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Abstract
Requirements traceability (RT) is the ability to link requirements to other software development artifacts. In pre-requirements 
(pre-RS) traceability, requirements are linked to their origin, such as interviews with stakeholders, meeting protocols, or 
legacy systems. Compared with post-RS traceability, which links requirements to source code and other later artifacts, pre-RS 
traceability has seen much less research. This article presents a systematic literature review of pre-RS traceability based on 
77 articles published between 1992 and 2022, aiming to provide a comprehensive overview of its use cases, benefits, prob-
lems, and solutions. Through the analysis of existing literature, this review identifies gaps for future research and establishes 
a foundation for future investigations in the field of pre-RS traceability.

Keywords Pre-requirements specification traceability · Requirements traceability · Requirements engineering · Systematic 
literature review

1 Introduction

Keeping requirements up-to-date and understanding their 
context is crucial for project success, especially if the project 
grows and becomes more complex. A comprehensive under-
standing of the domain and thorough process documentation 
are required to answer questions like, what is the reason 
behind a particular requirement? Why was this requirement 
changed? Who was involved?. Requirements traceability and 
in particular pre-requirements specification (pre-RS) trace-
ability can answer those questions, provided that such trace-
ability is integrated into the engineering process.

Pre-RS traceability “[...] refers to those aspects of a 
requirement’s life prior to inclusion in the RS”[37] by so-
called trace links. Post-requirements specification (post-RS) 
traceability is the ability to link requirements to artifacts 

based on the RS. While post-RS traceability has received 
more attention in previous research [1, 4, 38, 100, 108], the 
potential of pre-RS traceability for cost and quality improve-
ments in software development has been recognized [17, 
36]. However, the systematic exploration of pre-RS trace-
ability in the research literature has been limited.

To establish pre-RS traceability, engineers document 
stakeholder information relevant to requirements creation 
from the project’s inception to subsequent refinements. 
Stakeholder information includes interviews with stakehold-
ers, meeting protocols, documentation of decisions made, 
etc. These documentations are typically in textual form, but 
hypermedia such as audio recordings, photos, and videos 
can also be utilized. This makes pre-RS traceability a more 
dynamic procedure than post-RS traceability because it has 
to handle initially unstructured qualitative and varying data 
of different types and formats [98]. The management and 
maintenance of trace links face similar challenges to post-RS 
traceability, such as the detection of obsolete links.

The diverse needs of practitioners and their various roles 
within a project are often considered crucial for determin-
ing an appropriate traceability strategy [34, 60, 75, 89]. 
The perceived effort and workload associated with pre-RS 
traceability are often seen as too high [37, 100, 107]. As a 
result, pre-RS traceability is commonly applied only to fulfill 
regulatory compliance for safety-critical systems, without 

 * Julia Mucha 
 mail@juliamucha.de

 Andreas Kaufmann 
 andreas.kaufmann@fau.de

 Dirk Riehle 
 dirk@riehle.org

1 Department of Computer Science, Friedrich-Alexander- 
University Erlangen Nürnberg, Martensstr. 3, 
91058 Erlangen, Germany

http://orcid.org/0000-0001-5843-5523
http://crossmark.crossref.org/dialog/?doi=10.1007/s00766-023-00412-z&domain=pdf


 Requirements Engineering

fully realizing the potential benefits, such as a transparent 
RS creation process that encourages exchange and avoids 
conflicts during requirement discussions.

Although the challenges and benefits of pre-RS trace-
ability are unique and significant, pre-RS traceability is com-
monly treated only as an afterthought to post-RS traceability.

In this article, we document the state-of-the-art of pre-
RS traceability by analyzing current problems, use cases, 
techniques, and tools. We conducted a systematic literature 
review (SLR) of articles published in 14 academic journals 
and over 15 conference proceedings from January 1992 until 
June 2022. As part of the review process, we performed 
qualitative data analysis (QDA) on the 77 papers we had 
retrieved as relevant to our topic. The contributions of this 
article are:

• Systematic summary of problems and solutions
• Identification of influencing factors for pre-RS traceabil-

ity
• Systematic summary of techniques for managing pre-RS 

traceability and the extent to which they have already 
been evaluated

• Topics for future research on pre-RS traceability

The article is structured as follows. First, we present related 
work in Sect. 2. In Sect. 3, we present the research ques-
tions, before we elaborate on the review method in Sect. 4. 
Afterward, we present the results of the SLR in Sect. 5. The 
results section starts with a quantitative literature review and 
continues to present the qualitative results. Here, we answer 
the research questions. We close the article with a discus-
sion in Sect. 6, a section about threats to validity 7, and a 
conclusion in Sect. 8.

2  Related work

Research has extensively focused on requirements trace-
ability. Gotel and Finkelstein [37] defined the destination 
between pre-RS traceability and post-RS traceability. Based 
on their empirical study, they suggest more attention is 
needed in the area of pre-RS traceability because it has a 
significant influence on a project’s success.

Researchers have conducted literature reviews on require-
ments traceability focusing on post-RS traceability, con-
tributing much state-of-the-art knowledge [14, 21]. Further 
research highlights and uses the benefits of using trace links 
to support engineering and maintenance of software systems 
[24, 45, 87, 90, 103]. They are predominantly focused on 
post-RS traceability. However, several literature surveys in 
the field of requirements traceability have stated that not 
much has been done in the area of pre-RS traceability [1, 
3, 6, 8, 29, 52, 66, 82, 99, 100]. Most of these studies have 

highlighted the need for more attention to pre-RS trace-
ability. In line with these suggestions, we conducted a sys-
tematic literature review to contribute to the state-of-the-art 
knowledge on pre-RS traceability and provide a foundation 
for future research.

Pre-RS traceability can benefit from the findings related 
to post-RS traceability and requirements traceability, for 
example in the definition, production, and extraction of trace 
links presented by [75]. We considered these aspects and dif-
ferent techniques for realizing pre- and post-RS traceability 
in Sect. 5.5. Additionally, strategies for realizing require-
ments traceability need to consider the characteristics of 
their respective environments.

This observation was made by Ahmad and Ghazali [1], 
who identified problems of requirements traceability within 
small projects and developed guidelines for documenting 
trace information. They found that taking into account the 
characteristics of the project and the company is important 
in developing a suitable traceability strategy.

Considering the environment also entails considering 
the individuals involved in traceability activities. This was 
recognized by previous research [32, 65, 78, 79, 88]. We 
explored the influencing characteristics and individuals 
involved in the project environment, which influence not 
only post-RS but also pre-RS traceability, as discussed in 
5.3.

However, there are significant differences between pre-RS 
traceability and post-RS traceability. While post-RS trace-
ability tends to link formal and structured artifacts such as 
requirements, models, source code, and tests, pre-RS trace-
ability often needs to link informal and unstructured infor-
mation such as protocols, interview transcripts, notes, or fig-
ures [98]. This information is necessary to understand the 
problem domain and derive requirements. Kaindl [48, 49] 
developed an approach including tool-support named RETH 
(Requirements Engineering Through Hypertext). RETH sup-
ports the linking of non-text media to requirements.

Automated approaches that rely on natural language 
processing or artificial intelligence face unique obstacles 
when trying to process various source types [2, 17]. These 
approaches have mainly concentrated on post-RS trace-
ability, which involves processing formal and structured 
sources [13, 26] and creating RS based on software engi-
neering models [68]. In our study, we considered (semi-)
automated approaches if they addressed pre-RS traceability, 
as discussed in 5.5.

One problem is that the benefits of pre-RS traceability 
are not clear to all individuals involved. Altaf et al. [4] try to 
address this issue by developing a visualization for pre-RS 
traceability. attempted to address this issue by developing 
a visualization for pre-RS traceability. We built upon their 
findings, as they also published a list of benefits of pre-RS 
traceability. We have already investigated the issue of unclear 
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benefits through a systematic literature review extended by 
a qualitative survey, and our work has been published [84]. 
This paper details the methodology, presents all findings of 
the systematic literature review, which includes the findings 
related to use cases and benefits, and adds further literature 
about pre-RS traceability published between 2020 and 2022.

Pre-RS traceability is also relevant in agile projects [19, 
44, 95]. In agile projects, user stories are commonly used to 
document requirements that need to be implemented. How-
ever, user stories are typically not intended for long-term 
documentation. As a result, adaptations to software func-
tionality often do not lead to an update of the corresponding 
existing user story but rather the creation of a new user story 
describing the adaptation. Therefore, we excluded the trace-
ability between customer statements and user stories, as this 
requires separate research.

3  Research questions

This SLR broadly assesses and reviews the state-of-the-art 
of pre-RS traceability. We answer three key research ques-
tions, covering use cases and benefits, problems and solu-
tions, and current techniques of pre-RS traceability.

(RQ1) What are the use cases and benefits of pre-RS 
traceability?

During a preliminary literature analysis, we found that the 
assumed benefits of pre-RS traceability vary and are often 
not clear. The same holds for use cases of pre-RS traceabil-
ity. Therefore, we asked RQ1 to take a deeper look at the 
relevance of the topic. We analyzed common use cases, their 
benefits, and their motivations.

