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             ABSTRACT 
 

 

 

Context: Requirements triage is a crucial activity in 

requirements engineering process for market-driven 

products. Triage deals with selection of appropriate 

requirements from large number of requirements for 

particular release plan. If triage is not performed 

initially, selection and management of a large 

number of requirements would be difficult in 

requirements engineering process. In market-driven 

product development triage is followed by 

estimation and prioritization of requirements to be 

selected for a particular release plan, also termed as 

requirements selection. Product development is 

done based on the set of requirements selected in 

requirements selection process.  

Objectives: The objective of the thesis is to find 

whether there is a need to improve existing 

requirements triage process or not, identify the 

challenges and shortcomings of the existing 

requirements triage and selection solutions and 

suggest improvements to address identified 

challenges and shortcomings. 

Methods: In order to identify existing requirements 

triage and selection solutions (method, model, tool, 

technique, process, and others), challenges 

addressed by existing requirements triage and 

selection solutions, and the shortcomings faced 

while implementing them, a systematic literature 

review has been done. A list of challenges and 

shortcomings, identified through the analysis of 

systematic literature review results, was used as an 

input to industrial survey to confirm most 

applicable (relevant) challenges and shortcomings 

and to identify possibilities to address those 

challenges and shortcomings. 

Results: A process framework for requirements 

triage has been proposed to address the challenges 

faced by practitioners during triage. The steps and 

solutions proposed within the framework also 

enable to alleviate the shortcomings of the existing 

requirements triage solutions. 

Conclusions: The results of the survey have been 

analyzed from different perspectives: size of 

organization, number of requirements handled per 

month and experience of professional doing triage. 

Therefore, the proposed process framework is 

usable and useful for both small-scale and large-

scale organizations. The initial effort required to put 

framework process steps in place would be high, 

however, later the effort will reduce not only for 
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requirements triage but also for later phases in 

requirements engineering. As a spin off effect the 

quality of triage decision is increased. 

 

Keywords: requirements triage, requirements selection, 

systematic literature review, requirements triage process 

framework. 
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1 INTRODUCTION 
 

Market-orientation of customers pushes development organization to possess superior skills 

and understanding when compared to bespoke software development since market-

orientation requires a lot of analysis and effort [1] [2]. Some of the principal reasons for 

which organizations are shifting towards market-driven requirements engineering (MDRE) 

from be-spoke requirements engineering (BSRE) are listed below: 

 

 A set of beliefs that has customer’s interest as the highest priority [3]. 

 Ability of the organization to generate and use superior information about customers 

and competitors in the market [4]. 

 Usage of internal resources in selection of requirements that has the highest amount 

of customer satisfaction [5] [6]. 

 

The initial phase of requirements elicitation in MDRE context is “Triage”. Triage is the early 

dismissal or acceptance of requirements to avoid requirements overload in further stages of 

product development. Early triage is performed to estimate the implementation costs and 

resources for requirements, which are then prioritized [7]. Thus, which features go into a 

product is decided during requirements triage and selection. Requirements triage and 

selection solutions can be a method, tool, model, technique, process, or others (guidelines, 

theory etc). 

 

Several requirements triage and selection solutions have been presented in academia and as 

industry experience reports. However, in order to gauge the usability and usefulness of the 

proposed solutions, it is essential to evaluate the strength of empirical evidence of their 

application and/or validation, e.g. in industry or through experiments or tests. Furthermore, 

awareness has increased in the software engineering community about the importance of 

empirical studies to develop or improve processes, methods and tools for software 

development and maintenance [8]. This thesis presents a systematic literature review (SLR) 

conducted on the studies, which either proposed or reported on experience with requirements 

triage and selection solutions between the years 1998 to 2011. Papers for SLR are selected 

from 1998 to 2011 for two main reasons. One of it based on Kitchenham’s guidelines [9] 

where she suggests to consider papers of the last decade for better results and other is 

requirements engineering (RE) as identified as a separate process in the late 90’s [10]. The 

motivation was to gauge the level of actual industry adoption, i.e. to what extent the 

presented solutions are applied and/or validated in industry. In addition to industry 

validation, all other types of empirical results are collected to offer a detailed summation of 

the empirical evidence available. To achieve this, the selected studies are categorized and 

analyzed from several perspectives, research basis, application/validation method, level of 

validation and type of empirical results in relation to usability and usefulness of the proposed 

solutions, challenges handled by the proposed solutions and shortcomings of these solutions. 

For industry practitioners trying to adopt a requirements triage and selection solution, results 

of the study can be used as an indication of maturity, as well as to estimate potential risk of 

adopting a certain solution. From an academic point of view researchers planning studies and 

evaluating a solution can use this study as an inspiration for study design because the 

evaluation criteria of the review presented in this paper could be used as a checklist to 

ascertain usability and usefulness for requirements triage and selection solutions. 

  

However, challenges faced by practitioners in industry may differ from challenges identified 

from academia. In-order to identify challenges faced by practitioners in industry a survey is 

conducted in order to find out the ways in which organizations are currently handling 

challenges and ways in which they want to handle the challenges ideally during triage. 
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Survey is conducted from organizations implementing market-driven requirements 

engineering process across various geographical locations like India, Sweden and USA.  

 

From the results obtained from a systematic literature review and survey, challenges faced 

by practitioners in the industry are identified. Based on the results of survey, i.e., ways in 

which organizations want to handle challenges ideally, a process framework is proposed to 

handle multiple challenges faced by practitioners in industry during requirements triage 

process. 

1.1 Outline of thesis 
 

This section lists entire chapters of the thesis with a brief description of contents of each 

chapter. 

 

Chapter 1 contains introduction, related work, research problem, aims and objectives to be 

met for solving research problem, research questions, methods employed for answering 

research questions with motivation for choosing those methods. 

 

Chapter 2 contains concepts and background of requirements triage and selection process. 

 

Chapter 3 contains design of systematic literature review, where existing requirements triage 

and selection solutions are identified. A systematic literature review is designed, conducted 

and the results are reported in this chapter. 

 

Chapter 4 contains survey being conducted to identify challenges faced by practitioners 

while performing requirements triage, current practices implemented in organization and 

practices they want to implement ideally in organizations to handle these challenges.  

  

Chapter 5 presents requirements triage framework for MDRE context, proposed based on 

results of SLR and survey. 

1.2 Related work 
 

Triage is a difficult art, filled with political and financial dangers. It can be politically 

dangerous as both technical and marketing teams claim the task of performing the triage 

process as their individual responsibility. It can be financially dangerous, as a flaw in 

requirements triage process i.e., not including correct requirements may cause serious loss in 

revenue for that particular organization [11]. There are certain MDRE challenges to be 

addressed by requirements triage and selection solutions described below [7] [12] [13] [14] 

[15] [16] 

 
1. Communication gap between marketing and technical staff: Marketing staff and 

technical staff may have different interpretations and perspectives on same 

requirements. Requirements triage criteria can be used to balance the different 

perspectives by taking individual perspectives into consideration [17] [18]. 

2. Constant flow or requirements and requirements overload: In MDRE, there is 

continuous flow of large number of requirements because there are lot of internal 

(marketing, development, support etc) and external sources (customers, end-users, 

government regulations, partners’ requirements etc). A proper triage mechanism can 

help organizations address requirements overload by organizing requirements in a 

way to be used for RE process [18] [19]. 

3. Resource allocation to RE: In requirements triage phase, the requirements may be 

selected based on some constraints. The main problem may be motivating the RE 

resources for an organization based on the selected requirements. Hence, the 
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constraints or the selection criteria employed during requirement triage process is a 

significant challenge [20]. 

4. Release planning based on uncertain estimates: Release planning is based on 

uncertain estimates like estimation of value of requirement in the project. If value of 

the requirement is not evaluated at an initial stage of the selection process, it can 

cause loss of time, effort and resources in later stages of RE process. Thus, the initial 

evaluation of value of requirements needs to be done during triage [20] [21]. 

 
Requirements triage and selection solution should handle the above mentioned challenges to 

be an effective solution in terms of usability and usefulness. Usability can be defined as 

scalability of introduction of a solution into an organization in terms of cost, and scalability 

of use of the solution in terms of inputs, outputs and processing time [22]. Usefulness is 

defined as better alternative investment i.e., amount of return on investment resulting from 

the solution and effectiveness of the proposed solution to satisfy the goals for which the 

solution is designed [22]. 

 

Some solutions have been proposed in literature to perform requirements triage and early 

selection. For example, Simmons [23] proposed a method based on the medical approach to 

demonstrate how a large number of requirements or resources can be handled in small 

amount of time and also to identify and quantify the requirements related risks. Davis [11] 

proposed a method in his paper “The Art of Requirements Triage” which consists of three 

main activities: 

a) Establish relative priorities for requirements. 

b) Estimate the resources needed to satisfy each requirement. 

c) Select sub-set of requirements that optimize the probability of product’s 

success in the intended market. 

 Khurum et al. [24] proposed a method called MERTS “A Method for Early Requirements 

Triage and Selection”, which can be used for selecting requirements based on product 

strategies. The method proposes to incorporate both strategic manager’s perspective and 

technical manager’s perspective in a product’s strategy. 

 

Duan et al. [25] proposed a method “Towards Automated Requirements triage”, for 

automating significant part of the prioritization process. This method uses probabilistic 

clustering algorithm to cluster incoming stakeholder’s requests into hierarchical feature sets. 

After prioritizing, these prioritized values are used as an input for the triage process. 

 

All the proposed solutions handle challenges that are presented in detail in Table 52. 

 

Carlshamre et al. [26] conducted an industrial survey for an in-depth analysis of 

requirements interdependencies. A proposition of classification of requirement dependencies 

based on functional and value related aspects is presented. The survey is related to general 

analysis of requirements in the overall product development but not particular about 

dependencies of requirements during the requirements triage and selection process. 

 

Khurum et al. [27] conducted an industrial survey to identify the practices used for managing 

a continuous flow of requirements in industry. Survey is performed to identify the 

management process involved in handling requirements in requirements engineering process 

and not specific to selection of requirements during the requirements triage and selection 

process. The result of the survey was that all organizations must store information about 

requirements in some form of control, easily accessible by stakeholders.  
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1.3 Aims and Objectives 
 

Main aim of the thesis is to identify the challenges and shortcomings of the existing 

requirements triage and selection solutions and propose a framework to address identified 

challenges and shortcomings. To fulfill this aim, following objectives need to be met 

 

1. Identify all requirements triage and selection solutions proposed in the literature. 

2. Evaluate the level of validation of the proposed requirements triage and selection 

solutions. 

3. Identify shortcomings of existing requirements triage and selection solutions. 

4. Identify state of practice (current and ideal) with respect to the challenges identified 

in literature. 

5. Propose a process framework handling requirements triage challenges. 

1.4 Research Questions 
 

Based on the objectives, the research questions (RQ) formulated are listed below in Table 1. 

 

Table 1: Research Questions and sub-questions 
Research Question (RQ) Sub-Research Questions 

RQ1. What has been proposed in 

literature for requirements triage and 

selection?
1
 

RQ1.1: What types of contributions are 

presented? 

RQ1.2: Which research types are used in the 

selected studies? 

RQ2. What is the strength of empirical 

evidence of proposed requirements triage 

and selection solutions? 

RQ2.1: Are solutions, proposed for 

requirements triage and selection, applied 

and/or validated in a laboratory setting or in 

industry? 

 

RQ2.2: Are solutions proposed for 

requirements triage and selection solutions 

usable? 

 

RQ2.3: Are solutions proposed for 

requirements triage and selection solutions 

useful? 

RQ3. Which challenges have been 

handled by and shortcomings of the 

proposed solutions? 

 

RQ4. What is the state of practice with 

respect to the challenges identified in 

literature? 

 

RQ4.1: Which challenges identified from 

literature are faced by the industry 

practitioners during requirements triage? 

RQ4.2: How challenges are currently 

addressed in industry? 

RQ4.3: How should challenges be ideally 

addressed? 

RQ4.4: Does size of organization, number of 

incoming requirements handled or 

                                                      
1
 Which solutions have been proposed for requirements triage and selection process? A solution can 

be a method, model, tool, process, technique, or others (guidelines, theory etc). 
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experience of practitioners in RE field affect 

challenges faced by practitioners or criteria 

used by organizations to handle challenges? 

RQ5. Is it possible to propose a process 

framework to alleviate the challenges and 

shortcomings of existing triage solutions? 

 

 

1.5 Methodology 
 

Research questions are intended to be answered using below mentioned methodologies 

 

 Systematic literature review 

 Survey  

 

Research methodology employed for each research question and objectives addressed by 

each of the research questions are described below and presented in Table 2. 

 

RQ1 (“What has been proposed in literature for requirements triage and selection?”) brings 

forth study of existing requirements triage and selection solutions with respect to market-

driven requirements engineering context. This research question is intended to fulfill the 

objective of identifying the requirements triage and selection solutions proposed in literature. 

There are sub-questions in this question which are intended to answer the contribution type 

(method, tool, procedure etc) and research types of the selected studies are gathered. 

 

RQ2 (“What is the strength of empirical evidence of the proposed solutions?”) brings forth 

the study of level of empirical validation of proposed solution in the literature and extent to 

which one can depend on validation of the solutions. This research question is intended to 

fulfill the identification of level of validation of requirements triage and selection solutions. 

If the evaluation is either application or validation, there is some kind of evidence existing 

for the requirements triage and selection solutions. If the evaluation type is validation, it is 

performed by the academia people to know the performance of the method proposed. If the 

evaluation type is application, the method is implemented in the organization to study the 

benefits and drawbacks of the solution in industrial perspective. The usability of the solution 

is retrieved to know the type of evidence the researchers have provided for the existing 

solutions. The usefulness of the solution (in terms of efficiency and effectiveness) is 

retrieved to know the type of evidence the researchers have provided for the existing 

solutions. 

 

RQ3 (“Which challenges have been handled by and shortcomings of the proposed 

solutions?”) brings forth the challenges handled by each of the requirements triage and 

selection solutions. If there are any additional challenges which are not handled by the 

existing requirements triage and selection solutions, they are identified. Shortcomings of the 

requirements triage and selection solutions are identified and an analysis of occurrence of 

shortcomings with respect to each solution is made. Identification of challenges and 

shortcomings will help the people in industry and academia to perform relevant work to 

overcome identified challenges and shortcomings to develop requirements triage and 

selection solution which is more efficient and effective than any of the existing solutions. 

 

Research question (4) (“What is the state of practice with respect to the challenges identified 

in literature?”) brings forth the challenges faced by practitioners in industry. It also helps in 

identifying the ways employed to handle challenges during requirements triage and also the 

ways organizations intend to follow for handling requirements triage challenges. The effect 

of challenges faced by practitioners with respect to different perspectives such as size of 
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organization, number of incoming requirements handled per month and experience of 

respondents in RE field are also identified. 

 

Research question (5) (Is it possible to propose improvements to alleviate the shortcomings 

of existing triage and selection solutions?”) in the form of proposing a framework that 

overcomes the shortcomings identified from SLR and challenges faced by practitioners 

during requirements triage. 

 

Table 2: Mapping research questions with methodologies 

Research question Method 

RQ1, RQ1.1, RQ1.2  

Systematic Literature Review (SLR) 
RQ2, RQ2.1, RQ2.2, 

RQ2.3 

RQ3 Data Analysis of SLR 

RQ4, RQ4.1, RQ4.2, 

RQ4.3, RQ4.4 

 

 

Survey 

RQ 5 Data analysis of survey and SLR 

 

1.5.1 Motivation 
 

Research methodology employed to answer research questions (RQ1, RQ1.1, RQ1.2, RQ2, 

RQ 2.1, RQ 2.2, and RQ2.3) is systematic literature review. SLR is a means of identifying, 

evaluating and interpreting available research which is relevant to a particular research 

question or topic or phenomenon of interest. SLR provides information about the effects of 

process; particularly requirements triage and selection solutions in this context and wide 

range of settings and empirical methods relevant to the topic. Kitchenham et al. [28] 

suggested some guidelines to be followed for performing systematic literature review 

particularly in the field of software engineering, employing the concept of evidence-based 

software engineering (EBSE). It is easy for other researchers to assess the quality of SLR’s 

performed using Kitchenham’s guidelines [28]. The scope of the project can be defined 

based on study selection criteria. First two research questions (RQ1-RQ2), deal with 

identifying the existing requirements triage and selection solutions, extent of empirical 

validation of the solutions. SLRs are used to gain an effective insight into problems with 

existing approaches. In order to propose improvements it is a pre-requisite to do an extensive 

review of existing solutions; thus SLR methodology suits well. 

A systematic review process indulges several discrete activities. Main phases of systematic 

literature review are listed below and presented in  

Figure 1 [9]: 

 

1. Phase 1: Planning the review 

2. Phase 2: Conducting the review  

3. Phase 3: Reporting the results 

 

During Phase 3, there is a need for analysis and synthesis of the results to identify the 

challenges handled by requirements triage and selection solutions (answering RQ3) and the 

shortcoming of these solutions. Nobilt and Hare [29] discusses distinction between 

integrative and interpretive reviews (ways of analyzing data). Integrative reviews are 

concerned with summarizing or combining data for the purpose of obtaining generalizations. 

It involves techniques such as meta-analysis that provides a descriptive account of data [30]. 

Interpretive reviews involve achieving synthesis through subsuming concepts that are 
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identified in the primary studies into a high-order theoretical structure. Basic concern is 

development of concepts and theories identified from the concepts of primary studies.  

Phase 1: Planning the review protocol

Step 1.1: Search 

strategy

Step 1.2: Study 

selection criteria 

and procedures

Step 1.3: Study 

quality 

assessment

Step 1.4: Data 

extraction

Step 1.5: 

Synthesis of data

Phase 2: Conducting the review

Step 2.1: 

Selection of 

primary studies

Step 2.2: Quality 

assessment

Step 2.3: Data 

extraction

Step 2.4: Data 

synthesis

Phase 3: Reporting the results

Step 3.1: Included 

studies overview

Step 3.2: Analysis

 
Figure 1: Phases and steps in conducting SLR 

 

Hence, in interpretive study, specifying concepts in advance of synthesis are avoided, rather 

the grounded concepts resulting from primary studies are reported [30]. Analysis method 

employed in this context is interpretive studies. In this particular context, requirements triage 

and selection solutions, challenges handled by these solutions and shortcomings of the 
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solutions are identified from concepts of primary studies. A survey is designed from these 

basic concepts, which in turn helps in the proposal of a process framework based on results 

of literature review and survey.  

 

Dixon woods et al. [31] identified wide range of methods available for synthesizing data 

from diverse forms of evidence, which are narrative summary, thematic analysis, grounded 

theory, meta-ethnography, meta-study, realistic synthesis, Miles and Huberman’s data 

analysis techniques, content analysis, case survey, qualitative comparative analysis and 

Bayesian meta-analysis [32]. Synthesis method employed in this context is qualitative 

comparative analysis (QCA). A detailed description of QCA is presented in Section 3.1.5. 

 

Challenges faced during requirements triage are identified from industry through survey. 

Other possible research methodologies could be in-depth case studies or ethnographic 

studies. However, case studies are more suited when there is need to explore in-depth a 

program, event, activity, process, or one or more individuals [33]. The case/ cases are 

bounded by time and activity, and the researchers collect detailed information using a variety 

of data collection procedures over a sustained period of time [33]. Whereas, the intent of 

ethnographic studies includes in-depth interviewing and continual and ongoing participant 

observation of a situation and attempting to capture the whole picture that reveals how 

people describe and structure their world [33]. Since purpose of survey is to identify most 

applicable challenges faced by practitioners in industry during requirements triage, survey 

suits us best. An analysis of survey results is performed to know how practitioners handle the 

challenges faced during requirements triage in current situation and they want to ideally 

handle the challenges. Hence, to answer RQ4; method employed is survey. 

 

A process framework will be proposed to overcome the challenges and shortcomings 

identified based on analysis of SLR and survey results (answering RQ5). Challenges faced 

by practitioners are identified and practices they want to ideally follow to handle challenges 

in requirements triage process are taken into account to propose process framework.  

 

The concepts and background of requirements triage and selection which form a basis for 

SLR are presented in next chapter. 
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2 CONCEPTS AND BACKGROUND 

 
RE is a subset of systems engineering concerned with discovering, developing, tracing, 

analyzing, quantifying, communicating and managing requirements that define system at 

successive levels of abstraction [34]. Requirements engineering broadly consists of three 

phases [35] [36] [37] [38]. 

 

 Requirements elicitation 

 Requirements specification 

 Requirements verification/validation 

Most of the organizations are shifting from BSRE to MDRE.  BSRE involves development 

of product to satisfy a customer needs (single customer or single organization), whereas 

MDRE involves development of a product based on market-needs (multiple customers or 

customer segments) [39]. Requirements engineering (RE) process of BSRE differs from 

MDRE in several characteristics discussed below in detail: 

  

 Context: BSRE is characterized by a contract between the customer who orders 

software and software organization that develops it, in terms of work. In MDRE 

customers are not clearly known, and possibly a lot in number, thereby considered as 

a whole market or market segment. For example, companies that produce digital 

consumer products such as mobile phones fit in this category [7] [40]. 

  

 Stake holders: Main stakeholders in BSRE are customer organization whereas in 

MDRE it is developing organization itself, as there are no specific customers and the 

product is developed based on market-orientation [1] [12] [40] [41].  

 

 Life-cycle: In customer-specific project development (BSRE), the software 

developed has single software development life cycle whereas in the context of 

MDRE, several release plans are developed in continuous manner [7] [40]. 

 

 Users: In context of BSRE, users or customers for which the project is being 

developed are known, whereas in MDRE, the users are unknown as there will be 

large number of users in the market for which product is being developed. 

 

 Goal:  Primary goal in BSRE is to develop software to meet requirements specified 

by the customer organization. In MDRE context the primary goal of the developing 

organization is time-to-market [12] [42] [43].  

