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Abstract

Purpose: Software modelling and Model-Driven Engineering (MDE) is traditionally studied from
a technical perspective. However, one of the core motivations behind the use of software models is
inherently human-centred. Models aim to enable practitioners to communicate about software designs,
make software understandable, or make software easier to write through domain-specific modelling
languages. Several recent studies challenge the idea that these aims can always be reached and indicate
that human factors play a role in the success of MDE. However, there is an under-representation of
research focusing on human factors in modelling.

Methods: During a GI-Dagstuhl seminar, topics related to human factors in modelling were discussed
by 26 expert participants from research and industry.

Results: In breakout groups, five topics were covered in depth, namely modelling human aspects,
factors of modeller experience, diversity and inclusion in MDE, collaboration and MDE, and teaching
human-aware MDE.

Conclusion: We summarise our insights gained during the discussions on the five topics. We formulate
research goals, questions, and propositions that support directing future initiatives towards an MDE
community that is aware of and supportive of human factors and values.

Keywords: MDE, Modelling, Modeling, Human Factors, Workshop

1 Introduction Model-Driven Engineering (MDE), is at the core

of software engineering (SE) research and prac-
The use of software models to design, analyse, tice. Strong communities have been built around
generate, and document software, often called modelling technologies, as evidenced by several



international conferences specialising in the topic,
e.g., the CORE A-ranked Models conference!.
Models are aimed at enabling practitioners to
communicate about software designs [1], at mak-
ing software understandable [2], or at making
software easier to write through domain-specific
modelling languages [3]. The modelling commu-
nity traditionally studies these aspects from a
technical perspective, considering aspects such as
the technical design of language workbenches,
specifications of modelling standards, grammar
generation from meta models, and model trans-
formation languages. However, one of the core
motivations behind the use of software models
is inherently human-centred, and several recent
studies indicate that human factors play a role in
the success of MDE [4, 5]. Such research focus-
ing on human factors in modelling is currently
under-represented, including topics such as:

® human factors that influence the way models are
used;

® design of modelling languages and technolo-
gies that account for human factors, such as
cognitive ergonomics and accessibility issues;

® the potential of models in supporting humans
in SE, e.g., during software comprehension, for
explainable AI, or usability design.

To address this gap in existing work, we gath-
ered a group of 26 researchers related to human
factors and modelling research in Schloss Dagstuhl
in November 2023 to constructively discuss ways
forward in research related to human factors in
MDE?Z. In the following, we summarise the discus-
sions during the seminar, as well as the recom-
mendations and suggested actions resulting from
them.

2 Overview of Discussed
Topics

The insights presented in this paper emerge from
discussions at a GI-Dagstuhl seminar on ”Human
Factors in Model-Driven Engineering”3. Details
about the participants of the seminar can be found
in the appendix A.

Lhttps:/ /modelsconference.org
Zhttps://www.dagstuhl.de/23473
Shttps://www.dagstuhl.de/23473

Using the 1-2-4-ALL microstructure?, we elab-
orated goals, outcomes, and topics to be discussed
over the week. In this practice, participants are
encouraged to individually brainstorm specific
topics for a limited amount of time, such as the
goals, outcomes, and topics for the seminar. This
step is followed by pairing up with another partic-
ipant, comparing the individual results and agree-
ing on joint results. The same is repeated with
groups of four and, finally, with all participants.

In the first step, the participants elicited their
goals and expected outcomes of the workshop
with the 1-2-4-ALL microstructure. The most fre-
quently mentioned (and aligned) goals were (1) to
formulate a research agenda respectively to build
a roadmap, (2) to exchange ideas, (3) to make
MDE more practical, (4) to unify projects, (5) to
develop ideas for empirical research on MDE in
industry, and (6) to use more models (of humans).

The requested outcomes of the workshop were
quite manifold, but all participants agreed upon
establishing contacts and collaborations for spe-
cific subtopics and finding new friends. From
a research perspective, the mentioned outcomes
included writing joint papers, research proposals,
or a book; finding approaches to integrate human
factors in software engineering; to establish con-
cepts to integrate MDE in development workflows;
to identify best practices for research in industrial
settings; to find strategy guidelines for teaching
MDE; and to develop a new paradigm for human
behaviour.