(RQ2) What are problems and solutions of pre-RS 
traceability?

The analysis of current problems and existing solutions 
is an important part of the state-of-the-art and creates a base 
for future research. Furthermore, answering this question 
helps us identify unsolved problems and therefore direct 
future research.

(RQ3) What are pre-RS trace techniques?
We also asked to identify current techniques (including 

tools, methods, etc.) and how they help to solve the chal-
lenge of realizing pre-RS traceability. Correlating techniques 
with problems and solutions allowed us to identify missing 
techniques in general and missing evaluations of existing 
techniques in particular.

4  Review method

We followed the procedure described by Kitchenham for 
the systematic literature review (SLR) [58]. In the begin-
ning, a research protocol was drawn up to describe the 
background and to define all important cornerstones like 

research questions, research process (Sect. 4.1), search strat-
egy (Sect. 4.2), selection criteria (Sect. 4.3), data extrac-
tion (Sect. 4.4), data synthesis (Sect. 4.5), and a work pro-
gram consisting of work packages. The protocol provides 
a full audit trail of our research. Regular peer debriefings 
(Sect. 4.6) were conducted to ensure high quality during the 
procedure and a good fit of research questions to research 
design [93].

4.1  Research process

Figure 1 visualizes the iterative research process. In the first 
step, we performed a keyword search and obtained results. 
These results were then added to the literature table during 
the second step. The third step involved checking the articles 
against the selection criteria. If an article was identified as 
relevant, we proceeded to the fourth step, which involved 
data synthesis. The fifth step consisted of analyzing the cita-
tions in order to find additional relevant articles.

Throughout each step, we continuously updated the 
table of articles with information about each paper or 
any new papers discovered through the citation analysis 
(snowballing).

Fig. 1  Visualization of the data extraction and synthesis
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4.2  Search strategy

To find relevant articles we used two different search strat-
egies. We first performed a pilot keyword search. Based 
on the topic and research questions, the keyword “trace-
ability” is the most obvious, but also the most general. 
The set of resulting articles included many papers that 
focus on post-RS traceability, as well as papers that fall 
outside of the scope of our work. We evaluated making 
the search query more specific by searching for “trace-
ability AND requirements engineering". This, however, 
did not improve the results substantially. We found in our 
analysis of the results that the vast majority of relevant 
results explicitly used the term “pre-RS traceability” in the 
text. Some relevant papers also used “requirement prov-
enance” or “pre-requirements specification". We therefore 
decided on using these three individual search terms that 
cover different designations of pre-RS traceability. Table 1 
shows the keywords and the associated number of articles 
found in each database. We then carried out snowballing 
by performing forward and backward search to not miss 
relevant articles independently of the vocabulary used in 
the text [105].

4.3  Selection criteria

To identify relevant articles, we defined the following ques-
tions to address the selection criteria: 

1. Is the article written in English?
2. Is the article peer-reviewed?
3. Is the article not yet in the collection of relevant articles? 

(Remove duplicates)
4. Is the article about a technique or method to link RS with 

their source artifacts?
5. Is the article about an overview that presents different 

techniques, issues, and/or problems to link source arti-
facts with RS?

6. Is the article about an evaluation of a technique or 
method which links source artifacts with RS?

For the inclusion of an article, questions 1, 2, and 3 must 
be answered in the affirmative and at least one of the other 
questions 4 to 6 should be answered with “yes", too.

4.4  Data extraction

To keep track of the articles and their state of analysis, we 
created and continuously updated the table of articles. The 
table is presented as document [73]. This table consists of 
the following columns:

• Type represents the search strategy with which the article 
was found (K = keyword search, B = backward search, F 
= forward search).

• Resource represents the source of the found article. This 
can be a specific database (Google Scholar, etc.) or an 
article that was the basis for the forward or backward 
search.

• Search Term by which we found the article.
• State of the analysis and the decision (to do, reviewed, 

denied, no access).
• Type of Content (Tech = technique or method, Sum = 

summery or survey, SuTe = summary followed by devel-
oped technique, EmSt = empirical study, CSt = case 
study or evaluation, Gly = glossary)

• No. of Citations represents the popularity of the article.
• Authors of the article.
• Title of the article.
• Year of publication.
• Outlet contains the name of the journal, conference, or 

workshop.
• Analysis Date of when we finished the analysis.

Table 2 summarizes the number of articles in the different 
states. After applying the selection criteria, we identified 
41 articles by keyword search and 36 articles by backward 
and forward search. Finally, we included 77 articles (list in 
Appendix A) in our study about pre-RS traceability from the 
whole field of RE.

4.5  Data synthesis

Based on Kitchenham [58] we started with a quantitative 
synthesis to provide an overview of the characteristics of 
the article in Sect. 5.1. However, the main focus was on the 
descriptive (non-quantitative) synthesis by performing QDA 
to answer the research questions.

Table 1  Search terms and 
results per database

Search term Google scholar IEEE xplorer ACM Web of 
science

“Pre-requirements specification traceability” 62 7 1 1
“Pre-requirements specification” 133 20 6 1
“Requirement provenance” 42 1 2 11
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4.5.1  Quantitative analysis

To get an idea of the scope of the research topic, we analyzed 
the number of publications per year and outlet. In addition, 
we analyzed the types of content, whether the paper intro-
duces a new technology, covers a case study, or presents 
another empirical study. This gives us insight into what the 
focus is in this research area. The results are presented in 
Sect. 5.1.

4.5.2  Qualitative data analysis (QDA)

The articles identified as relevant were analyzed using QDA 
to extract RQ-related information from qualitative data. To 
perform QDA, we applied the iterative coding process of 
Corbin and Strauss [16]. Each iteration consisted of coding 
one document based on the three steps: open coding, axial 
coding, and selective coding. Open coding means annotat-
ing relevant segments of text with codes. The codes repre-
sent concepts. In the step of axial coding these concepts, 
called codes, have been structured in a hierarchical code 
system by grouping similar concepts into categories. The 
final step of an iteration, selective coding, means arranging 
all codes and relating them to the central phenomenon of the 
study, called the core category, thus refining the focus on 
the research questions. The core category in our study is the 
research field of pre-RS traceability, focusing on use cases, 
challenges, solutions, and techniques for implementation.

Based on a randomly selected pilot sample, we developed 
and continuously refined a basic code system. Table 3 shows 
the main categories of the hierarchical code system and 
the number of assigned codings sorted by related research 
question. The first two categories are not assigned to one 
of the three research questions. However, these categories 
emerged during the analysis to define and thus delimit terms. 
This created the common knowledge base on which we will 
answer the research questions.

Figure 2 presents the number of codes and codings by 
iteration. The red line flattened from the 63rd iteration 
whereas the blue line continues to rise. This means there 
are only minimal changes to the code system by adding or 
deleting codes, but codes were continuously assigned to seg-
ments of text. This is an indication of saturation because 
little new information was emerging that was changing the 
code system.

4.6  Research quality assessment

In addition to a continuous professional exchange between 
all co-authors, we carried out regular peer debriefings to 
ensure high quality of protocol and execution during the 
procedure and a good fit of research questions to research 
design. Based on Spall [93]:  “Peer debriefing contributes to 

Table 2  No. of articles per state 
of selection

Selection state No. of articles

Based on keyword search (sum of found articles based on Table 1) 287
Included articles from keyword 41
Included articles from forward and backward search along with referenced articles 36
Included articles total 77

Table 3  Main Codes of the code system, related to the research ques-
tions, and the number of codings

Code related to research question No. of codings

Definition of terms (Sect. 5.2)
Requirements Traceability (RT) 5
Pre-RS traceability general (+ sub codes) 81
RQ1: use cases and benefits (Sect. 5.3)
Users applying pre-RS traceability (+ sub codes) 31
Use cases and benefits (+ sub codes) 249
RQ2: problems and solutions (Sect. 5.4)
Problems and challenges (+ sub codes) 275
Consequences of poor pre-RS traceability 5
Solutions and suggestions (+ sub codes) 258
RQ3: techniques (incl. tools) (Sect. 5.5)
Trace techniques (+ sub codes) 212
Trace tools (+ sub codes) 48
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confirming that the findings and the interpretations are wor-
thy, honest, and believable.” As a debriefer an experienced 
researcher in our group was selected since he was available 
for us and had sufficient domain knowledge. During these 
peer-debriefings, we reviewed and evaluated the current state 
of our code system to critically review the hierarchical struc-
ture as well as the naming and definition of the codes. This 
also allowed us to identify and resolve inconsistencies and 
improve the reliability of the analysis. The peer debriefings 
also helped us identify meaningful overlaps of different con-
cepts. All identified issues were discussed jointly to decide 
how to proceed.

