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Abstract
Recent advances in microcomputing and Artificial Intelligence enable the de-ployment of low-cost, low-
energy on-premise infrastructures based on Single Board Computers (SBCs). Such environments can host  
Low-Code Application Platforms (LCAPs)  that  support  collaboration between domain experts  and IT 
professionals while remaining independent of external cloud resources. In these settings, Requirements 
Engineering  (RE)  plays  a  central  role,  as  requirements  ar-tefacts  are  often  directly  translated  into  
executable  system  behaviour.  This  paper  presents  a  lightweight,  standards-informed  framework  for 
teaching Requirements Engineering in an industry-oriented context. The framework revis-its established 
RE  practices,  including  structured  User  Requirements  as  defined  in  the  ESA  Software  Engineering 
Standard, and integrates them with contemporary low-code development practices. Teaching is organised 
using a flipped classroom methodology combined with project-based learning. Students work in small 
teams to elicit, structure, validate, and refine requirements for information sys-tems deployed on SBC-
based infrastructures. The paper outlines the framework, its pedagogical rationale, and its application in a 
university course aligned with industrial practice. Initial experience suggests that the approach supports a 
practice-oriented understanding of Requirements Engineering in low-code environments.
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1. Introduction

Low-Code Application Platforms (LCAPs) [1,2] are increasingly adopted in industrial settings to 
support  Rapid  Application  Development  (RAD)  [3]  of  information  systems  and  collaboration 
between domain experts and IT professionals. A defining characteristic of such platforms is the 
tight  coupling  between  requirements  artefacts  and  executable  configurations.  Consequently, 
deficiencies  in  requirements  specification  tend  to  manifest  immediately  in  system  behaviour, 
increasing the importance of systematic Requirements Engineering (RE) [4–6].

In software engineering curricula, RE is traditionally introduced through lectures, modelling 
notations,  and  documentation-focused  assignments.  While  these  approaches  effectively  convey 
terminology, standards, and specification techniques, prior work in RE and software engineering 
education reports challenges in helping students experience authentic stakeholder interaction and 
understand  the  down-stream  impact  of  requirements  decisions  on  running  systems  [7].  This 
separation between requirements artefacts and executable behaviour becomes particularly salient 
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in low-code contexts, where requirements are operationalised early and modifications propagate 
rapidly through executable artefacts.

Recent advances in microcomputing and artificial  intelligence enable  realistic,  low-cost,  on-
premise  infrastructures  based  on  Single  Board  Computers  (SBCs).  Such  infrastructures  reflect 
industrial constraints related to data sovereignty, security, and operational independence, making 
them suitable  environments  for  teaching industry-relevant  RE practices.  This  paper  presents  a 
lightweight  educational  framework  for  teaching  Requirements  Engineering  that  integrates 
standards-informed RE concepts with low-code development and flipped classroom pedagogy [8–
10]. The contribution is educational and methodological: it illustrates how established RE principles 
can be operationalised in contemporary learning environments aligned with industrial practice.

2. Background and Motivation

Low-code platforms are increasingly deployed in industry to enable rapid prototyping, process 
automation,  and  collaborative  development  between  domain  experts  and  IT  staff.  Their 
effectiveness relies  heavily on the quality of  requirements artefacts,  since workflows,  business 
rules,  and data models are often implemented directly from requirements.  Consequently,  poor 
specification can lead to misalignment between business needs and deployed systems.

Earlier  software  engineering  research  explored  similar  dependencies.  Rapid  Appli-cation 
Development  (RAD)  and fourth-generation  languages  (4GL)  [11]  emphasised  tight  integration 
between requirements  and executable  artefacts.  Initiatives  such as  the  Alvey Programme [12] 
envisioned  “Information  System  Factories”  where  structured  requirements  drove  automated 
system creation.  Although  these  visions  -  based  on  Integrated  Project  Support  Environments 
(IPSE)  [13]  -  were  limited  by  technology  at  the  time,  they  provide  conceptual  guidance  for 
contemporary RE education.

Software engineering standards, such as the ESA Software Engineering Standard [14], provide a 
structured approach to defining User Requirements. Key components include operational context, 
user needs and goals, constraints and assumptions, and acceptance criteria. These concepts remain 
highly relevant for teaching RE in an industrially inspired low-code context. They allow students 
to experience require-ments as structured, traceable, and actionable artefacts, rather than abstract 
documents.