In the next step, the group of participants
identified a total of ten topics to be discussed over
the week:

Factors of Modeller Experience
Collaboration and MDE
Diversity and Inclusion in MDE
Modelling Human Factors
Teaching Human-aware MDE
Research Methods

AT complementing MDE

MDE ecosystem maturity
Usability in live modelling
Sustainability and well-being
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}_.
e

As ten topics were considered too many to be
discussed in detail over a week, and as the number
of goals and outcomes was too large, a voting with

4https://www.liberatingstructures.com/1-1-2-4-all/
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three votes per participant helped prioritise the
topics. This resulted in the final five topics (Topics
1 to 5 in the list above) being discussed through-
out the week. The same voting also allowed us to
condense the outcomes into:

® New active contacts

Concepts to embed MDE in development work-
flows

® Best practices for research in industrial settings
A collaborative paper

The identified two main goals are (1) to elicit
ideas for empirical research on MDE in industry
and (2) to use more models of and for humans.

In the following sections, we will describe
the outcomes of the discussions surrounding each
topic in more detail.

3 Topic 1: Factors of Modeller
Experience

In the breakout group for Topic 1, we discussed
the factors that contribute to the Modeller Experi-
ence (MX). The motivation was to recognise MX’s
key role in MDE adoption and its lack of detailed
definition in scholarly work. Our discussion aimed
to systematise MX by identifying and defining its
contributing factors within MDE.

A fundamental insight is that MX varies in
organisations’ modelling contexts. For example,
those using formal MBSE approaches, such as in
the automotive sector, differ markedly in their
modelling practices compared to organisations
using informal modelling processes. This has led
us to recognise four key modelling workflows, each
reflecting distinct aspects of MX in industrial envi-
ronments: 1) Low-code; 2) Everything-as-code; 3)
MBSE in the Automotive Domain; and 4) Infor-
mal Modelling. We have only considered the last
three of these workflows in this work.

The main objective of this work is to address
the following questions: What factors contribute
to MX in the different modelling workflows iden-
tified? By answering this question, we hope to
better understand the needs of practitioners based
on their type of workflow and, consequently, be
able to provide better solutions in our research.
We also believe that characterising modelling solu-
tions using our workflows and factors will make

it easier to define a target audience and delineate
the research scope.

To answer this question, a focus group of ten
modelling experts from academia and industry
brainstormed using the ‘1-2-4-all’ technique to
identify factors more tailored towards the mod-
eller, such as required training, maintainability,
immediate benefits, and integration into the pro-
gramming ecosystem. The participants then dis-
cussed how these different factors were related to
each other.

The result of the intense discussions is the
set of factors shown in Figure 1. They are split
into inherent factors (which are inevitable based
on the characteristics of the addressed problem),
technical factors and non-technical factors and are
described as follows.

Inherent factors

Language Complexity: Measures the effort to
solve modelling problems using a language. Per-
ceived complexity impacts adoption, as suggested
by France et al. [6], who highlight the challenge
of managing language complexity in practice.
Language Choice: Involves selecting, extend-
ing, or defining modelling languages that provide
suitable domain-specific abstractions, considering
factors like vendor lock-in, which affects interop-
erability. The chosen language directly influences
MX, as highlighted in literature reviews [7]. Lan-
guage choice is influenced by the system domain,
the “sphere of knowledge, influence, or activ-
ity” [8] the system works in. A modelling language
also covers several viewpoints, i.e., abstractions
that specify the system restricted to certain con-
cerns, created with specific purposes [9].

Technical factors

Integration: Refers to the capability of mod-
elling approaches to align with existing develop-
ment processes and platforms. It involves the ease
of chaining multiple tools together for end-to-end
functionalities and the flexibility of tools to adapt
to various processes without requiring additional
methods or tools [10].

Tool UX: Concerns users’ perceptions and
responses that result from the use and/or antic-
ipated use of modelling tools [11]. Tt includes
perceptions of utility, ease of use and efficiency,
as well as the maturity of tools. Companies



Fig. 1 Factors of modeller experience and their relationships. Inherent factors are shown in orange, technical factors in

green, and non-technical ones in blue.

with lower adoption of MDE often perceive tool
maturity to be worse than those with higher
adoption [12].

