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Abstract

Requirements are conditions that a product, service, or process must present and requirements management facilitates
this realization. For this, the requirements traceability technique is used for the development of projects and systems
and all management of the requirements life cycle. However, the literature recognizes the proven benefits of adherence
to the technique, but the plurality of problems inhibits its adherence. Thus, this article aims to identify and classify the
barriers and benefits of requirements traceability. For this purpose, it was elaborated a systematic literature review,
and for the results” analysis and codification, the MAXQDA software was used. A total of 15 barriers and 15 benefits
were identified. It is possible to verify that both in the case of benefits and barriers, there is a cause and effect
relationship between them. In other words, barriers such as “Low flexibility and integration of tools” lead to the
emergence of other barriers such as “Management inefficiency”.

Keywords: Requirements traceability; Domino effect; Systematic literature review; Requirements management

1. Introduction

For the iteration and control of the stages, the requirements traceability is an essential technique in the project activities.
It ensures that both products (software and systems) comply with requirements changes, analyzing the impact of
requirements changes, observing each identified requirement, investigating all parts of the project document to find
any reference to the identified specific requirement, confirming that all the essential stages of the project development
process and the development life cycle [1]-[3].

In addition to providing iteration and control throughout the project, the requirements traceability can generate a
variety of benefits: quality that the correct product is being produced correctly; monitoring of the process, product
execution and final delivery to the customer, that is, monitoring the process development; audit, certifying that the
project team is building the product that the customer expects; analysis of the impact of changes, as it is possible to
identify the work products influenced by some change; assessment of changes (in project tasks and work products such
as files, documents, products, parts of a product, services, process descriptions, specifications [4]; confidence, fulfillment
of project objectives with greater confidence; analysis of objectives, standardizing and determining relationships of
objectives leads to further analysis of how objectives are met; transparency with suppliers; accuracy of the product
development process in the initial phases; and balance and cost-benefit can associate the requirements to the product
components enables the evaluation of the benefit over costs [5].
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Additionally, it can stimulate competitiveness between companies, once companies that do not adopt traceability have
the smallest opportunities in the market, and companies that see the support of traceability and business improvement,
provide benefits for the company [6].

Despite these advantages, requirements traceability can be difficult and problematic [1]. Observing the benefits of
requirements traceability, recognized in the literature, problems such as costs, which are the main cause for non-
adherence and the continuation of traceability [7], high cost of tracking maintenance [8], the informality of the
traceability development methods [1], technical problems due to the difficulty of using tools [9], lack of support for the
traceability tool [1], limitations regarding the support of tools for traceability management [10], lack of time in the
schedule to carry out traceability [1], increased project development time, due to the adoption of traceability, it
increases the amount of work of the employees involved and minimal incentives for adoption, making the Developers s
recognize traceability as an optional activity [11].

In addition to the recognized problems, traceability is not noticeable by stakeholders, due to the additional effort it
entails and the minimal explicit benefits [11], [12]. In this context, the importance, the plurality of recognized problems,
and the benefits of requirements traceability are observed, which motivates the categorization of problems into barriers
and makes the benefits more explicit, through this research.

Based on the context presented, this research aims to identify and classify the barriers and benefits of requirements
traceability pointed out in the literature, making the benefits more explicit in order to mitigate existing barriers to
requirements traceability.

2. Requirements management

Requirements are the condition, characteristic, obligation, or capability that a product, service, or process must present
[13] and need to demonstrate value and be useful to the interested parties in the product [14]. Requirements are
classified into functional (FR) or non-functional requirements (NFR). A FR requirement is an assignment that a system
must be able to fulfill [15], in other words, is what the product or system must perform [16]. A NFR requirement depicts
the performance functions or characteristics that a solution must meet, such as quality aspects, legal requirements, user
needs, budget constraints, organizational policies, reliability, and external factors [17]. Regardless of classification, the
requirements need to be managed during the project development cycle and this process is called “requirements
management” [18], which is essential in any product or system development process [19].

There is not only one way to apply requirements management, the phases of its process vary a little between authors.
However, they can be compared [20]. Regardless of which phases are followed, requirements management is
fundamental for product development, as demand, complexity, and product quality increase [21].

Most requirements management processes act as a complement and few processes integrate the other management
phases, however, management is essential for visibility and tracking, as it facilitates the change of requirements,
simultaneous processes, and collaboration in dynamic organizations. Therefore, it should be considered as a life cycle
process and needs to be carried out during the project and not in the initial stages [27].

2.1. Requirements lifecycle management

The requirements life cycle begins with the need or requirement of the interested parties, as a requirement, which must
be managed until the final approval with the product or service, through the process of: (1) assess changes, (2)
approval/consensus, (3) traceability, (4) preservation, and (5) prioritization [28] (Figure 1). Life cycle
conceptualization refers to the state or phase that the requirement is submitted to, as it can be in multiple states
simultaneously and requirements lifecycle management ensures that the project, stakeholders, and requirements are
consistent and the projectis carried out [28]. The requirements life cycle is the movement or useful life of a requirement
throughout a project, it is managed by assigning a condition or qualifier to the requirement to represent its status at a
given specified time [29].

The requirement life cycle management process occurs when a potential requirement, originating from the elicitation
and collaboration (capture) process, is evaluated by business analysts and presented for approval or disapproval by
interested parties, and subsequent to the approval of the requirement, it is possible to manage it through the
recommended tracking, preservation, and prioritization techniques [28]. Likewise, the purpose of requirement life cycle
management is to confirm that the stakeholders, project, and requirements are coherent [30]. Thus, it is necessary to
add a phase prior to the evaluation (in the model of [28]): elicitation.
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Figure 1 Requirement Life Cycle Management Process
Then, you arrive at the following process of managing the life cycle of a requirement:

e Elicitation. It is the recognition of the origin of requirements associated with interested parties and needs
analysis [31]. However, some requirement functions change due to new information and management
verification, with this a function can change even if the requirement does not respond to the change [28].

e Assessment. In the course of the emergence of new needs, an assessment of changes in requirements is carried
out and the purpose of the assessment is to analyze the consequences of changes in requirements in the project
[28].

e Approval. Obtaining an agreement on the new requirements, changes, communication, discussions, conducting
and managing the approval, is under the responsibility of the managers and the approval of the requirements
is the agreement between the interested parties so that the activities and design of the project continue [28].

o Traceability. It allows the identification and documentation of the origin of each requirement and the
relationships with other requirements [28].

o Preservation. Maintain the certainty and aspect of the requirement, to favor its reuse in other projects [28,
p.83].

o Prioritization. Ranks requirements in terms of their importance to project stakeholders [28]. The
management is not finalized after the requirement is implemented, the project continues to provide value
through proper requirements management [30].

