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Abstract

As the boundaries of the Requirements Engineering (RE) discipline keep expanding, deciding on which
contents a course or module should include has become challenging. In absence of an agreed-upon
syllabus for RE higher education, we take a step back and conduct a study that aims at identifying threshold
concepts: a subset of the core RE concepts that, when mastered, are expected to let the learner make a
leap in the understanding of the discipline. Through a two-phase mixed-methods design, consisting of
individual semi-structured interviews followed by two focus groups to achieve consensus, we identified
two threshold concepts as well as seven candidate ones. The two threshold concepts pertain to pillars of
the RE discipline: understanding that RE is a co-creation process between analysts and stakeholders, and
the importance of eliciting goals for uncovering the stakeholders’ true needs.
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1. Introduction

The boundaries of the Requirements Engineering (RE) discipline keep expanding. First, the
community has long acknowledged the influence from and the adaptation of techniques from
various disciplines like social sciences [1]. Second, RE has been proposed for system types that
go beyond software, including socio-technical [2], self-adaptive [3], cyber-physical [4], and
artificial intelligence [5, 6]. Third, RE sources have expanded, moving from RE as specification
document-centric (encoded in standards like IEEE’s [7]), to a view where requirements originate
from heterogeneous sources including agile artifacts [8] and online user feedback [9].

In this dynamic context [10], and given the wide range of existing viewpoints on the discipline,
testified by the many textbooks such as [11, 12, 13], RE educators are confronted with the difficult
selection of the contents to include in a given module or course, within the constraints given by
the students’ background, the surrounding curriculum, the course duration, etc.

While the situation for RE professionals training is somewhat more established and mature,
also thanks to the existing syllabi defined by organizations such as the International Require-
ments Engineering Board (IREB), there is a lack of a standardized RE curriculum for higher
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education, as demonstrated by the systematic literature review by Ouhbi and colleagues [14].

In this paper, we take a step toward this end by putting forward the following research
question (RQ): What are the threshold concepts [15] that, when mastered, allow a learner to
progress to a deeper understanding of the RE discipline?

We decided to investigate threshold concepts (TCs), rather than focusing on specific intended
learning outcomes, topics, or techniques, because such ‘big ideas’ are expected to define the
essential building blocks for learners to advance within a field. They are a subset of the core
concepts, which are important but do not necessary lead to a learning leap.

The presented TCs originate from university-level RE teachers, who participated in two phases:
(1) six teachers identified potential TCs, and (2) seven evaluated these concepts’ transformative
and troublesome characteristics. Employing a mixed-methods design, we used semi-structured
interviews in the first, divergent phase and a modified Nominal Group Technique (NGT) for
consensus-building in the second, convergent phase.

The rest of paper is structured as follows. We first introduce the notion of TCs in Section 2.
Then, we outline our research method in Section 3. We review the identified TCs in Section 4,
and finally present discussion and outlook in Section 5.

2. Background: Threshold Concepts

Meyer et al. [15] found that, in the field of economics, there are certain moments in the program
where students are generally getting stuck. Yet, these troublesome points are often considered
essential for a deeper understanding of the subject. They described these moments as “thresh-
olds”, because understanding them is like crossing a portal; once understood properly, they
fundamentally change one’s perception of the subject and unlock deeper understanding.

They posit that TCs exist in any discipline, just like there are core concepts. While both
concept types are required to understand a subject, TCs lead to a qualitatively different view
of the subject matter or a new level of understanding, whereas core concepts do not. TCs
are a subset of core concepts that have transformative power [16]. To distinguish TCs from
core concepts, Meyer et al. [15] identified five characteristics that TCs are likely to have:
transformative; probably irreversible; integrative; often bounded; and potentially (and possibly
inherently) troublesome.

There is still debate on whether all these characteristics are necessary for a core concept to
be a threshold one. However, the literature advocates that two of them—transformative and
troublesome—are the most influential in determining the learning success or failure and are the
easiest to measure [17, 18]. We focus on those two in this research (definitions from [15]):

« Transformative: Once understood, a threshold concept causes the learner to experience a
shift in perception or way of understanding a subject;

« Troublesome: A threshold concept is generally hard to grasp because it involves trouble-
some knowledge, which may be conceptually difficult, alien, tacit, inert, or ritual.
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3. Research Method Outline

As explained in the introduction, informed by the review of Correia et al. [18], we designed our
study as a two-stage approach with inputs from university-level RE teachers. We first followed
a divergent approach (Section 3.1), where we conducted six semi-structured interviews with
teachers to propose potential TCs. Then, we used a modified NGT to evaluate these concepts
based on the transformative and troublesome characteristics (Section 3.2).