Versioning is the ability to track and merge
model changes, facilitating model maintenance,
and is one of the main enablers of Collaboration,
as stated in [13]. MX in a team is highly depen-
dent on combining different engineers’ work and
identifying differences between different versions
of the same model. This suggests that versioning
is also an important factor of MX. In the liter-
ature, support for collaboration has consistently
emerged as a desired attribute of modelling tools
for practitioners[14, 15, 16, 17, 18]. In the more
general field of SE, collaborative tools are found to
positively impact productivity [19, 20]. The lack
of adequate version management support has been
identified as a drawback of Model-Based Engineer-
ing (MBE) tools within the embedded systems
domain [21]. The main issue is that visual mod-
elling languages are notoriously difficult to version
— because changes in the layout and changes in the
semantics can be difficult to distinguish, and text-
based diffing and merging tools that are integrated
into tools like git or its frontends like GitHub or
GitLab are not capable of diffing them visually
at all. Specialised tools, such as EMF Compare®,
have improved over the years, but they still do
not achieve the level of integration developers are

Shttps://eclipse.dev/emf/compare/

already used to with code. Recent work com-
bining textual and visual representations of the
same models attempts to address these issues [22]
fundamentally.

Technical Capabilities: The capabilities result-
ing from the combination of the modelling lan-
guage and tool to, e.g., reason about the modelled
system’s properties or generate downstream arte-
facts.

Non-technical factors

Modeller-Intrinsic Motivation: Is driven by
perceived benefits and positive emotions from
modelling and leads modellers to use modelling.
Intrinsic motivation stands in contrast to extrin-
sic motivation, where the incentive originates
from an external source rather than the inherent
appeal of the task [23]. Intrinsic motivation is a
key predictor of developer experience in software
development [24].

Organisation-Intrinsic Motivation: Internal
motivations within organisations significantly
influence the adoption of modelling, driven by
perceived benefits in productivity, quality, cost,
and collective well-being. The literature highlights
these benefits, particularly in the embedded soft-
ware industry where efficiency and quality are key
adoption motivators for MDE [25]. Additionally,
factors like organisational culture, expertise, and
internal advocacy significantly influence MDE
adoption [26].



Organisation-Extrinsic Motivation:
External factors influencing an organisation’s
adoption and approach to modelling include stan-
dards, regulations, tool availability, and customer
demands. Adherence to regulations, especially in
the embedded systems industry, is a significant
driver for adopting MDE [27].

Training: Factors related to skills and knowl-
edge in using modelling languages and tools. The
importance of training for MDE adoption is high-
lighted [26], with challenges in the insufficiency
of training resources [28] and developer training
efforts.

The working group believes that these fac-
tors are important aspects that affect MX and
that understanding their relationships is crucial to
understanding why modelling works (or does not)
in an organisation or project and how to improve
MX. To test this idea, we will apply these fac-
tors to the workflows already mentioned above. In
these workflows, we captured typical well-known
scenarios from practice and literature: informal
modelling with and without digitally captured
diagrams, architectural modelling in the classi-
cal model-based systems engineering sense in the
automotive industry, and modelling as part of
work on infrastructure-as-code. We believe that
these scenarios are archetypes and that, by apply-
ing the factors to them, we can learn more about
their applicability and gain insights into their
relevance.

As a result of this effort, we envision some
possible future research questions:

® [s there evidence that the proposed MX fac-
tors are relevant in practice? While we brought
together significant experience in modelling
from practice and research, our current under-
standing of the factors and their relationships
should be validated in industrial settings with
the help of practitioners. To achieve this, we
plan to conduct an empirical study, possibly
using a mixed-method design with interviews
and a survey.

® Do existing modelling tools address the factors
we have identified? On the one hand, answer-
ing this question will allow us to validate the
relevance of the proposed factors. On the other
hand, this mapping will also allow us to identify
factors unsupported by a modelling approach or

tool and are, therefore, candidates for further
exploration.

A forthcoming paper that describes the factors
in more detail and maps them to the archetypical
workflows will be a first step towards answering
these questions.

