer input is 

required in order to ensure the requirements are complete and correct, then having a way 

to abstract the information to their level would be desired. The modeling method also 

requires a significant amount of effort, as low-level details are needed in order to 

accurately complete the models. Sometimes this level of information is not available at 

the requirement stage of the SDLC, which could be a challenge.   

A more recent approach that has gained a lot of momentum in the requirements 

engineering field is goal-based acquisition. This method can actually been applied to 

several different aspects of the SDLC, such as metrics and measurements. The goal-based 

approach tries to identify the business and functional goals of the system first before 

drilling down to the individual requirements. This is an important distinction as the goal-

based method attempts to answer the Why rather than just focusing on the What and How.  

By focusing on the goals (or Why) when acquiring the capabilities of the system, it 
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becomes easier for the requirement engineer to properly assign priority and resolve 

conflicts [Lamsweerde 00]. The purpose of the requirements is to provide refinement for 

the goals. Once the requirements can sufficiently accomplish this, the requirements are 

then determined to be complete. The requirements can also help clearly define 

relationships between the various goals by suggesting alternative sets of refinements, 

allowing for conflict identification and resolution. This is a significant advantage as these 

aspects of requirement engineering are both difficult and time consuming. Another 

advantage of the goal-based approach is that goals can cover both functional and non-

functional requirements. It sometimes can be difficult to effectively communicate non-

functional requirements, making this an advantage over other strategies. Since the focus 

begins with the goals of the system, one can be reasonably confident that the resulting 

product should satisfy the customer’s needs and wants. This approach also allows for 

clear communication with the customer while also providing the opportunity to present 

the requirements in a more technical fashion. One disadvantage of the goal-based 

approach is that the whole methodology is built upon goals rather than capabilities. This 

could be a problem if the customer does not come up with the right goals. Since the 

whole process was built off an incorrect assumption, a significant amount of work could 

be lost, could result in increased risk, or lead to a substantial increase of defects later in 

the SDLC. In addition, it can sometimes be difficult to elicit goals. The use of scenarios 

to help facilitate goal elicitation has proven to be an effective strategy. 

The use of scenarios to elicit goals for the goal-based approach led to the 

development of scenario-driven requirement acquisition. Due to the difficulty of 

extracting goals, scenarios give the customers the opportunity to explore the system 

through concrete examples. Scenarios have proven to be an important artifact of the 

requirement engineering process. A scenario is typically a temporal set of steps that must 

be performed within the system in order to achieve a certain objective. The process of 

developing the scenarios can be just as valuable as the scenarios themselves as it can help 

clear ambiguity and identify assumptions that could lead to requirement defects later on. 

There are several methods and strategies for eliciting scenarios from stakeholders. 



 35 

However, the problem with scenario driven strategies is that it is easy to miss important 

requirements. Since the elicitation is based on stories in which the system is aiming at 

achieving some objective, you may miss the details or even relatively obvious steps or 

entire scenarios. Since you are not necessarily drilling down on the details unless they 

pertain to the scenario directly, it becomes very easy to miss valuable information. 

REQUIREMENT ACQUISITION 

In order to accomplish any of the previously mentioned methodologies and 

strategies, it is important to ask the proper questions in the right way. The question 

portion of eliciting information is probably the most basic and yet most complex aspect. 

The hard part of the process is realizing when a stakeholder is alluding to a requirement 

and being able to extract the necessary information so that it can be properly translated 

into something clear, complete, and consistent.  The most important aspect of any 

requirement acquisition session is to be prepared. Without proper preparation, valuable 

information may be lost, precious time will be wasted, and the project’s credibility with 

the stakeholder could be damaged. For each acquisition session, one must first identify 

what objectives to achieve and who should participate in order to elicit the correct 

information. Once these two pieces are identified, it is important that during the interview 

the conversation stays on task with the objectives. 