In addition to the importance of requirements lifecycle management activities, requirements traceability is also
fundamental for the development of projects, acting as a facilitating technique for requirement management and
lifecycle. This study is focused on the traceability stage, its benefits and barriers.

2.2. Requirements traceability

Studies on the development of tools for requirements traceability appear in the 70s [32], [33], since such traceability
began to be required in the standardization process of software and systems development [34]. However, it was only in
the 1990s that studies on traceability gained more strength [35], and requirements traceability was defined as the
“ability to follow and describe the life of a requirement, from its origins, through its development and specification, to
its implementation and use later, in the course of all phases of refinement and iteration at any stage” [1, p.4]. The
pioneers’ studies [35], [1] presented the problems related to the requirements traceability, namely: lack of a common
definition; high cost; tools and inefficient methods adopted by companies; minimal involvement of company employees;
difficulty in tracking the origins of the requirement; inadequate specification of requirements; non-perception of
problems; efforts to maintain traceability are not rewarded; lack of interest on the part of developers; and optionality
by companies.

Even so, in the 2000s, research on the automation of traceability found the persistence of problems associated with
tracking activities, while there was an increase in research focusing on automated traceability [36]. The persistence of
problems is notable among professionals, who do not understand the concepts, thus presenting inconsistencies in the
use of vocabulary. Furthermore, in the 2010s researchers still realize that there is little influence of academic research
in organizations, causing poor documentation of requirements and low traceability practice [37], [38]. Even with the
recognized problems and benefits, the requirements traceability is still recommended as an essential activity in the
project and continues after the verification and validation of the requirements [4], [39] to ensure product performance
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in line with the requirements of different stakeholders and business purpose [30]. Through traceability, the
requirements, customer needs (user requirements, business objectives, or market demands) are tracked to understand
which requirements will be influenced, if, during or after the project development, the customer's needs change [40].

Figure 2 shows the four types of requirements traceability links, which confirms the stages of the development process,
origins and links, which are labels that have the same purpose or similar structure [38] between requirements the
origins (customer needs) and between requirements to the components that implement them (work product, artifact)
[41]. The link can be of the dependency, refinement, evolution, satisfaction, overlap, conflict, and justification type, it is
alink between two tracking artifacts from source to destination, and each tracking link can be followed in two directions,
that is, bidirectional and examples of types of tracking links are: "test", "implement" and "replace” [38], [42].

Pre traceability Post traceability
Backward from requirements Backward to requirements
Customer needs, - < Work products,

User requirements, Project artifacts,
Business objectives or Deliveries and
Request business > Implementation

Requirements

v

Forward to requirements Forward from requirements

Source: Adapted from [40], [41]
Figure 2 The four types of requirements traceability links

The forward to requirements and backward from requirements tracking are part of the pre-traceability, where the
origins of the requirement are documented, justification of the existence of the requirement and stakeholder needs,
business objectives or market demands are tracked to the requirements [43], [44]. Forward from requirements and
backward to requirements traces are part of post traceability and relate requirements to design, implementation, trace
the requirement to system process artifacts, components, and verification cases, where the assignment of team
responsibilities and verification from compliance, the impact analysis of a requirement is documented [43].

Several researches to solve the requirements traceability problems are carried out [8] and in the last twenty years, they
have studied the requirements traceability challenges faced by professionals [38]. Despite much published empirical
research, little research aims to define the state of traceability practice and the challenges faced [10]. A barrier is
anything that hinders or prevents the achievement or achievement of something [45] and a benefit is every advantage
produced by something, state, action or fruitful result [46]. In addition, a benefit can be a better result and advantages
experienced by technology users [47]. According to Regan et al. [9], there is difficulty in collecting information, such as
variations in terminology and meaning that can impair the ability to effectively transmit requirements information from
customers to designer, however, as a benefit to traceability, it favors communication between the teams in the project
to mitigate the difficulties in associating reasons and origins with requirements [48], [49]. Therefore, information on
tracking helps to obtain benefits [50], such as the interpretation of customer requirements, which proves what the
system performs and what is expected of him/her [51].

Given the above, the literature recognizes the plurality of problems and benefits of requirements traceability, however,
there is a need to make the problems categorized into barriers, aiming at a more visible classification and benefits for
the recognition of interested parties.

3. Methodology

To facilitate research on the identification and categorization of the barriers and benefits of requirements traceability,
a systematic literature review (SLR) was elaborated. A SLR is a resource to recognize, examine and interpret important
research in an area, research questions, or an event of interest [52].

The process followed for the SLR was based on the model suggested by Conforto et al. [53], and comprises the steps
shown in table 1. The procedure used for each step is detailed in the same table.
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Table 1 The systematic literature review process followed in this work

Step 1: Elaboration of search strings, using logical Boolean search operators.

Strings used:

(1) “requirements traceability” and “requirements tracing”
(2) “traceability requirements” and “project development”

Databases used: Scopus, Engineering Village, Google Scholar and Researchgate

Step 2: Definition of inclusion criteria

filters.

The SLR sought to identify the benefits and theoretical and practical problems in requirements
traceability. Articles that did not contain such information were excluded during the application of

Step 3: Definition of the search method, tools, and filters

Filter 1: Reading the title, abstract, and keywords
Filter 2: Introduction and conclusion reading
Filter 3: Complete reading

Step 4: Analysis of selected articles

Rereading selected articles and coding them with MAXQDA software support. (1) Barriers to
requirements traceability and; (2) Benefits of requirements traceability.