We performed three peer debriefings, one after the pilot 
sample of 10 articles and one after the 25th iteration. The 
third peer debriefing was conducted during the last iterations 
of the data synthesis. Each debriefing was documented in a 
peer debriefing protocol which consisted of the following 
information:

• Date and title
• Participants consisting of the name of the debriefer and 

the one who carried out the study
• Improvements from last peer debriefing if existing to 

discuss these improvements
• Current state, method, and workflow to bring the 

debriefer up to date and to focus on current challenges to 
be discussed

• Improvements containing future actions to be executed

5  Results

In the following, we first present the results of the quan-
titative and meta-data analysis (Sect. 5.1) and key terms 
(Sect. 5.2) to reach a common understanding of pre-RS 

traceability, before we answer our research questions in 
Sects. 5.3 to 5.5.

Figure 3 provides an overview of important topics that 
emerged during our analysis through the codes created. The 
mapping of the topics to the research questions is derived 
from the mapping of the codes to the research questions 
(Table 3). The topics of environment, the usage goals, and 
the users of trace links are strongly linked to RQ1 by the 
main codes use cases and benefits, Users applying pre-RS 
traceability, and their subcodes. However, problems with 
associated solutions (RQ2) occur across all codes of the code 
system. Some topics have already been explored more, oth-
ers less. A lot of research is being done to develop different 
techniques for realizing pre-RS traceability (RQ3), but there 
is a lack of evaluation inside industry projects (Sect. 5.5).

The decision to use a particular technique to realize trace-
ability in a project is important. Therefore it is necessary to 
identify influencing factors and characteristics to support the 
decision. The RQ1 on use cases and benefits provides some 
basic information in this area (Sect. 5.3).

5.1  Quantitative and meta‑data analysis

From 1992 to 2022, 77 relevant research articles were pub-
lished. Figure 4 shows the number of articles published per 
year. We identified 52 relevant conference articles and 16 
relevant journal articles. Nine relevant documents came 
from books, reports, and workshops. More than half of the 
articles (52%) came from the International Requirements 
Engineering Conference (RE) and 16% from Traceability in 
Emerging Forms of Software Engineering (TEFSE). The 16 
journal articles originate from 14 different academic jour-
nals. A large number of different sources demonstrates the 
need for this topic in different areas and thus also for sys-
tematic processing by an SLR.

Fig. 3  Topics emerged from the codes including the scope of the research questions
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The most common focus of publications was on novel 
techniques. Case studies or other empirical studies got less 
attention.

5.2  Definition of terms

We identified diverging terminologies in the literature. A 
common understanding of the terminology is necessary for 
later use and to avoid misunderstandings. Figure 5 presents 
the different types of traceability.

A requirements specification (RS) contains all 
requirements (functions, performance, design con-
straints, and other attributes) captured and maintained 

by requirements engineers or analysts at the beginning 
and during a project. It is usually written in natural lan-
guage to be accessible to members of a project such as 
stakeholders, suppliers, etc. [31, 51]. Furthermore, a “[...] 
software requirement specification is traceable if (1) the 
origin of each of its requirements is clear and if (2) it 
facilitates the referencing of each requirement in future 
development or enhancements documentation.” [96]. 
Point (1) refers to pre-RS traceability and (2) to post-RS 
traceability.

Pre-requirements specification (pre-RS) traceability 
“[...] refers to those aspects of a requirement’s life prior 
to inclusion in the RS” [37]. Most of the articles refer to 
this definition. Sometimes pre-RS tracing is also called 
upstream tracing [86]. In contrast, post-RS traceability 
is the ability to trace between requirements and artifacts 
such as source code, tests, etc. that are based on them.

Forward and backward traceability describe the abil-
ity of relative tracing depending on the starting point. In 

the case of pre-RS traceability, forward tracing from a 
source artifact to a requirement “demonstrates how (and 
which) requirements in the RS satisfy individual needs” 
[36]. In contrast, backward traceability is realized by trace 
links referring back to the source of a requirement [1, 10, 
75, 100]. Inter-requirements traceability is the abil-
ity to trace the dependencies between requirements [75]. 
Extra-requirements traceability is realized by trace links 
between requirements and other artifacts. As the descrip-
tion already shows, the different types can overlap [75].

In this way, pre-RS traceability and inter-requirements 
traceability overlap when requirements are refined or 
requirements are revised [22, 34, 75, 100].
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5.3  (RQ1) What are the use cases and benefits 
of pre‑RS traceability?

The analysis of the use cases shows how important it is to 
consider the involved people, the characteristics of a project 
(like size and longevity), the project’s environment, and the 
usage goals of pre-RS trace links to decide on a particular 
and appropriate strategy to realize traceability. Therefore, 
this section starts by presenting different types of users 
(Sect. 5.3.1) and afterward presents use cases and benefits 
(Sect. 5.3.2).

5.3.1  Users applying pre‑RS traceability

Goguen [32] identified three social groups: the client organi-
zation, the requirements team, and the development team. 
Our research focuses on the first two groups because they 
are mainly involved in pre-RS traceability.

Gotel and Finkelstein [37] as well as Ramesh [78] defined 
common user categories. For example, Gotel and Finkel-
stein [36, 37] introduce a distinction between providers and 
end users. Providers are people who can create trace links. 
End users are people who need information provided by 
trace links to do their jobs, but typically cannot create trace 
links. Distributing capability and benefits among different 
people can lead to a problem if the people do not have a 
common understanding. On one hand, providers can create 
trace links but often do not know the intended use of these 
particular trace links. On the other hand, end users do not 
know how to create trace links, but they know the intended 
use. It is a common problem in post-RS traceability, where 
providers usually are developers, and end users are require-
ments engineers. However, the same problem of distributing 
capabilities and benefits also occurs in pre-RS traceability 
when many different analysts, requirements engineers, and 
stakeholders are involved. Especially client organizations are 
typically end users [72]. Client organizations like to know 
which needs are already satisfied. This information can be 
made available using trace links between requirements and 
their source artifacts.

Ramesh [78] distinguishes between low-end and high-
end users. “Low-end users view traceability simply as a 
mandate from project sponsors, whereas high-end users view 

traceability as an important component of a quality systems 
engineering process” [78].

Like Ramesh [78], Mäder et al. [65] made a more detailed 
distinction between users applying traceability based on the 
underlying motivation and practice.

Further categorizations are made by differentiating 
according to function. Therefore, Gotel and Finkelstein 
introduced the roles of the principal agent, author agent, 
and documentor agent in the context of the contribution 
structure [34].

However, low-end versus high-end users differ depending 
on the traceability practice and motivation, while provid-
ers versus end users differ in function and capabilities. The 
combination of these characteristics: traceability practice, 
motivation, function, and capabilities allows for more fine-
grained categories. Table 4 defines and relates these user cat-
egories to each other. The table uncovers a conflict between 
low-end providers and high-end end users if they are part 
of the same project. High-end end users need much more 
information provided by trace links than low-end provider 
creates.

Considering the human factor, individual roles, and tasks 
inside a project is key to deciding on a strategy that realizes 
pre-RS traceability and appropriate tool support. Therefore, 
further investigations are needed on how to customize the 
strategy to the tasks and the roles.

5.3.2  Use cases and benefits

Tables 5 and 6 present all identified use cases and bene-
fits ordered by descending number of codings from top to 
bottom.

Finding the source of a requirement to support under-
standing of the requirement’s content and its context was 
most frequently mentioned as a use case for pre-RS trace-
ability [8, 20, 47, 110] followed by the identification of 
responsible people [1, 4, 34]. Both use cases address the 
problem of “black-box” requirements [34] and clarify 
ambiguous or unclearly described requirements. The ful-
fillment of regulatory compliance or norms is a typical use 
case for traceability of safety-critical systems, but not the 
most frequently mentioned one [4, 65, 89, 100]. Especially 
low-end users mentioned this use case [78].

Table 4  Different traceability user categories and their characteristics

Practice → Function ↓ Low-end user [78] High-end user [78]

Provider [37] Low-end provider: Creates trace links that he needs to cre-
ate Doesn’t know the usage goals of trace links Doesn’t 
know benefits of created trace links

High-end provider: Creates good links Knows the usage 
goals of the trace links Knows benefits of the created 
trace links

End user [36, 37] Low-end end user: Uses trace links minimally Doesn’t see 
all benefits

High-end end user: Uses the links a lot Knows benefits 
Knows how to use trace links for improvements
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Traceability supports change management. Ravichan-
dar et al. [81] describe traceability as “the cornerstone of 
change-management”. This includes pre-RS traceability, 
by tracing backward from requirements to their source. The 
source provides valuable background information, such as 
previous decisions and the persons involved. The knowledge 
about the history of a requirement’s creation and evolution 
can support future decisions [57, 89, 108] and contributes to 
a better understanding of the impact of subsequent require-
ment changes to realize impact analysis [1, 8, 107].

Monitoring RE artifacts based on the information pro-
vided by pre-RS traceability, and deriving knowledge for 
future projects are the most frequently mentioned benefits 
of pre-RS traceability [4, 30, 78, 92, 108]. These benefits are 
strongly related to the identification of reusable requirements 
and best practices to save costs and improve processes.