There are two ways of approaching questions during an interview: top-down and 

bottom-up. The top-down approach is used when trying to elicit the big picture first and 

then move into more detail. The bottom-up approach starts by asking very specific details 

first and then moving up towards questions that will result in high-level answers. A good 

strategy when asking questions will utilize both approaches depending on the session 

objective and stage of the acquisition process. The order of the questions being asked is 

just as important of the questions themselves. Not only does one need to ask the “right” 

questions but it is important ensure that the necessary information is elicited out of the 

answers.  How the questions are asked is another component to ensuring the right 

information is gathered. It is crucial to keep the conversation on track, ask open-ended 
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questions, and do not bias any questions. The last part is probably the most important as 

any bias introduced, especially early, could tremendously affect the outcome of the 

requirement process. 

An essential responsibility of a requirement engineer is to find the best solution in 

order to the get the necessary information and minimize the work needed in order to 

correct wrong assumptions or elicit missing information. If the customer says to ‘Build 

something like this.’, the customer may be emphasizing this but the requirements 

engineer’s job is to define like. [Gause 89] This can sometimes be difficult, as 

stakeholders sometimes do not realize what they actually want or need until something 

has been produced. Ultimately, the goal of requirement acquisition is to ensure that the 

necessary information has been provided sufficiently to properly implement the desired 

system. 

REQUIREMENT MANAGEMENT 

Requirement acquisition is one of the first steps to ensuring a project’s success. It 

has been demonstrated that this can be a complicated and challenging task, but once the 

necessary information has been elicited to form the requirements, what is next? 

Requirements management is the process of documenting, identifying conflicts and 

inconsistencies, prioritizing requirements. This part of the requirement engineering 

process can also be very challenging, but hopefully by properly acquiring the information 

and successfully utilizing the methods mentioned above, one could achieve good 

requirements and provide value to the other aspects of the SDLC, such as architecture 

and implementation. 

One of the key aspects of successful requirement management is being able to 

handle inconsistencies, conflicts, and changes to the requirements individually and 

especially as a whole. If the requirement information has not been properly extracted and 

documented, the requirements could become so intertwined that changes to one 

requirement could have an effect on the entire set of requirements, resulting in significant 

amounts of rework. 
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The first part of requirement management is requirement analysis. This aspect 

requires critically analyzing the information found during the acquisition phase and 

properly identifying intention, inconsistencies, and conflict. Another key component of 

the analysis process is determining priority for the requirements that will be defined. The 

second part of successful requirement management is the abstraction, presentation, and 

documentation of the requirements so that stakeholder needs and wants can clearly be 

communicated to varying levels of technical detail. 

By dealing with the inconsistencies and conflicts in the requirements, one is 

forced to address several issues that will make the requirements stronger and more 

capable of effectively communicating stakeholders needs to other team members, such as 

software architects, developers, testers, or even managers. By addressing the conflicts 

and inconsistencies early on in the requirement process, ambiguity in the requirements is 

reduced, improving the likelihood that the desired system is actually built. Requirement 

priorities are one tool used to help resolve inconsistencies and conflicts. If two 

requirements are found in conflict, one may choose to implement functionality of the 

higher prioritized requirement. This may require additional constraints or limited 

functionality of the second requirement. However, this will ensure that the most 

important functionality is implemented, thereby increasing customer satisfaction with the 

system. 
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VI. Conclusion 

Requirements are an important part of the software development lifecycle and lay 

the foundation for a project’s success. Without a solid requirement engineering effort, 

projects are less likely to create a product that will satisfy customer wants and needs. Bad 

requirements can easily derail a project into creating a system that does not meet 

customer needs. 

Work in the requirement engineering field typically focuses on methods and 

strategies for approaching requirement acquisition, analysis, and management in the 

context of new development. Maintenance work makes up a significant portion of the 

software industry and yet little to no work has focused on these types of projects with 

respect to requirements. Maintenance projects have different needs and challenges than 

new application development. Therefore, traditional approaches and methods may not be 

as suitable for these types of projects. However, by combining existing requirement 

methodologies and focusing on the needs and challenges of maintenance work, a strong 

requirement process can be achieved that is easy to use and effective for maintenance 

projects. 