4 Topic 2: Collaboration and
MDE

In the breakout group for Topic 2, we discussed
the topic of collaboration and MDE, which may be
parsed in at least three ways: First, we can asso-
ciate modelling together to solve a problem, such
as with interactive editors or version control sys-
tems trimmed for supporting modelling in teams.
Second, we can associate using models to express
collaborative development and, third, using mod-
els to leverage communication and, thus, collab-
oration (between different roles in a software
project). While the first two options may provide
several possibilities for research, in the sequel, we
focus on the third direction of using models to
support communication in software projects.

4.1 Motivation

In software projects, different roles and teams need
to exchange information. Although models pro-
vide an abstraction layer based on which humans
in different roles can communicate, models are
not sufficiently used to share information between
roles. Since they provide abstractions which are
trimmed to the purpose of the role, another role
may not understand them. Thus, the missing
capabilities of models for collaboration in software
projects provoke lost, inconsistent, or untraceable
information, such as requirements, design, and
implementation decisions. The following example
illustrates these issues.

Motivating Example

Let us consider the transition from the require-
ments engineering to the architecture and design
phase: requirements analysts should provide infor-
mation on the results of their work to the soft-
ware architect. Understanding which requirements
must be satisfied and what they mean is crucial
for project success. Consequently, it is essential
that requirements analysts and software architects



(and later on any other involved person in the
process, such as developers, testers, etc.) form the
same understanding of the requirements’ meaning.

In case of a plan-driven process, a specification
with use cases and use case diagrams results from
the requirements engineering phase, representing
one possibility to model the elicited requirements.
Although use case diagrams are an established
means of modelling requirements, it is debatable
whether they suffice for software architects to
understand for what software they should provide
an architecture. Instead, both roles communicate
informally and verbally, which always introduces
the risk of misunderstandings or lost information.

Using persisted models provided by the
requirements engineers, such as use case diagrams,
can support establishing a shared understand-
ing, but in practice, they tend to be neglected,
particularly in communicating between project
roles [29, 30].

4.2 Characteristics of Models for
Supporting Collaboration

To solve the problem of refused communication
between roles using models, we first need to
examine which characteristics of models hinder
or benefit communication and, thus, collabora-
tion between different roles. In the following,
we present key characteristics that we elicited
in extensive focus group discussions and refined
based on discussions with all participants.

First, two main characteristics of models are
decisive, the formality and the acceptance state,
as depicted in orange in Figure 2. We consider
“acceptance” as the goal (necessary requirement)
to be satisfied when we want a model to be used
for communication. We identified the “formality”
of the model as the independent variable which we
can control. Although formality does not directly
influence acceptance, several mediating factors
exist that formality influences (e.g., the ease of
use) and which, in turn, influence acceptance.

Furthermore, the figure distinguishes the char-
acteristics of a model that are technical-centred
(visualised as rectangles) and human-centred
(visualised as ellipses), and some that are shared
by both (visualised as parallelograms). The associ-
ation of an attribute to the human or the technical
support for the model depends on the measure-
ment. Human-centred characteristics completely

depend on the human’s assessment (and, hence,
vary depending on the person interacting with
the model) whereas one should be able to mea-
sure technical-centred attributes objectively. The
figure presents relationships between the different
characteristics with clear increasing or decreasing
effect (“the more X, the more Y”, “the less X,
the less Y”; denoted as “++”) or with contra-
dicting effect (“the more X, the less Y” or “the
less X, the more Y”; denoted as “+4-” and vice
versa, respectively). For example, the more formal
a model is, the more complex it is to create, as
it requires more effort to define it properly. Con-
versely, for instance, the more comprehensible a
model is, the contained information is of higher
reliability which, in turn, positively affects the
acceptance of a model.

In summary, based on the figure we can con-
clude that the amount of formalism influences
negatively the ease of annotation, creation, and
comprehension. In contrast, the more formal a
model is, the higher the likelihood it is unambigu-
ous, transformable, traceable and, in turn, reliable
and usable, positively affecting its acceptance.