Additionally, in addition to the articles selected from SLR, it was also consulted the BABOK knowledge guides [28] and
Business Analysis for Practitioners PMI [29], which complement the literature review from the practical point of view
of the topic. For identification and classification of the type of barriers and benefits, codes were determined to be
categorized in the MAXQDA software, 1) Barriers for requirements traceability and; 2) Benefits of requirements
traceability. The order of categorization of barriers and benefits was based on the number of mentions of the problems
and benefits of requirements traceability, in the literature review and final results of the articles identified between the
years 1994 and 2020. Table 2 presents the number of articles identified in the scientific databases from the strings.

Table 2 The number of articles identified in the scientific bases about the barriers and benefits of requirements

traceability

Strings: (1) “requirements traceability" and “requirements
tracing”

(2) “traceability requirements” and “project development”

Scientific bases

Scopus | Engineering Village | Google Scholar
String 1 450 1105 1360
String 2 252 860 190
Filter 1: Reading the title, abstract and keywords
String 1 166 46 157
String 2 153 7 26
Filter 2: Introduction and conclusion reading
String 1 25 14 46
String 2 46 2 26
Filter 3: Full Reading
String 1 25 14 -
String 2 14 2 -
Selected articles 20 10 8
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After the analysis of the 38 selected articles, it was identified that 30 articles address barriers and 33 address the
benefits of requirements traceability, according to predefined criteria. From the total number of selected articles,
categories for barriers and benefits were established. Table 3 presents the articles that present barriers and benefits to
requirements traceability.

Table 3 Articles that address requirements traceability barriers

ID | Year | Country Business area Use Reference
1 | 1994 | UK Telecommunications Communication Solutions and | [1]
Services
2 1997 | UK Software Software Development [1]
3 ]1998 | USA Systems Systems Development [54]
4 | 2000 | USA Software Software Development [55]
5 | 2001 | USA and Germany Software Software Development [48]
6 | 2003 | Germany Automotive Electronic Systems | [56]
Development
2004 | Germany Multiple Sectors Tool Development [57]
2005 | UK Software Software Development [58]
9 | 2005 | USA Software Software Architecture [59]
10 | 2005 | USA and Austria Software Software Development [60]
11 | 2005 | Austria Software Software Development [61]
12 | 2006 | UK Software Systems And Software | [62]
Development
13 | 2006 | UK Manufacturing Electronic Circuits [6]
14 | 2007 | Netherlands LT Development Of Information | [11]
Systems
15 | 2008 | Italy Software Software Development [63]
16 | 2008 | USA and UK Construction Construction Projects [27]
17 | 2008 | Russia and USA Telecommunications Systems Development [8]
18 | 2009 | USA Software Software Development [64]
19 | 2012 | Ireland Telecommunications Systems And Software | [9]
And Software Development
20 | 2012 | Sweden Software Software Development [7]
21 | 2013 | Germany Software Software Development [65]
22 | 2014 | Germany and Switzerland Software Product-Service System [66]
23 | 2014 | USA and UK Construction Construction Projects [18]
24 | 2016 | Brazil Software Software Development [67]
26 | 2016 | Brazil Software Software Development [68]
27 | 2018 | Sudan Software Software Systems [69]
28 | 2018 | Australia Software Software Development [70]
29 | 2018 | China Software Software Development [71]
30 | 2020 | Sweden, Germany and Italy Software Software Development [10]

Table 3 presents 30 articles that bring to the debate topics related to requirements management, models, tools,
requirements traceability practice, problems faced that inhibit or hinder the use of requirements traceability, acted as
sources of research and encouragement for others research in the last twenty years, justifying the authors [8], [38]. In
addition to identifying the period in which studies on the problems and barriers to requirements traceability began, it
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is also observed the sectors and areas of use of requirements traceability that most recognized the problems for the use
of the technique, namely: 1) Software development; 2) Systems development.

In parallel with the research on requirements traceability problems (Table 3), research on the benefits of requirements
traceability became evident (Table 4), making a counterpoint to the problems presented. Additionally, through
systematic literature review, it was possible to identify the organizations and areas that most benefit from requirements

traceability.

Table 4 Articles that discuss the benefits of requirements traceability

Italy

ID | Year | Country Business area Use Reference
1 | 1994 | UK Telecommunications Communication solutions and [1]
services
2 11994 | USA Software Systems development [72]
3 | 1998 | USA Systems Systems development [54]
4 | 2000 | UK and Canada Software Software development [73]
5 | 2000 | UK Software Software development [74]
6 | 2001 | USA and Germany Software Software development [48]
7 | 2003 | Germany Automotive Electronic systems development [56]
8 | 2004 | Germany Systems Systems development [19]
9 | 2004 | Germany Multiple sectors Tool development [57]
10 | 2005 | UK Software Software development [58]
11 | 2005 | USA Software Software architecture [59]
12 | 2005 | Austria Software Software development [60]
13 | 2006 | USA Software Systems and software development [62]
14 | 2006 | UK Manufacturing Electronic circuits [6]
15 | 2007 | Netherlands LT Development of information systems [11]
16 | 2008 | UK and USA Civil Civil projects [27]
17 | 2008 | Russia and USA Telecommunication Systems development [8]
18 | 2009 | USA Systems Systems development [75]
19 | 2009 | USA Software Software development [64]
20 | 2011 | Spain Software Systems development [76]
21 | 2012 | Sweden Software Software development [7]
22 | 2013 | Germany Software Software development [65]
23 | 2013 | Italy Software Software development [77]
24 | 2014 | Germany and | Software Product Service-System [66]
Switzerland
25 | 2014 | USA and UK Civil Civil projects [18]
26 | 2016 | Germany Automotive Systems development [78]
27 | 2016 | Brazil Software Software development [68]
28 | 2018 | Sudan Software Sistemas de software [69]
29 | 2018 | Australia Software Software development [70]
30 | 2018 | China Software Software development [71]
31 | 2019 | Finland Manufacturing Elevators, automatic doors, access [30]
systems and services

32 | 2020 | Australia and Indonesia | Software Software development [79]
33 | 2020 | Sweden, Germany and | Software Software development [10]
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After the literature review and content analysis of the identified articles, a categorization of the types of barriers and
benefits of requirements traceability was elaborated. In total, 15 barriers and 15 benefits of requirements traceability
in project development were categorized according to the recurrence in the literature, between 1994 and 2020.