 

 Schedule constraints: There will be schedule constraints in BSRE context as an 

agreement is made with the organization for developing software. In the context of 

MDRE, the time of release is rigid, based on the market situation to obtain 

maximum benefit for organization developing the product [7] [12] [40] [42]. 

 

 Objective: Main objective of organization in BSRE context is to fulfill the 

conditions of the agreement made with the client or customer organization. The main 

objective in case of MDRE is to capture huge market by recognizing the current 

market trends and developing a product that meets maximum needs of customer. The 

product should be distinct from available products in terms of functionality, if any in 

the current market [7] [12] [40] [42] [43].  
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 Elicitation phase: Main aim of elicitation phase is about finding and revealing 

requirements from various sources available. In BSRE context, elicitation techniques 

like interviews, surveys etc, observational, reuse and group elicitation techniques can 

be used. Whereas, traditional elicitation techniques cannot be used in MDRE context 

as there are large number of customer’s context and each customer may have several 

requirements which are hard to gather using traditional interviewing or observations. 

Many of the requirements in elicitation phase of MDRE are internal requirements as 

they are invented by development team within the organization. Elicitation in 

MDRE consists of activities like triage, estimation, prioritization and selection [7] 

[40] [42]. 

 

Differences between characteristics of BSRE and MDRE are summarized in Table 3. 

 

Table 3: Summary of the differences between bespoke and market-driven requirements 

engineering [43] [10] [44] 

Characteristics Be-spoke RE MDRE 

Main 

stakeholders 

Customer organization Developing organization 

Life cycle Single release and 

maintenance 

Several releases, maintenance and 

support  

Users Known users Unknown users 

Primary goal Compliance to 

specification 

Time-to-market 

Scheduled 

constraint 

Time to delivery is agreed 

upon with the customer, 

as development is based 

on customer’s 

requirements. 

Time to delivery is set when the 

requirements best fit in the market, as 

the development is based mainly on 

the needs of the market. 

Objective  Fulfillment of the contract 

made by the organization 

with the customer. 

Deliver the upcoming product that 

produces high income, by capturing a 

huge market share. 

Elicitation phase Acquired from customers 

using traditional 

elicitation techniques. 

Invented by developing team for the 

first release of the product as the 

focus is on the entire market not on 

individual customer. 

 

Requirements elicitation refers to identifying and revealing requirements from different 

sources. The main sources of information are the stakeholders involved for particular 

product. In MDRE context, major stakeholders considered is a group of customers 

representing target market, marketing staff, development staff etc. In MDRE context, 

activities in elicitation phase are sub-divided into [7]: 

 

 Triage 

 Estimation 

 Prioritization 

 Selection 

 

In elicitation process, initial step is to perform requirements triage and select an initial set of 

requirements. These requirements are then estimated based on cost and effort estimates 

related to product development. Based on these estimates, prioritization of requirements is 

performed. Prioritized lists are then used as input to requirements selection process, which 

also includes roadmap (product-technology road map), to select appropriate set of 

requirements to be included in the release plan of a particular product [7].  
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2.1 Requirements triage and selection 
 

The word triage comes from French verb trier which means sort [23].  Triage is a technique 

used by the medical professionals to prioritize their patients for treatment based on the 

symptoms of severity of the disease. In software industry, triage technique is used to select 

requirements from a large set of available requirements to develop a particular product based 

on relative importance of requirements with respect to the product. Requirement is defined 

as a statement of system, service or constraint [45]. Requirements triage is defined in 

different ways which are listed below: 

 

 Requirements triage is the process of determining which requirements a product 

should satisfy, given the time and resources are available [11].  

 Requirements triage refers to annotation of product features, and balancing them 

against estimates of product-related issues for the correct scoping of product 

requirements [46]. 

 Requirements triage refers to determining which sub-set of requirements ascertained 

by elicitation and analysis is appropriate to be addressed in specific releases of a 

system [47]. 

 Requirements triage is a collection of activities, which fit into the requirements 

analysis phase [48]. 

 The art of deciding which features are the appropriate feature to include in the 

product is defined as requirements triage [49]. 

 Requirements triage is the set of practices of determining which requirements are the 

“right” requirements [50]. It can also be referred to as requirements selection or 

balancing. Triage can be just simply said as balancing the requirements against 

schedule and budgets [50]. 

 

It considers factors such as price, market, cost, time-to-market, market size, feature mix, 

market penetration, revenues, profits and return on investment as keys to success [51]. If 

system is built incrementally, requirements triage is done at the very beginning of individual 

iteration and the set of requirements keeps changing at successive iterations [50].  

 

After initial triage, requirements are analyzed based on cost estimates and priorities. It is also 

referred to as release planning [7]. Requirements selection is crucial, as large volumes of 

requirements risk from multiple sources resulting in requirements overload. Therefore, 

requirements selection is often perceived as a complex task, where complexity is defined in 

terms of number of requirements to be considered, various technical aspects to be taken into 

account for requirements selection process and the challenges associated with decisions 

based on uncertain estimates [52].  

 

A simplified requirements selection process is designed by Regnell et al., which includes 

three steps: screening, evaluation and construction [53]. Screening activity prevents portion 

of incoming requirements from going to next stage i.e., the evaluation stage. If screening is 

not performed properly, it results in the challenge of managing constant flow of 

requirements. In evaluation stage, the selected requirements are evaluated against the 

determined estimates in estimation phase of elicitation process. The construction phase 

includes designing, implementing and testing requirements selected from evaluation phase.  
 

 A systematic review is performed to identify the requirements triage and selection solutions 

from literature. A detailed description of SLR process is described in next chapter. 
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3 SYSTEMATIC LITERATURE REVIEW 
 

Systematic review process consists of three steps presented in  

Figure 1. First step is planning the review protocol, which includes designing the review 

protocol. 

3.1 Phase 1: Planning the review protocol 
 

The design of systematic review protocol is carried in accordance to process illustrated in 

Figure 1. 

 

Population, Intervention, Comparison, and Outcome (PICO) CRITERIA: 

 

Population: In software engineering, population may refer to specific software engineering 

role, category of software engineer, an application area or an industry group. In this 

particular context, population refers to software industry group. Hence, the population 

criteria for answering RQ1.1, RQ2 are considered as software industry or requirements 

engineering. 

 

Intervention: In software engineering, intervention refers to software 

methodology/tool/technology/procedure [9]. In this context, intervention refers to 

requirements triage, which is a procedure (solution), intended to answer RQ1, RQ1.2, and 

RQ2. 

 

As the purpose of thesis is not to compare solutions, comparison criteria is not considered. 

As there is no particular outcome in terms of efficiency, time to market i.e., efficiency is 

increased by 15% etc., outcome criteria is also not considered for this context. 

 

Using PICO criteria, question elements are defined as: 

 Population (RQ1.1, RQ2):  software industry. 

 Intervention (RQ1, RQ1.2 andRQ2):  requirements triage. 

 

3.1.1 Step 1.1: Search Strategy 
 

The strategy used to construct search terms is stated below [54]: 

Sub-step 1.1.1: Deriving major terms from PICO criteria. 

Sub-step 1.1.2: Finding synonyms for major terms. 

Sub-step 1.1.3: Check keywords with relevant papers we already have (used for writing 

proposal). 

Sub-step 1.1.4: Using Boolean operations AND, OR to combine terms selected from PICO 

criteria. 

 

Results for sub-step 1.1.1 

Population: software. 

Intervention:  requirements triage. 

 

Results for sub-step 1.1.2 

Software: product 

Requirements triage: requirements selection, requirements resource mismatch 
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Results for sub-step 1.1.3 

Simmons [23] IEEE indexing terms: formal specification, risk management, software 

development management, software quality, systems analysis, failure risk, requirements 

trauma system, requirements triage, requirements-related risk, software engineering. 

 

Davis [11] IEEE indexing terms: product development, software engineering, competitive 

markets, customer needs, delivery schedule compression, product development, 

requirements triage, requirements-resource mismatch. 

 

Khurum et al. [24] IEEE indexing terms: DP industry, product development, software 

development management, system analysis, business goal, development organization, early 

requirements triage, market-driven product development, product management, technical 

product strategy formulation. 

 

Duan et al. [25] IEEE indexing terms: formal specification, product management, 

architecturally significant requirements, automated requirements triage, budgetary 

restrictions , disorganized development efforts , hierarchical clustering 

algorithm , hierarchical feature sets , ice breaker system ,prioritization process , probabilistic 

traceability model , time-to-market deadlines. 

 

In software engineering, there are no standardized terms as in medical field. Hence, 

keywords used may differ based on author’s perspective. To make sure that all relevant 

terms and synonyms of selected words are present in above mentioned papers, this step is 

employed. For example, risk management, delivery schedule compression, disorganized 

development efforts etc are not related to this context.  

 

Results of sub-step 1.1.4  

(Requirements selection OR requirements triage OR requirements resource mismatch) AND 

(software OR product). 

 

The search strategy includes search in electronic databases with specific string defined for 

each of the databases. The electronic databases in which search process is performed are 

listed below: 

Scopus  

INSPEC  

EI Compendex 

IEEExplore 

ISI Web of Science 

 

 The search strings are defined along with Boolean operations and also range of years in 

which selection process is carried out is mentioned. A table is attached in the appendix 

discussing search string used for each data base and primary results obtained (see Appendix 

A). 

 

3.1.2 Step 1.2: Study Selection Criteria and Study Selection 

Procedures 
 

This section presents criteria involved in performing study selection procedures for 

designing review protocol. 

Step 1.2.1:  Criteria for including study:  

 

Any study related to requirements triage and discusses drawbacks or challenges related to 

triage are included. Any study related to requirements selection discussing challenges 

http://ieeexplore.ieee.org.miman.bib.bth.se/search/searchresult.jsp?searchWithin=Search%20Index%20Terms:.QT.budgetary%20restrictions.QT.&newsearch=partialPref
http://ieeexplore.ieee.org.miman.bib.bth.se/search/searchresult.jsp?searchWithin=Search%20Index%20Terms:.QT.budgetary%20restrictions.QT.&newsearch=partialPref
http://ieeexplore.ieee.org.miman.bib.bth.se/search/searchresult.jsp?searchWithin=Search%20Index%20Terms:.QT.disorganized%20development%20efforts.QT.&newsearch=partialPref
http://ieeexplore.ieee.org.miman.bib.bth.se/search/searchresult.jsp?searchWithin=Search%20Index%20Terms:.QT.hierarchical%20clustering%20algorithm.QT.&newsearch=partialPref
http://ieeexplore.ieee.org.miman.bib.bth.se/search/searchresult.jsp?searchWithin=Search%20Index%20Terms:.QT.hierarchical%20clustering%20algorithm.QT.&newsearch=partialPref
http://ieeexplore.ieee.org.miman.bib.bth.se/search/searchresult.jsp?searchWithin=Search%20Index%20Terms:.QT.hierarchical%20feature%20sets.QT.&newsearch=partialPref
http://ieeexplore.ieee.org.miman.bib.bth.se/search/searchresult.jsp?searchWithin=Search%20Index%20Terms:.QT.ice%20breaker%20system.QT.&newsearch=partialPref
http://ieeexplore.ieee.org.miman.bib.bth.se/search/searchresult.jsp?searchWithin=Search%20Index%20Terms:.QT.prioritization%20process.QT.&newsearch=partialPref
http://ieeexplore.ieee.org.miman.bib.bth.se/search/searchresult.jsp?searchWithin=Search%20Index%20Terms:.QT.probabilistic%20traceability%20model.QT.&newsearch=partialPref
http://ieeexplore.ieee.org.miman.bib.bth.se/search/searchresult.jsp?searchWithin=Search%20Index%20Terms:.QT.probabilistic%20traceability%20model.QT.&newsearch=partialPref
http://ieeexplore.ieee.org.miman.bib.bth.se/search/searchresult.jsp?searchWithin=Search%20Index%20Terms:.QT.time-to-market%20deadlines.QT.&newsearch=partialPref
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handled and shortcomings of solutions are also included, as the purpose of SLR is to identify 

existing all requirements triage and selection solutions in literature. the purpose of SLR is to 

make the search process as inclusive as possible and not as precise as possible. Hence, all 

papers related to requirements triage and selection are to be included. The quality assessment 

criterion is mentioned in following sections. 

Step 1.2.2: Criteria for excluding study:  

 

Criteria for excluding papers is given below and illustrated in Figure 2. 

1. All papers dealing with later stages of requirements engineering such as architecture 

phase, testing phase etc will be excluded.  

2. All non-English papers will be excluded.  

3. Papers that researchers are unable to get in full text will be excluded. 

 

Step 1: Is it non-

duplicated? Written 

in English? 

Step 2: Based on 

Title, Abstract and 

Conclusion

Yes

Step 3: Full Text?

Yes

Include Studies Exclude StudiesNo

No

Yes

No

 
Figure 2: Inclusion and Exclusion Process 

Step 1.2.3: Preliminary Selection Process:  

 

Initially two researchers will apply search strategy to identify primary studies. Both of them 

will individually search in a set of databases. Both of them will check titles and abstracts of 

all the primary studies as per the inclusion criteria. Results will be checked thoroughly and 

discussions will be made in order to resolve against disagreements if there exists any. If no 

resolutions are to be made, then it is included in the study. 

Step 1.2.4: Final Selection Process:  

 

The quality of agreement between two people is measured through Kappa Analysis. 

Randomly 12 papers will be selected and reviewed by the researchers to find the kappa co-

efficient. If the papers are less than 12 then every paper will be reviewed. If a low kappa co-

efficient value is found disagreements will be resolved through discussions and next steps in 

systematic literature review are performed. An illustration of selection process is provided in 

Figure 3. 
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Inclusion and 

Exclusion Criteria

Identify primary 

studies

Calculation of 

Kappa Coefficient

Final selection of 

studies

 
Figure 3: Study Selection Criteria and Procedures 

 

3.1.3 Step 1.3: Study Quality Assessment 
 

The main questions used to determine overall quality of primary studies include three basic 

questions. These questions are answered either yes or no or partially. 

  

1. Is the solution proposed applicable in context of market-driven product 

development? 

2. Is there any empirical evidence of the proposed solution? 

 

The results of quality assessment of selected papers with respect to each research question 

will be assessed based on above questions. 

 

3.1.4 Step 1.4: Data Extraction Strategy 
 

Prior to actual data extraction, a random sample of ten studies will be read by two 

researchers and data would be extracted. Again kappa coefficient will be calculated to assess 

level of agreement in the extracted data. In case agreement level is strong (60% or above), 

remaining studies will be divided equally among researchers to carry out extraction. 

However, if level of agreement is lower, conflicts found in extracted data will be discussed 

and resolved either through refinement of data extraction categories or refinement of 

description of those categories. Data extraction is carried out using data extraction forms 

designed based on data extraction categories. Microsoft Excel sheets are used for the purpose 

of data extraction and analysis, as the selected studies are less in this case (see Section 3.3.1). 

The data extraction categories along with research questions mapped against each category 

are given in Table 4. 

 

Table 4: Data extraction strategy mapping to research questions [22] [55] 

Data item Value item Mapping to 

research 

question 

Requirements triage 

solution 
 Method 

 Tool 

 Procedure 

RQ1, RQ1.1 
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 Model 

 Technique 

 Metric  

 Process  

 Others  

Research method  Survey 

 Interview 

 Case study 

 Experiment 

 Validation research 

 Evaluation research 

 Solution proposal 

 Philosophical papers 

 Opinion papers 

 Experience papers 

RQ1.2 

Application/validation   Application process 

summary 

 Application process in detail 

 Validation process summary 

 Validation process in detail 

RQ2, RQ2.1 

Usability   Yes/no RQ2.2 

Usability reported as  Statements only 

 Qualitative analysis 

 Quantitative analysis 

 Mixed method ( both 

qualitative and quantitative) 

RQ2.2 

Usefulness  Yes/no RQ2.3 

Usefulness reported as  Statements only 

 Qualitative analysis 

 Quantitative analysis 

 Mixed method (both 

qualitative and quantitative) 

RQ2.3 

Population   Software industry 

 Requirements engineering 

 Market-driven software 

product development 

RQ2, RQ1 

Challenges   Academic perspective 

 Industrial perspective 

RQ3 

Shortcomings stated in 

selected studies  
 Requirements selection in 

market-driven requirements 

engineering 

 Requirements triage for 

market-driven requirements 

RQ3 

 

A list of definitions of value items is included in the Appendix (see Appendix B). 

 

3.1.5 Step 1.5: Synthesis of Data 
 

Qualitative comparative analysis (QCA) is a comparative case-oriented research technique, 

which is based on Boolean operations, developed in 1980’s and 1990’s, by Ragin [56].  

Ragin’s [56] main aim was to develop new research approach that combines the strengths of 

qualitative and quantitative approaches. QCA is one of the few genuine methodological 
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innovations of recent decades. The main aim of QCA is to develop descriptive or 

explanatory models based on systematic comparison of small number of cases. QCA has 

been tested in numerous sociology, political science, organizational settings and other fields. 

QCA provides a set of distinct tools to compare similarities and differences of set of 

comparable cases and identifying the structure of relevant outcome [56]. 

QCA has several key features. Initially, each case is conceived holistically as a configuration 

of normal or casual conditions, but not as a collection of score of variables. QCA assumes 

that variables are not independent (effect is same regardless of the value of other variables); 

rather they exert their influence in combination with other variables. QCA rests on 

combinatorial logic, not on additive logic. The logic of QCA is deterministic, not 

probabilistic. QCA strives to be specific by discovering smallest number of combinations of 

the existing cases to produce outcome to be explained. QCA has several advantages over 

traditional qualitative and quantitative techniques. QCA, with implementation of Boolean 

technique is able to overcome the problem of multi-collinearity, focusing on the multiple 

combinations of casual conditions. QCA offers a more systematic replicable data analysis as 

well it relies on “a consideration of theoretical stories which may be overlooked at shifting-

through-the-data approach”, which is most prevalent in qualitative approach [56].  

QCA forces researchers to think very hard about the cases, measurement of variables, 

meaning of particular case attributes, which is not required in traditional qualitative and 

quantitative methods. QCA offers better prospect of both data analysis and theory [56]. In 

this context, to answer RQ1, RQ2 and RQ3 , it is necessary to have both qualitative and 

quantitative analysis of data to draw conclusions from SLR results. Hence QCA is employed.  

 

3.1.6 Validity evaluation 
 

This section describes validity threats resulting from systematic review process, the way in 

which they can be minimized to obtain best output from the review process [57] [58].  

Conclusion validity 

 

Threats to conclusion validity may result from data extraction step of review process. 

Several brainstorming sessions are conducted during data extraction to avoid biasing and to 

explore various possible directions related to each of the data extraction categories (see 

Section 3.1.4). for example, there may a confusion between solution papers and 

philosophical papers. In such cases, both researcher’s will express their opinion about the 

topic and based on a discussion and facts or examples presented, they can come to a common 

conclusion of what the topic is about. 

Construct validity 

 

Researcher’s bias is possible in this case towards proposing improvements for solutions to 

the challenges. In this context, to avoid such a risk, data extracted is analyzed to know 

whether there is any existing requirements triage and selection solution for the improvements 

the researchers are trying to propose. Explicit inclusion and exclusion criteria are defined 

and results are analyzed to avoid researchers bias. A survey is also conducted to confirm 

whether challenges identified from literature are actually faced by practitioners or not during 

requirements triage. 

External validity 

 

The main aim of systematic literature review is to collect maximum possible relevant data 

available for a particular topic. Major challenge in systematic literature review is 

generalizability aspect.  Care is taken in designing search string to include only papers 

relevant to software industry to make SLR process as exhaustive as possible. There is a 
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chance that some papers may be missing or selection criteria followed may differ in terms of 

researchers, but the overall results may not alter much to the obtained results. All the 

important papers and major work in the field of requirements triage and selection processes 

are covered in SLR process. 

 

3.2 Phase 2: Conducting the Review 
 

The second phase in systematic literature review process is conducting the review, which in-

turn consists of some steps listed below: 

 

1. Step 2.1: Selection of primary studies 

2. Step 2.2: Quality assesment 

3. Step 2.3: Data extraction 

4. Step 2.4: Data synthesis 

 

3.2.1 Step 2.1: Selection of Primary Studies 
 

Based on search strategy and inclusion and exclusion criteria described in the design of 

review protocol (see Section 3.1.1, 3.1.2), study selection is performed. Out of 204 primary 

studies selected from the search strategy (see study selection table Appendix A), 23 relevant 

papers (selected/included studies) were identified as relevant papers to be used for the 

context of requirments triage and selection solution in MDRE. A result of selected studies is 

described below in Appendix C, and study selection process is illustarted in Figure 4. 

 

 

Primary studies 

Removal of 

duplicates and 

proceedings

Exclusion based 

on title

Exclusion based 

on abstract and 

conclusion

204

118

51

23

 
 

Figure 4: Study Selection Process 
 

A sample of papers is selected, tabulated below in Table 5,  and kappa co-efficient is 

calculated to know inter-rater agreement between two researchers involved in conducting 

systematic literature review.  

  

Table 5: Sample papers for calculating Kappa co-efficient 

S.No Title of the Paper 

1. Using portfolio theory to support requirements selection decisions 
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2. Requirements triage: What can we learn from a "medical" approach? 

3. An integrated approach for requirement selection and scheduling in software 

release planning  

4. Investigating impact of business risk on requirements selection decisions 

5. When product managers gamble with requirements: Attitudes to value and 

risk 

6. An analytical model for requirements selection quality evaluation in product 

software development 

7. Quality assurance of design support software: review and analysis of the 

state of the art 

8. A model of the software development process for automatic code generation 

9. Using first-order logic for product line model validation 

10. Looking after the family silver 

11. Global markets and user needs for industrial distributed/remote I/O 

12. Poof: No more viruses 

 

Kappa co-efficient is determined as 82% for study selection process. (See Appendix D) 

As K is greater than 0.8, it is almost perfect agreement. 