To analyze the relationship between use cases and 
benefits, we extracted and analyzed overlapping codings. 
This reveals three benefits that are not related to specific 
use cases: revealing tacit knowledge [77, 97, 98], finding 

missing requirements, and finding unnecessary requirements 
[107]. Tacit knowledge plays an important role in creating 
and maintaining an RS, as stakeholders and requirements 
engineers often have more knowledge than they commu-
nicate. Tacit knowledge of requirements engineers flows 
into the RS, but the tacit knowledge of the stakeholder 
often remains hidden. Pre-RS traceability can help discover 
requirements without linked source artifacts by backward 
tracing. These requirements can be based on tacit knowl-
edge [77, 97, 98], or are no longer needed [107]. In contrast, 
finding missing requirements is possible by forward tracing 
based on the stakeholder needs [107]. If a need cannot be 
traced to specific requirements, the corresponding require-
ments may be missing.

Use cases of pre-RS traceability such as change-man-
agement, history tracking, system maintenance, knowledge 
management, etc. become more important the larger and 
more complex the project gets. However, smaller projects 
can benefit from pre-RS traceability as well. Ahmad and 
Ghazali [1] show this in a study of small projects.

More investigations are needed to

• identify relevant characteristics of a project (like size, 
longevity, or type of process) that influence practices 
used for realizing traceability,

• evaluate relationships between use cases and particular 
types of users applying traceability, and

• identify return on investment of pre-RS traceability.

5.4  (RQ2) What are problems and solutions 
of pre‑RS traceability?

Gotel [36] called the “traceability problem” multifaceted 
with many different underlying problems. Providing reliable 
trace information depends on many, and frequently chang-
ing, factors related to a project environment. The “trace-
ability problem” includes pre-RS traceability, which we 
analyzed more closely to collect underlying problems and 
existing solutions in the academic literature.

Tables 7 and 8 present the rankings of the problem and 
challenge and solution and suggestion codes. The ranking 
is based on the number of codings, starting with the most 
frequently coded code.

5.4.1  Problems and challenges

Many traceability problems are people-related. This was 
already recognized during early research and still is an area 
with great research potential today [33, 61, 101]. The most 
frequently mentioned people-related problem is to satisfy 
all involved roles, their interests, and their knowledge [36, 

Table 5  Rankings of use cases of pre-RS traceability

Ranking of use case codes No. of codings

1. Finding source (support understanding) 40
2. Responsibility identification 18
2. Fulfillment of regulatory compliance/norms 18
3. Impact analysis as part of change-management 17
4. Prove fulfillment of stakeholder needs 16
5. Support decision making as part of change-man-

agement
15

6. Getting the state of the RS 11
6. Manage system evolution (Maintaining) 11
6. Keeping track of history/relationships 11
7. Change-management in general 9
8. Knowledge management system 7
9. Requirements negotiations 5
9. Requirements prioritization 5

Table 6  Rankings of benefits of pre-RS traceability

Ranking of benefit codes No. of codings

1. Monitor and gain knowledge for future projects 21
2. Improve product/software quality 13
3. Support reusability of requirements 10
4. Improve communication and collaboration 8
5. Reveal tacit knowledge 4
5. Satisfaction of stakeholders 4
6. Finding missing requirements 2
6. Reduction of maintenance costs 2
6. Finding unnecessary requirements 2
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37, 61, 70, 72, 76, 78–81, 88, 94, 101, 108]. This applies 
to all the different types of users previously described in 
Sect. 5.3.2. The second most frequently mentioned people-
related problem is that trace activities are seen as too much 
work, compared to the seen benefits [4, 25, 36, 37, 42, 62, 
78, 81, 94, 100, 107, 108]. Often the benefits are not known 
to all people involved or the effort and benefits belong to dif-
ferent roles. This kind of distribution appears, for example, 
between providers and end users.

Many of the problems and challenges are related to each 
other. Therefore, we analyzed the overlap between codings 
to reveal significant co-occurrences. One strong correlation 
was identified between the inadequate maintenance of trace 
information and people-related problems. Maintenance tasks 
are often seen as time-consuming activities [4, 62]. Further-
more, it becomes more difficult to maintain requirements 

and trace data if there is no information about a responsible 
person or at least persons involved linked to these particular 
requirements [33, 40]. Losing source artifacts of require-
ments over time leads to inadequate documentation of trace 
information and vice versa. The time-consuming nature of 
maintenance tasks could potentially be reduced through 
automation. However, even if these tactics are employed, 
the lack of error-free (semi-) automation to create trace 
information leads to a lot of manual rework by checking the 
suggested candidate trace links [42, 56, 81, 94, 101, 108].

5.4.2  Consequences of inadequate pre‑RS traceability

RE is a critical part of a software project. A lack of attention 
during creating and maintaining requirements may lead to a 
system that does not meet the stakeholder expectations [10]. 

Table 7  Rankings of problems 
of pre-RS traceability

Ranking of problem and challenge codes No. of codings

1. people-related problems (incl. 6 sub codes) 73
2. Inadequate documentation of trace information (incl. 4 sub codes) 34
3. No/poor maintenance of trace information (evaluation) (incl. 1 sub code) 27
4. No generalization/standards 24
4. Organizational problems (incl. 2 sub codes) 24
5. Tooling problems (incl. 2 sub codes) 18
6. No/poor identification of trace artifacts (incl. 1 sub code) 13
7. No/poor (semi-)automation 12
8. Bad access/presentation of trace information 11
9. Organize unstructured information 10
10. Missing usage goal for traces (incl. 1 sub code) 8
11. No/inadequate support managing large/distributed amount of data 5
11. Poor adaptability for project-specific needs 5
12. No/poor versioning support of traces 4
13. No/poor reusability 2

Table 8  Rankings of solutions 
of pre-RS traceability

Ranking of solutions and suggestions codes No. of codings

1. Solutions regarding trace link specifications (incl. 4 sub codes) 60
2. people-related solutions (incl. 10 sub codes) 50
3. Obtain and record trace information (incl. 7 sub codes) 37
4. Enable valuable visualizations and presentations 18
5. Provide flexible tools/support 17
6. Create/improve the structure of RS (incl. 4 sub codes) 16
7. Improve generic trace model (incl. 2 sub codes) 15
8. Provide fitting storage for traces and data (incl. 1 sub code) 13
9. Organize individual (origin) artifacts 10
10. Establish templates and guidelines 8
11. Maintain trace links and artifacts (incl. 3 sub codes) 7
12. Configurable traceability strategies 3
13. Analyze and consider special attributes 2
14. Support information transfer 1
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Solving requirements issues in the early stage of a project 
can help avoid more expensive problems later and promote 
project success [9, 51, 56]. Pre-RS traceability can avoid 
many problems during the creation and maintenance of RS. 
The following list presents negative consequences of poorly 
or inadequately implemented pre-RS traceability:

• “Black-box” requirements - Requirements without any 
production details, such as previous versions or deci-
sions, “[fail] to support an exploratory approach to [RE] 
in which requirements can emerge and evolve over time.” 
[34]. A lack of production details becomes more critical 
in long-term projects, especially if responsible employees 
change [20, 33].

• Expensive consequences beyond the time frame - If 
requirements issues are not revealed during the creation 
and the maintenance before the implementation starts, it 
becomes more expensive to solve those problems later 
[37, 81]. Studies show that costs can increase five to ten 
times if issues have to be fixed during coding [56].

5.4.3  Solutions and suggestions

The specification of trace link models is the most frequently 
mentioned approach. Figure 6 presents an example of a basic 
trace model and summarizes different element types. Some 
articles present definitions of different types of trace links. 
Typical types of trace links to realize pre-RS traceability are 
rational links and contribution links [25, 39, 79, 108]. The 
types are used, for example, to create reports or to define 
rules for the creation or evaluation of links. Spanoudakis and 
Zisman [94] summarized all different types of trace links, 
but still, there is no standardization in this area.

To identify the relationship between problem codes and 
solution codes, we analyzed the overlap of codings and the 
occurrence of codings to both code types within a document. 
The analysis revealed four frequently addressed problems: 
inadequate maintenance of trace information, inadequate 
documentation of trace information, and two people-related 
problems: different interests/knowledge of different roles 
and too much work. All four problems can be addressed by 
defining trace model specifications and the usage of specific 
techniques for obtaining and recording trace information. 

We identified two different recording types: (a) the recording 
of all available data [36, 60, 74, 76, 110], and (b) the record-
ing of only predefined artifacts also called selective tracing 
[92, 107]. Recording type (a) has to handle a large amount 
of data and recording type (b) requires effort to decide what 
has to be traceable. Researchers developed (semi-)automated 
approaches to reduce the workload and to avoid the loss of 
trace information [4, 39, 41, 42, 75, 76, 94]. The optimal, 
and so far unattained solution is to create correct pre-RS 
trace information as a by-product to reduce the workload and 
avoid the loss of trace and source information.

We have identified three issues that are not addressed by 
any solution and therefore require more research. These are 
the problem of inadequate versioning support of trace 
links, the problem of poor adaptability for project-spe-
cific needs, and the problem of no trust in possibly incor-
rectly created trace links. Adapting a trace strategy for 
different characteristics of the project or an organization is 
still a big challenge [25, 36, 75, 94].