4., Results

In this topic, there are the problems of greater recognition in the literature, through the organizations studied that use
the technique of requirements traceability, in the development of projects, categorized in barriers, in order of greatest
to least occurrence.

4.1. Barriers to requirements traceability

After carrying out the systematic literature review, 15 barriers to the requirements traceability were identified and
classified, as follows: Management inefficiency (B 1); Tools (B 2); Cost (B 3); Insufficiency of methods (B 4); Low benefit
perception (B 5); High effort (B 6); Complexity of the technique (B 7); Time Demand (B 8); Low technical support (B 9);
Standardization (B 10); Low motivation (B 11); Insufficient communication (B 12); Knowledge insufficiency; (B 13);
Insufficient information (B 14) and Element diversity (B 15) (B 15). The column “Barriers to requirements traceability",
presents the barrier(s) that are/are influenced by the main barrier (Table 5).

Table 5 Barriers of requirements traceability in project development and quantitative mentions of the barrier

ID Number of | Barriers to requirements | Barriers to influence requirements traceability.
mentions traceability.

B1 138 Management inefficiency Element diversity (B 15)

B2 84 Tools Management inefficiency (B 1); Time Demand (B 8); Low
technical support (B 9) and Lack of Standardization (B 10)

B3 57 Cost Tools (B 2); High effort (B 6) and Complexity (B 7)

B4 50 Insufficiency of methods Management inefficiency (B 1) and Cost (B 3)

B5 30 Low benefit perception Tools (B 2); Time Demand (B 8) and Insufficient
knowledge (B 13)

B6 29 High effort Low benefit perception (B 5)

B7 22 Complexity of the technique | Tools (B 2)

B8 22 Time Demand Management inefficiency (B 1) and Low motivation (B 11)

B9 16 Low technical support Tools (B 2); Lack of Standardization (B 10); Insufficient
knowledge (B 13) and Element diversity (B 15).

B10 16 Lack of Standardization Tools (B 2) and Elements diversity (B 15)

B11 12 Low Motivation Management inefficiency (B 1) and Insufficient knowledge
(B13)

B12 12 Communication Management inefficiency (B 1) and Insufficient knowledge

insufficiency (B13)

B 13 10 Insufficient knowledge Management inefficiency (B 1); Tools (B 2) and Lack of
Standardization (B 10)

B14 10 Insufficient information Management inefficiency (B 1) and Low motivation (B 11)

B 15 9 Element diversity Lack of Standardization (B 10) and Insufficient
information (B 14)

The consequences of the identified barriers and the power of influencing another barrier or barriers are detailed below.

e B 1: Management inefficiency: may inhibit the use of requirements traceability due to strategy limitations
[10] and inadequate analysis of traceability [64]. Furthermore, management inefficiency makes it difficult to
establish the collection, updating, and continuity of information [9], which can lead to failures in the tracking
of non-functional requirements [7]. In this sense, B 1 can influence the “Elements diversity (B 15), the absence
of broad requirements traceability, (pre-traceability: business objectives and post-traceability: deliveries and
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implementation [1], [40], making it difficult to identify elements associated with different project objectives
[91, [10].

B 2: Tools: they can hinder the use of requirements traceability, due to inefficiency, technical problems, and
limitations regarding traceability [69]. In addition, they usually do not update artifacts and links, causing
artifacts that do not have the same pattern [64]. It is observed that this barrier can influence the barriers
“"Management inefficiency” (B 1), "Time Demand” (B 8), "Low technical support” (B 9) and “Standardization”
(B 10). The tools for requirements traceability are inefficient, due to low integration and flexibility [9], limited
technical support [48], and lack of uniformity and certification of tools. Furthermore, artifacts and links (links)
are not updated in a timely manner by the tools [64].

B 3: Cost: may inhibit the use of requirements traceability, as it is widely recognized as a costly technique [7],
[8], [64], [70], as well as the maintenance, updating of changes and the use of tools for traceability (B 2) causes
an increase in project costs [71]. Furthermore, from the point of view of companies, developing their own tools
for traceability is still costly [64], and tracking complex requirements (Complexity of the technique, B 7)
demands high effort (High effort, B 6), making it very expensive in practice [60]. In this context, it is observed
that the B 3 can influence the barriers “Tools” (B 2), “Complexity” (B 7) and “High effort” (B 6) for requirements
traceability.

B 4: Insufficient methods: it can hinder the requirements traceability due to the absence of effective, accurate,
and complete methodologies. In addition, it influences the barriers "Management inefficiency” (B 1) and "Cost”
(B 3) [64], [70]. Due to the limitations of strategies for managing the requirement traceability, tracking methods
become vulnerable to requirements changes [64]. In addition, there is recognition of the absence of economic
methods and less costly practices [62].

B 5: Low benefits perception: it can prevent the requirements traceability due to the absence of perception,
misunderstanding, and underestimation of benefits, in addition to not immediately benefiting the requirements
traceability [10], [70]. Additionally, the "Low perception of benefits (B 5) influences the barriers "Tools” (B 2),
"Time Demand” (B 8) and "Insufficient knowledge” (B 13), as the non-offer of benefits, reduces the use of
technologies [71]. In addition, employees spend less time because they are unaware of the benefits [64], so the
low perception of benefits makes it difficult to use traceability in project development.