This paper focused on exploring how requirement engineering methods and 

techniques could be successfully utilized by maintenance projects. To better understand 

the requirement process needs for maintenance work, interviews were conducted with 

several project managers of maintenance projects. These projects ranged in size and 

complexity and had varying strategies and techniques for requirement acquisition and 

management. The interviews explored the current processes utilized by the projects, the 

strengths of the process, and how each process could be improved to suit the needs of the 

project. These interviews were also helpful in determining some of the commonalities 

and differences of maintenance projects from new application development. 

Overall, the differences between new development and maintenance projects are 

subtle but important. Maintenance work makes up at least half of the software industry; 
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therefore working to improve requirement processes for maintenance projects will only 

serve to improve the software industry as a whole. Although the needs for maintenance 

and new development differ, if a project starts with a strong requirement engineering 

effort, modifying the process to suit the maintenance needs will be much easier. The 

requirement engineering field has developed many methods and approaches for 

requirement acquisition and management. There are commonalities in most requirement 

methods and typically the same caveat that all projects are different and there is no “one 

right way”. Every project has its own unique circumstances, resources, and expectations. 

No requirement process is suitable for all projects. Despite the vast amount of literature 

on requirement engineering, very little addresses the context of maintenance work. This 

indicates more research needs to be done in identifying the requirement challenges and 

needs for maintenance projects. Although this paper provides a small sample of 

maintenance projects, there would be value in performing long-term assessments and 

studies on maintenance projects from a requirement point of view. This may identify 

additional concerns, strategies, or challenges not presented in this paper. 

The maintenance project interviews revealed some interesting insights into the 

requirement needs for these types of projects. It was fascinating to find that most projects 

had similar challenges and communicated similar needs of a requirement process. 

Customer visibility and interaction were the most important features of a requirement 

process for each of the projects. This indicates that maintenance projects may require a 

higher level of customer interaction than new development.  The most common 

challenges for each of the projects were change management and eliciting technical 

information. This could indicate that maintenance projects often do not have the overhead 

for requirement management activities. If a method was not in place prior to 

maintenance, it would be much more difficult to establish change management in a 

requirement process. This could also indicate that maintenance projects may not have 

access to the proper techniques or personnel to elicit detailed technical information. This 

would prove even more challenging in a maintenance project, as the proper technical 

resources may no longer be available. 
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Another interesting observation is the development of the requirement process 

evaluation criteria. The criteria were built using existing methods and resources and then 

analyzing the needs and commonalities of the interviewed maintenance projects. When 

each project was evaluated individually, none of them wholly satisfied the criteria. Each 

of the projects struggled with similar elements of the criteria, indicating that while each 

project may be unique there are still commonalities that can be used to develop methods 

and approaches. Although none of the projects completely satisfied the evaluation 

criteria, each of the projects believed their requirement process to be effective and 

successful in gathering the necessary requirement information and achieving customer 

satisfaction. This demonstrates that every project is truly unique and may have different 

goals and standards. This also indicates that having any requirement process is better than 

none. By utilizing parts of different methodologies and customizing strategies to best suit 

a project’s needs, projects can be effective and successful. However, can this be called 

requirements “engineering” or is this just requirements gathering? Perhaps the true value 

of requirement engineering efforts is still misunderstood, and projects believe that if they 

just have requirements that is sufficient. The requirement engineering field needs to 

continue developing additional tools for maintenance projects and demonstrating the 

added value for this type of work. 

There is still much work to be done, but this paper has provided a means for 

maintenance projects to begin critically evaluating requirement processes in order to best 

suit their needs. With continued effort and increased awareness in this field, requirement 

methods that will make maintenance work much more successful can be achieved. 
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