 

3.2.2 Step 2.2: Quality Assessment 

 
The study quality assessment of selected papers (23, see Section 3.2.1) is determined based 

on ratings given by researchers involved in conducting research process, which is tabulated 

below in Table 6 and Table 7. Table 6 presents the results of quality assessment of each 

question according to rater 1 and Table 7 presents the results of quality assessment of each 

question according to rater 2. 

 

Table 6: Quality assessment for Rater 1 

Question  Yes  No  Partially  

Is the solution proposed applicable in 

the context of software engineering? 

21 (91.30%) 0 (0%) 2 (8.69%) 

Is the proposed solution properly 

discusses or presents complete 

information? 

14 (60.86%) 3 (13.04%) 6 (26.08%) 

Is there any empirical evidence of the 

proposed solution? 

14 (60.86%) 5 (21.73%) 4 (17.39%) 

 

Table 7: Quality assessment for Rater 2 

Question  Yes  No  Partially  

Is the solution proposed applicable in 

the context of software engineering? 

21 (91.30%) 0 (0%) 2 (8.69%) 

Is the proposed solution properly 

discusses or presents complete 

information? 

14 (60.86%) 2 (13.04%) 7 (26.08%) 

Is there any empirical evidence of the 

proposed solution? 

14 (60.86%) 5 (21.73%) 4 (17.39%) 

 

Kappa co-efficient for quality assessment is determined as 0.95 (See Appendix E). 

As K (=0.95) > 0.8, there is almost agreement. 
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3.2.3 Step 2.3: Data Extraction 
 

Data is extracted from selected papers, based on categories mentioned in Table 4 (see 

Section 3.1.4) in design of review protocol. Some of the additional categories like author and 

publication are included in data extarction process to assess the publication bias. All papers 

are studied thoroughly and data extarction process is performed. Kappa co-efficient (K) is 

determined as 81% for data extraction process. (See Appendix F) 

 

3.2.4 Step 2.4: Data Synthesis 
 

Data is synthesized from the selected papers, based on different challenges addressed by 

requirements triage and selection solutions and a quantitative comparison (number of 

occurences) of the challenges is made to form basis of desigining a survey, based on analysis 

of the results obtained form data extarction process. 

3.3 Phase 3: Reporting the results 
 

This section presents the results of systematic literature review and synthesis of results in 

connection with available literature related to requirements triage and selection solutions. 

 

3.3.1 Step 3.1: Included studies overview 
 

The results based on data extraction categories are summarized from selected studies, where 

17 papers out of 23 papers contain some sort of requirements triage solution presented in it. 

22 papers contain some form of application/validation and only one paper does not contain 

any kind of empirical basis. Among the selected 23 papers, only one paper doesn’t report any 

kind of challenge handled, while the other 22 papers report some kind of challenge handled 

by requirements triage and selection solutions. In total 10 out of 23 papers have not 

described any shortcoming of the proposed solutions and 13 out of 23 papers have described 

some sort of shortcomings related to the requirements triage and selection solutions. Out of 

23 papers, 3 papers have reported some kind of usability of the proposed solutions, while the 

rest of the 20 papers have reported some kind of usefulness of the proposed solution. 

 

3.3.2 Step 3.2: Analysis  
 

Data is extracted from the selected papers based on data extraction criteria defined in review 

protocol (see Section 3.1.4). Results along with analysis are presented below corresponding 

to each research question. 

RQ1 (What has been proposed in literature for requirements triage and selection?)  

3.3.2.1.1 RQ 1.1 (What types of contributions are presented?) 

The solutions identified are related either to requirements triage or requirements selection or 

partially to both. Organizations follow some explicit requirements triage and selection 

criteria while implementing any solution for selecting requirements to be included for a 

product release. Requirements triage and selection criteria is sorted, and then labels are 

assigned, which are tabulated in Table 8 and presented in detail in subsequent sub-sections. 
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Table 8: Requirements triage and selection criteria 

Requirements 

triage and 

selection 

criteria (IDs) 

Requirements triage criteria 

T1 Requirements volatility 

T2 Scope and vision of requirement 

T3 Product domain expertise 

T4 Implementation cost 

T5 Interdependencies  

T6 Time-to-market 

T7 Business value of requirements 

T8 Competitors  

T9 Customer-targeted  

T10 Differential advantage of product 

T11 System impact 

T12 Innovation value of requirements 

3.3.2.1.1.1 T1: Requirements volatility 

Requirements in MDRE change based on the emergence of new requirements with higher 

priority than existing requirements included in a release plan. Changes in requirements are 

considered as volatility of requirements to be handled using some change management 

process [7] [59].  

3.3.2.1.1.2 T2: Scope and vision of requirement 

While selecting a requirement for a specific release plan, there is a need to determine the 

scope of the requirement against product strategies. Vision pertained to product may also 

differ for requirements which are also considered during selection of requirements (specified 

by management) [7] [59].  

3.3.2.1.1.3 T3: Product domain expertise 

Requirements to be included for product development must be understood and evaluated by 

domain experts (product manager) relevant to product development [7]. 

3.3.2.1.1.4 T4: Implementation cost 

The potential revenues of an organization depend on selecting the “right” requirements for 

implementation. Hence, determination of implementation cost of requirements is necessary 

during requirements triage process [60]. 

3.3.2.1.1.5 T5: Interdependencies 

It is necessary to determine the interdependencies between requirements as they influence 

large part of systems [61]. Hence, it is necessary to understand the interdependencies of 

requirements while selecting requirements [62]. 

3.3.2.1.1.6 T6: Time-to-market 

Having accurate estimates is directly related to the selection of requirements of higher 

priority to be allocated for a certain release plan. As time-to-market is set by the developing 

organization, while selection of requirements an important factor to be considered is 

adaption of requirements based on time constraints which are to be prioritized [7] [63] [64]. 

3.3.2.1.1.7 T7: Business value of requirement 

Business value of the product is created from product sales, marketing and customer 

orientation [52] [65]. 



  22 

3.3.2.1.1.8 T8: Competitors  

Competitors of a product reveal which features are to be targeted. Features of product are 

prioritized with respect to competitors based on which requirements are prioritized and 

included in requirements selection [24]. 

3.3.2.1.1.9 T9: Customer-targeted 

While developing a product, different customers are targeted by a specific product. 

Specification of explicit customer segments will make the requirements selection process 

better [24]. 

3.3.2.1.1.10 T10: Differential advantage of product 

Differential advantage of product helps to make the product unique in market place with 

respect to competitors. The differential advantage can be based on technology, pricing, 

strategic alliances and non-functional requirements [24]. By identifying the differential 

advantage of product, it would be easier to prioritize requirements and use them for 

requirements selection. 

3.3.2.1.1.11 T11: System impact 

System requirements refer to internal quality requirements. These requirements are often 

consented with architecture, quality and system maintenance [52]. While selecting a 

requirement, it is essential to consider impact of requirements on system to be included in 

product development. 

3.3.2.1.1.12 T12: Innovation value of requirements 

Innovation value of requirements refer to requirements originating from key customers, 

however most of the requirements are defined by R&D team of the organization. The value 

of an innovative feature varies depending on the aspects such as maturity of markets, hypo 

factor and other factors [66]. 

 

The analysis of requirements triage and selections solutions is made based on type of 

contribution (E.g., method, tool etc) mentioned in Table 4. The results of requirements triage 

and selection solutions based on contribution type and research method are presented in the 

form of bubble plot in Figure 5. Bubble plot contains 3 axes (positive x-axis, negative x-axis 

and y-axis), where each axis is represented with an axis label and a detailed description of 

the axis labels and parameters are mentioned in Table 9. 

 

For requirements triage, among the five solutions proposed, two of the researchers suggested 

methods for performing requirements triage process. Methods are required to handle 

complex systems and advantages of using methods are listed below [67]: 

 Promoting a deeper and better understanding of complex systems 

 Promoting accurate, precise and unambiguous requirements specification 

 Strong mathematical basis 

 Allows rigorous analysis of system 

 

In MDRE context, methods are used for promoting deeper and better understanding of the 

system and also to promote accuracy, preciseness and to specify unambiguous requirements. 

 

 One of the researchers proposed a technique, other proposed a process to be followed and 

another researcher proposed some guidelines to be followed by the practitioners to perform 

requirements triage. No metrics, models and tools have been proposed for requirements 

triage.  

 

Although notations and methods can provide conceptual help relevant to defining 

requirements, support of tools is important, which contributes larger part in improving ability 
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to manage complexity in large projects. Tools help practitioners to collect, structure and 

formulate requirements in an efficient and consistent manner [68]. In MDRE, a wide variety 

of contexts exist, where requirements are designed and systems are built with specific focus 

on requirements sub-problems. Building automation support in the form of add-ons to 

existing tools will help in building better system. Methods are less accessible to practitioners 

as it requires greater effort compared to tools. Hence, there is a need for designing automated 

tools incorporating effective triage methods to be used for requirements triage to decrease 

the effort involved and for easier maintenance of market-oriented requirements [69]. 

No metrics have been proposed to assess the quality of any requirements triage solution. 

Metrics in software engineering context have the potential to provide objective information 

necessary for technical and managerial insight and control of effort involved in product 

development [70]. In software engineering context, early measurements are made on static 

artifacts such as design documents and then measurements are made on dynamic statistics in 

code execution [71].  

 

Requirements selection involves selection of requirements aligned to business goals, which 

can be considered as decision-making activity that involves thorough analysis of 

requirements. It is the last phase in requirements elicitation, where requirements triage is 

followed by requirements prioritization and estimation. Out of 12 papers, in 6 papers (i.e., 

50%) researcher’s proposed some rules or guidelines to be followed by practitioners while 

doing requirements selection. Similar to requirements triage, there are no metrics, for 

requirements selection. For requirements selection, there are no techniques and processes 

described. There are some tools used for requirements selection process like word processor, 

hypertext links, spread sheets, Microsoft excel etc., for storage of requirements, but there are 

no automated tools for performing requirements selection.  

 

Table 9: Bubble plot axis labels and axis parameters 

Axis label Parameters  Alignment of axis 

Contribution  Method 

 Tool 

 Model 

 Technique 

 Process 

 Others  

Left side of the 

horizontal axis 

(negative x-axis) 

Research type  Validation 

 Evaluation 

 Solution 

 Philosophical 

 Experience 

 Opinion  

Right side of the 

horizontal axis ( 

positive x-axis) 

Solution   Requirements triage solution 

 Requirements selection solution 

Vertical axis (y-axis) 
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Figure 5: Bubble plot for requirements triage and selection solutions 

3.3.2.1.2 RQ 1.2 (Which research types are used in the selected studies?) 

 

All the solutions identified from literature are presented using some type of empirical 

evidence, except one. An analysis of studies based on research type (a category mentioned in 

Table 9 and Appendix B) reveal that, 42.85% of solutions presented are solution papers, 

7.14% of solutions are presented are philosophical papers, 2.38% of solutions presented are 

experience papers and 2.38% of solutions presented are opinion papers (see Figure 5). 

Among research methods used, 25% of studies have used simple examples, 22% of studies 

have used case-studies, 21% of studies have used experimentation, 18% of studies have used 

surveys and 14% are presented using interviews conducted with practitioners from industry 

(see Figure 6).   

Some of the solutions defined are presented using simple example as how to handle the 

problem by conducting a simple case. In MDRE context, scalability of such solution is 

questionable as there are large numbers of requirements coming-in. Several proposed 

solutions are presented using a case-study, which are mostly reported in-terms of statements, 

qualitative or quantitative methods without actual description of the process. These results 

involve minimal amount of information regarding research design, which makes it difficult 

for practitioners to understand and implement the solution in their own context. If a 

practitioner doesn’t understand the context and application of the solution, no practitioner 

would like to implement the solution. Hence, probability of implementing the solution would 

decrease resulting in low usability of the solution. 

 

 
Figure 6: Number of studies categorized based on research method 
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RQ2 (What is the strength of empirical evidence of proposed requirements triage and 

selection solutions in MDRE context?) 

3.3.2.1.3 RQ2.1 Are solutions, proposed for requirements triage and selection, applied 

and/or validated in a laboratory setting or in industry? 

 

As it is observable from Table 10, 27% of studies present summary of application or 

validation process, 39% of studies presents detailed description of the application or 

validation process, and 4% of studies don’t provide either summary or detailed description of 

the process (no evidence) in the years 2003-2010. 

 

Table 10: Application/validation design categorization 

Application/validation 

explained 

Number of studies % of studies Reference number of 

the reported studies 

Nothing 1 4 [72] 

Application/validation 

summary 

13 57 [73], [74], [60], [75], 

[76], [77], [78], [23], 

[79], [80], [81], [22], 

[53] 

Application/validation 

in detail 

9 39 [66], [82], [83], [84], 

[85], [74], [11], [24], 

[25] 

Total  23 100  

 

Application/validation results of proposed solutions are reported either as statements or 

qualitative or quantitative data or a combination of qualitative and quantitative data. Table 

11 reveals that 4% of studies do not provide any kind of results for the application/validation 

process, 35% of studies explained results in terms of statements, 13% of studies presented 

results as qualitative data, 13% of studies presented results as quantitative data, and 9% of 

studies presented results as a of combination of qualitative and quantitative data.  

 

Table 11: Application/validation results explained 

Application/validation 

results explained 

Number of studies % of studies Reference number 

of the reported 

studies 

Nothing 1 4 [72] 

Statements only 8 35 [75], [76], [77], [78], 

[79], [81], [22], [23] 

Qualitative data 3 13 [60], [80], [83] 

Quantitative data 9 39 [11], [24], [25], [52], 

[53], [73], [74], [82], 

[85] 

Qual + quant 2 9 [66], [84] 

Total 23 100  

 

Solutions are applied and validated in both laboratory and industrial settings, and the results 

are reported in qualitative form or quantitative form or both. The results can be used to 

assess the effectiveness of the solution if the process is repeatable and the practitioners can 

perform a pilot study of the proposed solution to measure its functioning in terms of the 

product development. There may be lot of resistance offered by practitioners to implement a 

new solution or change traditional methods followed in the organization. If the practitioners 

could perform experiment and obtain similar results reported by the researchers, then they 

will implement the solution in the organization for improving effectiveness of requirements 

engineering process in market-driven context. The sample size, probability sampling and 
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judgment sampling should be clearly reported by the researchers which would help the 

practitioners to replicate the validation process of the solution to obtain better understanding 

of the solution. As most of the solutions reported results as statements, and the context is not 

clearly described, as in case-studies (specifically), process of assessing the solution based on 

specified validity is difficult. The reason behind most of the solutions reported as statements 

is because it is difficult to set the context and implement the solution in industrial settings 

(for MDRE context) and laboratory settings can be set-up to perform controlled experiments 

only. Hence, most of the solutions are reported as statements only. 

3.3.2.1.4 RQ2.2 Are the solutions proposed for requirements triage and selection solutions 

usable? 

 

All the proposed solutions, which have application/validation types, reported some form of 

usability or usefulness of the solutions. Usability of solution is defined in terms of scalability 

of the solution (see Section 1.2). Table 12 reveals that 87% of studies do not provide any 

kind of information regarding usability of the proposed solutions. Only 9% of studies 

provide some qualitative data regarding usability and 4% provide some quantitative data 

regarding usability of the proposed solutions. Usability of a solution can be identified by 

validating/implementing the proposed solution in industry. Most of the organizations do not 

allow implementation of a new solution as it involves lots of time and effort and resources 

which actually might involve some additional cost. This could be one of the reasons that, 

usability is not reported for most of the proposed solutions for requirements triage. 

 

Table 12: Usability reported in selected studies 

Usability reported 

as 

Number of studies % of studies Reference number 

of the reported 

studies 

Nothing 20 87  [11], [22], [23],  [24], 

[25], [52], [53], [72], 

[73], [74], [75], [76], 

[77], [78], [79], [80], 

[66], [82], [84], [85] 

Statements only 0 0  

Qualitative data 2 9 [80], [83] 

Quantitative data 1 4 [60] 

Qual + quant 0 0  

total 23 100  

 

However, if application/validation context are not stated (see 3.1.4) and usability of the 

solutions are not reported, industry practitioners cannot evaluate the usability in their own 

context, as there can be a high risk that the solution may fail in industry or even not 

applicable for the problem in hand, resulting in loss to the organization.  Hence, there is a 

need to report the usability of the proposed solution in either qualitative or quantitative forms 

for the purpose of assessing the solution.  

3.3.2.1.5 RQ2.3 Are the solutions proposed for requirements triage and selection solutions 

useful? 

 

Usefulness of the solution is defined in terms of efficiency of the solution (see Section 1.2). 

Table 13 reveals usefulness of the requirements triage and selection solutions 13% do not 

provide any kind of information regarding the usefulness of the solutions, 35% of studies 

contain some information of usefulness as statements, 4% provide evidence as qualitative 

data, 39% provide evidence as quantitative data, and 9% provide evidence as both 

quantitative and qualitative data.  
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Table 13: Usefulness reported in selected studies 

Usefulness 

reported as 

Number of studies % of studies Reference number of 

the reported studies 

Nothing 3 13 [60], [80], [83] 

Statements only 8 35 [11], [22], [23], [75], 

[76], [77], [78], [80] 

Qualitative data 1 4 [24] 

Quantitative data 9 39 [11], [25], [52], [53], 

[72], [73], [74], [82], 

[85] 

Qual + quant 2 9 [66], [84] 

Total 23 100  

 

Among 23 papers, 9 papers (i.e., 39%) presented usefulness of the proposed solution in 

quantitative terms, which may help the practitioners to assess the efficiency of the proposed 

solution in terms of time and effort. An important requirement for any requirements triage 

solution should be that it takes minimal amount of time and resources to perform triage, 

since it is the initial screening and selection of requirements which will be further refined in 

later stages of requirements engineering process based on other factors. Hence, efficiency of 

the solution is important for a product manager to assess while deciding whether to 

implement the solution or not. Few solutions are validated using laboratory settings and 

simple example reporting proposed solutions in quantitative terms. Other solutions validated 

using interview, survey, case-study (to some extent), can provide validation of the proposed 

solutions in quantitative terms also (more complex compared to qualitative analysis of data). 

Hence, usefulness of such solutions is reported by researchers in either as statements, 

qualitative data, quantitative data or a combination of qualitative and quantitative data. 

RQ3: Which challenges have been handled by and shortcomings of the proposed 

solutions?  

 

While performing requirements triage and selection using any explicit criteria, practitioners 

face a number of challenges. Challenges handled by requirements triage and selection 

solutions faced by practitioners are initially sorted based on selected words like technology 

push, market pull, short-term goals, long-term goals, value creation, requirement 

dependencies, including requirements for next release, managing dependencies,  identifying 

non-functional requirements, and selection of prioritization techniques. After sorting the 

challenges based on the selected words, codes (categories of phenomenon) are given to 

challenges [86]. A list of challenges (coded based on categories) addressed by proposed 

requirements triage and selection solutions are listed in Table 14. 

 

Table 14: Challenges addressed by requirements triage and selection solutions 

Challen

ge IDs 

Challenges handled by requirements 

triage and selection solutions 

Number of 

occurrences 

Reference 

numbers of 

studies 

C1 Difficulty in alignment of requirements 

with long-term business goals 

7 [11], [52], [72], 

[73], [60], [78], 

[83] 

C2 Requirements dependencies 2 [73], [77] 

C3 Lack of knowledge base 3 [53],  [80], [81] 

C4 Difficulty in comparing functional and 

non-functional requirements 

2 [75], [76] 

C5 Creation of product value 3 [74], [84], [85] 

C6 Difficulty in selection of prioritization 1 [25] 
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techniques   

 

3.3.2.1.6 C1: Difficulty in alignment of requirements with long-term business goals 

Requirement triage and selection decisions should ensure that both short-term and long-term 

business goals defined in the company and product strategy are realized. This can be attained 

by balancing different types of requirements, which are mainly categorized as current market 

needs/wishes/opportunities/requests (termed as market-pull) and aspirations of creating 

innovations (termed as technology-push) [61] [87]. 

3.3.2.1.7 C2: Requirements dependencies 

In order to perform requirements triage and selection, clear and understandable view of 

requirements and interdependencies (say AND, OR, REQUIRE etc) between them is 

necessary [26] [88]. 

3.3.2.1.8 C3: Lack of knowledge base 

If decisions made during requirements triage and selection are recorded; a retrospective 

examination of release planning decision-making can be made, at a time when the consequences 

of requirements triage and selection decisions are visible. And, by analyzing the decision 

outcome in retrospect, practitioners can gain valuable knowledge of how to improve the 

requirements triage and selection process and increase the chances of market success [53]. 

However, normally decisions related to requirements triage are not stored and thus there is a 

lack of knowledge base which can be used to do post-mortem analysis of decision making 

and learn. 

3.3.2.1.9 C4: Difficulty in comparing functional and non-functional requirements 

Non-functional requirement are also known as quality attributes, which are restrictions or 

constraints on the system. They are hard to inspect. Non-functional requirement refers to 

portability, testability, performance, security etc. The analysis and trade-off between 

requirements dictates ability to balance functional requirements with non-functional aspects 

such as architectural longevity and maintainability [89] [90]. 

3.3.2.1.10 C5: Creation of product value 

It is important to do careful analysis and do trade-offs between requirements as it dictates 

long-term vs. short-term product development. Moreover, balancing functional requirements 

with non-functional aspects such as architectural longevity and maintainability are important 

for a product’s long-term sustainability [74].  

3.3.2.1.11 C6: Difficulty in selection of prioritization techniques 

Requirements are to be prioritized based on criteria or some technique for including them in 

release plan [25] [88]. 