3. Challenges in Teaching Industry-Relevant Requirements 
Engineering

The output of the User Requirements phase plays a pivotal role in low-code application platforms 
(LCAPs),  serving  as  the  foundation  for  executable  components.  For  instance,  an  AI-assisted 
dialogue such as “create an object entry form based on Spectrum 3.2 museum standard in Aubit 
4GL”  generated  a  complete,  functional  data  entry  procedure  for  museum  objects.  Using  the 
Spectrum 3.2 [15] domain ontology as a knowledge base, the Aubit 4GL-IDE [16] transformed 
structured requirements directly into a working application, illustrating how precise, standardized 
artefacts  can  drive  rapid  and  accurate  low-code  development.  Despite  the  potential  for 
automation,  teaching Requirements  Engineering (RE)  remains  challenging due  to  the  abstract 
nature of requirements artefacts and limited exposure to real-world constraints. Students often 
understand  theoretical  concepts  such  as  stakeholder  needs,  non-functional  requirements,  and 
traceability, but struggle to apply them in executable contexts. This gap is especially evident in 
low-code environments, where poorly defined requirements can quickly lead to rigid or misaligned 
systems. Bridging this gap requires embedding RE activities within realistic development contexts. 
Project-based  learning  allows  students  to  engage  in  end-to-end  projects,  observing  how 
requirements  decisions  shape  system behavior  and  evolve  iteratively.  The  challenges  (Table  1 
contains the mapping the proposed Framework) are:



Challenge 1: Limited experiential learning in traditional RE education. Traditional lecture-based 
approaches  often  focus  on  terminology  and  documentation,  offering  few  opportunities  for 
students to observe the effects of requirements decisions on actual systems [7]. 

Challenge 2: Gap between RE concepts and operational system behaviour in low-code contexts. 
In low-code  platforms,  requirements  are  operationalised  early  and  changes  propagate 
immediately, but students often do not have access to fully executable systems during coursework.

Challenge 3: Industrial realism and infrastructure constraints.  Most professional information 
system development occurs in large cloud-based environments (e.g., SAP, Salesforce), which are 
not accessible or practical for classroom settings. Students rarely experience system deployment 
on real hardware.

Challenge 4: Integration of pedagogy and practice.  Aligning flipped classroom methodologies 
with hands-on development and RE principles is non-trivial. Students need structured guidance to 
connect theoretical knowledge with practical tasks.

Table 1
Mapping Educational Challenges to the Proposed Framework

Challenge Framework Solution

Limited experiential learning Low-code platforms allow students to manipulate running 
systems and see immediate effects of requirements changes.

Gap between RE concepts 
and system behaviour

Each exercise operationalises standards-informed RE 
principles on executable systems deployed on SBCs.

Industrial realism and 
infrastructure constraints

Students use low-cost, energy-efficient on-premise Single 
Board Computers, simulating real-world constraints and 
professional-grade development environments.

Integration of pedagogy and 
practice

Flipped classroom methodology guides students step-by-
step, linking RE concepts to hands-on development, with 
iterative feedback loops.

Blended learning further supports this process by combining online modules for foundational 
knowledge with in-person workshops and collaborative exercises, enabling students to link theory 
with practice. Together, these strategies make requirements decisions tangible, preparing students 
to navigate the complexities of agile and low-code development while fostering industry-ready 
competencies.

4. Lightweight Framework for Teaching Requirements Engineering

The  framework  integrates  three  core  components:  standards-informed RE concepts  (ESA User 
Requirements),  low-code  development  platforms  deployed  on  SBCs,  and  flipped  classroom 
pedagogy with project-based learning.

The teaching loop (outlined in Figure 3) contains following main topics:
Context and stakeholder analysis: Students identify stakeholders, operational scenarios, and 

system boundaries.  Emphasises  real-world  constraints  such as  security,  limited resources,  and 
regulatory requirements.

User  requirements  elicitation:  Students  gather  and  document  user  needs  through 
interviews,  workshops,  and scenario  descriptions.  ESA-inspired  artefacts  guide  the  creation  of 
structured requirements.



Structuring and validation: Requirements are organised into functional, non-functional, and 
acceptance criteria artefacts. Students validate requirements with peers and instructor guidance, 
mimicking stakeholder feedback loops in industry.

Low-code implementation and feedback: Requirements  are  implemented in  a  low-code 
environment on SBCs. Students observe the impact of their requirements on system behaviour,  
iteratively refining artefacts.

Figure 1: The System Development Life Cycle (SDLC)

Figure  1  presents  a  segment  of  an  early  Software  Development  Life  Cycle  (SDLC)  model 
developed by the European Space Agency (ESA) [14], highlighting the phases most relevant to [17] 
low-code  development  of  Information  Systems:  User  Requirements  (UR)  and  Detailed  Design 
(DD),  which  includes  Low-Code  Production.  The  Software  Requirements  Definition  and 
Architectural Design phases are not required, as in Information System production based on Single 
Board Computers, these aspects are already defined by the chosen Solution Stack and the Model-
View-Controller (MVC) architectural pattern [18]. In the UR and Production phases, AI ‘robots’ act 
as  digital  collaborators,  bringing  intelligence  and  automation  to  the  heart  of  the  Smart 
“Information System Factory”. "These processes leverage an open-source Large Language Model, 
enhanced with domain-specific  knowledge -  including ontologies,  user requirements standards 
(e.g.,  ESA,  IREB,  the  International  Requirements  Engineering  Board),  programming 
documentation, and source code. 

Key educational  benefits  include learning RE in a hands-on,  iterative manner aligned with 
industrial practice, emphasizing the consequences of incomplete or ambiguous requirements, and 
facilitating understanding of traceability from requirements to implementation.