3.1. Phase 1 (divergent): Semi-structured interviews

The first phase aimed to elicit individual experiences and insights into potential TCs for RE,
while avoiding the risk of group dynamics such as dominant voices limiting others’ input [19].
We identified participants based on their profiles with the requirement of having at least three
years of teaching experience in RE at the university level. Thus, they were selected for their
suitability and relevance to this study. In total, six expert teachers, two women and four men,
participated, having affiliations with computer science and software engineering departments
of universities in Germany (3), Italy (1), Sweden (1) and Switzerland (1). Their RE teaching
experience ranged from 6-7 years to almost 30 years. To guide our interviews, we relied on
the Content Representation form by Loughran et al. [20], which we modified to fit our specific
needs by combining elements from Loughran’s original eight questions with questions from
the transactional curriculum inquiry [21]. Table 1 shows the interview protocol we followed.
For accessibility reasons, we used the term big ideas rather than TCs. We acknowledge that
the two are not identical (although closely related); however, not all teachers are familiar with
the TC theory, so using the term big ideas encourages them to share what they perceive as
important in RE without worrying about the precise definition. This approach allows teachers
to express ideas more freely, without the need to evaluate whether these concepts meet the
specific characteristics of TCs.

Table 1
The semi-structured interview protocol we used in Phase 1.

0. What do you consider to be the Big Ideas in teaching Requirements Engineering?

For each Big Idea:

1. Why is it important for students to know this idea?

2. What do you intend the students to know about this idea?

3. To what extent is mastery of this idea troublesome?
3.1 What misunderstandings do students characteristically exhibit?

4. In what way can mastery change the learner’s perception of the subject?

5. How do you typically teach this idea (and what are the particular reasons for using these to
engage with this idea)?

3.2. Phase 2 (convergent): Nominal Group Technique

To ensure the educational value of the identified concepts and avoid the risk of identifying
a great number of TCs with little agreement, we followed the reasoning of Barradell [17]
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and used the NGT as consensus-building approach. Given the participants’ diverse locations,
we conducted the NGT online, using Microsoft Teams as online videoconferencing tool. To
evaluate the proposed TCs and gather diverse perspectives, we recruited a new group of expert
RE teachers. In this phase, seven teachers, two women and five men, participated, having
affiliations with computer science and software engineering departments of universities in the
Netherlands (3), United Kingdom (1), Italy (1), Sweden (1) and Germany (1). To maximize the
contribution of each participant [22], they were divided into two smaller groups, one with four
participants and the other with three. Each group followed a structured protocol, based on an
adapted version of NGT, consisting of the following steps:

1. Introduction, to inform the participants on study objectives and session protocol.

2. Clarification, to reach a shared understanding of each of the proposed TCs.

3. Explanation, to outline the TC theory, with emphasis on the two criteria.

4. Voting, to collect each participant’s individual perception of the transformative nature of
each proposed concept by rating it on a 4-point Likert scale (1 = disagree, 4 = agree).

5. Discussion on the aggregate scores, with focus on highly rated concepts, concepts with
inconsistent ratings, any concepts perceived as over- or under-rated.

6. Voting, to collect each participant’s individual perception of how troublesome each concept
is, using the same rating process of step 4.

We considered concepts as meeting the transformative or troublesome characteristics if and
only if they had only ‘(somewhat) agree’ ratings, with at most one ‘somewhat disagree’ rating.

4. ldentified Threshold Concepts

The first phase led to eighteen candidate TCs. Out of these, after the discussion and voting in the
second phase, nine concepts were retained. For two concepts, the participants agreed on both
the transformative and troublesome characteristics (see Section 4.1); for the remaining seven,
the participants agreed only on transformativeness (see Section 4.2). The eighteen concepts and
their ratings are in our online appendix [23].

4.1. The two pillars: transformative and troublesome

TC1: Stakeholders’ desires and needs are not merely discovered, but actively shaped into precise
requirements through a co-creation process.

Our participants found that students often believe that requirements are in the stakeholders’
heads, and just need to be collected by asking them what they want. However, the realization that
RE is not a passive task, but an active, collaborative process can change the students’ perception.
Both stakeholders and requirements engineer(s) work together to shape the requirements, which
may lead to different outcomes compared to a requirements engineer acting as a passive recorder.
As one participant stated, “It’s not just about asking stakeholders and recording their answers;
it’s about actively shaping the requirements through collaboration.” This aligns with research
that shows the importance of user involvement [24], participation of user crowds [9, 25], and
the conduction of group workshops that foster creativity [26].
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TC2: Understanding the goals behind requirements is essential for uncovering true needs and
exploring alternatives.