 

Challenge C1 (difficulty in alignment of requirements with long-term business goals) is 

considered as the important challenge or the most frequently occurring challenge during 

requirements triage. The initial requirements resulting from requirements triage solutions are 

further modified i.e., estimated and prioritized and then final selection of requirements is 

made which are included in release plan. The requirements triage and selection solutions 

proposed should address one or more of the above challenges identified in Table 14. The 

efficiency of the solutions increase with number of challenges handled by requirements 

triage and selection solutions. Hence, number of challenges handled by requirements triage 

and selection solution is an important factor that alters quality or performance of solutions. 
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Along with challenges handled, there will be certain shortcomings for the proposed 

requirements triage and selection solutions. Shortcomings are identified from the 

requirements triage and selection solutions and listed which are tabulated below in Table 15. 

 

Table 15: Shortcomings of requirements triage and selection solutions 

IDs  Shortcomings of requirements triage and 

selection solutions 

Reference number of 

studies 

S1 Resource intensity [24], [83] 

S2 Scalability issues [23], [24], [76] 

S3 Absence of usability and usefulness reporting [11], [23], [25], [85] 

S4 No single solution for handling multiple 

challenges 

[53], [74], [82] 

 

3.3.2.1.12 S1: Resource intensity 

Implementation of requirements triage and selection solutions may involve huge resources or 

additional resources, which may involve additional cost and time during the requirements 

triage process. For example, to implement MERTS method, requirements need to be 

abstracted to product level using RAM or any other method [24]. 

 

3.3.2.1.13 S2: Scalability issues 

Most of the solutions are not validated in industry, which results in scalability issues. 

Dynamic validation of solution in industry on at least small set of requirements handles 

scalability issue to greater extent. 

3.3.2.1.14 S3: Absence of usability and usefulness reporting 

To report usability of solution, it needs to either validated or implemented in industry, which 

is not the case for most solutions. Usefulness of the solution can be reported by conducting 

static validation of solution in laboratory settings using controlled experiments. Hence, 

proposed solution should have either static or dynamic validation to report usability and 

usefulness of proposed solutions. 

3.3.2.1.15 S4: No single solution for handling multiple challenges  

Most of the proposed solutions in literature are targeted at handling individual challenges. 

Few solutions handle more than one challenge faced by practitioners (refer Table 52). It is 

practically not possible to use multiple solutions for handling multiple challenges during 

requirements triage and selection solutions. Hence, there is a need for single solution that 

handles multiple challenges to increase the efficiency of requirements triage solutions.  

 

As requirements triage is an initial selection of requirements, it would be beneficial to deal 

with maximum possible number of challenges. The cost involved in rectifying mistakes of 

selecting wrong set of requirements solution at later stages of requirements engineering 

process incurs additional cost and effort [74]. Henceforth, to build a solution that handles 

multiple challenges faced by practitioners during requirements triage, there is a need to 

confirm challenges faced by practitioners in industry. Challenges faced by practitioners in 

industry may differ from challenges identified from SLR. To make sure that challenges 

identified from literature are faced by practitioners in industry and there is a need to handle 

these challenges, a survey is being conducted which is described and discussed in detail in 

subsequent chapter. 
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4 SURVEY 
 

Various empirical approaches available are case studies with detailed interviews, 

experimentation, ethnographic studies, direct observation, interviews (structured or semi-

structured) and surveys. Case studies, ethnographic studies, direct observation and interviews 

will provide an in-depth analysis of a particular organization (can be more than one, but 

maximum five) [33]. All the above mentioned methods are used when information about 

detailed view of a process or processes carried-out is necessary. Hence, these methods 

cannot be used in this particular context, i.e., identification of most applicable challenges 

faced by practitioners during requirements triage in MDRE, due to limited time and 

resources. Therefore, survey is conducted with industry practitioners. The main focus of the 

survey is to know whether the challenges analyzed from literature review are faced by 

practitioners in industry or not, and the applicability (relevance) of challenges from industrial 

perspective during triage. Survey is a way to collect information directly from people in a 

systematic and standardized way. Survey is a comprehensive system for collecting 

information to describe, compare or explain knowledge, attitudes and behavior. Survey 

process involves certain steps listed and discussed below in detail [91]. 

 

1. Step 1: Setting specific, and measurable objectives 

2. Step 2: Planning and scheduling survey 

3. Step 3: Ensuring that appropriate resources are available 

4. Step 4: Designing survey 

5. Step 5: Preparing data collection instrument 

6. Step 6: Validating instrument 

7. Step 7: Selecting participants 

8. Step 8: Administering and scoring the instrument 

9. Step 9: Analyzing the data 

10. Step 10: Results and Analysis 

 

A detailed description of survey steps is presented in further sub-sections. 

4.1 Step 1: Setting specific and measurable objectives 
 

First step in designing a survey is to set objectives. An objective is a simple statement of the 

survey’s expected outcomes. It is essential to set clear and measurable objectives as all the 

subsequent steps in survey process depend on the set objectives. Characteristics of objectives 

of survey are mentioned below [91]: 

 

 Determination of what the survey will ask, from which population and what 

information will be collected 

 Objectives are usually rephrased as research questions or hypotheses 

 Confirm whether survey is appropriate type of empirical investigation 

 

The main objective of survey is to identify challenges faced by industry practitioners while 

performing requirements triage in MDRE and how these challenges are addressed today and 

should be addressed (ideally). To achieve this objective, following RQs need to be answered 

 

RQ4. What is the state of practice with respect to the challenges identified in literature? 

 

RQ4.1: Which challenges identified from literature are faced by the industry practitioners 

during requirements triage? 
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RQ4.2: How challenges are currently addressed in industry? 

 

RQ4.3: How should challenges be ideally addressed? 

 

RQ4.4: Does size of organization, number of incoming requirements handled or experience 

of practitioners in RE field affect challenges faced by practitioners or criteria used by 

organizations to handle challenges? 

4.2 Step 2: Planning and scheduling survey 
 

It took three weeks for us to plan the survey. Based on the time and resource constraints, we 

have modified the survey in such a way that it is understandable by the industry 

practitioners. Requirements selection is not included in survey because of the time 

constraint. A time plan was made and accordingly, survey is being modified to make it crisp. 

4.3 Step 3: Ensuring that appropriate resources are 

available 
 

For conducting a survey, certain resources are required which are mandatory and there is a 

need for researchers to ensure availability of such resources. In this context, some of the 

necessary resources are listed and described below. 

 

4.3.1 Identification of challenges from literature 

Availability of this resource is ensured from the analysis of challenges from SLR (see Table 

14), which formed basis for survey design. 

 

4.3.2 Selection of population 

It is necessary and care should be taken to select industry practitioners working in MDRE 

environment. Majority of the multi-national companies and organizations with Tele-

communication systems are selected, as they develop software products for market-driven 

context. Hence, it is possible to select industry practitioners working with requirements 

triage in MDRE process. 

4.4 Step 4: Designing survey 
 

There are two broad types of survey: information gathering and theory testing and building 

[92]. These are further divided into sub-parts illustrated in Figure 7. 

 
Figure 7: Types of survey 

 



  32 

 Exploratory survey is a type of information gathering survey, where the goal of the 

survey is to discover or explain a phenomenon [33]. 

 Descriptive survey is a type of information gathering survey, where the goal of the 

survey is to describe a phenomenon. Descriptive designs are mainly divided into three 

types listed below [93] [94]: 

 Cross sectional : it is a study where participants are asked for 

information at one fixed point in time. 

 Cohort: it is a forward-looking study providing information about 

changes in specific population. 

 Case control: It is a retrospective study asking participants about 

previous circumstances to help explain a current phenomenon. 

 Explanatory survey is a type of theory building and testing survey, where the goal of the 

survey is to explain a phenomenon based on the variables and their relationships with 

respect to a particular context [95]. 

 Predictive survey is a type of theory building and testing survey, where the goal of the 

survey is to make accurate or useful predictions [95]. 

 

The survey design used in the thesis is cross-sectional, case control (descriptive) and 

exploratory type. The survey in this particular context refers to information gathering. The 

purpose of survey is to identify the challenges faced by practitioners in requirements triage, 

criteria and then how to handle challenges in requirements triage process in market-driven 

context by identifying information stored today and to be stored ideally. To identify the 

information that is to be stored in future for improving requirements triage is discovering 

new ways to improve requirements triage solution. Hence, this falls under exploratory study. 

Descriptive study helps in observing current phenomenon i.e., identifying challenges faced 

by practitioners today and criteria used for carrying out requirements triage for addressing 

these challenges in MDRE context. Mapping of research questions with designed survey 

questions are given in Table 16. 

 

Table 16: Mapping Research Questions with Survey Questions 

Research 

questions 

Findings from SLR Survey question 

RQ4.1 Which 

challenges 

identified from 

literature are 

faced by the 

industry 

practitioners 

during 

requirements 

triage? 

 C1: Difficulty in aligning 

requirements with long-

term business goals 

 C2: Requirements 

dependencies 

 C3: Lack of knowledge 

base 

 C4: Difficulty in comparing 

functional and non-

functional requirements 

Q10. What challenges do 

you face during 

requirements triage? 
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R4.2 How the 

challenges are 

currently 

addressed in 

industry? 

Criteria for performing 

requirements triage 

 T1: Requirements volatility 

 T2: Scope and vision of 

requirement 

 T3: Product domain 

experience 

 T4: Implementation cost  

 T5: Interdependencies 

between requirements 

(AND, OR, 

ICOST,CVALUE, 

REQUIRE, TEMPORAL) 

 T6: Time to market 

 T7: Business value of 

requirement 

 T8: Competitors 

 T9: Customer-targeted 

 T10: Differential advantage 

of product 

 T11: System impact 

 T12: Innovation value of 

requirements 

 

Decision attributes stored against 

requirements 

 A1: Decision rationale 

 A2: Requirements triage 

criteria 

 A3: Cost estimations  

 A4: Interdependencies 

Q7. Do you use explicit 

criteria to perform 

requirements triage in your 

organization? 

 

Q8. Which of the criteria 

listed below are used 

TODAY during 

requirements triage? 

 

Q11. Which of the 

interdependency 

relationships given below 

are considered TODAY 

while performing 

requirements triage? 

 

Q13. Which of the decision 

attributes listed below are 

stored TODAY against 

requirements? 

 

RQ4.3 How 

should the 

challenges be 

ideally 

addressed? 

Q9. Which criteria listed 

below should be used 

IDEALLY during 

requirements triage? 

 

Q12. Which of the 

interdependency 

relationships given below 

should IDEALLY be 

considered while 

performing requirements 

triage? 

 

Q14. Which of the decision 

attributes listed below 

should IDEALLY be stored 

against requirements? 

 

In designing survey, only challenges related to requirements triage are selected because of 

the time constraints. The challenge C5 (creation of product value) is not considered as it is a 

sub-challenge of C1 and requires a more detailed investigation hence requiring a different 

research methodology. Similarly, challenge C6 (difficulty in selection of prioritization 

techniques) is relevant to requirements selection. Hence, challenges C5 and C6 are not 

considered in designing the survey. 

 

An online survey is designed to know the difference in challenges identified from literature 

and that are faced by practitioners in industry for MDRE. 

4.5 Step 5: Preparing data collection instrument 
 

Various data collection instruments available for survey are polls, census, customer 

satisfaction and attitudes. Polls, census, customer satisfaction, and attitudes are used to 



  34 

collect data of previous and current events. In the survey, not only information about 

previous and current events but also information about ideology of change of current events 

in near future is to be performed, which is possible by using questionnaire. Common survey 

methods for using questionnaire as instruments are listed below [96] [97] [98]: 

 

 Postal questionnaires 

 Face-to-face interviews 

 Telephone surveys  

 Mail surveys and 

 Internet based surveys 

 

Postal questionnaires are not used as it takes more time and most of the practitioners do not 

prefer filling in a hard copy and then sending back. Face-to-face interviews are not possible 

as survey is being conducted in different locations like India, Sweden and USA. Telephone 

interviews are not used as it takes more time and without questionnaire it will be difficult for 

practitioners to answer the survey. Mail surveys or internet based surveys can be used and 

we choose internet based survey as it will be easy for the practitioners to answer the 

questions and data analysis tools are available which will help in accurate analysis of results. 

Hence, an online survey is designed to know the difference in challenges identified from 

literature and that are faced by practitioners in industry for MDRE. 

 

Different types of questions available for constructing a questionnaire in web-tool are listed 

below [99] [100]: 

 

 Open-ended questions 

 Close-ended questions  

 Likert (Agree-Disagree) 

 

Open-ended questions are used to know personal details of employees. Close-ended 

questions or Likert scale questions cannot be used for this purpose as details of employees 

will be distinct (unique). Close-ended questions are used to know the details of fields in 

which employees are involved in, experience of employee in requirements engineering field 

etc, where pre-defined options can be provided for respondents to answer. Likert scale 

questions are used for questions like rating challenges faced during requirements triage, 

criteria followed for implementing requirements triage process. The questionnaire is 

designed using a web interface (www.surveymonkey.com). The survey questionnaire is 

presented in Appendix G. 

4.6 Step 6: Validating instrument 
 

The instrument designed is validated by conducting pilot test. An initial questionnaire was 

designed with more questions (21 questions) than actual survey. A pilot test was conducted 

with students of Blekinge Institute of Technology and two senior researchers. The purpose of 

pilot test is to analyze the understandability and clarity of survey questions and time required 

to complete the survey. The results of pilot test revealed that it was difficult for respondents 

to understand definitions of requirements triage concept and some challenges. Another 

important feedback was that it took an average of 35 minutes for the respondents to answer 

the survey. All this feedback was taken into account and the survey was modified i.e., 

number of questions are reduced to 14 and definitions were re-phrased to make them easier 

to understand. The survey was then sent to the respondents. 

 

 

http://www.surveymonkey.com/
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4.7 Step 7: Selecting participants 
 

Population sampling is mainly divided into 2 types: probability sampling and non-probability 

sampling [101] [102] [103]. Different types of sampling techniques are illustrated below in 

Figure 8. 

 

 
Figure 8: Types of sampling 

 

Convenience sampling, which is non-probability sampling technique, is employed for 

conducting survey because of time and resource constraints and also based on context. 

Participants from different companies working with MDRE are involved from India, Sweden 

and USA. Participants of the survey must be involved in any of RE activities like receiving 

features, approving them, tracking/managing them, doing feasibility analysis and performing 

initial screening of features. The aim is to conduct survey with nearly 20 practitioners. As 

MDRE is an emerging topic and organizations are currently shifting towards market-driven 

product development, less number of organizations, generally multi-national companies will 

implement the process and hence practitioners involved in MDRE process will be few. 

Hence, due to time, resource constraints and availability of few practitioners involved in 

MDRE, population of survey is limited to 33 practitioners.  

4.8 Step 8: Administering and scoring instrument  
 

A questionnaire is developed which is validated by conducting pre-test. Administering and 

scoring instrument refers to execution of survey i.e., asking respondents to answer the 

questionnaire. We have made contact with known individuals in India working at various 

multi-national companies. We explained our topic and collected more contacts from these 

persons involved in requirements engineering activity in industry. Invitations were sent to 

individuals with short description of persons conducting survey and short description of 

topic along with web-link which contains survey questionnaire. Our supervisor gave us some 

contacts of industrial practitioners in Sweden involved in MDRE activities. We did not use 

any other social networking sites as there is possibility that persons not involved in MDRE 

but interested in MDRE activities may answer survey which may have negative impact on 

analysis of survey results.  

 

Due to time and resource constraints, execution period of survey is set to three weeks. We 

constantly checked web-interface (survey monkey), for information regarding number of 

respondents answering survey. Reminders are sent to respondents once a week to make sure 

that all respondents answer survey in time i.e., set execution period (three weeks). After the 

execution period, survey link is closed to analyze and report results. 
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4.9 Step 9: Analyzing the data 
 

A mixed methodology is used for analyzing survey results. There are six major types of 

designs used for implementing a mixed methodology, listed below [33] [104]: 

 

 Sequential explanatory 

 Sequential exploratory 

 Sequential transformative 

 Concurrent triangulation 

 Concurrent nested 

 Concurrent transformative 

 

A sequential exploratory methodology is used to analyze data resulting from survey. In 

sequential exploratory methodology, where initially qualitative data is collected, qualitative 

data analysis is performed followed by quantitative data collection and analysis and final 

results are based on interpretation of both qualitative and quantitative data analysis. 

The process is depicted in Figure 9. 

 
Figure 9: Sequential exploratory process 

 

During data analysis, first overall analysis of results of survey is performed using basic 

descriptive statistics. Advanced statistics involves existence of lot of information and is used 

to identify significance of data by formulating hypotheses [105]. Descriptive statistics are 

procedures for organizing and summarizing sample data to describe their importance of 

characteristics [106]. as the purpose of the survey is to identify applicability (relevance) of 

challenges in MDRE context, basic descriptive statistics are employed. Analysis of data was 

then performed using three different perspectives with respect to size of organization, 

number of incoming requirements per month and experience of respondents in the field of 

RE. As most of the practitioners in organizations do not want to disclose their identities, 

survey is designed in such a way that it does not contain any information related to 

organization that could be a problem to organization. Based on the survey design and 

responses, these categories or perspectives are chosen.These results are compared with 

overall analysis to find-out which category has greater impact on various aspects such as 

challenges faced by practitioners during requirements triage, requirements triage criteria 

followed by organization, requirements dependencies considered, and decision attributes 

stored today and to be stored ideally. The general structure of data analysis based on various 

categories is illustrated in Figure 10. 
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Collective Analysis

Qualitative Analysis

Size of organization
(Quantitative)

No. of incoming 
requirements 

handled per month
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Experience of 
respondents in RE 

field
(Quantitative)

Comparison of data 
analysis for finding 

results

 
 

Figure 10: General structure of analysis of results 

4.10 Step 10: Results and Analysis 
 

The survey is being conducted with Indian, Swedish and US companies. A total of 33 

respondents participated in survey from 9 different organizations. Descriptive statistics are 

employed to analyze the results of survey (see Appendix I, Appendix J, Appendix K, 

Appendix L, Appendix M, and Appendix N). Mean, standard deviation, relative standard 

deviation, confidence limits of measurement, and propagation of errors are various 

descriptive statistics available [107]. In median average of set of data is calculated, which is 

used for identifying the applicability of challenges. Hence, mean is employed for this 

particular context.  Data is split from three different perspectives to investigate different 

possibilities. Respondents vary in size of organization they work for, number of incoming 

requirements handled per month and experience of respondents in RE field. The percentage 

of responses based on size of organization is mainly categorized into two types (since there 

were no respondents from medium size organizations): small-scale organizations and large-

scale organizations. Small-scale organizations refer to organizations with number of 

employees less than 500 working with-in their organization, and large-scale organizations 

refer to organizations with number of employees greater than 500 working with that 

organization.  

 

There is an outlier in survey results, where the number of incoming requirements handled per 

month is given as zero but respondent is with high experience in RE field (and also a process 

coach for RE activities). As the person does not handle requirements directly, response of the 

number of requirements handled is given as zero, but because of the experience of a 

respondent in RE field, the response is included in the analysis of results. Some responses 

are incomplete where organizations do not use any explicit criteria for requirements triage 

process. Some of the questions designed in the survey are independent of other questions like 

there may be challenges faced by practitioners but they do not implement any measures for 

handling challenges in requirements triage process. As the purpose of the survey is to 

identify challenges faced by practitioners, such responses are also included in the survey. A 
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further categorization based on different perspectives like size of organization, number of 

incoming requirements and experience of respondents is made to identify ideal practices 

organizations want to implement for handling challenges faced and shortcomings to be used 

as input for proposing requirements triage framework. Overall statistics of results for size of 

organization is presented in Table 17. 

 

Table 17: Categorization of data based on size of organization 

Category Number of employees in 

the organization 

No of 

respondents 

Small-scale 

organizations 

Less than 100 13 (40%) 

100-500 13 (40%) 

Large-scale 

organizations 

500-2000 3 (9%) 

2000-10000 1 (2%) 

Greater than 10000 3 (9%) 

 Total 33 (100%) 

 

In market-driven context, organizations differ in number of requirements handled per month 

based on the product being developed by organization. Number and percentages of 

respondents with respect to number of requirements handled per month are presented in 

Table 18. 

 

Table 18: Categorization of data based on number of requirements 

Number of incoming requirements per month No of 

respondents 

Number of requirements less than 50 29 (88%) 

Number of requirements greater than 50 4 (12%) 

Total  33 (100%) 

 

The responses of respondents can be affected by their experience in field of RE. Respondents 

with less experience in RE field may have different view of challenges, compared to 

respondents with high experience in RE field; therefore results are analyzed with respect to 

differences in experiences of the respondents. Number of responses with respect to the 

experience within the field of RE is given in Table 19. 

 

Table 19: Categorization of data based on experience of respondents in RE field 

Category  Number of years of 

experience in RE field 

No of 

respondents  

Less 

experience 

Less than 2 years 3 (9%) 

Greater than 2 years but less 

than 5 years 

10 (30%) 

High experience Greater than 5 years but less 

than 10 years 

15 (46%) 

Greater than 10 years 5 (15%) 

 Total  33 (100%) 

 

In subsequent sub-sections, results to answer RQs are presented. Initially overall analysis of 

results is presented and then results are presented with respect to different perspectives i.e., 

size of organization, number of incoming requirements per month and experience of 

respondents in the field of RE. 
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4.10.1 Challenges faced by practitioners during requirements triage 
 

RQ4. What is the state of practice with respect to the challenges identified in literature? 

 

RQ4.1: Which challenges identified from literature are faced by the industry practitioners 

during requirements triage? 

 

RQ4.4: Does size of organization, number of incoming requirements handled or experience 

of practitioners in RE field affect challenges faced by practitioners or criteria used by 

organizations to handle challenges? 

Overall results 

 

The list of challenges used in survey is given in Table 16. Based on survey responses, 

challenges in descending order of applicability are presented in Table 20 (the challenges 

which were marked “Fully applicable” or “Applicable” by respondents were counted to 

identify most commonly faced challenges). 