B 6: High effort: may inhibit the use of traceability, due to the demand for adherence, maintenance, use, and
updating. Furthermore, maintaining the requirements traceability requires effort and awareness [65].
Likewise, for the completeness of traceability, the perception of additional efforts are required to improve the
technique [9], but it can cause a large volume of data [71]. On the other hand, wasting effort on less important
requirements causes unnecessary work overload and consequently influences the “Low benefits perception”
(B 5), even when there are no rewards [54].

B 7: Complexity of the technique: it can make it difficult to use traceability because even with automated
approaches there is no reduction in the complexity of the technique [60]. In addition to being a laborious
activity that requires the use of tools [68], it influences the barrier “Tools” (B 2), as the tools for requirements
traceability are still complex to use [58], [69]. Additionally, there is the recognition of the difficulty in tracking
large unstructured documents, overcoming changes in traceability, determining the level of granularity of
requirements [71] and ensure traceability in agile environments [68].

B 8: Time Demand: may discourage the use of traceability because it is a time-consuming activity to perform
[71], which requires time to perform and update [64], which can influence on barrier “Low motivation” (B 11).
In agile project development environments, it is considered a waste of time and causes administrative overhead
[68], in addition, the project duration time and time for completion are considered as obstacles [70], due to the
absence of management, which can influence the barrier "Management inefficiency” (B 1) and lead to the non-
performance of requirements traceability.

B 9: Low technical support: can inhibit the requirements traceability due to the absence of technical support,
support, a low collaboration of the parties, and lack of commitment to the project [64]. Furthermore, it can
influence the barriers: “Tools” (B 2); “Standardization” (B 10); “Insufficient knowledge” (B 13); and “Diversity
of elements” (B 15). In this sense, there is recognition of the insufficiency of technical support for tools and
management [65], which makes traceability difficult, even if the tracking links are captured using the tool [10].
Additionally, regulatory entities provide low support in guiding how to carry out the requirements traceability
and there is still a lack of a knowledge guide, materials, and visual resources for teaching [9], [62]. It is also
observed that inadequate technical support makes it difficult to track non-functional requirements and change
impact analysis [59], and there is also insufficient support due to different points of view in the project [64].

B 10: Lack of Standardization: it can make it difficult to use the requirements traceability technique in project
development due to the lack of certification and uniformity of traceability tools [8], [62]. However, standard-
setting entities require the practice of requirements traceability [60], in addition, sponsors, management, and
experienced users want only to comply with standards and not really care about the standards results [7], [64],
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[70]. In this sense, it is observed B 10 can influence the barriers "Tools” (B 2) and "Diversity of elements” (B
15).

e B 11: Low metivation: can inhibit the requirements traceability in project development, as there is a lack of
incentive [7] and motivation to traditional teams [1] and agile by organizational cultures [68]. On the other
hand, by not knowing the benefits, there is a lack of interest from the Developers and motivation for the teams,
causing a lack of motivation to use the requirements traceability [68]. It is observed that this benefit can
influence the barriers “Management inefficiency” (B 1) and “Insufficient knowledge” (B 13).

e B 12: Insufficient communication: resulting from the lack of communication between employees [9], an
insufficient communication can hinder the requirements traceability, as the lack of communication about
traceability causes project failures and limits advances [1]. What can influence the barriers “Insufficient
knowledge” (B 13) and "Inefficiency of management” (B 1) about process development, as companies still
provide little return to researchers [62], which can hinder technical advances and delimit the practice [1].
Additionally, there is still communication difficulty due to the time zone of the distributed teams and the
language of the collaborators, causing word divergences [10].

e B 13: Insufficient knowledge: it can make requirements traceability difficult due to the challenge of
understanding traceability [7], [11], standardizations, and tracking problems [62]. Additionally, the lack of
understanding of errors, awareness, and management, leads to a little definition of how to do it, which causes
wide variation in the performance of traceability [8]. Furthermore, the lack of knowledge about traceability
discourages companies from developing tools [64]. However, there is recognition of the requirement of study
and discipline for adherence and decision-making for traceability [11]. It is observed that the benefit G 13 can
influence the barriers "management inefficiency (B 1)", "Tools (B 2)" and "Lack of Standardization (B 10)".

e B 14: Insufficient information: it can prevent the requirements traceability in project development, as the
lack of information discourages teams [68] causing the inability to work and locate the requirements [7]. The
lack of information about the concept of requirements traceability and objectives consequently discourages the
use of the technique [1], [63]. It is also noteworthy that both the lack of transfer information and outdated
information cause the minimum transfer of information [1], in addition, information can be forgotten and lost
over time [68]. In this context, it is observed that B 14 can influence “Management inefficiency” (B 1) and “Low
motivation” (B 11).

e B 15: Elements diversity: may prevent the use of requirements traceability in project development, due to
large amounts of methodologies, models, artifacts to trace, incentives and stakeholders working together [9],
[48]. Additionally, there is still the challenge of introducing practices in large companies due to a large number
of different development environments, diversity of standards [62], and size of the types of projects and
products [8]. Moreover, the diversity of information omits defaults [1]. In this sense, it is observed that the
barrier “Elements diversity (B 15)” can influence the barriers “Lack of Standardization (B 10)” and “Insufficient
information (B 14)”.

It is concluded that all 15 barriers to requirements traceability can influence some barrier or more barriers (Table 4),
in addition, it is observed that the five barriers that most influence other barriers are: A) “Tools (B 2)"; B) Low technical
support (B 9); C) Cost (B 3); and D) “Low benefits perception (B 5)”. It is recommended that these five barriers be
mitigated to avoid influencing in other barriers.