Our literature review shows that it is necessary to develop 
and establish general guidelines and standards. For exam-
ple, to store trace information in an exchangeable file format 
like “Requirements Interchange Format”.1 Such an exchange 
format potentially improves collaboration and information 
exchange inside or across company boundaries, thus increas-
ing the awareness of organizations and users for the topic of 
pre-RS traceability [65, 92, 94, 108, 109].

5.5  (RQ3) What are pre‑RS traceability techniques?

A lot of research has been done to invent various techniques 
(methods, models, etc.) including tools to support pre-RS 
traceability. Out of all 77 articles, 45 articles describe con-
crete techniques for the implementation of traceability, and 
35 papers, out of these 45 papers about techniques, are rel-
evant to answering RQ3. The other papers present solutions 
that build on existing pre-RS traceability techniques [4, 54, 
64] or do not directly link requirements with their source 
[23, 28, 38, 59, 63, 92].

5.5.1  Trace techniques

Each trace technique should consider three aspects [75]:

• Definition of trace link specifies what artifacts to trace 
(incl. source artifact and target artifact). The type of rela-
tionship represents the link between these artifacts.

• Production of trace link describes how and when a trace 
link should be captured. This can be done on-line and 
off-line [65, 108]. Capturing a trace link on-line means 

Fig. 6  Basic trace link model and types

1 https://www.omg.org/spec/ReqIF/1.2/
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storing it automatically during traceability activities as a 
by-product. In the case of pre-RS traceability, a trace link 
to the source document will be stored while creating or 
maintaining a requirement. Capturing a trace link off-line 
means storing the link automatically or manually after 
the source and target artifact are produced. In addition, 
techniques distinguish between full tracing, tracking all 
artifacts, and selective tracing, tracing only a selection 
of predefined artifacts.

• Extraction of trace link provides one or multiple 
mechanisms of getting one or many desired trace links. 
Therefore, trace techniques should be flexible to support 
different use cases. An extraction mechanism can support 
selective tracing (filtering traces by selected patterns or 
characteristics), interactive tracing (browsing, guiding, 
and navigating through a set of trace links), and non-
guided tracing (going from one artifact or a trace link to 
another at will).

Even if maintenance was not explicitly mentioned much, 
we would like to mention it explicitly here as part of the 
extraction and production of trace links. Maintaining trace 
links is essential to preserve traceability and thus the qual-
ity of the RS over the long term. In addition, maintenance is 
very important for working with trace links, because a user 
should be able to rely on a link being up-to-date. When a 
user can no longer do this, they often lose trust in all trace 
links and avoid using them [8, 42, 75, 94, 101, 107, 109]. 
No trust in trace links is one of the people-related problems 
presented in section 5.4.

Differences between techniques
Our investigation of the techniques revealed 16 different 

concepts (or dimensions) that were used to achieve pre-RS 
traceability and that were combined in various ways. These 
concepts can be divided into two groups. The first group 
consists of basic concepts specifically used for traceability 
(Table 9) and the other group consists of the broader basic 
concepts, that were adopted to achieve pre-RS traceability 
(Table 10).

An analysis of the prevalence of these concepts between 
1992 and 2022 shows MDD and PBRT as the most fre-
quently used concepts since 1995 [33]. In contrast, KyBT 
and ontologies have only been in use since 2003 [60, 102]. 
The “youngest” concepts are NLP, Blockchain and KBT [42, 
56, 97, 98]. MDD is a concept that is already being used suc-
cessfully in various areas of software engineering. However, 
lightweight concepts like KyBT or ontologies are easy to 
scale for growing projects, easy to understand, and do not 
require specific predefined rules or models. As a result, they 
are increasingly being used for large projects with many dif-
ferent involved roles [69, 81, 102].

State of evaluation

Analyzing the state of evaluation of all published tech-
niques shows that 16 techniques are evaluated by single-
case case studies, 13 tools were implemented as prototypes, 
and two publications present comparisons with alternative 
approaches. Only six techniques are evaluated by multiple-
case case studies or more extensive evaluations [33, 42, 57, 
74, 81]. To reduce the gap between scientific findings and 
industrial implementation, more extensive evaluations in an 
industry context are required.

5.5.2  Trace tools

We have counted 18 tools that are mentioned throughout 
the articles. DOORS2 and other IBM products play a major 
role in realizing traceability. DOORS is known for manag-
ing requirements, including requirements traceability, and 
is well established in industry [20, 42, 65, 80, 100, 108]. 
Pro-ART, another frequently mentioned tool, focuses on pre-
RS traceability [76, 80]. This tool is well known in research 
but has hardly been used in industry. We observe that tools 
established in the industry are either (a) very adaptable 
and support many tasks of the development process (like 
DOORS) or (b) are implemented specifically for a given 
project, including the integration into the existing tooling 
landscape (like MARS [100]).

6  Discussion

Previous SLRs focus on requirements traceability and report 
on pre-RS traceability only as a sub-topic. Other articles pre-
sent solutions to solve specific aspects of the pre-RS trace-
ability problem. To get an overview of the state-of-the-art 
in pre-RS traceability we conducted an SLR to synthesize 
prior research and draw novel insights by connecting dif-
ferent facets of pre-RS traceability which have been inves-
tigated so far. The code system is presented in Appendix 
B and a previous technical report [83]. The main goal of 
the technical report is to provide related articles on pre-RS 
traceability-related topics for researchers who want to know 
more about particular codes of the code system.

This SLR about pre-RS traceability is based on three 
research questions. The four most used main codes use 
cases and benefits, problems and challenges, solutions and 
suggestions, and trace techniques that emerged mirror the 
objectives of the three research questions, with problems 
and solutions (RQ2) being split into three main category 
codes. One of these categories, however, was surprising. 
We considered the consequences of poor pre-RS traceability 

2 DOORS Overview by IBM: https:// www. ibm. com/ docs/ en/ ermd/9. 
7.0? topic= overv iew- doors

https://www.ibm.com/docs/en/ermd/9.7.0?topic=overview-doors
https://www.ibm.com/docs/en/ermd/9.7.0?topic=overview-doors
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important enough to warrant it being one of the main codes. 
Yet, in the literature we reviewed, we only found evidence 
in five instances of codings. The consequences of neglect-
ing this part of requirement traceability suggest further 
investigation.

Pre- and post-RS traceability are closely interconnected 
aspects of requirements traceability, making it challenging 
to isolate specific pre-RS traceability-related information. 
However, our findings indicate that the majority of identified 
problems are people-related, particularly involving “Differ-
ent interests/knowledge of different roles” and “Too much 

work.” In comparison to post-RS traceability, pre-RS trace-
ability involves a more diverse range of individuals such as 
customers, requirements engineers, product owners, etc., and 
documentation types such as recordings of interviews, meet-
ing protocols, documentation of legacy systems, etc. The 
project environment and company environment emerged as 
two additional influential factors, as revealed by the results 
of RQ1. Consequently, stakeholders and researchers are 
interested in developing standardizations, such as defining 
trace link models (see results of RQ2). Further research is 
required to delve deeper into the influence of factors, includ-
ing human factors, project environment, and company envi-
ronment, in realizing pre-RS traceability. Gaining a better 
understanding of the impact of each factor on pre-RS trace-
ability solutions can aid in the development of strategies that 
incorporate standardizations.

During our analysis, we uncovered 45 articles about tech-
niques supporting pre-RS traceability. 25 approaches were 
evaluated based on a case study, field study, comparison, 
or implemented as prototypes. Six approaches were evalu-
ated by multiple case studies or multiple data sets. Only five 

Table 9  Group 1: Basic concepts specifically used to achieve traceability

Basic traceability-specific concepts Description No. of codings

Keyword/Annotation/Tag-based traceability (KyBT) This technique consists of source and target artifacts or statements linked 
by one word, code, or tag. This technique has become particularly 
common in recent times, as it is often a lightweight and easily scalable 
approach

38

Personnel-based requirements traceability (PBRT) These techniques take people-related behavior and individual intentions 
and roles into focus

31

Simple-link-base traceability (SLBT) Simple-linking-techniques store the trace links between artifacts explic-
itly. It is for example done by an RT matrix

10

Goal-centric traceability (GCT) / Goal-oriented 
Requirements Engineering (GORE)

In the context of pre-RS traceability, it supports trace links between 
requirements and stakeholder goals. GCT can realize the tracing of 
functional and non-functional requirements

8

Value-based requirements traceability (VBRT) Like FORT, VBRT is used mostly to trace functional requirements. This 
technique distinguishes between requirements that are valuable to trace 
and requirements with less value to trace. This type of selective tracing 
reduces the effort by 35% compared to full tracing [100]

6

Feature-oriented requirements traceability (FORT) FORT is used for tracing functional requirements. It is a type of selective 
traceability based on feature prioritization

5

Event-based traceability (EBT) EBT is based on the “publish-subscribe” mechanism and handles func-
tional and non-functional requirements. For example, this technique 
creates trace links after a change request is executed

5

Decision-based traceability (DCT) This technique focuses on decisions made about the architecture or func-
tions within a software project and creates or maintains trace links

4

Rule-based approach (RB) Reducing cost and increasing efficiency can be achieved by using rule-
base traceability approaches. RB supports functional and non-functional 
requirements and is based on predefined rules about structures and clas-
sifications when a trace link should be created

3

Artifact-based requirements traceability (ABRT) This technique is based on existing relationships between artifacts or dif-
ferent versions of artifacts

3

Knowledge-based traceability (KBT) Based on historical changes, knowledge-based traceability uncovered 
relationships and potential change impacts and applies the knowledge to 
create and maintain future trace links

1

Table 10  Group 2: Basic concepts adopted to achieve traceability

Basic concepts No. of codings

Model-driven development (MDD) 40
Natural language processing (NLP) 20
Ontology 12
Graph 6
Blockchain 1



 Requirements Engineering

papers had elaborate evaluations. The exclusion of articles 
without significant evaluation would therefore have led to a 
considerable loss of information.