Students  iteratively  perform  context  and  stakeholder  analysis,  requirements  elicitation, 
structuring and validation, and low-code implementation. The framework is supported by SBC 
infrastructure and flipped classroom tools, linking standards-informed RE artefacts to executable 
low-code systems. Fig,  shows the central teaching loop of the four phases with inputs from ESA 
User Requirements and supporting elements including Mediathread [19] and SBCs.  Output is 
validated requirements and functioning systems.

Mediathread supports the three phases of the flipped classroom methodology:



Pre-Class Phase: In the Pre-Class phase, students are introduced to theoretical concepts and 
practical tools through curated multimedia content. Topics include e.g. the ESA User Requirement 
Concept,  how to  generate  a  Domain Ontology,  fine-tuning Large Language Models  and RAD 
methodologies.  Mediathread is  used to  host  videos,  readings,  and interactive  media.  Students 
annotate content, pose questions, and engage in asynchronous discussions. This phase ensures 
that students arrive in class with a shared baseline of knowledge.

In-Class Phase: The In-Class phase focuses on hands-on activities and collaborative problem 
solving. Instructors act as coaches, providing guidance, feedback, and just-in-time explanations. 
Students work in small teams to design, implement, and test system components. RAD principles 
are  emphasized  by  encouraging  rapid  prototyping,  frequent  testing,  and  incremental 
improvements. Short development cycles allow students to quickly observe the effects of design 
decisions.

Post-Class Phase:  In the Post-Class phase,  students reflect on their  work,  document their 
designs,  and  refine  their  implementations.  Deliverables  may  include  short  reports,  code 
repositories, system diagrams, and demonstration videos. Peer feedback and self-assessment are 
used to reinforce learning outcomes.

Figure 2 shows the one Flipped Classroom Cycle in BPMN-Notation [20],

Figure 2: Flipped Classroom Cycle (BPMN)

The participants (roles) in the Flipped Classroom teaching methodology are: Teacher, Student, 
and a Learning Management System (LMS) [21]. In Figure 2 three “Lanes” (BPMN-Notation) are 
assigned to these roles. There are also three Phases (grouped by dotted-dashed bold line) in the  
Workflow: Pre-Class Phase (Online Self-Learning),  In-Class Phase (Active Learning),  and Post-
Class Phase (Assessment and Reflection). The three Phases constitute a Cycle.

5. Application in an Industry-Oriented Course

The framework is  designed for  courses with small  student groups (4–5 members)  working on 
information  systems  and  data  management  applications  across  various  domains.  Projects  are 



constrained  by  on-premises  deployment  and  realistic  operational  requirements.  The  Flipped 
Classroom methodology using Mediathread was previously tested in a university course about 
Knowledge Management [22]. 

Instructor observations and student feedback indicate increased engagement and an improved 
understanding  of  the  used  tools.  In  particular,  students  reported  that  the  course  structure 
encouraged  independent  preparation,  critical  reflection,  and  active  discussion  of  different 
Knowledge Management topics.  While no controlled empirical  evaluation has been conducted, 
initial experience suggests the flipped classroom approach and project based framework is feasible 
and aligns well with industry-oriented education.

Students emphasized that learning materials were made available in advance and could be 
accessed flexibly, allowing them to acquire theoretical knowledge independently before applying it 
in practical assignments. Classroom time was then used for presentations, peer discussion, and 
instructor feedback.

According to student reflections,  this  setting fostered cooperative learning,  transparency of 
individual  reasoning  processes,  and  structured  documentation  of  evolving  understanding.  The 
continuous  feedback  during  assignment  work  and  presentations  helped  students  recognize 
inconsistencies,  unclear  assumptions,  and  missing  information  in  their  own  and  others’ 
contribution - an experience closely related to real-world requirements engineering practice. 

Overall,  the  students  perceived  the  course  format  as  supportive  of  knowledge  ex-change, 
reflection,  and skill  development,  reinforcing the suitability of the framework for education in 
domain-specific  contexts.  While no controlled empirical  evaluation has been conducted,  initial 
experience suggests the framework is feasible and aligns well with industry-oriented RE education.

6. Discussion and Conclusion

The  framework  bridges  theoretical  RE  education  and  industrial  practice.  By  embedding  RE 
artefacts in an executable context, students experience how decisions affect system behavior - a 
key aspect of industry readiness.  Limitations include reliance on small group sizes and active 
instructor  facilitation,  which  may  restrict  scalability.  Hardware  setup  (SBCs)  requires 
maintenance, which may constrain large cohorts. 

The  framework  is  transferable  to  different  LCAPs  or  institutional  settings.  ESA-inspired 
artefacts  are  flexible  and  can  be  scaled  to  larger  industrial  projects.  Iterative,  project-based 
learning  with  real  deployment  helps  students  internalise  RE  principles  more  effectively  than 
lecture-only approaches. 

In conclusion, this paper presented a lightweight, standards-informed framework for teaching 
Requirements  Engineering  in  an  industry-oriented  low-code  context.  By  integrating  ESA User 
Requirements, flipped classroom pedagogy, and hands-on de-ployment, the framework supports 
practice-oriented RE education. Future work will focus on systematic evaluation, scaling to larger 
cohorts, and exploring AI-supported requirements analysis. 
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