4.2. Benefits of requirements traceability

Parallel to the identification of barriers, 15 benefits of requirements traceability were identified and classified in the
same way. According to the number of mentions of benefits ( In this work, the word benefit is abbreviated by G (from
the word “gain”), as a measure of differentiation from the abbreviation of the word “barrier”.) related to the use of the
technique, the following are characterized: Management support (G 1); Information (G 2); Quality (G 3); Comprehension
(G 4); Customer satisfaction (G 5); Knowledge Generation (G 6); Identification of requirements (G 7); Impact analysis
(G 8); Understanding the requirements (G 9); Identification of influences (G 10); Analysis of changes (G 11); Change
identification (Tracking changes) (G 12); Agility (G 13); Error analysis (G 14); and Assessment of the requirement (G
15), (Table 6). Next, each identified benefit, respective effects, the occurrence of other benefits, and the power to
mitigate barriers are discussed.
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Table 6 Benefits (gains) of requirements traceability and realized benefits

ID Number Requirements Benefits that can occur with requirements traceability
of Traceability Benefit
mentions | Category

G1 17 Management support Information (G 2); Quality (G 3); Knowledge Generation (G 6);
Identification of requirements (G 7); and Understanding the
requirements (G 9).

G2 13 Information Knowledge Generation (G 6); Identification of requirements (G 7);
and Identification of changes (Tracking changes) (G 12).

G3 10 Quality Management support (G 1) and Information (G 2)

G4 10 Comprehension Management support (G 1); Quality (G 3); Knowledge Generation
(G 6); Identification of requirements (G 7); Understanding the
requirements (G 9); Identification of influences (G 10); Error
analysis (G 14); Requirement Assessment (G 15)

G5 9 Customer satisfaction Knowledge Generation (G 6); Requirements identification (G 7)

G6 6 Knowledge generation | Management support (G 1); Comprehension (G 4); Impact analysis
(G 8); Error analysis (G 14)

G7 6 Requirements Knowledge Generation (G 6)

identification

G8 6 Impact analysis Analysis of changes (G 11); Change Identification (Tracking
Changes) (G 12) and Agility (G 13)

GO 5 Understanding of | Requirements identification (G 7) and Knowledge Generation (G 6)

requirements

G10 5 Identification of | Identification of requirements (G 7)

influences

G11 5 Change analysis Identification of requirements (G 7); Understanding the
requirements (G 9); Identification of influences (G 10);
Identification of changes (Tracking changes) (G 12).

G12 5 Identification of | Management support” (G 1); “Information” (G 2); “Impact analysis”
Changes (Tracking | (G 8); “Identification of influences” (G 10); “Analysis of changes” (G
Changes) 11); "Agility" (G 13), and "Requirement Assessment” (G 15)
G13 4 Agility Quality (G 3); Understanding (G 4); Knowledge Generation (G 6);
Understanding the requirements (G 9); Analysis of changes (G 11)
G14 4 Error analysis Understanding (G 4); Knowledge Generation (G 6); Identification of
influences (G 10)
G15 4 Requirement Information (G 2); Understanding (G 4); Identification of
Assessment requirements (G 7); Understanding the requirements (G 9);

Identification of influences (G 10)

G 1: Management support: It is recognized as the greatest benefit of requirements traceability and can help
manage change and project costs [72], in addition to facilitating requirements and project management in
monitoring development [27], enabling effective project control [6], [58]. Besides, it provides support for the
management of compliance verification of complex projects and software [66], measures the development of a
product [58], and measures the requirements used, completed and in use in the project [7]. It is observed that
the benefit "Management support” (G 1) can generate other benefits such as: "Information" (G 2) through
control, "Quality" (G 3) compliance verification, "Generation of Knowledge" (G 6), “Identification of
requirements” (G 7) and “Understanding the requirements” (G 9), in addition to being able to help mitigate the
Cost barrier (B 3).
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G 2: Information: Through the requirements traceability technique, it can provide important information for
making changes [68], where it presents in detail the project information, origin, importance, how the
requirement was tested and implemented in the project, consequently assisting in the development of the
project [6]. Justifying Blaauboer et al. [11], the development of requirements traceability offers more
information. It is observed that the benefit of "Information” (G 2) may influence the occurrence of other benefits
such as: "Generation of Knowledge" (G 6), "Requirements identification" (G 7), and "Identification of changes"
(G 12). Additionally, the benefit of "Information (G 2)" can help to mitigate the barriers "Management
inefficiency” (B 1), which facilitates the management of requirements by collecting information [48], mitigating
the " Insufficient knowledge” (B 13) and “Insufficient information” (B 14) on project details and changes.

G 3: Quality: The application of requirements traceability produces high-quality products [6], due to the
influence of information, which proposes an improvement in product quality [8], readability, of the system and
project [76]. Consequently, providing quality as a benefit, in addition, the requirements traceability used, as
support to quality management with the combination of Six Sigma, can lead to an improvement in the project
schedule, manufacturing process [6], quality system and software maintenance [78]. It is observed that the
benefit of "Quality" (G 3) can influence the occurrence of other benefits such as "Management support” (G 1)
and Information (G 2). Additionally, the “Quality (G 3)” benefit can reduce “Insufficient information (B 14)”
through the information provided by the traceability process.

G 4: Comprehension: Through requirements traceability, the technique can provide Comprehension as a
benefit, where traceability facilitates the understanding of the project, reading of documentations, and
verification of requirements [48], in addition to providing process improvement and under what conditions did
the problems occur or not [6]. Also, understanding enables the understanding of problems, the relationships
between requirements, the importance for problem-solving, requirements evolution [48], and understanding
of the system [71]. It is observed that the benefit of "Comprehension” (G 4) traceability can influence the
occurrence of other benefits, such as: "Management support” (G 1), "Quality” (G 3), "Knowledge Generation” (G
6), "Requirements identification” (G 7), "Understanding requirements” (G 9), "Influence identification” (G 10),
"Error analysis” (G 14), and "Requirement assessment” (G 15). Additionally, it is observed that the benefit
"Comprehension"” (G 4) can mitigate the barriers "Complexity of the technique (B 7)", "Low technical support
(B 9)", and "Insufficient knowledge" (B 13). Furthermore, the problems can guide the understanding of the
requirements traceability challenges [70]. The benefits brought about by "Understanding” (G 4) can still
generate other benefits to mitigate other existing barriers. It is concluded that "Understanding (G 4)" is the
benefit that can further encourage the occurrence of other benefits.