Leveraging Artificial Intelligence (AI) to enhance RE is 
a well-explored research domain that is gaining increased 
attention due to the rapid advancements in AI technolo-
gies [18]. While Kaur et al. [55] provide a comprehensive 
review of AI techniques for various RE tasks, they do not 
specifically address pre-RS traceability. The absence of AI 
in the presented techniques in subSect. 5.5.1 may be attrib-
uted to the current limitation in extracting precise pre-RS 
trace links. Inaccurate and faulty links contribute to users’ 
lack of trust in these trace links, as discussed in Sect. 5.4.1. 
However, given the rapid advancement of AI technology, 
future research is warranted in this area to address these 
challenges[17].

Even though we have found plenty of benefits and use 
cases laid out repeatedly in the articles (Sect. 5.3) still there 
exists a large gap between scientific solutions and industry 
practice for pre-RS traceability [42, 108]. Furthermore, there 
are not enough evaluations in the context of industry pro-
jects. Many case studies do not correspond to the size of real 
projects [42, 108]. Much more research has to be done in 
analyzing current industry practices and how new solutions 
can be applied. However, it is not only research that should 
be following the industry, but the industry should also be 
open to new approaches and the corresponding additional 
effort required to apply them.

6.1  Future research topics

We conceive the following future research topics:

• Influencing factors for trace strategy: Despite the 
extensive research on pre-RS trace techniques, a com-
mon ground or denominator remains elusive to develop 
a trace strategy. Therefore, further investigation is needed 
to identify the influencing factors that a successful pre-
RS trace strategy must consider. This includes explor-
ing the human factor and the project environment, such 
as project characteristics (size, longevity, process type). 
Our research [83] investigates the influencing factors and 
adds insights based on a qualitative survey.

• ROI of pre-RS traceability: Kaindl et al. [50] already 
recommended investigating the economics of RE to 
narrow the gap between scientific research and indus-
try implementation. This also applies to pre-RS trace-
ability. As we have shown in Sect. 5.4.2, there is little 
research on the impact of missing pre-RS traceability or 
developed trace strategies that provide concrete metrics. 
The development and application of metrics to meas-
ure improvements and the return on investment (ROI) 
of specific pre-RS trace strategies would help determine 

the value of pre-RS traceability within projects. Under-
standing the ROI can also serve as a persuasive argument 
for industry partners to adopt and enhance pre-RS trace-
ability strategies and techniques.

• Standardized set of trace attributes and link types: As 
demonstrated in Sect. 5.4.3, the definition of a trace link 
model already tackles certain issues. Further exploration 
of the various link types and attributes can serve as the 
foundation for a standardized set of trace information. A 
standardized set would facilitate cross-project and cross-
company collaboration, promote knowledge exchange, 
and enhance the reusability of trace information.

• Version support for trace attributes and links: As 
projects evolve, maintaining up-to-date trace informa-
tion becomes crucial but is a challenge so fare [65, 108]. 
Developing proper version support for trace information 
can assist in evaluation, preserve valuable experience, 
support future decision-making, and contribute to knowl-
edge management.

• Evaluation of trace techniques: As presented in sub-
Sect. 5.5.1, the state of evaluation of techniques in an 
industry context can be improved. Further evalua-
tion studies in an industrial project can narrow the gap 
between research and industrial practice.

7  Threats to validity

To identify and address threats to validity we build on Zhou 
et al. [111].

Construct validity
Based on much literature about requirements traceabil-

ity, we found that pre-RS traceability is an important topic 
that is often only mentioned as a sub-topic. However, a lot 
of literature reported on techniques that implement pre-RS 
traceability. To dive deeper into this topic we created three 
research questions. Although we focused on the topic of 
pre-RS traceability, our questions cover a broad view of use 
cases, problems, solutions, and techniques. We want to use 
this to create and provide a good basis for further research. 
It is possible that detailed information is inadequately 
addressed, necessitating further research for in-depth explo-
ration. This includes the discussion of various person-related 
issues or the further exploration of AI for pre-RS tractability, 
for instance.

Construct confounding is a possible threat to construct 
validity that is especially prevalent in an SLR because 
multiple authors may use differing terminology for the 
same constructs. To address this challenge we created the 
code “Pre-RS traceability general” consisting of subcodes 
to collect definitions and trace types. Together with the 
code “Requirements traceability”, which collects informa-
tion about positioning pre-RS traceability in the field of 
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requirements traceability, we explicate our definitions of 
relevant constructs in Sect. 5.2 and relate them to the terms 
found throughout the SLR. This section should create a com-
mon understanding to address the research questions in the 
following sections.

Internal validity
Requirements traceability including pre-RS traceability 

is an area where a lot of research is going on. Since we also 
chose our research questions more broadly, we opted for 
a keyword search rather than formulating a more detailed 
query. Due to the possibly varying terminology used, the 
selection of search terms may not cover all relevant articles. 
We addressed this through snowballing by backward and 
forward searches to identify more relevant articles. In this 
way, we also considered articles that were not available in 
one of the four databases selected at the beginning. However, 
articles that used different terminology and was not cited 
within the set of selected papers may still be missing from 
our sample even though it may be relevant. The chance of 
this occurring is particularly high for newer, less frequently 
cited papers. Newer papers using differing terminology were 
still included though if they cited one of the selected papers 
due to the forward search in our snowballing approach. To 
ensure that we only included high-quality literature and by 
following best practices, we only included peer-reviewed lit-
erature. This means that relevant blog articles about pre-RS 
trace techniques and experiences, for example from industry, 
are not taken into account.

As mentioned in the previous Sect. 6, a challenge is to 
distinguish papers about pre-RS traceability and require-
ments traceability in general. This was particularly difficult 
in the selection of papers on certain techniques to realize 
pre-RS traceability. Therefore, we selected only papers about 
techniques to trace between requirements specification and 
source artifacts. Where the source artifact is represented by 
different instances of stakeholder information such as the 
name of the stakeholder, a note about a reason, or a docu-
ment about a standard.

External validity
We included articles published between 1992 and 2022. 

Articles published outside of this period may affect the gen-
eralizability of the SLR results. Most of the papers come 
from the field of software development because the topic is 
particularly present there. Nevertheless, the topic of pre-RS 
traceability is also relevant for the development of hardware. 
Especially with safety-critical hardware, where standards 
must be taken into account. In our research, we focused on 
the creation of RS and not on the creation of user stories 
which are typically forms to document requirements in agile 
projects. Realizing pre-RS traceability when creating and 
maintaining user stories entails further challenges in terms 
of the speed of information [12, 95]. Unfortunately, we can-
not make any statements about pre-RS traceability in the 

context of hardware-related projects or creating user stories, 
but only provide transferable information. Further research 
is needed at this point.

Conclusion validity
The degree to which the conclusions about the relation-

ships between our results and the research questions are 
valid relies on the adherence to established research methods 
and a good fit of the research design to the research ques-
tions. To that end, the whole research process was defined 
and documented by a research protocol, serving as an audit 
trail. The research protocol was continuously reviewed by 
an experienced researcher within peer debriefing sessions.

8  Conclusion

Pre-requirement specification (pre-RS) traceability is the 
ability to link requirements to their source. Knowledge 
about requirements creation and who was involved in it can 
have a significant impact on project success. Therefore, we 
conducted an SLR about pre-RS traceability to provide an 
overview of the state-of-the-art. Compared to post-RS trace-
ability, we found significantly less research was done spe-
cifically on pre-RS traceability. Pre-RS traceability is often 
mentioned as a sub-topic in previous SLRs on requirements 
traceability.

To structure our research we developed three research 
questions to capture information about use cases, benefits, 
problems, and current solutions. We included the conse-
quences of inadequate pre-RS traceability mentioned in 
the articles to enrich this topic because it is often seen as 
a requirements trace activity with high effort and compara-
tively few benefits.

We used qualitative data analysis (QDA) to process 77 
relevant papers. The resulting code system, including all ref-
erences, is presented in the previously published technical 
report [83] and Appendix B.