4.3 Research Agenda

As a result of eliciting these characteristics, we
propose to pursue the following steps to opti-
mise using models for effective communication and
collaborations:

1. Investigate why different roles do not use mod-
els for communication across their field.

2. Empirically elicit characteristics in frequently
used models which complicate or ease the com-
munication across roles and stakeholders.

3. Compare the characteristics with human
needs to communicate provide guidelines that
enhance existing models to facilitate communi-
cation across roles

4. Derive metrics for measuring the quality of the
enhanced models.

By pursuing these steps, we will first derive
insights from practice and research, which may
require interdisciplinary models. Furthermore, the
elicited characteristics allow us to define guide-
lines to optimally use models in communication.
Eventually providing metrics may increase the
practical usage of models in communication across
heterogeneous roles in software projects.
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Fig. 2 Characteristics of models to benefit communication in collaborations

5 Topic 3: Diversity and
Inclusion in MDE

In the breakout group for Topic 3, we critically dis-
cussed diversity and inclusion as related to MDE
and formulated a research roadmap for the topic.
The diversity dimensions we consider are age, edu-
cational background, cultural background, gender,
experience level, cognitive diversity (i.e., neuro-
diversity), and colour blindness of the modeller
and the model end user. We either have evidence
suggesting differences concerning MDE for these
dimensions, or we hypothesise a potential impact.
For instance, cognitive diversity, user age, gender,
or cultural background might all affect preferred
working methods and problem-solving styles. In
turn, these preferences might align well or conflict
with MDE tools, notations, and workflows.

Several discussions and brainstorming sessions
based on these diversity dimensions led us to six
distinct research directions related to Diversity
and Inclusion in MDE. An overview of these direc-
tions and their connections is depicted in Figure 3.
In the following, we discuss each direction sepa-
rately.

5.1 Universal Design

Universal Design is “the design and composition
of an environment so that it can be accessed,
understood and used to the greatest extent pos-
sible by all people regardless of their age, size,
ability or disability”®. We transfer this concept to

Shttps://universaldesign.ie/what-is-universal-design/

MDE, proposing that a better understanding of
what needs different diverse groups have will lead
to improvements in MDE and related practice.
Improving modelling tools, languages, techniques,
and practices (MTLTPs) accordingly will ulti-
mately benefit all people and the field, not only
the specific group targeted.

Thus, the central goal of this research direc-
tion is to understand the needs for MTLTPs with
respect to several diversity dimensions. To address
this goal, we need to investigate what aspects of
modelling are affected by diversity concerns, and
which barriers exist for diverse stakeholders. This
relates to tooling and visual aspects, e.g., mod-
elling notations and layout, but also comprises
cognitive aspects, such as preferred workflow,
model comprehension, and information processing
style. Understanding these effects and the involved
dimensions will allow for the creation of guidelines
for better tool and practice design surrounding
MDE that benefit all users.

5.2 Awareness of Biases

MTLTPs are purposefully designed but may con-
tain biases, which raises concerns about their
inherent subjectivity and their reflection on the
modeller’s background.

We hypothesise the presence of biases in
MTLTPs toward specific diversity dimensions,
highlighting the importance of studying these
biases. The objective is to compile scenarios illus-
trating how MTLTPs might yield biased results,
providing insights for refining design guidelines.
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Fig. 3 Overview of identified dimensions of research topics relevant for diversity in MDE.

For instance, cultural biases may emerge in
language design, affecting text length and lay-
out preferences. In modelling videos from India,
we observe that reference names and annotations
tend to be longer than the common European
approach, which might relate to low & high con-
text cultures [31]. Additionally, gender bias is
noticeable in teaching materials through stereo-
typical representations, potentially contributing
to inequities [32].

The overarching objective of this dimension
is twofold: (1) Make biases explicit in models
and (2) raise awareness to guide future MTLTP
design. This involves examining real-world exam-
ples of biases from diverse literature, assessing stu-
dent assignments and critically evaluating teach-
ing materials, papers on modelling, and content
analysis of teaching videos.

5.3 Effects of Diversity on Modelling

The exploration of the effects of diversity on
modelling centres on recognising that models are
created, maintained, and interpreted by individ-
uals with unique characteristics, influencing their
interactions with models.