Many students take stakeholder statements at face value and act like record keepers/ac-
countants rather than critical thinkers. Understanding that the stated requirements (what the
stakeholders explicitly ask for) often reflect pre-conceived solutions rather than real needs (the
underlying problem or purpose that needs to be addressed) can help them realize that RE is not
straightforward. As one participant put it, “They should not just believe that they are acting
as an accountant [...] They have to question it (a stated requirement). They have to question
whether it is well expressed or actually, there’s something different behind it” By asking why
questions and digging deeper, students can uncover the actual problem, explore alternative
solutions, and often find that what was provided as a requirement by the stakeholder might not
be necessary. TC2 is a clear sign that educators acknowledge the importance of focusing on the
problem [27] and thereby exploring goals [13, 28, 29] to analyze the why dimension.

4.2. The seven candidates: transformative, not troublesome

In addition to the two TCs listed in the previous section, seven other ideas met our criteria
for the transformative characteristic, but were not considered troublesome. We discuss these
possible candidates in thematic clusters. Further investigation is necessary to determine if these
qualify as TCs for the RE discipline.

4.2.1. Context dependence

TC3: Systems are embedded in context and cannot be developed in isolation.

TC4: Requirements and their context, including systems and people, are in constant evolution,
thereby requiring iterative approaches to RE.

TC5: There is no universal RE method: flexibility and adaptation are required to cope with
context dependency.

TC3 expresses the necessity of looking beyond the software to-be and adopting a perspective
in which RE focuses on the context/environment where the software will be placed [30], which
includes legacy systems, and relies on domain properties and assumptions [13, 27]. TC4 high-
lights an additional facet: requirements change (evolve) over time [31], and this entails that RE
is not a waterfall discipline; iterative methods are a necessity [32]. The combination of TC3 and
TC4 inevitably leads to TC5: the variety of RE methods and techniques is justified by the need
to select an approach that caters for the contextual aspects. Research argues that this applies
also when choosing the technique(s) to employ for given RE activities, such as elicitation [33].

4.3. Effort in RE? The risk-value trade-off

TC6: The effort put into RE activities should strike a balance between the expected value for
conducting the activity and the potential risk arising when not doing the activity.

TC7: Although obtaining a complete and unambiguous requirements specification is an illusion,
it is important to achieve a sufficient level of clarity and precision.
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While RE is often been argued as a success factor for software projects [34], the return-on-
investment is hard to measure. With TC6, RE educators acknowledge the inherent trade-off
between potential risk and value; this is in line with IREB’s definition of RE [35], which states
how RE is about “[...] minimizing the risk of delivering a system that does not meet these
desires and needs.” TC7 exemplifies a typical RE activity where excessive effort may be harmful
or not justified: requirements specification. The participants acknowledge that although a
perfect specification (unambiguous, complete, ...) is a utopia, some effort should be placed to
support communication between analysts and stakeholders. This is in line, for instance, with
the distinction between nocuous and innocuous ambiguity in RE [36].

4.4. Representing requirements

TC8: For large-scale systems, requirements must be systematically organized and structured
in order to support their use by both the development team and stakeholders.

TC9: Requirements are not always explicitly labeled as such, and they do not necessarily have
a text-only representation.

The participants shared different perspectives regarding how requirements are and should
be represented. TCS8 stresses that students often see requirements as simple lists. However,
they must learn that documents must be thoughtfully organized. This prepares them for
industry, where effective requirements management is crucial for complex systems [11]. In
addition, TC9 refers to an often overlooked aspect: requirements are not only represented
in specification documents with a ‘requirement’ label. Researchers have acknowledged this
with studies on the role of requirements beyond specification documents, including law and
regulatory documents [37], pre-tender phases [38], agile development [8, 39], online user
feedback [40, 9], and vision videos [41].

5. Discussion and Outlook

As the two pillars TC1 and TC2 (Section 4.1) exhibit the key transformative and troublesome
characteristics of a TC, they represent “jewels in the curriculum.” Educators teaching RE in
higher education should prioritize these concepts as explicit learning objectives. Future research
should investigate how to effectively guide students across these thresholds through appropriate
topics, didactics, and assessments. Since we could not draw a conclusion on the candidate
threshold concepts TC3-TC9, these should be investigated more in depth with additional
educators to determine whether they can become pillars too.

Furthermore, while involving participants from various universities helps reduce bias asso-
ciated with a single institution, our sample size may be insufficient to represent the broader
population. Expanding the scope of the research beyond Europe can provide insight into the
extent to which the identified concepts are universally recognized as TCs or whether they are
specific to the study’s context. Similarly, investigating the perspectives of other stakeholders,
including students and practitioners, could reveal whether additional candidates exist, thereby
contributing to a more comprehensive understanding.
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