 

Table 20: Challenges faced by practitioners in descending order of applicability during 

requirements triage 

Challenge 

ID 

Challenges  % of 

responses 

C1 Difficulty in aligning requirements with long-term business 

goals  

20% 

C2 Requirements dependencies  20% 

C4 Difficulty in comparing functional and non-functional 

requirements  

18% 

C3 Lack of knowledge base  11% 

 

Based on the responses, challenge C1 was rated by 20% respondents, C2 by 20% 

respondents, C4 by 18% respondents and C3 by 11% respondents as “Fully Applicable” or 

“Applicable”. All these challenges differ slightly in applicability within MDRE context. 

Hence, handling these challenges would improve requirements triage process. 

 

Classification of results based on different categories is summarized in Table 21. 

 

Table 21: Categorization of challenges with respect to size of organization, number of 

incoming requirements and experience of respondents in RE field 

Size of 

organization 

Number of incoming requirements 

 Less than 50 Greater than 50 

 RE experience Re experience 

 Less High Less High 

Small  C1 C1, C2, C4 C1 C2 

Large  No challenge C1, C2, C3, C4 No responses No 

responses  

 

In small-scale organizations, C3 is not considered as a challenge in requirements triage. 

Challenges C1, C2, and C4 are considered as applicable challenges for small-scale 

organizations handling less number of requirements based on opinion of respondents with 

high experience in RE field.  C1 is considered in three cases, C2 in two cases and C4 in one 

case as most applicable challenge (see Table 21).  
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For large-scale organizations, handling less number of requirements based on opinion of 

respondents with high experience in RE consider challenges C1, C2, C3, and C4 as most 

applicable challenges in requirements triage in MDRE context. 

 

It can be seen that for all respondents except the ones belonging to small scale organizations, 

handling more than 50 requirements with high experience C1 is most applicable challenge, 

whereas for the ones belonging to small organizations, handling more than 50 requirements 

and having more experience C2 is most applicable challenge. 

 

As small-scale organizations have limited amount of time and resource constraints allotted 

for requirements triage, it is not possible for small-scale organizations to handle all 

challenges in initial stage. If large-scale organizations handling less number of requirements 

are considered, there will be sufficient time for handling all challenges, as number of 

incoming requirements are less in number.  

Results with respect to size of organization 

 

For small-scale organizations, challenges C1 and C2 were rated by 62% respondents, while 

C4 was rated by 54% respondents and C3 by 31% respondents as “Fully Applicable” or 

“Applicable”.  

 

However, responses from respondents belonging to large-scale organizations show that in 

case of large scale organizations C1 was rated by 57% respondents, C2 by 57% respondents, 

C4 by 57% respondents and C3 by 43% respondents as “Fully Applicable” or “Applicable”. 

Results are presented in Table 22. 

 

Table 22: Challenges faced by practitioners in descending order of applicability with 

respect to size of organization 

Challenge 

IDs  

Challenges  Small-scale 

organization 

Large-scale 

organization 

C1 Difficulty in aligning requirements with 

long-term business goals  

62% 57% 

C2 Requirements dependencies  62% 57% 

C4 Difficulty in comparing functional and non-

functional requirements  

54% 57% 

C3 Lack of knowledge base  31% 43% 

 

From Table 22, it can be seen that commonly faced challenges by small-scale and large-scale 

organizations only differ slightly with respect to percentages of responses but there is 

consensus on the applicability of these challenges. Hence, it can be concluded from the 

survey results that, size of the organization does not affect the challenges faced during 

requirements triage in MDRE context. 

Results with respect to number of incoming requirements handled per month 

 

For organizations handling less than 50 requirements per month, challenge C1 was rated by 

66% respondents, C2 by 62% respondents, C4 by 59% respondents, and C3 by 38% 

respondents as “Fully Applicable” or “Applicable”. 

 

However for organizations handling more than 50 requirements per month, challenge C2 was 

rated by 50% respondents, C1 by 25% respondent, C4 by 25% respondent, and C3 by 0% 

respondents as “Fully Applicable” or “Applicable”. Results are presented in Table 23 and 

illustrated in Figure 11. 
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Table 23: Challenges faced by practitioners in descending order with respect to 

number of requirements handled per month 

Challenge 

IDs  

Challenges  Less number of 

requirements 

Large 

number of 

requirements 

C1 Difficulty in aligning requirements 

with long-term business goals  

66% 25% 

C2 Requirements dependencies  62% 50% 

C4 Difficulty in comparing functional and 

non-functional requirements  

59% 25% 

C3 Lack of knowledge base  38% 0% 

 

It is interesting that organizations handling large number of requirements per month do not 

consider lack of knowledge base as challenge at all. The reason for this could be handling 

large number of requirements may involve recording requirements decisions for training 

purpose or to use them in other projects. Decisions recorded may be stored and managed 

well in databases for easier access of data. However, for organizations (regardless of their 

size and RE experience of employees) C3 (lack of knowledge base) is an important 

challenge and needs to be handled. 
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Figure 11: Comparison of challenges faced by practitioners with respect to 

number of incoming requirements per month 

Results with respect to experience of respondents in RE field 

 

According to respondents with less experience in RE field, challenge C1 was rated by 69% 

respondents, C2 by 69% respondents, C4 by 54% respondents and C3 was rated by 31% 

respondents as “Fully Applicable” or “Applicable”.  

 

According to persons with high experience in RE field, challenge C2 was rated by 65% 

respondents, C4 by 55% respondents, C1 by 50% respondents and C3 by 35% respondents 

as “Fully Applicable” or “Applicable”.  Results are presented in Table 24. 
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Table 24: Challenges faced by practitioners with respect to experience of respondents 

in RE field 

Challenge 

IDs  

Challenges  Less 

experience in 

RE field  

High 

experience in 

RE field 

C1 Difficulty in aligning requirements 

with long-term business goals  

69% 50% 

C2 Requirements dependencies  69% 65% 

C4 Difficulty in comparing functional 

and non-functional requirements  

54% 55% 

C3 Lack of knowledge base  31% 35% 

 

C2 is given equal priority with that of C1 with respect to respondents with less experience in 

RE field. While, C2 (requirements dependencies) is given highest priority compared to C1 

with respect to experience of respondents, as 20% of requirements are involved in 75% of 

dependencies. Most of the problems caused are due to missing requirements, which can be 

handled by considering requirements dependencies [26]. 

 

After analyzing the data with respect to size of the organization, number of incoming 

requirements handled per month and experience of respondents in RE field, the top three 

challenges faced by practitioners during requirements triage are similar, listed below 

 

 C1: Difficulty in alignment of requirements with long-term business goals 

 C2: Requirement dependencies 

 C4: Difficulty in comparison of functional and non-functional requirements 

 

Challenge C1 is considered to be the most applicable challenge faced by practitioners. It is 

aligned with the results reported in literature that practitioners constantly faced with the 

challenge of aligning requirements with long-term business goals especially when short-term 

revenues and customer satisfaction, which are the key success indictors. Especially from 

value-based perspective, it is extremely important to align requirements with long-term 

business goals [24] [74] [85].  

 

Respondents reported that considering requirements dependencies during requirements 

triage is a challenging job. This is understandable as during requirements triage there can be 

far too many requirements to perform detailed analysis and identify dependencies. However, 

it is central to have some idea about dependencies while performing requirements triage to 

avoid re-planning at later stages [74] [108]. 

 

Challenges C4 and C3 are considered to be less applicable challenges compared to C1 and 

C2. It could be due to the fact that C4 deals with non-functional requirements like reliability, 

availability etc which are generally hard to inspect. Moreover, non-functional requirement 

might be applicable to many functional requirements. Hence, differentiating functional and 

non-functional requirements is a complex task, which is the reason most of the organizations 

do not consider C4 as a challenge while doing requirements triage. Challenge C3 is about 

storage of requirements triage decisions for future usage, most of practitioners did not think 

it as a challenge applicable in their context either because organizations might be currently 

storing requirements triage decisions in some form or the respondents did not feel the need 

for it. This is in contrast to the findings of the Khurum et al. where they found that there is 

need to store decision rationale for effective requirements management. In our opinion, if 

decision-rationale are stored in a common repository following common set of attributes; it 

will greatly enable organizations improve the quality of triage decision as practitioners can 

learn from past experiences and make better decision. It would also improve efficiency of the 
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triage process in long run as practitioners can immediately discard requirements that were 

obviously not catered earlier (based on the stored rationale). 

 

Applicability of the challenges C1, C2, C4 faced by practitioners in industry are almost 

similar to the challenges obtained from SLR results (see Table 14). Challenge C2 is given 

equal applicability in SLR as that of C3 and C4, whereas from the survey results, C2 is given 

higher applicability compared to C4 and C3. Applicability of challenges differ slightly from 

SLR results when compared to survey results with respect to challenges faced by 

practitioners in industry during requirements triage in MDRE context.  

 

4.10.2 Requirements Triage Criteria 
 

RQ4. What is the state of practice with respect to the challenges identified in literature? 

 

RQ4.2: How challenges are currently addressed in industry? 

 

RQ4.3: How should challenges be ideally addressed? 

 

RQ4.4: Does size of organization, number of incoming requirements handled or experience 

of practitioners in RE field affect challenges faced by practitioners or criteria used by 

organizations to handle challenges? 

Overall results 

 

In MDRE context, 52% of the organizations follow some explicit requirements triage criteria 

for performing requirements triage. Overall results analysis of the survey are presented in 

Table 25 and illustrated in Figure 12. 

 

Table 25: Analysis of requirements triage criteria considered today and to be 

considered ideally in descending order 

Requirements 

triage criteria 

IDs 

Requirements triage criteria Today  Ideally  

T1 Requirements volatility 7% 6% 

T2 Scope and vision of requirement 9% 7% 

T3 Product domain expertise 7% 7% 

T4 Implementation cost 8% 9% 

T5 Interdependencies  8% 8% 

T6 Time-to-market 8% 8% 

T7 Business value of requirements 8% 8% 

T8 Competitors  6% 7% 

T9 Customer targeted 7% 8% 

T10 Differential advantage of product 7% 8% 

T11 System impact 8% 8% 

T12 Innovation value of requirements 6% 7% 

 

There are 12 different requirements triage criteria mentioned in survey, presented in Figure 

12. The responses for consideration of criteria today and ideally differ only very slightly 

(mostly by 1%). Only consideration of T2 is to be reduced ideally by 2% compared to 

current situation. Since initially it is difficult to accurately bind the scope of requirements (as 

information may not be available), consideration of T2 needs to be reduced while performing 

triage by 2%.  
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Figure 12: Requirements Triage Criteria 

 

The results of data split into various angles are presented in further sub-sections. An overall 

summary of categorization considered today and to be considered ideally are presented in 

Table 26, Table 27.  

 

Table 26: Categorization of requirements triage criteria considered today based on size 

of organization, number of incoming requirements and experience of respondents in 

RE field 

Size of 

organization 

Number of incoming requirements 

 Less than 50 Greater than 50 

 RE experience Re experience 

 Less High Less High 

Small  T1, T2, T3, 

T4, T5, T6, 

T7, T8, T9, 

T10, T11, T12 

T2, T4, T5, 

T6, T7, T9, 

T10,  T11 

T2, T3, T4, 

T6, T7, T8, 

T9, T10, T11, 

T12 

T1, T2, T4, 

T5, T7, T9, 

T12 

Large  No criteria  T1, T2, T3, 

T4, T5, T6, 

T7, T8, T9, 

T10, T11, T12 

No responses No responses  

 

If small-scale organizations are considered, from Table 26, it is clear that minimum of seven 

requirements triage criteria need to be satisfied in any case. For handling less number of 

requirements, respondents with less experience consider all available criteria i.e., 12, 

whereas respondents with high experience think that considering eight requirements triage 

criteria is enough. This is somewhat similar to small-scale organizations handling less 

number of requirements as respondents with less experience want to include ten 
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requirements triage criteria whereas respondents with high experience only include seven 

requirements triage criteria. Since respondents with less experience do not have much 

knowledge about implementation of requirements in project development (but have 

knowledge from literature), it is probable that they want to incorporate maximum available 

requirements triage criteria in initial phase, which is not possible in industrial context. 

Hence, respondents with high experience include less requirements triage criteria i.e., eight 

for organizations handling less number of requirements and seven for organizations handling 

large number of requirements. These criteria are considered by practitioners in today’s 

situation while performing requirements triage in MDRE context. 

 

This is different while considering large-scale organizations, as in organizations handling 

less number of requirements respondents with less experience do not consider any 

requirements triage criteria at all whereas respondents with high experience consider 12 

requirements triage criteria. This is possible as large-scale organizations handling less 

number of requirements will have more time available for requirements triage phase and 

considering 12 requirements triage will ensure the practitioners to be more confident about 

the requirements set selected during requirements triage. The reason for respondents with 

less experience not considering requirements triage criteria at all would be, there may be 

some criteria (not explicit for performing requirements triage) for requirements selection and 

consideration of this criteria would be sufficient for carrying out requirements triage process. 

Hence, respondent’s opinion with less experience is that there is no need to consider explicit 

criteria for requirements triage process. 

 

Large-scale organizations handling less number of requirements consider 12 requirements 

triage to be implemented in the organization for requirements triage process. As large-scale 

organizations handling less number of requirements would have time and resource 

constraints to consider all requirements triage criteria to ensure quality of requirements 

selected during requirements triage phase. 

 

Table 27: Categorization of requirements triage criteria to be considered ideally based 

on size of organization, number of incoming requirements and experience of 

respondents in RE field 

Size of 

organization 

Number of incoming requirements 

 Less than 50 Greater than 50 

 RE experience Re experience 

 Less High Less High 

Small  T2, T3, T5, 

T8, T9, T10, 

T11  

T2, T3,T4, T5, 

T6, T7, T8, 

T9, T10, T11, 

T12 

T1, T2, T3, 

T4, T5, T6, 

T7, T8, T9, 

T10, T11, T12 

T1, T2, T3, 

T4, T5, T6, 

T7, T8, T9, 

T10, T11, T12 

Large  T1, T2, T3, 

T4, T5, T6, 

T7, T8, T9, 

T10, T11, T12 

T1, T2, T3, 

T4, T5, T6, 

T7, T8, T9, 

T10, T11, T12 

No responses No responses  

 

While considering requirements triage criteria ideally (see Table 27), minimum of seven 

requirements triage criteria are to be considered, in case of organizations handling less 

number of requirements and respondents with less experience. This is different to today’s 

situation, as for the same case all 12 requirements triage criteria are considered as per the 

respondents. Respondents feel that there is need to decrease the importance of requirements 

triage criteria, as it is not affordable and time involved in considering all 12 requirements 

triage criteria is very difficult for small-scale organizations handling less number of 

requirements, which may affect the overall project development. Hence, only seven 
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requirements triage criteria are to be considered ideally while performing requirements triage 

for small-scale organizations handling less number of requirements based on the opinion of 

respondents with less experience in RE field.  

 

Respondents with high experience in RE field consider only eight requirements triage 

criteria in today’s situation (see Table 26), while this is different when they want to consider 

requirements triage criteria ideally. 11 requirements triage criteria are to be considered 

ideally for performing requirements triage, which is possible for handling very small amount 

of requirements, as it will not involve much time and cost involved and may be affordable by 

small-scale organization (see Table 27).  

 

In accordance to small-scale organizations handling greater number of requirements, all 12 

requirements triage criteria are to be included based on opinion of respondents with both less 

and high experience in RE field. It will not be possible to assure 12 requirements triage 

criteria to be considered during requirements triage, as small-scale organizations will not be 

able to afford it.  

 

It is similar to large-scale organizations handling less number of requirements i.e., 

consideration of 12 requirements triage criteria based on the opinion of respondents with 

both less and high experience in RE field. To handle challenges and shortcomings faced 

during triage and to improve requirements triage process i.e., improve the quality of 

requirements set selected during triage, organizations should make sure that all the 

requirements triage criteria are considered. 

 

In ideal situation, small-scale organizations handling large number of requirements and 

large-scale organizations handling less number of requirements want to include all 12 

requirements triage criteria. However, it is central to keep in mind the amount of resources 

and time required and time-to-market for next release to perform requirements triage 

considering all the criteria. 

Results with respect to size of organization 

 

Percentages of responses for requirements triage criteria used today are presented with 

respect to size of the organizations in Table 28. 

 

Table 28: Comparison of requirements triage criteria considered today by small-scale 

and large-scale organizations 

Requirements 

triage criteria 

IDs 

Requirements triage criteria Small-scale 

organization

s 

Large-scale 

organization

s 

T1 Requirements volatility 42% 71% 

T2 Scope and vision of requirement 58% 57% 

T3 Product domain expertise 50% 43% 

T4 Implementation cost 58% 57% 

T5 Interdependencies  58% 57% 

T6 Time-to-market 58% 57% 

T7 Business value of requirements 58% 57% 

T8 Competitors  46% 57% 

T9 Customer-targeted  58% 43% 

T10 Differential advantage of product 54% 57% 

T11 System impact 54% 57% 

T12 Innovation value of requirements 46% 43% 
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As can be seen from Table 28, there seems to be an agreement between respondents 

belonging to small or large-scale organizations with respect to requirements triage criteria 

applied today in their respective organizations. This means that criteria considered today is 

similar irrespective of the size of the organization. However, it is interesting to note that 71% 

respondents from large scale organizations stated that requirements volatility is always 

considered while making triage decisions, whereas, only 42% of the respondents from the 

small-scale organizations reported that requirements volatility is a criterion that is always 

considered while taking triage decisions. 

 

Table 29: Comparison of requirements triage criteria to be considered ideally by small-

scale and large-scale organizations 

Requirements 

triage criteria 

IDs 

Requirements triage criteria Small-scale 

organizations 

Large-scale 

organizations 

T1 Requirements volatility 50% 57% 

T2 Scope and vision of requirement 65% 71% 

T3 Product domain expertise 65% 57% 

T4 Implementation cost 69% 71% 

T5 Interdependencies  73% 71% 

T6 Time-to-market 69% 71% 

T7 Business value of requirements 65% 71% 

T8 Competitors  65% 57% 

T9 Customer-targeted  65% 57% 

T10 Differential advantage of product 69% 71% 

T11 System impact 69% 71% 

T12 Innovation value of requirements 62% 71% 

 

From Table 29 it can be seen that overall, as observed in the criteria considered today (see 

Table 28), there is an agreement between respondents from small-scale and large-scale 

organizations. However, although 57% of the respondents from large-scale organizations 

think that requirements volatility should be ideally considered (compared to only 50% 

respondents stating that from small-scale organizations), lesser number of respondents from 

large-scale organizations believe that requirements volatility criteria should be ideally 

considered (compared to today 71%). While considering competitors as requirements triage 

criteria, 57% of respondents from large-scale organizations think it should be considered 

ideally (compared to 65% stating that from small-scale organizations), equal number of 

respondents from large-scale organization believe that competitors should be considered 

ideally (compared to today 57%).  

 

Another interesting aspect is considering customer-targeted criteria, where 57% of 

respondents want to consider it ideally (which is less compared to 65% considered by small-

scale organizations), higher number of respondents believe that there is need to consider 

customer-targeted criteria ideally (compared to today 43%). 

Results with respect to number of incoming requirements handled per month 

 

Results of data considered today with respect to number of incoming requirements handled 

per month are presented in Table 30. 

 

Table 30: Comparison of requirements triage criteria considered today by 

organizations handling less number of requirements and large number of requirements 

Requirements 

triage criteria 

IDs 

Requirements triage criteria Less number 

of 

requirements 

Large number 

of 

requirements 
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T1 Requirements volatility 48% 50% 

T2 Scope and vision of requirement 55% 75% 

T3 Product domain expertise 55% 50% 

T4 Implementation cost 59% 75% 

T5 Interdependencies  59% 50% 

T6 Time-to-market 59% 50% 

T7 Business value of requirements 55% 75% 

T8 Competitors  52% 50% 

T9 Customer-targeted  52% 75% 

T10 Differential advantage of 

product 

55% 50% 

T11 System impact 55% 50% 

T12 Innovation value of 

requirements 

46% 75% 

 

As it is clear from Table 30, there is less agreement between responses with respect to 

number of incoming requirements handled. It is interesting that 75% of respondents 

belonging to organizations handling large number of incoming requirements always consider 

scope and vision of requirement (compared to 55% for organizations handling less number 

of incoming requirements), implementation cost (compared to 59% for organizations 

handling less number of incoming requirements), business value of requirements (compared 

to 55% for organizations handling less number of incoming requirements), customer-targeted 

(compared to 52% for organizations handling less number of incoming requirements), and 

innovation value of requirements (compared to 46% for organizations handling less number 

of incoming requirements).  

 

Results of data to be considered ideally with respect to number of incoming requirements are 

presented in Table 31. 

 

Table 31: Comparison of requirements triage criteria to be considered ideally by 

organizations handling less number of requirements and large number of requirements 

Requirements 

triage criteria 

IDs 

Requirements triage criteria Less number 

of 

requirements 

Large number 

of 

requirements 

T1 Requirements volatility 55% 50% 

T2 Scope and vision of requirement 69% 75% 

T3 Product domain expertise 66% 75% 

T4 Implementation cost 69% 75% 

T5 Interdependencies  72% 75% 

T6 Time-to-market 69% 75% 

T7 Business value of requirements 66% 75% 

T8 Competitors  66% 50% 

T9 Customer-targeted  66% 50% 

T10 Differential advantage of 

product 

72% 50% 

T11 System impact 72% 50% 

T12 Innovation value of 

requirements 

66% 50% 

 

It is observed from Table 31 that 50% of respondents should ideally consider differential 

advantage of product (compared to 72% considered by respondents from organizations 

handling less number of requirements), system impact (compared to 72% considered by 

organizations handling less number of requirements) and innovation value of requirements 
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(compared to 66% considered by organizations handling less number of requirements) while 

making requirement triage decisions for organizations handling large number of 

requirements. Henceforth, there is need to decrease consideration of differential advantage of 

product, system impact and innovation value of requirements by organizations handling 

large number of incoming requirements to be considered ideally for triage decisions.  