Since we have identified slightly different definitions of 
terms, the article presents the definitions that emerge from 
the common consensus of previous research.

The development of a suitable pre-RS trace strategy is a 
significant challenge. Three influencing factors have to be 
considered the environment, the users, and the usage goal 
of trace links. The most frequently mentioned problems are 
related to the trace user, such as accommodating different 
interests of different roles or doing too much work for unseen 
benefits. More research is needed to address these problems. 
Much more research has been done in developing techniques 
to support pre-RS traceability. But still, there exists a gap 
between scientific solutions and industry implementations. 
This work exposes this gap and recommends further research 
directions to narrow this gap.
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Appendix A List of included articles

The list of included articles is sorted alphabetically. The 
table of articles, descried in Sect. 4.4, is present as docu-
ment [73].

Leite and Oliveira [61] A client-oriented requirements 
baseline
Botaschanjan et al. [7] A conceptual model for require-
ments engineering and management for change-inten-
sive software
España et al. [27] A domain specific language for data-
centric infographics
Glinz [31] A glossary of requirements engineering ter-
minology
Dubois et al. [22] A Model for Requirements Traceabil-
ity in a Heterogeneous Model-Based Design Process: 
Application to Automotive Embedded Systems
El Ghazi and Assar[25] A multi-view-based traceability 
management method
Wood et al. [110] A multimedia approach to require-
ments capture and modeling
Nair et al. [66] A review of traceability research at the 
requirements engineering conferencere@21
Serrano anf do Prado Leite [88] A rich traceability 
model for social interactions
Winkler and Pilgrim [108] A survey of traceability in 
requirements engineering and model-driven development
Bouillon et al. [8] A Survey on Usage Scenarios for 
Requirements Traceability in Practice
Tufail et al. [101] A systematic review of requirement 
traceability techniques and tools
Jayatilleke and Lai [47] A systematic review of require-
ments change management
Hayes et al. [42] Advancing candidate link generation 
for requirements tracing: the study of methods
Urrego-Giraldo [102] Agent-based knowledge keep 
tracking
Lee et  al. [60] An Agile Approach to Capturing 
Requirements and Traceability
Gotel and Finkelstein [37] An analysis of the require-
ments traceability problem
Rempel et al. [82] An empirical study on project-spe-
cific traceability strategies
Pinheiro and Goguen [74] An object-oriented tool for 
tracing requirements
Souali et al. [91] An overview of traceability: Defini-
tions and techniques
Souali et al. [92] An Overview of Traceability: Toward 
a general multi-domain model
Espinoza et al. [28] Analyzing and Systematizing Cur-
rent Traceability Schemas

Ossher et al. [70] Business insight toolkit: Flexible pre-
requirements modeling
Wohlrab et al. [109] Collaborative Traceability Manage-
ment: Challenges and Opportunities
Gotel and Finkelstein [33] Contribution structures 
[Requirements artifacts]
Cleland-Huang et al. [15] Decision-Centric Traceability 
of architectural concerns
Ahmad and Ghazali [1] Documenting Requirements 
Traceability Information for Small Projects
Stone and Sawyer [97] Exposing Tacit Knowledge via 
Pre-Requirements Tracing
Gotel and Finkelstein [35] Extended requirements trace-
ability: results of an industrial case study
Ramesh [78] Factors influencing requirements traceabil-
ity practice
Weber-Jahnke and Onabajo [104] Finding Defects in 
Natural Language Confidentiality Requirements
Ossher et al. [71] Flexible modeling tools for pre-require-
ments analysis: conceptual architecture and research chal-
lenges
Kitapci and Boehm[57] Formalizing Informal Stake-
holder Decisions–A Hybrid Method Approach
Liang et al. [62] From collective knowledge to intelli-
gence: pre-requirements analysis of large and complex 
systems
Rocky et al. [85] Hierarchical Permissioned Blockchain 
and Traceability Of Requirement Changes
Aleixo et al. [3] Identification and classification of bar-
riers and benefits of requirements traceability in project 
development
Stone and Sawyer [98] Identifying tacit knowledge-based 
requirements
Imtiaz et al. [46] Impact Analysis from Multiple Perspec-
tives: Evaluation of Traceability Techniques
Hayes et al. [41] Improving requirements tracing via 
information retrieval
Kaufmann and Riehle [53] Improving Traceability of 
Requirements Through Qualitative Data Analysis
Shukla et al. [89] Integrated requirement traceability, 
multiview modeling, and decision-making: A systems 
engineering approach for integrating processes and prod-
uct
Gacitua et al. [77] Making Tacit Requirements Explicit
Mohan and Ramesh [64] Managing variability with trace-
ability in product and service families
Mäder et al. [65] Motivation Matters in the Traceability 
Trenches
Assawamekin et al. [5] Ontology-based multiperspective 
requirements traceability framework
Ravichandar et al. [81] Pre-Requirement Specification 
Traceability: Bridging the Complexity Gap through 
Capabilities
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Pohl [76] PRO-ART: enabling requirements pre-trace-
ability
Sawyer et al. [86] Profiling and Tracing Stakeholder 
Need
He and Li [43] RE_PROV: Modeling Requirement Prov-
enance with PROV
Al-walidi et al. [2] Recommender Systems in Require-
ments Engineering: A Systematic Literature Review
Chikh and Aldayel [11] Reengineering Requirements 
Specification Based on IEEE 830 Standard and Trace-
ability
Grunbacher et al. [38] Repeatable quality assurance tech-
niques for requirements negotiations
Dick et al. [20] Requirements Engineering (Fourth Edi-
tion)
Finkelstein [30] Requirements engineering: a review and 
research agenda
Gotel [36] Requirements Traceability
Pinheiro [75] Requirements Traceability
Castro et al. [10] Requirements Traceability in Agent-
Oriented Development
Wibowo and Davis [106] Requirements Traceability 
ontology to support requirements management
Torkar et al. [100] Requirements traceability state-of-the-
art: a systematic review and industry case study
Ramesh et al. [80] Requirements traceability: Theory and 
practice
Gotel and Finkelstein [34] Revisiting requirements pro-
duction
Wiegers and Beatty [107] Software requirements
Spanoudakis and Zisman [94] Software traceability: a 
roadmap
Duggal et al. [23] SRS Automator - An Attempt to Sim-
plify Software Development Lifecycle
Panis [72] Successful Deployment of Requirements 
Traceability in a Commercial Engineering Organization...
Really
Kaufmann and Riehle [54] The QDAcity-RE method for 
structural domain modeling using qualitative data analy-
sis
Ramesh and Jarke [79] Toward reference models for 
requirements traceability
Haidrar et  al. [39] Toward a generic framework for 
requirements traceability management for SysML lan-
guage
Laurent et al. [59] Toward Automated Requirements Tri-
age
Nair et al. [67] Traceability Research at the Requirements 
Engineering Conference: Results and Extracted Data
Bashir and Qadir [6] Traceability techniques: A critical 
study
Hao and Jaafar [40] Tracing user interface design pre-
requirement to generate interface design specification

Kitapci and Boehm [56] Using a Hybrid Method for For-
malizing Informal Stakeholder Requirements Inputs
Ossher et al. [69] Using tagging to identify and organize 
concerns during pre-requirements analysis
Altaf et al. [4] Visualization representing benefits of pre-
requirement specification traceability
Lohmann et al. [63]Web Platform for Social Require-
ments Engineering
Kannenberg and Saiedian [52] Why software require-
ments traceability remains a challenge.

Appendix B Code System

The codes of the first level of the code system are arranged 
according to topic, and the codes of the sub-level are 
arranged according to the descending number of the cod-
ings. The code system including further descriptions and 
references is presented in our technical report [83]. 

L1 Requirements Traceability (Codings: 5)
L1 Pre-RS traceability general (Group code)

L2 Definition/Descriptions (Codings: 20)

L3 Including inter-requirements traceability (Cod-
ings: 4)

L3 Exclude inter-requirements traceability (Cod-
ings: 2)

L2 Delimitation of Types (Codings: 15)

L3 Inter-requirements traceability (Codings: 6)
L3 Pre-RS forwards traceability (Codings: 5)
L3 Pre-RS backwards traceability (Codings: 5)
L3 Requirement-Stakeholder/Roles (Codings: 3)
L3 Requirement-Rationale (Codings: 3)
L3 Vertical traceability (Codings: 2)
L3 Upstream (Codings: 2)
L3 Multiplicity between origin and target (Codings: 

2)
L3 Horizontal traceability (Codings: 2)
L3 Non-functional tracing (Codings: 1)
L3 Functional tracing (Codings: 1)
L3 Extra-requirements traceability (Codings: 1)

L2 Traceability activities (Codings: 7)

L1 Users applying pre-RS traceability (Codings: 4)

L2 User types by motivation/practice (Codings: 3)

L3 High-end user (Codings: 10)
L3 Low-end user (Codings: 8)
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L2 End-user (Codings: 3)
L2 Provider (Codings: 3)

L1 Use cases and benefits (Group code)

L2 Use cases (Group code)