Given the impact of diverse group composi-
tions on communication and collaboration meth-
ods, the primary objective is to understand better
how various diversity dimensions influence the
modelling process within group dynamics, and
subsequently affect the features of resulting mod-
els.

Examples from other SE sub-fields, such as
programming, demonstrate that individuals from
different age groups [33] or genders [34] exhibit

varied working approaches, stress coping mecha-
nisms, and conflict resolution strategies, influenc-
ing the outcomes, such as code quality [34].

The long-term goal involves creating aware-
ness of expected differences, developing inclusive
modelling tools, and enhancing accessibility in
modelling explanations through comparative anal-
ysis of modelling discussions and decisions among
diverse groups via participatory observations.

5.4 Modelling as a Tool to Analyse
Biases

Models are a tool for abstraction. As such, we
hypothesise that they may be more suitable for
analysing and detecting certain biases that may
be otherwise obfuscated in more detailed artefacts
defined at lower abstraction levels, such as source
code. This research direction aims to understand
how we can leverage models to detect potential
biases. This could be done by creating methods for
systematically reasoning about diversity through
models, or by using models in the context of par-
ticipatory design to involve diverse stakeholders in
the modelling process.

For example, reasoning about requirements
models may facilitate detecting missing require-
ments that affect marginalised or underrepre-
sented groups. In addition, models can also be
created to help detect bias or avoid it [35]. Finally,
models may be used to analyse potential biases in
datasets built for machine learning, which could
affect data collection, assumptions about the data,
specific valid scenarios, or data quality.



5.5 Diversity in Teaching Modelling

The effective teaching of MDE and modelling
requires consideration of various diversity dimen-
sions and their implications for modelling prac-
tices. Recognising and mitigating barriers to learn-
ing and adopting modelling techniques is crucial
to fostering an inclusive and accessible educational
environment.

To overcome these barriers, tailored teach-
ing strategies and methodologies are crucial. For
example, enhancing self-efficacy in female students
has been shown to be essential for engaging them
in computer science disciplines, including MDE
[36]. Furthermore, the absence of timely feedback
during the learning process can result in frus-
tration, adversely affecting students’ willingness
to embrace and learn modelling. Students on the
autistic spectrum may encounter difficulties with
free-hand modelling exercises, owing to a need for
clear processes and well-defined rules [37].

Addressing the needs of diverse groups dur-
ing teaching can potentially reduce barriers to
adoption. Key questions for exploration include
how teaching methods and tools impact differ-
ent groups, identifying teaching strategies that
may conflict with diverse needs, and understand-
ing how to mitigate conflicts arising from diversity
within student groups to ensure a positive learn-
ing experience. The long-term goal is to develop
and promote inclusive MDE teaching practices
through collaborative efforts involving represen-
tatives of diverse groups. Evaluating developed
teaching methods on a larger scale, including
international perspectives, will be essential to
gauge effectiveness and ensure inclusion.

5.6 New Tools to Address Diversity
in Stakeholders

Enabling more diversity in modelling also asks for
a technical view on MDE. Tools and languages,
including Domain-Specific Languages (DSLs),
provide the basis for modelling. Thus, the tools
and modelling languages in use need to be
designed to be inclusive of the needs of diverse
users. If tools are not designed according to the
requirements of a diverse group of users, they
introduce additional obstacles to the modelling
process [35].

10

We hypothesise that the literature already pro-
vides substantial approaches that offer potential
solutions. For example, the dedicated creation of
DSLs or Blended Modelling [38] environments for
specific stakeholders or domain experts can be fur-
ther used to address stakeholder diversity as well.
By offering a variety of concrete syntaxes related
to the same abstract syntax, different groups
can choose the concrete syntax that successfully
addresses their particular needs.

To succeed in the goal of providing tools and
modelling languages that are inclusive of the needs
of diverse users, we propose studying the following
high-level questions:

® How can modelling tools successfully address
the needs of diverse groups?

® How can tools address collaborative modelling
when users prefer different syntaxes/representa-
tions?

® How can blended modelling languages or DSLs
be designed for the use of diverse groups?