Results with respect to experience of respondents in RE Field  

 

The results of data considered today with respect to experience of respondents in RE field 

are demonstrated in Table 32. It is noticed that results of respondents with less experience 

and high experience are aligned with each other i.e., there is similarity in consideration of 

requirements triage criteria. However, 46% respondents with lesser years of RE experience 

consider interdependencies (compared to 65% based on opinion of respondents with high 

experience in RE field), customer-targeted (compared to 60% based on opinion of 

respondents with high experience in RE field) and system impact (compared to 60% based 

on opinion of respondents with high experience in RE field).  

 

Table 32: Comparison of requirements triage criteria considered today by respondents 

with less experience in RE field and high experience in RE field 

Requirements 

triage criteria 

IDs 

Requirements triage criteria Less 

experience 

High 

experience 

T1 Requirements volatility 38% 45% 

T2 Scope and vision of requirement 54% 60% 

T3 Product domain expertise 54% 50% 

T4 Implementation cost 54% 65% 

T5 Interdependencies  46% 65% 

T6 Time-to-market 54% 60% 

T7 Business value of requirements 54% 60% 

T8 Competitors  46% 50% 

T9 Customer-targeted  46% 60% 

T10 Differential advantage of product 54% 55% 

T11 System impact 46% 60% 

T12 Innovation value of requirements 46% 45% 

 

Results to be considered ideally with respect to experience of respondents in RE field are 

presented in Table 32. It is observed from Table 33 that most of requirements triage criteria 

to be considered by respondents with less experience align with opinion of respondents with 

high experience in RE field. Even though, 55% of respondents want to consider it ideally 

(which is higher, compared to 46% respondents with less experience in RE field) while 

making requirements triage decisions. 

 

Table 33: Comparison of requirements triage criteria to be considered ideally by 

respondents with less experience in RE field and high experience in RE field 

Requirements 

triage criteria 

IDs 

Requirements triage criteria Less experience High 

experience 

T1 Requirements volatility 46% 55% 

T2 Scope and vision of requirement 77% 65% 

T3 Product domain expertise 77% 60% 

T4 Implementation cost 69% 70% 

T5 Interdependencies  77% 70% 

T6 Time-to-market 69% 70% 
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T7 Business value of requirements 69% 65% 

T8 Competitors  69% 60% 

T9 Customer-targeted  69% 60% 

T10 Differential advantage of product 77% 65% 

T11 System impact 69% 70% 

T12 Innovation value of requirements 62% 65% 

 

It is interesting that most of the practitioners are considering all requirements triage criteria 

mentioned and also want to use them ideally. This may be possible for organizations 

handling less number of requirements per month as time and effort involved for requirements 

will be less. Not all small-scale organizations may afford to use mentioned requirements 

triage criteria (Appendix I) as effort involved would be higher and may not be even 

required. Handling requirements i.e., requirements volatility, interdependencies etc should be 

carried throughout the project and may involve practitioners with high experience in RE 

field. Hiring such professionals may increase the project cost and effort involved in carrying 

out RE phase. Hence, it is not advisable for small-scale organizations to include all 

requirements triage criteria (see Table 25). Large-scale organizations handling less number 

of requirements may afford to perform mentioned requirements triage criteria (Appendix J) 

to ensure selection of correct requirements to be included in release plan, used for product 

development. This may not be possible for organizations handling large number of 

requirements because of time and resource constraints. Persons with less and high experience 

also want to include all requirements triage criteria ideally for performing requirements 

triage. Hence, there will not be any considerable affect on requirements triage criteria to be 

considered ideally based on various angles into which data is split. A similar analysis can be 

found where practitioners felt the need for storage of requirements triage criteria to be 

considered ideally [84].  

 

4.10.3 Requirements Dependencies 
 

RQ4. What is the state of practice with respect to the challenges identified in literature? 

 

RQ4.2: How challenges are currently addressed in industry? 

 

RQ4.3: How should challenges be ideally addressed? 

 

RQ4.4: Does size of organization, number of incoming requirements handled or experience 

of practitioners in RE field affect challenges faced by practitioners or criteria used by 

organizations to handle challenges? 

Overall results 

 

An important aspect to be considered while selecting requirements is requirements 

dependencies. If dependencies are not considered at initial stages of requirements selection, 

there may be lot of problems in later stages of product development.  For example it was 

discovered that a requirement was missing in order to implement two other requirements. 

This leads to a stage where product development may not continue further and the 

practitioners need to trace back to requirements selection stage for including the missing 

requirement. These problems may be avoided by considering requirements dependencies at 

initial requirements selection stage i.e., requirements triage. A description of dependencies is 

presented in Appendix G [26]. An analysis of requirements dependencies to be considered 

during requirements triage is presented in Table 34 and Figure 13. 
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Table 34: Analysis of requirements dependencies considered today and to be 

considered ideally 

Requirement 

dependency 

IDs 

Requirements dependencies Today  Ideally  

D1 C-VALUE  16% 14% 

D2 AND  14% 14% 

D3 OR  12% 9% 

D4 REQUIRE  13% 14% 

D5 TEMPORAL  13% 12% 

D6 I-COST  12% 15% 

 

 

 
Figure 13: Requirements dependencies 

 

Requirements dependencies to be considered for initial requirements selection may differ 

based on various perspectives, which are presented below in subsequent sub-sections. A 

summary of tables is given in Table 35, Table 36.  

 

Table 35: Categorization of requirements dependencies considered today based on size 

of organization, number of incoming requirements and experience of respondents in 

RE field 

Size of 

organization 

Number of incoming requirements 

 Less than 50 Greater than 50 

 RE experience Re experience 

 Less High Less High 

Small  D1, D2, D3, 

D6 

D1, D2, D4 No 

dependencies 

D1 

Large  No 

dependencies 

D1, D2, D4, 

D5, D6  

No responses No 

responses  
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Based on responses of respondents with less experience in RE field, working with small-

scale organization and handling less number of requirements, four dependencies are 

considered while performing requirements triage. This is different from responses of 

respondents with high experience in RE field, as they consider three dependencies. While 

handling large number of requirements in small-scale organizations, respondents with less 

experience do not consider any dependency at all, but respondents with high experience 

consider only one dependency. As handling large number of requirements is a complex task 

and determining the dependencies may involve lot of other factors like resources etc, it is not 

possible to consider all dependencies for selecting requirements in requirements triage phase. 

 

For large-scale organizations handling less number of requirements, based on opinion of 

respondents with high experience in RE field, five dependencies are to be considered. 

Respondents with less experience in RE handling less number of requirements and working 

for small-scale organizations do not consider any requirement dependency at all. Large-scale 

organizations can consider dependencies for less number of requirements, as handling less 

number of requirements would be easier and large-scale organizations will have time and 

resource constraints for finding dependencies between the requirements in initial stage of 

project development i.e., in RE phase. This is the current situation considered by 

practitioners while performing requirements triage, ideal situation to be considered by 

practitioners is presented in Table 35. 

 
All dependencies are not considered by neither small-scale nor large-scale organizations 

among the requirements in today’s situation. Small-scale organizations handling large 

number of requirements consider only single dependency as finding dependency between 

requirements is a complex task which involves lot of time and effort. Hence, only important 

dependencies of requirements are considered by organizations in current situation. 

 

Table 36: Categorization of requirements dependencies to be considered ideally based 

on size of organization, number of incoming requirements and experience of 

respondents in RE field 

Size of 

organization 

Number of incoming requirements 

 Less than 50 Greater than 50 

 RE experience Re experience 

 Less High Less High 

Small  D1, D2, D4, 

D5, D6 

D1, D2, D3, 

D4, D5, D6 

No 

dependencies 

D1, D3, D4, 

D5 

Large  D1, D2, D3, 

D4, D5, D6 

D6  No responses No 

responses  

  

According to small-scale organizations handling less number of requirements respondents 

with less experience in RE field want to ideally consider five dependencies while performing 

requirements triage. All six dependencies are to be considered ideally while performing 

requirements triage based on respondents with high experience in RE field. It is different to 

today’s situation as only three dependencies are considered for the similar case (see Table 

35). If small-scale organizations handling large number of requirements are considered, 

respondents with less experience do not want to consider any requirement dependencies 

ideally. This is similar to current situation in organizations. Respondents with high 

experience in RE field consider only three requirement dependencies in current situation (see 

Table 35), while they want to consider four requirements dependencies ideally while 

performing requirements triage (see Table 36).  

 

Amongst large-scale organization handling less number of requirements, respondents with 

less experience want to consider all six interdependencies ideally, but respondents with high 
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experience want to consider only one dependency ideally while performing requirements 

triage (see Table 35). This is completely different to the current situation as practitioners in 

current situation are not considering dependencies at all, while they want to consider all six 

dependencies ideally (respondents with less experience). Respondents with high experience 

are considering five dependencies in current situation, whereas they want to consider only 

one dependency ideally while performing requirements triage.  

 

Respondents want to consider all dependencies for both small-scale and large-scale 

organizations for handling less number of requirements. An interesting aspect is that in 

large-scale organizations, respondents with less experience want to consider all dependencies 

for requirements, while respondents with high experience want to include only one 

dependency (whereas they are considering five dependencies in current situation).  

Results with respect to size of organization 

 

Results of requirements dependencies with respect to size of organization considered today 

are presented in Table 37. 

 

As can be seen from Table 37, there is an agreement between respondents belonging to small 

or large-scale organizations with respect to requirements dependencies applied today in their 

respective organizations. This means that the criteria considered today is similar irrespective 

of size of the organization. However, it is interesting to note that 71% respondents from large 

scale organizations stated that “AND” is always considered while making triage decisions, 

whereas, only 54% of the respondents from small-scale organizations reported that “AND” 

dependency is a criterion that is always considered while performing requirements triage. 

Similarly, 71% of respondents from large scale organizations stated that “I-COST” is always 

considered while making requirements triage, whereas, only 46% of the respondents from 

small-scale organizations reported that it is always considered while performing triage. 

 
Table 37: Comparison of requirements triage dependencies considered today by small-

scale and large-scale organizations 

Requirement 

dependency 

IDs 

Requirements dependencies Small-scale 

organization 

Large-scale 

organization 

D1 C-VALUE  58% 71% 

D2 AND  54% 71% 

D3 OR  42% 57% 

D4 REQUIRE  46% 71% 

D5 TEMPORAL  42% 71% 

D6 I-COST  46% 71% 

 

Results of requirements dependencies with respect to size of the organization to be 

considered ideally are tabulated in Table 38. 

 

From Table 38 it can be seen that overall, as observed in the criteria considered today (see 

Table 37), there is an agreement between respondents from small-scale and large-scale 

organizations. However, although 71% of the respondents from large-scale organizations 

think that AND and I-COST dependency should be ideally considered (compared to only 

42% respondents stating that from small-scale organizations).  

 

Table 38: Comparison of requirements triage dependencies to be considered ideally by 

small-scale and large-scale organizations 

Requirement 

dependency 

Requirements dependencies Small-scale 

organization 

Large-scale 

organization 
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IDs 

D1 C-VALUE 42% 57% 

D2 AND 42% 71% 

D3 OR 31% 43% 

D4 REQUIRE 42% 57% 

D5 TEMPORAL  46% 57% 

D6 I-COST 42% 71% 

 

It seems logical for small-scale organizations to focus more on C-VALUE dependencies as 

they need to provide maximum customer value to survive in the business. Moreover, due to 

limited resources and strict timelines, it might be difficult to take into account all different 

types of dependencies. Whereas, large-scale organizations can spare resources to take into 

account different kinds of dependencies during initial requirements triage. 

 

However, for future case, it is interesting to note that small-scale organizations would like to 

focus more on considering TEMPORAL compared to C-VALUE and others. Generally 

TEMPORAL dependencies should be considered to plan releases properly and it could be 

that small-scale organizations have problems in release planning because of not considering 

TEMPORAL dependencies earlier during requirements triage. 

Results with respect to number of incoming requirements handled per month 

 

As it is clear from Table 39, there is less agreement between organizations handling less 

number of incoming requirements and large number of incoming requirements. It means 

there is lot of difference between requirements dependencies considered today by 

organizations handling less number of incoming requirements and organizations handling 

large number of incoming requirements. However, it is interesting that 59% of respondents 

always consider I-COST (compared to 0% for organizations handling large number of 

incoming requirements). 62% of respondents always consider AND (compared to 25% for 

organizations handling large number of incoming requirements) while making triage. Results 

are presented in Figure 14.  

 

Table 39: Comparison of requirements triage dependencies considered today by 

organizations handling less number of requirements and large number of requirements 

Requirement 

dependency 

IDs 

Requirement dependencies Less number of 

requirements 

Large number of 

requirements 

D1 C-VALUE 62% 50% 

D2 AND 62% 25% 

D3 OR 48% 25% 

D4 REQUIRE 55% 25% 

D5 TEMPORAL  52% 25% 

D6 I-COST 59% 0% 

 



  55 

 
Figure 14: Comparison of requirements triage dependencies considered today 

with respect to number of incoming requirements handled per month 
 

It can be seen from Table 40 that 38% of respondents should ideally consider “OR” 

dependency (compared to 0% considered by organizations handling large number of 

requirements) and I-COST 52% of respondents consider that it should be ideally considered 

(compared to 0% considered by organizations handling large number of requirements) while 

performing requirement triage for organizations handling large number of requirements. 

Results are illustrated in Figure 15. 

 
Table 40: Comparison of requirements triage dependencies to be considered ideally by 

organizations handling less number of requirements and large number of requirements 

Requirement 

dependency 

IDs 

Requirement dependencies Less number of 

requirements 

Large number 

of 

requirements 

D1 C-VALUE 48% 25% 

D2 AND 52% 25% 

D3 OR 38% 0% 

D4 REQUIRE 48% 25% 

D5 TEMPORAL  45% 25% 

D6 I-COST 52% 0% 
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Figure 15: Comparison of requirements triage dependencies to be considered 

ideally with respect to number of incoming requirements handled per month 

Results with respect to experience of respondents in RE field 

 

The results of data considered today with respect to experience of respondents in RE field 

are demonstrated in Table 41. It is noticed that results of respondents with less experience 

and high experience are aligned with each other i.e., there is similarity in consideration of 

requirements triage criteria. However, 54% respondents consider C-VALUE dependency 

with higher experience in RE field(compared to 65% based on opinion of respondents with 

high experience in RE field), 50% I-COST dependency (compared to 54% based on opinion 

of respondents with less experience in RE field). As respondents with less experience do not 

consider C-VALUE and AND dependencies so they differ slightly in terms of experience of 

respondent in RE field. 

 
Table 41: Comparison of requirements triage dependencies considered today by 

respondents with less experience in RE field and respondents with high experience in 

RE field 

Requirement 

dependency 

IDs 

Requirements dependencies Less experience  High 

experience  

D1 C-VALUE 54% 65% 

D2 AND 54% 60% 

D3 OR 54% 40% 

D4 REQUIRE 46% 55% 

D5 TEMPORAL  46% 50% 

D6 I-COST 54% 50% 

 

The results to be considered ideally with respect to experience of respondents in RE field are 

presented in Table 42. It is observed that most of requirements dependencies to be 

considered by respondents with less experience align with opinion of respondents with high 

experience in RE field. Even though, 62% of respondents want to consider OR dependency 
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ideally (which is higher, compared to 40% respondents with high experience in RE field) 

while making requirements triage. 

 
Table 42: Comparison of requirements triage dependencies to be considered ideally by 

respondents with less experience in RE field and respondents with high experience in 

RE field 

Requirement 

dependency 

IDs 

Requirement dependencies Less experience  High experience 

D1 C-VALUE 54% 40% 

D2 AND 54% 45% 

D3 OR 38% 30% 

D4 REQUIRE 62% 40% 

D5 TEMPORAL  54% 40% 

D6 I-COST 54% 45% 

 

Requirements dependencies considered today and to be considered ideally differs for 

performing requirements triage. From the analysis, it is clear that practitioners think that 

there is need to decrease the consideration of C-VALUE, OR, TEMPORAL dependencies 

and increase in consideration of REQUIRE, I-COST dependencies. The reason for this could 

be if REQUIRE dependency is not given higher priority and is neglected in initial stages, 

there may not be much use of requirement in further stages as it cannot function without 

existence of other requirement. Tracing back would involve lot of cost, effort and time which 

can be avoided by always considering REQUIRE dependency during requirements triage. 

The reason for I-COST dependency to be considered always is selection of requirements will 

have a large amount of effect on implementation cost involved for the requirement in project 

development. If a requirement has larger implementation cost which is not affordable by the 

organization, requirement will not be selected during requirements triage. Hence, I-COST 

dependency must be considered while selecting requirements for a particular release plan.  

 

Reason for decreasing C-VALUE is it is not possible to obtain accurate customer value as it 

is targeted to mass-market and value of requirements can be analyzed only after releasing 

product into market but not prior to requirements triage. OR dependency must not be 

considered as requirements with such dependencies may function with existence of single 

requirement though the other requirement is missing. Hence, not considering OR 

dependency may not alter the functioning if requirements are selected for product 

development. If two requirements are connected with TEMPORAL dependency, 

implementation of any one requirement i.e., neglected or not selecting the second 

requirement will not have any negative effect on the product development.  

 

Hence, value of REQUIRE, I-COST dependencies are to be increased while that of C-

VALUE is to be decreased ideally, value of AND is to neither to be increased nor decreased 

while considering requirement dependencies. Dependencies OR, TEMPORAL need not be 

included in requirements selection. The results of this survey are aligned to some extent with 

the survey performed by Carlshamre to identify industrial interdependencies [26].  OR, 

TEMPORAL were given least priority in maximum cases, which are similar to the findings 

of Carlshamre. Classification of interdependencies was made into functional (AND, 

REQUIRE) and value-related dependencies (I-COST, C-VALUE). It is found that 

organizations developing MDRE products should give more importance to value-related 

dependencies than functional dependencies, while functional dependencies are given more 

importance in Be-spoke RE [26]. Form the survey, values of I-COST, REQUIRE, C-

VALUE, AND dependencies vary differently with respect to different perspectives. Hence, 

all the dependencies except TEMPORAL, OR are to be considered while selecting the 

requirements in requirements triage for MDRE context. 
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4.10.4 Decision Attributes 
 

RQ4. What is the state of practice with respect to the challenges identified in literature? 

 

RQ4.2: How challenges are currently addressed in industry? 

 

RQ4.3: How should challenges be ideally addressed? 

 

RQ4.4: Does size of organization, number of incoming requirements handled or experience 

of practitioners in RE field affect challenges faced by practitioners or criteria used by 

organizations to handle challenges? 

Overall results 

 

While performing requirements triage in organizations, some organizations will store few 

important decision attributes which can be used for other projects during initial requirements 

selection stage. There are four different types of decision attributes that can be stored by 

organizations, presented in Figure 16 and Table 43. 

 

Table 43: Analysis of decision attributes considered today and to be considered ideally 

Decision 

attribute IDs 

Decision attributes Today  Ideally  

A1  Decision-rationale 19% 24% 

A2  Requirements triage criteria 20% 20% 

A3  Cost-estimations 22% 21% 

A4  Interdependencies 21% 22% 

 

 
Figure 16: Decision Rationale 

 

The overall analysis of results reveals that there is need to improve decision attributes, 

decision-rationale and interdependencies of requirements to be stored ideally compared to 

decision attributes stored today. There is need to decrease storage of cost-estimations during 

product development. 
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Data split into various angles is presented below in detail in the following sub-sections. A 

summary of the categorization is given in tables Table 45, Table 45. 

It is interesting to note that there is difference between only two cases considered today and 

to be considered ideally for storing decision attributes. Small-scale organizations handling 

less number of requirements with less experience are storing A3 attribute today, while they 

want to ideally store A1, A4 attributes for storing requirements decisions. Large-scale 

organizations are storing A2, A3, A4 today, while in contrast they want to store A1 attribute 

only ideally.  

 

Table 44: Categorization of decision attributes stored today based on size of 

organization, number of incoming requirements and experience of respondents in RE 

field 

Size of 

organization 

Number of incoming requirements 

 Less than 50 Greater than 50 

 RE experience RE experience 

 Less High Less High 

Small  A3 

 

A1, A2, A3, 

A4 

A1, A2, A3, 

A4 

No decision 

attributes 

Large  No decision 

attributes 

 A2, A3, A4  No responses No 

responses  

 

It is clear that large-scale organizations are giving less importance to storage of decision 

attributes today and to be considered ideally, as large-scale organizations may have separate 

forms of storing and managing requirement selection decisions and storing the attributes in a 

specific format may involve some time and effort which may not be used by most of 

organizations. Small-scale organizations will not have any such large databases to store 

requirements decisions and hence they are storing decision-attributes today and want to 

ideally store attributes for requirement triage decisions. 

 

Table 45: Categorization of decision attributes to be stored ideally based on size of 

organization, number of incoming requirements and experience of respondents in RE 

field 

Size of 

organization 

Number of incoming requirements 

 Less than 50 Greater than 50 

 RE experience RE experience 

 Less High Less High 

Small  A1, A4  

 

A1, A2, A3, 

A4 

A1, A2, A3, 

A4 

No decision 

attributes 

Large  No decision 

attributes 

 A1   No responses No 

responses  

Results with respect to size of organization 

 

As can be seen from Table 46, there is agreement between respondents belonging to small or 

large-scale organizations with respect to requirements attributes stored today in their 

respective organizations. This means that the attributes considered today is similar 

irrespective of size of the organization. However, it is interesting to note that 57% 

respondents from large scale organizations stated that requirements triage criteria is always 

considered while making triage decisions, whereas, only 31% of respondents from the small-

scale organizations reported this attribute while performing requirements triage. Similarly, 

interdependencies attribute (same figures). 
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Table 46: Comparison of decision attributes stored today by small-scale and large scale 

organizations 

Decision 

attribute 

IDs 

Decision attributes Small-scale 

organization 

Large-scale 

organization 

A1 Decision-rationale 31% 43% 

A2 Requirements triage criteria 31% 57% 

A3 Cost-estimations 35% 57% 

A4 Interdependencies  31% 57% 

 
From Table 47 it can be seen that overall, as observed in the attributes considered today (see 

Table 46), there is an agreement between respondents from small-scale and large-scale 

organizations. However, although 57% of respondents from large-scale organizations think 

that A1 should be ideally stored compared to 35% of respondents of small-scale 

organizations and 43% of respondents reported that A3, A4 attributes should be ideally 

considered of the large-scale organizations (compared to only 31% respondents stating that 

from scale-scale organizations).  