L3 Finding Source (support understanding) (Cod-
ings: 40)

L3 Responsibility identification (Codings: 18)
L3 Fulfilment of regulatory compliance/norms 

(Codings: 18)
L3 Prove fulfilment of stakeholder needs (Codings: 

16)
L3 Getting state of RS (Codings: 11)
L3 Manage system evolution (maintaining) (Cod-

ings: 11)
L3 Keeping track of history/relationships (Codings: 

11)
L3 Change-management (Codings: 9)

L4 Impact Analysis (Codings: 17)
L4 Capture and support decisions (Codings: 

15)

L3 Knowledge management system (Codings: 7)
L3 Requirements prioritization (Codings: 5)
L3 Requirements negotiations (Codings: 5)

L2 Benefits (Group code)

L3 Monitor and gain knowledge for future (Cod-
ings: 21)

L3 Improve Product/SW quality (Codings: 13)
L3 Support reusability of requirements (Codings: 

10)
L3 Improve communication and collaboration 

(Codings: 8)
L3 Satisfaction of stakeholders (Codings: 4)
L3 Reveal tacit knowledge (Codings: 4)
L3 Finding missing requirements (Codings: 2)
L3 Reduction of maintenance costs (Codings: 2)
L3 Finding unnecessary requirements (Codings: 2)

L1 Problems and challenges (Codings: 5)

L2 Person-related problems (Codings: 4)

L3 Different interests/knowledge of different roles 
(Codings: 24)

L4 Fear of disclosure (Codings: 3)

L3 Too much work (vs benefits) (Codings: 22)

L3 No trust in traces (Codings: 7)
L3 Responsibility problem (Codings: 7)
L3 No immediate benefit seen (Codings: 4)
L3 Subjective or idealized traces (Codings: 2)

L2 Inadequate documentation of trace information 
(Codings: 6)

L3 Tacit knowledge or unnoticed links (Codings: 
11)

L3 Ad-hoc effort (Codings: 9)
L3 No documentation of verbal communication or 

interaction (Codings: 5)
L3 Lack verifying correctness, completeness (Cod-

ings: 3)

L2 No/poor maintenance of trace information (evalua-
tion) (Codings: 16)

L3 Path ephemerality problem (Codings: 11)

L2 No generalization/standards (Codings: 24)
L2 Organizational problems (Codings: 8)

L3 Collaboration across boundaries (Codings: 9)
L3 Low priority of traceability (Codings: 7)

L2 Tooling problems (Codings: 8)

L3 Exchange between tools (Codings: 3)
L3 Limited support for interaction or collaboration 

(Codings: 2)

L2 No/poor identification of trace artifacts (Codings: 9)

L3 No/poor connecting different object types (Cod-
ings: 3)

L3 Heterogneity of terms (Codings: 1)

L2 No/poor (semi-)automation (Codings: 12)
L2 Bad access/presentation of trace information (Cod-

ings: 11)
L2 Organize unstructured information (Codings: 10)
L2 Missing usage goal for traces (Codings: 5)

L3 Trace Path Suitability Problem (Codings: 3)

L2 No/inadequate support managing large/distributed 
amount of data (Codings: 5)

L2 Poor adaptability for project-specific needs (Cod-
ings: 5)

L2 No/poor versioning support of traces (Codings: 4)
L2 No/poor reusability (Codings: 2)
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L1 Consequences of poor pre-RS traceability (Codings: 
5)

L1 Solutions and suggestions (Codings: 1)

L2 Solutions regarding trace link specifications (Cod-
ings: 8)

L3 Distinction of different link types (Codings: 46)

L4 Support of non-functional requirements 
trace types (Codings: 2)

L3 Support different object types (Codings: 8)
L3 Define trace content (Codings: 4)

L2 Person-related solutions (Group code)

L3 Support collaborative work and communication 
(Codings: 8)

L4 Support different involved (social) roles 
(Codings: 11)

L4 Provide contact information (Codings: 2)

L3 Increase awareness of traceability need (Cod-
ings: 11)

L4 Establish new trace responsibility role (Cod-
ings: 5)

L4 Provide immediate benefits to increase moti-
vation (Codings: 2)

L4 Provide immediate benefits to increase moti-
vation (Codings: 2)

L3 Guide user to create trace link (Codings: 7)
L3 Support of flexible use (Codings: 1)
L3 Need Understanding by Stakeholder (Codings: 

1)

L2 Obtain and record trace information (Codings: 5)

L3 Support (semi-)automatic Trace-Link capturing 
(Codings: 9)

L3 Predefined trace information (Codings: 6)
L3 Support large trace sets (Codings: 5)
L3 Description-fields on requirement (Codings: 2)
L3 Recording types (Group code)

L4 Record all available information (Codings: 
8)

L4 Priority traceability (Codings: 2)

L2 Enable valuable visualizations and presentations 
(Codings: 18)

L2 Provide flexible tools/support (Codings: 17)
L2 Create/improve the structure of RS (Codings: 1)

L3 Hierarchical structuring of requirements (Cod-
ings: 6)

L3 Classification/categorization of Requirements 
(Codings: 3)

L3 Highlight of key requirements (Codings: 3)
L3 Highlight of key requirements (Codings: 3)

L2 Improve generic trace model (Codings: 4)

L3 Define a Traceability Schema (Codings: 8)
L3 Define trace preconditions (Codings: 3)

L2 Provide fitting storage for traces and data (Codings: 
4)

L3 Establish central storage or repository (Codings: 
9)

L2 Organize individual (origin) artifacts (Codings: 10)
L2 Establish templates and guidelines (Codings: 8)
L2 Maintain trace links and artifacts (Codings: 2)

L3 Design a modular viable (trace) system (Cod-
ings: 3)

L3 Establish periodically audits/quality checks 
(Codings: 1)

L3 Notify responsible person in case of change 
(Codings: 1)

L2 Configurable traceability strategies (Codings: 3)
L2 Analyze and consider special attributes (Codings: 2)
L2 Support information transfer (Codings: 1)

L1 Trace techniques (Codings: 2)

L2 Distinction based on traceability types (Group code)

L3 Personnel-based RT (Codings: 5)

L4 Contribution structure (Codings: 14)
L4 Agent-Based Knowledge (Codings: 9)
L4 Usage Centered Technique approach (Cod-

ings: 3)

L3 Simple traceability links (Codings: 2)

L4 RT Matrix (Codings: 7)
L4 Hyper-linked documents (Codings: 1)

L3 Goal-centric traceability (GCT) (Codings: 8)
L3 Value-based RT (VBRT) (Codings: 6)



 Requirements Engineering

L3 Feature-oriented RT (FORT) (Codings: 5)
L3 Event-based RT (EBT) (Codings: 5)
L3 Decision-based Traceability (DCT) (Codings: 

4)
L3 Rule-based approach (RB) (Codings: 3)
L3 Artifact-based RT (Codings: 3)
L3 Knowledge-based techniques (Codings: 1)

L2 Model-Driven Development (Codings: 2)

L3 Meta Models (Codings: 24)
L3 Concept Model (Codings: 8)
L3 Hypertext model (Codings: 5)
L3 Richer traceability Model (Codings: 1)

L2 Connection by codes/words/tags (Group code)

L3 Qualitative Data Analysis (Codings: 19)
L3 Tagging (Codings: 10)
L3 Capabilities-based development (Codings: 7)
L3 Blockchain (Codings: 3)

L2 Natural language processing (NLP) (Codings: 16)

L3 Latent Semantic Analysis (LSA) (Codings: 3)
L3 Shallow NLP (Codings: 1)

L2 Trace model aspects (Codings: 1)

L3 Link production (Codings: 5)

L4 on-line (Codings: 4)
L4 off-line (Codings: 1)

L3 Definition of trace (Codings: 3)
L3 Link extraction (Codings: 2)

L2 Ontology (Codings: 12)
L2 Graphs (Codings: 6)

L1 Traceability tool (Codings: 5)

L2 From IBM (Group code)

L3 Doors (Codings: 8)
L3 Rational RequisitePro (Codings: 4)
L3 MARS (Codings: 1)

L2 Requirements tracing on-target (RETRO) (Codings: 
5)

L2 Traceability of Object-Oriented Requirements 
(TOOR) (Codings: 5)

L2 Business Insight Toolkit (BITKit) (Codings: 3)

L2 Advanced Multimedia Organizer for Requirements 
Elicitation (Codings: 2)

L2 Echo (Codings: 2)
L2 Pro-ART (Codings: 2)
L2 Information Engineering Facility (IEF) (Codings: 2)
L2 Requirements Traceability Manager (RTM) (Cod-

ings: 2)
L2 Hyperledger Fabric (Codings: 1)
L2 Integrated System Design TOOL (ISDT) (Codings: 

1)
L2 SuperTracePlus (STP) (Codings: 1)
L2 TRAM (Codings: 1)
L2 DesignTrack (Codings: 1)
L2 Teamcenter Systems Engineering tool (TcSE) (Cod-

ings: 1)
L2 Tool combinations (Codings: 1)
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