The long-term goal of the research on this issue
should be to develop guidelines limiting the barri-
ers to using modelling tools. These guidelines can
also help evaluate newly developed tools on their
inclusiveness for diverse groups.

6 Topic 4: Modelling Human
Factors

In the breakout group for Topic 4, we discussed
that when modelling human factors, many possi-
ble aspects could be considered. We strived for an
interdisciplinary topic between software engineer-
ing and psychology to find a concrete aspect that
we could work on during the seminar.

6.1 Motivation

Over the last few years, the awareness of human
issues and individual human aspects in SE has
grown. There are currently specialised develop-
ment processes (such as Human-Centred Design)
that emphasise human involvement. Therefore, we
discussed what other aspects of humans could
be integrated into our existing approaches. Pre-
vious psychology research has aimed to model
or represent different aspects influencing human
behaviour. Humans are complex beings, which



Fig. 4 Circular model of Schwartz’s theory of basic human
values. (Source: Schwartz et al. [39])

makes it difficult to create holistic models. How-
ever, individual human aspects can be modelled
currently with sufficient significance.

6.2 Human Values

One of these aspects are human values, as pro-
posed within Schwartz’s theory of basic human
values [39]. These values are modelled in rela-
tion to each other, as depicted in Figure 4, where
nearby values are related, whereas bipolar values
are conflicting.

From the SE perspective, human values are
crucial. Human values of end users play an impor-
tant role in software projects: values such as trust-
worthiness, fairness, etc., are becoming increas-
ingly important, and companies therefore want to
be associated with such positive values. Until now,
human values have hardly been explicitly taken
into account in the development process (e.g., as
non-functional requirements).

6.3 Process

We envision a human value-centric software pro-
cess that deliberately consists largely of familiar
building blocks but puts them together in a new
way. This is because the human values of end users
are often vaguely formulated at the beginning
and have different meanings for different people.
Therefore, in the development process, these val-
ues must be captured during the requirements
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elicitation and passed on to the stakeholders and
developers. Traceability is crucial so that human
values do not remain an abstract concept but are
linked to design and implementation artefacts.

6.4 Novelty

Building on existing concepts such as user involve-
ment and personas, our envisioned approach aims
to transcend individual human desires to focus on
emerging human values, using the Schwartz model
as an example. It provides a pragmatic technique
for constructing personas as a collection of human
aspects, focusing on human values. The approach
suggests a systematic progression from high-level
needs to decisions that guide the implementa-
tion of value-related requirements. It proposes a
systematic framework suitable for ordinary soft-
ware organisations. The approach is not limited
to human-centred design professionals but also
considers developers, business owners, and other
stakeholders to address the challenges related to
the ambiguity of human values. Additionally, we
are developing important research questions to
enhance and evaluate this approach effectively.

6.5 Directions

After the seminar, we worked on a systematic
approach to represent human values and ensure
traceability. In the near future, we will pub-
lish a separate research article that describes the
detailed approach.

7 Topic 5: Teaching
Human-aware MDE

Models or sketches for thinking are universally
beneficial due to their ability to clarify complex
ideas and improve understanding. In the realm
of software and systems engineering, models serve
as essential tools for simplifying complex systems,
enabling a shared language among stakeholders,
enhancing collaboration efficiency, and improving
decision-making processes. Effective modelling,
especially in open-ended problems, necessitates
structured thinking and a clear purpose, ensuring
that all aspects of the system are considered and
appropriately addressed.

Teaching human-aware MDE goes beyond the
dissemination of tools and techniques; it involves



nurturing a mindset geared towards prioritisa-
tion, in-depth analysis, and strategic approaches
to complex issues. This section discusses the edu-
cational frameworks and pedagogical strategies
essential for cultivating such a mindset.

7.1 Pedagogical Challenges

The Confidence in Modelling Skills

A key challenge in teaching modelling skills is
students’ lack of confidence in their modelling
abilities. This often stems from a fear of making
mistakes or not having complete knowledge of the
modelled domain, leading to scepticism towards
their models. This scepticism towards models can
be significantly mitigated by teaching structured
thinking, which provides a clear, strategic frame-
work for tackling modelling problems.