G 5: Customer satisfaction: The benefit Customer satisfaction, through the use of the requirements traceability
technique, can increase customer satisfaction and trust, through cost control and guarantee of obtaining the
desired product by the customer [60], [72]. Furthermore, it proves to the customer that the system meets the
needs and satisfaction of requirements [80]. Consequently, it is observed that the benefit "Customer
satisfaction” (G 5) can encourage the occurrence of the benefits "Knowledge Generation” (G 6) and
"Identification of requirements"” (B 7) and, additionally, can mitigate barriers: "Cost” (B 3), "Low technical
support” (B 9), "Insufficient knowledge” (B 13), and "Insufficient information” (B 14).

G 6: Knowledge Generation: can be acquired with the use of requirements traceability, which enables the
creation of knowledge [48]. Through traceability, knowledge-sharing benefits project team members for
learning the use of tools, methodologies, and techniques, consequently increasing the value of the project [54].
Additionally, the preservation of knowledge of the project [76], allows the recognition of manufacturing errors
and under which conditions the errors occurred [6]. In this sense, the PMBoK guide [81] can help through
knowledge management, ensuring the experiences of the project team and other parties are used before,
during, or after the project. It is visibly explicit that the benefit “Generation of Knowledge (G 6)” can generate
other benefits such as Management support (G 1), Understanding (G 4); Impact analysis (G 8); and Error
analysis (G 14). In addition, it can mitigate barriers such as: "Tools (B 2)", "Low benefits perception (B 5)", "Low
technical support (B 9)", "Complexity (B 7)" and "Insufficient knowledge (B 13)”, through the creation and
sharing of knowledge throughout the life cycle of the project aimed at the teams [48].

G 7: Requirements identification: the benefit of requirements identification helps to recognize conflicting
requirements [60], derivatives, and derived requirements that satisfy the originals [48], in addition to
identifying the origin of requirements through documents [6], people and/or groups of people [7]. In addition,
the identification of requirements is achieved through verification [68]. It is observed that the benefit
"Identification of requirements" (G 7) can influence the generation of the "Knowledge Generation" benefit (G
6) and at the same time can mitigate barriers, "Low technical support (B 9)", "Insufficient of knowledge (B 13)”
and “Insufficient information (B 14)” due to the recognition of discordant requirements and origin [60].

G 8: Impact analysis: through requirements traceability, it can help ensure an impact analysis of the change
[82] and what will affect the product and work products [7] in addition to supporting, the analysis of the impact
of changes is achieved through verification [68]. Besides, the "Impact analysis” (G 8) can influence the
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occurrence of benefits such as "Analysis of changes" (G 11), "Agility” (G 13), and "Identification of changes" (G
12). Additionally, the benefit of "Impact analysis" (G 8) can mitigate the barriers "Management inefficiency (B
1)" through the support of the analysis and "Insufficient knowledge" (B 13), mitigated by the knowledge
generated from the analysis of impact.

G 9: Understanding the requirements: through the requirements traceability, it can help to understand the
importance and evolution of requirements [48], [64], to interested parties to understand how their wishes are
considered [74], in addition to facilitating the developer to understand the relationships between the
requirements, the support to the requirements traceability tool does not -functional, helps to understand the
technique and requirements [59]. It is observed that the benefit "Understanding the requirements” (G 9), can
enable the benefits "Identification of requirements” (G 7) and "Knowledge Generation" (G 6). In addition, it can
mitigate the barriers "Tools (B 2)", "Low technical support (B 9)", "Complexity of the technique (B 7)" and
"Insufficient knowledge (B 13)".

G 10: Identification of influences: through traceability, it can allow the identification of what was influenced
in the project [27] and how the errors are related [6], in addition to tracking requirements, artifacts, elements,
work products [8] that can be influenced by design changes [27]. The benefit "Identification of influences" (G
10) can enable the benefit of "ldentification of requirements” (G 7) through the information and can
additionally mitigate the barriers "Insufficient knowledge (B 13)" and "Insufficient information (B 14)".

G 11: Change analysis: can provide and facilitate the impact analysis of requirements changes [60], [78].
Additionally, it also enables, through verification, the investigation of the effects of changes [68] and the control
of the effects of changes in the product requirements [77], in addition to understanding under what conditions
the changes occurred in the manufacturing process [6] and ensure the analysis of the impact of changes [70].
In this sense, it is observed that the benefit "Analysis of changes"” (G 11) can influence the occurrence of benefits
such as "ldentification of requirements” (G 7), "Understanding of requirements" (G 9), "ldentification of
influences" (G 10) and “Identification of changes” (G 12), which is related to the same benefit. Likewise, the
“Analysis of changes” (G 11) can mitigate the barrier “Low technical support (B 9), through the actions provided
by it.

G 12: Identification of changes (Tracking changes): through the requirements traceability, it can facilitate
and identify when changes occurred in the project and what changed in change management [6], [58]. In
addition, it provides the identification of work products influenced by changes [8], the impact of changes
efficiently, assessment of cost, and time implications [69], therefore essential to manage change [72]. In this
sense, it is observed that this benefit can influence the occurrence of more benefits such as "Management
support (G 1), "Information (G 2)", "Analysis of impact” (G 8), “Influence identification” (G 10); “Change analysis
(G 11), “Agility” (G 13) and “Requirement assessment” (G 15). Additionally, “Change Identification (G 12)” can
mitigate the barriers “Cost (B 3) and “Time demand (B 8)” by evaluating the consequences of project costs and
time in the course of requirements traceability.

G 13 Agility: it is the benefit obtained through the requirements traceability, as it makes Analysts agile,
understandable, and responsible for more easily confirming whether the requirement met the need [48] with
traceability [30]. Additionally, it makes it possible to streamline the schedule [72], through knowledge of the
testing procedures, which need to be done to verify the change, maintenance, and solutions [78], which
improves the quality of the software, positively influencing the product [65], in addition to providing agility in
the analysis of the cause of impact of the requirement change [8]. It is clear that this benefit can lead to other
benefits such as "Quality" (G 3), "Understanding” (G 4), "Generation of Knowledge" (G 6), "Understanding
requirements” (G 9) and “Analysis of changes” (G 11). In addition, agility can mitigate the barriers "High effort”
(B 6), "Time demand” (B 8) and "Insufficient knowledge” (B 13), by reducing the effort caused by identifying
exact solutions, understanding to confirm more confidently that the requirement met the demand, it also makes
it possible to streamline the schedule through knowledge.