 

Table 47: Comparison of decision attributes to be stored ideally by small-scale and 

large scale organizations 

Decision 

attribute 

IDs 

Decision attributes Small-scale 

organization 

Large-scale 

organization 

A1 Decision-rationale 35% 57% 

A2 Requirements triage criteria 31% 43% 

A3 Cost-estimations 31% 43% 

A4 Interdependencies  35% 43% 

 

Results with respect to number of incoming requirements handled per month 

 

As it is clear from Table 48, there is less agreement between organizations handling less 

number of incoming requirements and large number of incoming requirements. It means 

there is lot of difference between decision attributes stored today by organizations handling 

less number of incoming requirements and organizations handling large number of incoming 

requirements. However, it is interesting that 41% of respondents always store cost-

estimations (compared to 25% for organizations handling large number of incoming 

requirements). 38% of respondents always consider A2 and A4 attributes (compared to 25% 

for organizations handling large number of incoming requirements) while making triage 

decisions.  

 

Table 48: Comparison of decision attributes stored today by organizations handling 

less number of incoming requirements and large number of incoming requirements 

Decision 

attribute 

IDs 

Decision attributes Less number of 

requirements 

Large number of 

requirements 

A1 Decision-rationale 34% 25% 

A2 Requirements triage criteria 38% 25% 

A3 Cost-estimations 41% 25% 

A4 Interdependencies  38% 25% 

 

It is observed from Table 49 that 38% of respondents should ideally store A2, A3, A4 

attributes (compared to 25% considered by organizations handling large number of 
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requirements) and A1 41% of the respondents consider that it should be ideally stored 

(compared to 25% considered by organizations handling large number of requirements) 

while performing requirement triage for organizations handling large number of 

requirements. 

 

Table 49: Comparison of decision attributes to be stored ideally by organizations 

handling less number of incoming requirements and large number of incoming 

requirements 

Decision 

attribute 

IDs 

Decision attributes Less number of 

requirements 

Large number 

of requirements 

A1  Decision-rationale 41% 25% 

A2  Requirements triage criteria 38% 25% 

A3  Cost-estimations 38% 25% 

A4  Interdependencies  38% 25% 

 

Results with respect to experience of respondents in RE field 

 

Results of data based on experience of respondents in RE field to be stored today are 

presented in Table 50. 

 

Table 50: Comparison of decision attributes stored today by respondents with less 

experience in RE field and high experience in RE field 

Decision 

attribute 

IDs 

Decision attributes Less experience High experience 

A1 Decision-rationale 46% 25% 

A2 Requirements triage criteria 46% 30% 

A3 Cost-estimations 54% 30% 

A4 Interdependencies  46% 30% 

 

From Table 50, it is clear that 46% respondents store decision-rationale based on 

respondents with less experience, which is less than 25% respondents storing decision-

rationale with high experience. However, this is similar during storage of cost-estimations 

today in organizations i.e., 54% respondents with less experience store A2, whereas 30% 

respondents store A2 with high experience in RE field. Storage of cost-estimations may be 

beneficial at later stages of product development but in initial stages, it will not be possible 

to calculate cost-estimations for all requirements as requirements may change in next phases 

of product development, which will alter costs related to that particular requirement.  

 

Table 51: Comparison of decision attributes stored ideally by respondents with less 

experience in RE field and high experience in RE field 

Decision 

attribute 

IDs 

Decision attributes Less experience High 

experience 

A1 Decision-rationale 54% 30% 

A2 Requirements triage criteria 46% 25% 

A3 Cost-estimations 46% 25% 

A4 Interdependencies  54% 25% 

 

In Table 51, it is observed that there is huge difference between decision attributes to be 

considered ideally by respondents with less and high experience in RE field. Respondents 

with less experience want to ideally store all requirements attributes but respondents with 
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high experience do not want to store all requirements attributes i.e., percentage of 

respondents willing to store the decision attributes is less in case of high experience 

respondents. The reason could be that every organization may have some storage attributes 

during requirements selection, which may be used in later stages of product development. 

These attributes can be used for requirements triage decisions. Moreover, decision attributes 

specified such as decision-rationale which is not only present in requirements triage phase 

but also in requirements analysis phase and change management phase, it may not be 

possible for practitioners to store these decisions separately to be used for requirements 

triage decisions. This is similar in case of cost-estimations and dependencies attributes as 

cost estimations of requirements may alter with the changing requirements with respect to 

market needs. Dependencies of requirements also alter with changing requirements and 

henceforth, storing these attributes for requirements triage decisions may not be possible in 

all cases.  

 

Requirement selection decisions can be stored in particular format like some attributes, such 

that they can be used during requirements selection for next releases. It is interesting that 

triage decision-rationale and requirements interdependencies should be stored. If these 

decision attributes are stored in particular format instead of tracing back every time 

requirement selection decisions are necessary, it will save lot of time and effort. Similar 

analysis of results can be found in survey for finding out industrial practices for continuous 

requirements management, practitioners felt the need for storage of decision-rationale and 

interdependencies to be considered ideally [27]. Therefore, there is need for storing 

requirement selection decisions to be used for next releases. Moreover, if these attributes are 

stored, analysis of requirements triage decisions can be made post-fact when results of the 

decisions are available and consequently quality of requirements triage decisions can be 

improved. There may be some threats in evaluating survey, which are listed and discussed in 

detail in the following sub-section. 

 

4.10.5 Validity threats 
 

There are mainly three types of validity threats applicable for quantitative research in 

software engineering context, listed below [57] [58] [96]: 

 

1) Internal validity 

2) Construct validity and 

3) External validity  

Internal validity 

The research instrument is constructed based on results of SLR. There may be a problem 

while conducting survey with practitioners, there is a chance that they may not use the terms 

as mentioned in survey. There is possibility that terms used in survey are not clear and 

understandable. Based on respondent’s understanding, his/her answers to questions might 

differ. To ensure understandability of questionnaire, 

1) Terms used in the survey are defined concisely taken from reliable sources and 

2) Pre-test was conducted with software engineering professionals.  

Based on the pre-test results, definitions of some terms were reformulated to improve 

understandability. 

Construct validity 

There is a chance that the organizations may face different challenges, follow different 

criteria for requirements triage, other dependencies considered, and other decision attributes 

stored while performing requirements triage than the ones specified in the survey. This is 

taken care by giving an extra text box to specify additional things not mentioned in survey if 

they are more applicable than the ones specified. However, from the survey results, we found 
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that none of the survey respondents added any additional text as an answer for the questions 

in the survey.  

External validity 

External validity refers to the extent to which the finding of a study can be generalized to 

other subjects, settings and treatments. Results of survey may be generalized only to some 

extent with some limitations,  

1) As the population or sample involved in survey is limited to only 33. 

2) Domains of organizations in which survey is conducted differ 

3) Number of incoming requirements handled per month differ for different 

organizations 

4) Size of organizations differ 

5) Experience of respondents in RE field answering survey differ 

 However, results obtained are compared with findings of other researchers in RE field to 

obtain a more generalized conclusion. 

 

It is evident from results of SLR and survey that practitioners face challenges C1, C2, C3 

and C4 while conducting requirements triage in MDRE context. There is no existing solution 

which handles all the challenges faced by practitioners. A solution MERTS would handle C1 

and partially C4 [24]. All other solutions handle any one of the challenges C1, C2, C3 or C4, 

or partially another solution [11] [23] [25]. Hence, there is a need to develop a framework 

that can help practitioners select triage solutions/practices applicable for their challenges 

based on the organization’s size, number of requirements to be handled and RE experience 

of practitioners performing requirements triage. From survey it is identified that most of the 

practitioners face C1, C2 and C4 challenges. To handle these challenges, organizations are 

currently using some practices within the organization, while they ideally want to implement 

some additional practices to improve requirements triage in industry (see 4.10). Therefore, a 

framework is designed to select an appropriate requirements triage solution/practice suited 

for the organization’s context. Framework also highlights shortcomings of the existing 

solutions and the need for improved/new solutions to alleviate the shortcomings based on 

responses from industrial survey, which is presented in detail in the next chapter.  
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5 FRAMEWORK 
 

From the analysis of results based on SLR and survey, it is evident that there is need to 

propose a framework which improves the efficiency of requirements triage. The background 

and structure of framework is presented in below sub-sections. 

5.1 Background  
 

In existing requirements triage solutions in literature, most of the solutions handle individual 

challenges faced during requirements triage in MDRE context and some of them handle two 

challenges partially. From SLR, a number of challenges faced during requirements triage and 

shortcomings of existing solutions were identified. A survey has been conducted to confirm 

the challenges (identified through SLR) faced by practitioners. From the survey results, it is 

confirmed that practitioners face the challenges identified during literature review. However, 

none of the existing solutions solve all the challenges. Consequently there is need to propose 

requirements triage process that can mitigate as many challenges as possible. Moreover, 

proposed process needs to be scalable and adaptable based on size of the organization, 

number of incoming requirements handled per month and RE experience of professional 

taking requirements triage decisions. 

5.2 Structure of Process Framework 
 

RQ5. Is it possible to propose a process framework to alleviate the challenges and 

shortcomings of existing triage solutions? 

 

A framework is proposed to be used for performing requirements triage in MDRE context. A 

process framework is proposed by defining a set of activities applicable for any kind of 

organizations (small-scale, large-scale etc).  Framework can be adaptable by organization 

based on its context, which is presented in Figure 17. 

 

The steps involved in framework (Steps 1-4) and corresponding challenges (C1-C4) handled 

by each step are discussed below in detail. Step 1 and 2 are pre-processing steps prior to 

performing requirements triage (addressing C4 and C2 respectively), Step 3 is where a triage 

solution is used to do the triage (addressing C1) and step 4 and 5 are post-processing steps 

(addressing C3). As it is an initial triage stage, all requirements might not be considered, 

only a subset of candidate requirements (abstracted appropriately) are given as an input to 

Step 1 of the framework. 

 

5.2.1 Step 1: Tag requirements as functional or non-functional 

requirements 
 

This is a pre-processing step. In this step, requirements are tagged as either functional 

requirements or non-functional requirements. Majority of requirements usally have both 

functional and non-functional characteristics. Requirements are distinguished from their 

functional charateristics and stored as non-functional requirements using simple sentences by 

using IEEE 830 standard [90]. Non-functional requirements are also known as quality 

attributes, which are restrictions or constraints on the system. They are hard to inspect. Non-

functional requirements refer to portability, testability, performance, security etc. As non-

functional requirements are dependent on functional requirements, it is hard to distinguish 

and compare functional and non-functional requirements. Hence, in this step classification of 

requirements is done based on functional and non-functional aspects. This step can be 
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considered as a prerequisite for implementing Step 3, where challenges C1 and C4 are 

handled. 

If in Step 3, practitioners select MERTS method, this set of requirements need to be 

abstracted to the product level. This can be obtained by using RAM or any other abstraction 

model [83] [109].  
             Step 1

Tag requirements as 
functional or non-

functional

Visualize or specify 
the dependencies

Step 2

Apply triage 
solution

Step 3

Store requirements 
in a format 

applicable for 
further use

Step 4  
Figure 17: Requirements Triage Process Framework 

 

5.2.2 Step 2: Visualize the dependencies of requirements 
 

This is a pre-processing step. In this step, dependencies between the requirements should be 

identified. To identify the dependencies between requirements, V-visualize version 2 tools 

can be used, where the tool helps the practitioners to identify dependencies between existing 

requirements [77]. Usage of a tool for recognizing dependencies will reduce the effort of 

practitioners to find-out complex relationships prevailing between requirements in a selected 

requirement set. This step is employed to handle C2 (requirements dependencies) challenge 

faced by practitioners in requirements triage by providing visualization of interdependencies 

between the requirements, for clear and understandable view of requirements. Visualization 

of dependencies to be considered by organizations differ based on various perspectives based 

on survey results i.e., small-scale organizations handling less number of requirements with 

respondents having high experience in RE field and large-scale organizations handling less 

number of requirements with respondents having less experience in RE field considers all 

dependencies, small-scale organizations handling less number of requirements with 

respondents having less experience in RE field, considers all dependencies except D3. 

Whereas small-scale organizations handling large number of requirements with respondents 

having high experience in RE field considers D1, D3, D4, D5 dependencies, large-scale 

organizations handling less number of requirements with respondents having high 

experience in RE field considers only D6 dependency, and small-scale organizations 

handling large number of requirements with respondents having high experience in RE field 

does not consider any dependency at all. 

 

5.2.3 Step 3: Apply triage solution  
 

In this step, requirements triage solution, suitable for the particular context is applied for 

taking triage decisions to select set of requirements from candidate requirements. A short 

description of triage solutions and challenges handled by each of the solution are presented 

in Table 52. 
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Table 52: Challenges handled by requirements triage solutions 

Requirements 

triage solution 

Description  C1 C2 C3 C4 

Simmons [23] Adapting triage technique from 

medicine i.e., prioritize treatment to 

patient based on severity of 

symptoms 

X - - - 

Davis [11] Practitioners need to concentrate on 

strategies to deal with complexity 

and intelligently analyze candidate 

requirements. 

X X - - 

Khurum [24] Triage is performed based on product 

strategies 

X - - X 

Duan [25]  Automating a significant part of 

prioritization process as input to 

triage process. 

X - - - 

 

To handle the challenge C1, MERTS is the most applicable method for both small-scale and 

large-scale methods. It is considered as the most applicable challenge as other methods 

Simmons and Davis methods provide recommendations, and no specific process is described 

to be followed for carrying out triage method [11] [23]. Duan method is applicable only 

organizations handling large number of requirements [25]. Hence, MERTS is the most 

suitable method for both small-scale and large-scale organizations. MERTS offers decision 

support and structure as well as clarification of business goals and objectives to enable early 

requirements triage [24]. Hence, it is used to handle challenge C1 (alignment of requirements 

with long-term business goals) by identification of long-term business goals of organization. 

Requirements classified as functional and non-functional requirements (in Step 1) are 

separately given as inputs to the requirements triage solution and the outputs are used to 

handle C4 challenge i.e., analysis of requirements to create balance between functional and 

non-functional requirements. 

 

5.2.4 Step 4: Store requirements in a format applicable for further use 
 

This is a post-processing step where output of Step 1, Step 2, and Step 3 are to be collected 

and organized in a particular format i.e., in the word document or excel sheet or any other 

tool with tagged requirements (in Step 1), requirements dependencies identified earlier (in 

Step 2) can be used later by practitioners during release planning, MERTS can be used to 

find-out the weights of requirements, post-release analysis of triage decisions (in Step 4) are 

stored separately.  

 

By storing these attributes separately C3 (lack of knowledge base) challenge can be handled 

by conducting a workshop after several releases with periodic gaps say two months or four 

months, to do post-mortem analysis of triage decision made earlier with respect to the value 

(as revenues and customer satisfaction) generated. PARSEQ method can be used to do this 

retrospective analysis [53]. PARSEQ only stores improvement decisions of requirements but 

not all decision attributes. Hence, after storing attributes separately, PARSEQ method can be 

applied to obtain additional information about requirements. 

 

An analysis of challenges handled by steps in the framework and a suggestion of application 

of the framework based on various perspectives are presented in Table 53. 
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Table 53: Application of framework based on various perspectives and challenges 

handled by them 

Challenge 

ID 

Framework 

steps 

Size of organization 

  Small-scale Large-scale  

  Number of in requirements 

handled per month 

Number of requirements 

handled per month 

  Less number  Large 

number 

Less number  Large 

number 

  RE 

experience  

RE 

experience 

RE 

experience 

RE 

experience 

  Less  High  Less  High  Less  High  Less  High  

 Step 1 X X X X - X - - 

C2 Step 2 - X - X - X - - 

C1, C4 Step 3 X X X X - X - - 

C3 Step 4 X X X X - X - - 

 

To handle each challenge, corresponding steps are presented in Table 53. To handle 

challenges C2, and C3 individual steps are enough to be carried out, but in-order to handle 

C1, and C4 Steps 1 and 3 are necessary to be executed. As classification of requirements into 

functional and non-functional requirements helps the practitioners to distinguish between 

requirements into short-term and long-term business goals, it is mandatory to execute Steps 1 

and 3 for handling C1 and C4.  Step 4 needs to be executed in all cases i.e., for both small-

scale and large-scale organizations, as storage of decision attributes is necessary in all cases 

(see Table 45). 

 

For small-scale organizations handling less number of requirements with respondents having 

less experience in RE field and small-scale organizations handling large number of 

requirements with respondents having less experience in RE field, Steps 1, 3 and 4 of the 

framework needs to be executed. Practitioners face only challenge C1 (see Table 21), while 

performing requirements triage. Hence, practitioners can skip Step 2, as it is used to handle 

C2. 

 

In order to handle multiple challenges, all steps in the framework need to be executed for 

small-scale organizations and large-scale organizations handling less number of 

requirements and with respondents having less experience in RE field, and small-scale 

organizations handling large number of requirements with high experience in RE field.  

 

To take triage decisions, there are number of solutions in literature (see Figure 5). However, 

existing solutions have shortcoming that needs to be addressed to improve the quality triage 

decision-makings (see Table 15). The applicability of existing solutions in each context, 

possible shortcomings and way in which shortcomings can be addressed through the 

proposed framework are discussed below in detail.  

 

 Applicable solution: MERTS (for both small-scale and large-scale organizations). 

As it is a method that describes sequential process to be followed by practitioners to 

reduce the effort involved in triage process.  

 

 Shortcoming: It does not take into account dependencies of requirements (C2 

exists), classification of functional and non-functional requirements (C4 exists), and 

making visible requirements triage decision improvements (C3 exists).  

 

 Addressing shortcomings: By performing Step 1, Step 2 of framework, using 

MERTS to make triage decisions on individual requirements, and then Step 4 of 
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framework. Step 1 helps the practitioners to tag requirements into functional and 

non-functional requirements, Step 2 to identify the dependencies between 

requirements with individual requirements (due to explicit identification of 

dependencies), and Step 4 to store requirements triage decisions applicable to be 

used for future use (due to explicit identification of requirements decisions).  

 

 Pros:  

 

 Usability: Cost of implementing this solution is dependent on the organization 

as tools employed for carrying out various steps may be different. Cost involved 

in training and manuals will be very less, as it is a framework and having 

knowledge about carrying out steps would be sufficient for executing the 

framework. 

Framework proposed takes a set of candidate requirements identified from 

market, and it handles multiple challenges (C1, C2, C3 and C4) increasing the 

quality of requirements resulting from requirements triage process. 

  

 Usefulness: Requirements triage framework is better than MERTS solution with 

respect to usability in terms of handling requirements as discussed above. 

 

 Cons: 

 

If in case, for executing all steps tools and methods are used, cost of 

implementation and training of tools might be high, however, subsequent costs 

would be reduced. Effort involved may be slightly higher than MERTS, but it 

would decrease effort in estimation, prioritization and selection of requirements in 

release planning activity.  

 

Henceforth, requirements triage framework handles all the challenges (C1, C2, C3 and C4) 

faced by practitioners, thereby improving the existing requirements triage methods. A 

detailed summary of entire thesis with the future work is discussed in detail in the following 

section. 
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6 SUMMARY AND FUTURE WORK 
 

 The main research gap identified based on which the thesis is done is that there is no single 

solution that handles multiple challenges faced by practitioners in industry while making 

triage decisions. SLR was performed to identify all existing requirements triage and selection 

solutions in literature (see Sections 3.3.2). The strength of empirical validation was then 

analyzed to evaluate as to what extent researcher or practitioners can rely on the triage 

solutions (see Sections 3.3.2.1.3, 3.3.2.1.4, 3.3.2.1.5). Challenges handled by the existing 

solutions and the shortcomings of the solutions are identified through SLR (see Table 14, 

Table 15). Challenges faced by practitioners in industry may be different from challenges 

identified from the literature. To confirm that challenges identified from literature are 

actually faced by practitioners in industry, survey is conducted with results from SLR as 

basis for survey questions (see Table 16). Survey was conducted in India, Sweden and USA, 

and with the practitioners working in various domains to get an over view of challenges 

faced by practitioners while performing triage. Results of SLR and survey are combined to 

identify that there is need for improving existing requirements triage solutions. Henceforth, a 

process framework is proposed that addresses multiple challenges (C1, C2, C3, and C4) 

faced by practitioners while performing requirements triage. 

 

Flow of methodologies used and analysis procedures employed for answering research 

questions is illustrated in Figure 18. 

 

There is need for evaluation of the proposed framework. Due to limited time and scope 

constraints, proposed solution has not been validated in laboratory or applied in industrial 

settings. Hence, there is need to either validate or apply framework in industry to evaluate 

the usability and usefulness of framework. From the survey, as there are no responses for 

large-scale organizations handling large number of requirements, the proposed framework 

might not be an exact fit for that particular context. Survey can be conducted in large-scale 

organizations or an interview or case-study can be performed and framework proposed can 

be extended to implement it in large-scale organizations handling large number of 

requirements also.  
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RQ1. What has been proposed in literature for 

requirements triage and selection?

SLR

RQ1.1 What types of contributions are 

presented?

RQ1.2 Which research types are used in 

the selected studies?

 RQ2. What is the strength of empirical evidence of 

proposed requirements triage and selection 

solutions in MDRE context?