G 14: Error analysis: through traceability, it can provide an analysis of structured and organized errors in the
project and product [78], in addition to errors occurring in the project, root cause analysis, and derivation [7].
Additionally, it provides an understanding of how errors are related to the manufacturing batch and where it
operates [6] and changes requirements when errors are presented [48]. Likewise, this benefit can influence the
occurrence of other benefits such as "Understanding” (G 4), "Generation of Knowledge" (G 6), and "Influences
identification" (G 9), in addition to being able to mitigate the barriers "Insufficient knowledge” (B 13) and "Low
technical support” (B 9), through a structure of errors in the project, cause and effect analysis of errors in the
project, product, and analysis of the impact of requirements changes.

G 15: Requirement Assessment: by means of requirements traceability, it allows evaluating the completeness
and consistency of the requirements [79]checking if the requirement is associated with an objective, priority,
and author [8]. Furthermore, it provides an alert identifying conflicting, mandatory requirements and ensures
that the requirement is assessed for change and the effects of the change [7], [78]. Itis observed that this benefit
can influence the occurrence of other benefits such as "Information” (G 2), "Understanding” (G 4),
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"Requirements identification" (G 7), "Understanding requirements” (G 9) and the “Influence identification” (G
10). Additionally, the same benefit can mitigate the barriers “Insufficient knowledge” (B 13) and “Insufficient
information” (B 14) that can be mitigated through the information made possible by the assessment of the
requirement during the traceability of the requirements.

It is observed that the problems of the technique become categorized into barriers and more explicit, as well as its
benefits, in addition, the benefits can influence the occurrence of other benefits such as "Understanding” (G 4) and
"Identification of changes” (Track changes) (G 12). Likewise, given the exposure of the benefits of requirements
traceability and the same benefits influence the possibility of occurrence of other benefits and can mitigate existing
barriers (Table 7).

Table 7 Benefits (gains) of requirements traceability that can mitigate barriers

ID Benefits of requirements | Barriers to the requirements traceability that can be mitigated
traceability
G1 Management support Cost (B 3)
G2 Information Management inefficiency (B 1); Insufficient knowledge (B 13) and Insufficient
information (B 14)
G3 Quality Insufficient information (B 14)
G4 Comprehension Complexity of the technique (B 7); Low technical support (B 9) and
Insufficient knowledge (B 13)
G5 Customer satisfaction Cost (B 3); Low technical support (B 9); Insufficient knowledge (B 13) and
Insufficient information (B 14)
G6 Knowledge generation Tools (B 2); Low perception of benefits (B 5); Low technical support (B 9);
Complexity of the technique (B 7) and Insufficient knowledge (B 13)
G7 Requirements Low technical support (B 9); Insufficient knowledge (B 13) and Insufficient
identification information (B 14)
G8 Impact analysis Management inefficiency (B 1) and Insufficient knowledge (B 13)
G9 Understanding of | Tools (B 2); Complexity of the technique (B 7); Low technical support (B 9)
requirements and Insufficient knowledge (B 13).
G 10 Identification of influences | Insufficient knowledge (B 13) and Insufficient information (B 14).
G11 Change analysis Low technical support (B 9)
G12 Identification of Changes | Cost (B 3) and Time Demand (B 8)
(Tracking Changes)
G13 Agility High effort (B 6); Time Demand (B 8) and Insufficient knowledge (B 13)
G14 Error analysis Low technical support (B 9) and Insufficient knowledge (B 13)
G 15 Requirement Assessment | Insufficient knowledge (B 13) and Insufficient information (B 14).

5. Conclusion

This work identified 15 barriers and 15 benefits of requirements traceability in project development. The research
contributed to 1) Identification and categorization of the barriers and benefits of requirements traceability; 2)
Identification of barriers caused by other(s) barrier(s); 3) Identification of benefits generated from another (s) benefit
(s); 4) Identification of benefits from the requirements traceability that can mitigate barriers. During research through
scientific bases and readings, the authors observed that requirements traceability derives from the area of software
engineering and that the field of requirements is broad about management, that is, requirements traceability involves
requirements engineering, requirements development, requirements management, and requirement life cycle.

Regarding the barriers and benefits of requirements traceability, a technique associated with requirements
management and requirements life cycle [28], the literature recognizes the plurality of problems for realization and the
benefits are minimally explicit, however, aiming at a further clarification on what the problems are and answers to the
research gaps, a structure is presented with the classification of the 15 barriers and 15 benefits of the traceability of the
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most evident requirements. Additionally, it is observed that both the barriers and the benefits of requirements
traceability influence the occurrence of other barriers and benefits, in a "domino effect”. That is, the requirements
traceability barriers can influence the occurrence of other barriers and benefits can generate other benefits, yet some
benefits can mitigate the identified barriers.

Another relevant issue that was observed is the companies that did not realize the benefits that cause other benefits,
implicitly, from the use of the requirements traceability technique. It is possible to achieve benefits and these can
influence the occurrence of others that the company does not recognize. In this sense, it is recommended that employees
be advised on the existence of benefits, combined with the management of benefits and the use of a process for it, which
can enable better results, combine benefit plans, and identify the dependencies between individual projects and projects
that claim the same benefits [84].

Future work may address how requirements traceability management is performed and monitored in companies, and
how the benefits and barriers of this action are seen in practice. It is also suggested to carry out studies on an implicit
generation of benefits, and the relationships of barriers that cause a "domino effect”, measuring the time to carry out
the requirements traceability, barriers, and benefits of requirements traceability on tangible products and a structure
with pre-defined motivations for companies to use the requirements traceability in project development.
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