RQ2.1 Are solutions, proposed for requirements 

triage and selection, applied and/or validated in a 

laboratory setting or in industry?

RQ2.2 Are the solutions proposed for 

requirements triage and selection solutions 

usable?

RQ2.3 Are the solutions proposed for 

requirements triage and selection solutions 

useful?

RQ3: What challenges have been 

addressed and shortcomings of the 

proposed solutions?

RQ4.1: Which challenges 

identified from literature are faced 

by the industry practitioners 

during requirements triage?

Survey

RQ4.2: How the 

challenges are currently 

addressed in industry?

RQ4.3: How should 

the challenges be 

ideally addressed?

RQ4.4: Does the size of organization, 

number of incoming requirements 

handled or experience of practitioners in 

RE field effect challenges faced by 

practitioners?

RQ5. Is it possible to propose 

improvements to alleviate the 

challenges and shortcomings of existing 

triage solutions?

Process Framework

To answer

To answer

To answer

To answer

Qualitative comparative 
Analysis

Sequential Exploratory ProcessTo answer

RQ4. What is the state if 

practice with respect to the 

challenges identified in 

literature?

 
Figure 18: Research methodologies and analysis procedures for answering research 

questions 
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8 APPENDIX 
 

Appendix A: Search String and Primary Studies 

Data source Search string Number of 

primary 

studies 

Electronic database, 

Scopus 

TITLE-ABS-KEY((software OR product) 

AND ("requirements selection" OR 

"requirements triage" OR "requirements 

resource mismatch"))  

49 

Electronic database, 

Inspec & EI 

Compendex 

( (((software) WN KY) OR ((product) WN 

KY)) AND (1969-2011 WN YR)) AND ( 

(((({requirements selection}) WN KY) OR 

(({requirements triage}) WN KY)) OR 

(({requirements resource mismatch}) WN 

KY)) AND (1969-2011 WN YR))    

64 

Electronic database, 

IEEExplore 

(((((product) OR software) AND 

"requirements selection") OR "requirements 

triage") OR "requirements resource 

mismatch")  

16 

Electronic database, 

ISI Web of Science 

TS=(software OR software) AND TS=( 

requirements selection OR requirements 

triage OR requirements resource mismatch) 

AND Subject Areas=( COMPUTER 

SCIENCE, SOFTWARE ENGINEERING ) 

AND Document Type=( ARTICLE )  

75 

Total   204 

 

Appendix B: Data Extraction Value Item Definitions 

Term  Definition  

Method  A method describes rules of how things should be done to build a 

model. In this context any requirements triage and selection method. 

Process  A process describes workflow of activities or actions. 

Tool  Software tool is designed or developed to support various aspects of 

software variability. 

Model  A model is a description of the real world excepting details. 

Metric  Metrics and measurements relating to software variability fall under 

this category. 

Procedure  A manner of proceeding or a way of performing or affecting 

something. 

Technique  The systematic procedure by which a complex or scientific task is 

accomplished. 

Survey  Gathering a sample data or opinions considered to be representative 

of a whole. 

Interview  A formal meeting or discussion with a person. 

Case study A detailed analysis of a person or group or method. 

Experiment  To try something new in-order to gain experience. 

Validation research  Techniques not yet implemented in practice i.e., experiment 

performed in lab settings. 

http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=combineSearchHistory&RERUN=d1e7c212f31e31f43M2020prod2data2&database=3&STEP=1
http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=combineSearchHistory&RERUN=d1e7c212f31e31f43M2020prod2data2&database=3&STEP=1
http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=combineSearchHistory&RERUN=d1e7c212f31e31f43M2020prod2data2&database=3&STEP=1
http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=combineSearchHistory&RERUN=d1e7c212f31e31f43M2020prod2data2&database=3&STEP=1
http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=combineSearchHistory&RERUN=d1e7c212f31e31f43M2020prod2data2&database=3&STEP=1
http://www.engineeringvillage2.org.miman.bib.bth.se/controller/servlet/Controller?CID=combineSearchHistory&RERUN=d1e7c212f31e31f43M2020prod2data2&database=3&STEP=1
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Evaluation research Techniques implemented in practice and an evaluation of the 

technique is conducted in practice (industrial settings). 

Solution research A solution which is either novel or an extension of the existing 

solution, which is provided with a good line of argumentation. 

Philosophical 

papers 

Sketching a new way of providing structural basis to the existing 

things in terms of taxonomy or a conceptual framework. 

Opinion papers Papers that provide personal opinion on a particular technique, 

process etc., whether it is good or bad. The opinion does not rely on 

research methodologies or future work. 

Experience papers The personal experience of the author regarding what and how 

something has to be done in practice.  

Academic 

perspective 

The concept or challenge identified is relevant to the existing 

literature, which are not evaluated or tested in industrial settings. 

Industrial 

perspective 

The concept or challenge is identified from the industrial settings by 

conducting a case-study or experiment and analyzing the data to 

obtain conclusions (which may be different from the ones proposed 

in literature). 

 

Appendix C: Selected Studies 
1 Fogelström N.D.; Numminen E.; Barney S., "Using portfolio theory to support 

requirements selection decisions," Software Product Management (IWSPM), 2010 

Fourth International Workshop, 27-27 Sept. 2010, Pages: 49-52. 
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Appendix D: Kappa co-efficient for study selection 
 Rater 1 

 

Rater 2 

 Yes  No  

Yes  5 1 

http://www.sciencedirect.com.miman.bib.bth.se/science?_ob=PublicationURL&_tockey=%23TOC%235673%232008%23999459993%23690583%23FLA%23&_cdi=5673&_pubType=J&view=c&_auth=y&_acct=C000034638&_version=1&_urlVersion=0&_userid=644585&md5=8a2f2dc3ddf036419c32e47950f81c5d
http://www.sciencedirect.com.miman.bib.bth.se/science?_ob=PublicationURL&_tockey=%23TOC%235642%232010%23999479996%231689101%23FLA%23&_cdi=5642&_pubType=J&view=c&_auth=y&_acct=C000034638&_version=1&_urlVersion=0&_userid=644585&md5=cc4ac8ef7ab575003846fe6880933b10
http://www.worldscinet.com/abstract?id=pii:S0218194006003014
http://www.worldscinet.com/abstract?id=pii:S0218194006003014
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No  0 6 

Observed percentage of agreement Pr (a) = 0.916% 

 

Rater 1 said yes for 5 papers, probability is 5/12 = 

0.416% 

Rater 2 said yes for 6 papers, probability is 6/12 = 

0.500% 

Rater 1 said no for 7 papers, probability is 7/12 = 0.583% 

Rater 2 said no for 6 papers, probability is 6/12 = 0.500% 

 

Random probability of both saying yes is 0.416*0.500 = 

0.208% 

Random probability of both saying no is 0.583*0.500 = 

0.291% 

Probability of random agreement Pr (e) = 0.499% 

 

Kappa co-efficient K= Pr (a)-Pr (e) / 1-Pr (e) = 0.42/0.51 

= 0.82% 

 

Appendix E: Kappa co-efficient for quality assessment 
 Rater 1 

 

Rater 2 

 Yes  No  Partially  

Yes  14 0 0 

No  0 2 0 

Partially  0 1 6 

Pr (a) = 22/23= 0.96% 

 

Random probability of saying yes is 0.61*0.61*0.61 = 0.23% 

Random probability of saying no is 0.09*0.09*0.09 = 0.00% 

Random probability of saying partially is 0.26*0.26*0.30 = 

0.02% 

 

Pr (e) = 0.23+0.0060.02 =0.25% 

K= 0.95% 

 

Appendix F: Kappa co-efficient for data extraction 
 Rater 1 

 

Rater 2 

Application/validation 

summary 

Yes  No  

Yes  13 2 

No  0 8 

Observed percentage of agreement Pr (a) = 0.913% 

 

Rater 1 said yes for 13 papers, probability is 13/23 = 0.565% 

Rater 2 said yes for 15 papers, probability is 15/23 = 0.652% 

Rater 1 said no for 10 papers, probability is 10/23 = 0.437% 

Rater 2 said no for 8 papers, probability is 8/23 = 0.347% 

 

Random probability of both saying yes is 0.565*0.652 = 0.368% 

Random probability of both saying no is 0.437*0.347 = 0.151% 

Probability of random agreement Pr (e) = 0.519% 

 

Kappa co-efficient K= Pr (a)-Pr (e) / 1-Pr (e) = 0.39/0.48 = 0.81% 
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Appendix G: Survey questionnaire 

Introduction 

 

This is a survey about requirements triage and selection, conducted by Niroopa, Ramya 

from Blekinge Institute of Technology. 

 

The survey contains 8 questions and takes 15 to 20 minutes to complete. 

 

It is targeted at people involved with receiving features, approving them, tracking/managing 

them, doing feasibility analysis and performing initial screening of features. 

 

You can fill the survey individually, or with other people involved with the same activities 

as previously mentioned. 

 

All responses will be kept anonymous - no company, product or individual will be 

identified in any presentation of the results.  

 

The contact email address will only be used if we need to clarify a response, and to make 

the results of the study available to you. 

 

If you have any questions or comments, please contact any of us on one of: 

niroopa.31@gmail.com 

ramyachowdary.214@gmail.com 

 

Thank you for participating! 

 

QUESTIONNAIRE 

 

1. Indicate which of the following activities you (as a person answering the survey) 

are involved in (choose one or more)……………………………………… 

a) Requirements elicitation 

b) Requirements triage 

c) Requirements estimation and prioritization 

d) Requirements selection 

e) Requirements analysis 

f) Requirements specification 

g) Requirements validation 

h) Requirements management 

Others (please specify) 

…………………………………………………………… 

 

2. Experience in the field of requirements engineering 

a) Less than 2 years 

b) Greater than 2 years but less than 5 years 

c) Greater than 5 years but less than 10 years 

d) Greater than 10 years 

 

3. Number of incoming requirements (new or change requests or modifications) per 

month (a numeric value is required) 

………………………………………………………. 

 

4. Contact email 

(optional)…………………………………………………………………………… 

mailto:niroopa.31@gmail.com
mailto:ramyachowdary.214@gmail.com
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5. Target market of your product (optional)………………………………………….. 

 

6. Approximate number of employees working with your product………………. 

a) Less than 100 

b) 100-500 

c) 500-2000 

d) 2000-10000 

e) Greater than 10000 

 

7. Do you use explicit criteria to perform requirements triage in your organization? 

....... 

a) Yes 

b) No  

 

8. Looking at Question 7, if you have answered "Yes", which of the criteria listed 

below are used TODAY during requirements triage? (Mark all that are relevant).  If 

there are additional criteria that are not listed, please add them at the end with a 

short description. 

 

Requirements triage criteria Always considered = 3 

Sometimes considered = 2 

Not considered = 1          

Not sure = 0                      

N/A = -1 

Requirements volatility  

Scope and vision of requirement  

Product domain expertise  

Implementation cost  

Interdependency between requirements  

Time-to-market  

Business value of requirement  

Competitors   

Customer targeted  

Differential advantage of product  

System impact  

Innovation value of requirements  
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Others (specify)  

 

9. Which of the criteria listed below should be used IDEALLY during requirements 

triage? (Mark all that are relevant).  If there are additional criteria that are not 

listed, please add them at the end with a short description. 

 

 

 

Requirements triage criteria Must be considered = 3 

Should be considered = 2 

Should not considered = 1 

Not sure = 0                    

N/A = -1 

Requirements volatility  

Scope and vision of requirement  

Product domain expertise  

Implementation cost  

Interdependency between requirements  

Time-to-market  

Business value of requirement  

Competitors   

Customer targeted  

Differential advantage of product  

System impact  

Innovation value of requirements  

Others (specify)  

 

10. What challenges do you face during requirements triage? If there are additional 

challenges that are not listed, please add them at the end with a short description. 

 

Challenges with description Fully Applicable = 3 

Applicable = 2            

Kind of applicable = 1 

Not sure = 0                 

N/A = -1 
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Difficulty in aligning requirements with long-

term business goals: Requirement triage 

decisions should ensure that both short-term and 

long-term business goals defined in the 

company and product strategy are realized. This 

can be attained by balancing different types of 

requirements, which are mainly categorized as 

current market 

needs/wishes/opportunities/requests (termed as 

market-pull) and aspirations of creating 

innovations (termed as technology-push). 

However, short-term customer satisfaction and 

revenues are premiered over long-term business 

goals. 

 

Requirements dependencies: In order to 

perform requirements triage, clear and 

understandable view of requirements and 

interdependencies between them is needed. The 

interdependency examples: AND, OR, 

REQUIRES etc. 

 

Lack of knowledge base: If decisions made 

during requirements triage are recorded; a 

retrospective examination of release planning 

decision-making can be made, at a time when 

the consequences of requirements triage 

decisions are visible. And, by analyzing the 

decision outcome in retrospect, practitioners can 

gain valuable knowledge of how to improve the 

requirements triage and selection process and 

increase the chances of market success. 

However, absence of such a knowledge base 

makes it difficult to learn and improve 

requirements triage. 

 

Difficulty in comparing functional and non-

functional requirements: Non-functional 

requirements are also known as quality 

attributes e.g. portability, testability, 

performance, security. These are restrictions or 

constraints on the system. They are hard to 

specify accurately. 

 

Others (specify)  

 

11. Looking at Question 10, if you have marked “Requirements Dependencies” 

challenge as "Fully applicable" or "Applicable", which of the interdependency 
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relationships given below are considered TODAY while performing requirements 

triage? (Mark all that are relevant). Consider R1 and R2 as two requirements. If 

there are additional relationships that are not listed, please add them at the end with 

a short description. 

Requirement dependencies with description Always considered = 3 

Sometimes considered = 2 

Not considered = 1        

Not sure = 0                  

N/A = -1 

C-VALUE: R1 affects the value of R2 for a 

customer. Affect can either be positive or 

negative. 

 

AND: R1 requires R2 to function, and R2 

requires R1 to function. 

 

OR: Only one of R1, R2 needs to be 

implemented. 

 

REQUIRE: R1 requires R2 to function, but 

not vice-versa. 

 

TEMPORAL: Either R1 has to be 

implemented before R2 or vice-versa. 

 

I-COST: R1 affects the cost of implementing 

R2. The effect on cost can either be positive 

or negative. 

 

Others (specify)  

 

12. Looking at Question 10, if you have marked “Requirements Dependencies” 

challenge as "Fully applicable" or "Applicable, which of the interdependency 

relationships given below should IDEALLY be considered (NOT the ones 

considered TODAY) while performing requirements triage? (Mark all that are 

relevant). Consider R1 and R2 as two requirements. If there are additional 

relationships that are not listed, please add them at the end with a short description. 

 

Requirement dependencies with description Must be considered = 3 

Should be considered = 2 

Should not considered = 1 

Not sure = 0                   

N/A = -1 

C-VALUE: R1 affects the value of R2 for a 

customer. Affect can either be positive or 

negative. 
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AND: R1 requires R2 to function, and R2 

requires R1 to function. 

 

OR: Only one of R1, R2 needs to be 

implemented. 

 

REQUIRE: R1 requires R2 to function, but 

not vice-versa. 

 

TEMPORAL: Either R1 has to be 

implemented before R2 or vice-versa. 

 

I-COST: R1 affects the cost of implementing 

R2. The effect on cost can either be positive 

or negative. 

 

Others (specify)  

 

13. Looking at Question 10, if you have marked “Lack of Knowledge Base” challenge 

as "Fully applicable" or "Applicable", which of the decision attributes listed below 

are stored TODAY against requirements? (Mark all that are relevant). If there are 

additional attributes that are not listed, please add them at the end with a short 

description. 

 

Decision attributes with description Always stored = 3 

Sometimes stored = 2   

Not stored = 1               

Not sure = 0                  

N/A = -1 

Decision-rationale: Motivation for the 

requirements triage decision. 

 

Requirements triage criteria: Recording 

evaluation of the requirement against triage 

(the evaluation criteria as given in Question 

8). 

 

Cost estimations: The cost of implementing a 

requirement. 

 

Interdependency relationships between 

requirements (the interdependencies as given 

in Question 11). 

 

Others (specify)  

 

14. Looking at Question 10, if you have marked “Lack of Knowledge Base” challenge 

as "Fully applicable" or "Applicable", which of the decision attributes listed below 
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should IDEALLY be stored (NOT the ones stored TODAY) against requirements? 

(mark all that are relevant)     If there are additional attributes that are not listed, 

please add them at the end with a short description. 

 

Decision attributes with description Must be stored = 3   

Should be stored = 2 

Should not stored = 1   

Not sure = 0                  

N/A = -1 

Decision-rationale: Motivation for the 

requirements triage decision. 

 

Requirements triage criteria: Recording 

evaluation of the requirement against triage 

(the evaluation criteria as given in Question 

8). 

 

Cost estimations: The cost of implementing a 

requirement. 

 

Interdependency relationships between 

requirements (the interdependencies as given 

in Question 11). 

 

  

 

THANK YOU FOR ANSWERING THE SURVEY 

 

 

Appendix H: Analysis of challenges faced by practitioners during requirements 

triage 
 Difficulty in 

aligning 

requirements 

with long-

term 

business 

goals 

Requirements 

dependencies 

Lack of 

knowledge 

base 

Difficulty in 

comparing 

functional 

and non-

functional 

requirements 

Total 

Fully 

applicable 

9 (9%) 8 (8%) 4 (4%) 4 (4%) 25% 

Applicable  11 (11%) 12 (12%) 7 (7%) 14 (14%) 44% 

Kind of 

applicable 

3 (3%) 3 (3%) 7 (7%) 3 (3%) 16% 

Not sure 2 (2%) 1 (1%) 4 (4%) 3 (3%) 10% 

N/A 0 (0%) 1 (1%) 3 (3%) 1 (1%) 5% 

     100% 
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Appendix I: Requirements triage criteria considered today 
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t 
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Cu

sto

me

r 

tar

get

ed 

Diff

ere

ntia

l 

adv

ant

age 

of 

pro

duc

t 
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Al
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ys 
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6 

(3%) 

4 

(7%

) 

0 

(5

%) 

2 

(6%) 

8 

(4%) 

10 

(5

%

) 

12 

(6%

) 

3 

(1%

) 

9 

(4

%) 

10 

(5%

) 

9 

(4

%

) 

4 

(2

%

) 

107 

(51

%) 
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s 
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(2%

) 

5 

(2

%) 

5 
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%) 
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) 
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16 
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sur
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(0.
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) 
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) 
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) 

5 
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A 
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             210 
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Appendix J: Requirements Triage criteria to be considered ideally 
 Req
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Appendix K: Requirements dependencies considered today 
 C-

VALUE 

AND OR REQUI

RE 

TEMPO

RAL 

I-

COST 

Total 

Always 

considered 

10 (8%) 16 

(12%) 

6 

(5%) 

12 (9%) 11 (9%) 7 (5%) 62 (48%) 

Sometimes 

considered 

10 (8%) 3 (2%) 9 

(7%) 

5 (4%) 5 (4%) 9 (7%) 41 (32%) 

Not 

considered 

0 0 3 

(2%) 

1 (1%) 2 (1.5%) 2 

(1.5%) 

8 (6%) 

Not sure 1 (0.7%) 1 

(0.7%) 

2 

(1.5%

) 

1 (0.7%) 1 (0.7%) 1 

(0.7%) 

7 (5%) 

N/A 1 (0.7%) 2 

(1.5%) 

2 

(1.5%

) 

2 (1.5%) 2 (1.5%) 2 

(1.5%) 

11 (9%) 

       129 (100%) 
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Appendix L: Requirements dependencies to be considered ideally 
 C-

VALUE 

AND OR REQUI

RE 

TEMPO

RAL 

I-

COST 

Total 

Must be 

considered 

10 

(10%) 

12 

(11%

) 

5 

(5%) 

9 (9%) 8 (7%) 11 

(10%) 

55 (52%) 

Should be 

considered 

4 (4%) 3 

(3%) 

4 

(4%) 

5 (5%) 6 (5%) 5 (5%) 27 (26%) 

Should not 

be 

considered 

0 (0%) 0 

(0%) 

1 

(1%) 

1 (1%) 2 (2%) 2 (2%) 6 (6%) 

Not sure 1 (1%) 1 

(1%) 

3 

(3%) 

0 (0%) 0 (0%) 0 (0%) 5 (5%) 

N/A 2 (1.9%) 2 

(1.9%

) 

2 

(1.9%

) 

2 (1.9%) 2 (1.9%) 2 

(1.9%) 

12 (11%) 

       105 (100%) 

 

Appendix M: Decision attributes considered today 
 Decision-

rationale 

Requirements 

triage criteria 

Cost-

estimation

s 

interdep

endenci

es 

Total 

Always stored 7 (12%) 6 (10%) 10 (17%) 8 (14%) 31 (53%) 

Sometimes 

stored 

4 (7%) 6 (10%) 3 (5%) 4 (7%) 17 (29%) 

Not stored 1 (2%) 1 (2%) 0 (0%) 0 (0%) 2 (4%) 

Not sure 1 (1.7%) 1 (1.7%) 1 (1.7%) 1 (1.7%) 4 (7%) 

N/A 1 (1.7%) 1 (1.7%) 1 (1.7%) 1 (1.7%) 4 (7%) 

     58 

(100%) 

 

Appendix N: Decision attributes to be considered ideally 
 Decision-

rationale 

Requirements 

triage criteria 

Cost-

estimation

s 

Interde

pendenc

ies  

Total 

Must be stored 11 (20%) 5 (9%) 9 (17%) 10 

(18%) 

35 (64%) 

Should be stored 2 (3.6%) 6 (11%) 2 (3.6%) 2 (3.6%) 12 (22%) 

Should not be 

stored 

0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Not sure 1 (1.8%) 1 (1.8%) 1 (1.8%) 1 (1.8%) 4 (7%) 

N/A 1 (1.8%) 1 (1.8%) 1 (1.8%) 1 (1.8%) 4 (7%) 

     55 

(100%) 

 

 