A significant problem faced by computer sci-
ence students is the premature focus on implemen-
tation during initial designs, which inhibits the
development and utilisation of abstraction skills.
This focus on implementation is a manifestation
of difficulties in separating problem space and
solution space [40].

It is crucial for educational approaches to
focus on exploring the problem space and abstract
thinking. Abstraction in modelling involves the
process of identifying and focusing on the essential
aspects of a real-world problem or system while
disregarding the less significant details. This selec-
tive focus allows modellers to create simplified
representations (models) of complex systems that
retain only the features pertinent to the problem
at hand. The goal is to make the problem more
manageable and the system more understandable
without oversimplifying it to the point of losing
essential characteristics.

In contrast to the typical computer science
view where complexity is hidden in nested levels of
abstraction, abstraction in modelling is driven by
the need to explore and understand the problem
space. This involves:

Problem Space Exploration: Understanding  the
various elements, relationships, and processes
that constitute the system. This step is crucial
for identifying what should be included in the
model and what can be left out.
Purpose-relevant Information Extraction:
Determining which aspects of the system are
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relevant to the goals of the modelling effort. This
means different models might be created from the
same system for different purposes, each abstract-
ing different facets or details based on what is
most relevant to the problem or question being
addressed.

Creation of Usable Models: Developing a repre-
sentation of the system that is both simpler than
the reality but still retains all necessary detail to
be effective for solving the problem or answer-
ing the question at hand. This involves a balance
between simplification and accuracy, ensuring that
the model is both tractable and valid within the
context of its intended use.

Abstraction, therefore, is a critical skill in
modelling because it allows the modeller to con-
struct meaningful and usable models without
becoming overwhelmed by the complexities of the
real world. It involves a deliberate process of fil-
tering out noise and focusing on the essence of the
problem, which requires a deep understanding of
both the system being modelled and the context in
which the model will be applied. This skill enables
modellers to navigate the vast problem spaces
they encounter and develop effective solutions and
strategies. This will better prepare students to
contribute effectively in the rapidly evolving tech-
nological landscape. Abstraction skills are difficult
to teach as they require balancing detail and
generalisation.

The Crucial Role of Feedback

Feedback is an indispensable component in the
learning process, as it supports learning and builds
confidence. The lack of relevant and constructive
feedback contributes to the challenges students
and teachers face. Furthermore, the previously
mentioned lack of confidence of students in their
modelling abilities is often exacerbated by the
absence of relevant and constructive feedback on
the quality of their models.

However, providing quality feedback on models
presents unique challenges. For example:

Assessing completeness: In complex domains, it
can be difficult to determine if a model compre-
hensively covers all relevant concepts.



Evaluating correctness: The correctness of a
model goes beyond just accurately represent-
ing individual concepts; it also involves the
relationships between these concepts.

Navigating multiple valid models: For a given
problem within a domain, there can be several
different yet equally valid models. This compli-
cates the feedback process as there is no single
“right” model against which students’ work can
be benchmarked.

Understanding model quality: There is no tangi-
ble, universally accepted definition of model qual-
ity; hence providing feedback on model quality can
be abstract and challenging for students to grasp.

Addressing these challenges necessitates a
nuanced approach to feedback that recognises the
complexities involved in modelling.

The Embracing of and Motivation for
Modelling

Many students find it difficult to appreciate the
significance of modelling. Modelling can be seen
as an overwhelming abstract and annoying task,
being in the way to start programming. This view
can lead to a lack of interest in mastering mod-
elling techniques and recognising their application
across various fields.

The true benefit of modelling manifests itself
in collaborative, iterative, and long-term projects.
However, these situations are rarely utilised in
education. For instance, while group projects are
common, they rarely focus explicitly on fostering
collaborative modelling skills. Additionally, the
typical duration of university courses, spanning
from a few weeks to a semester, limits the depth of
engagement students can have with complex mod-
elling projects, thus restricting the potential for
meaningful teamwork and iterative learning.

Finally, our observations suggest that the abil-
ity of students to read and comprehend existing
models is underdeveloped. This deficiency stems
from educational practices that focus on creating
new models, neglecting the equally important skill
of model interpretation. Students seldom receive
assignments that require them to analyse and
understand existing models, which leads to a lack
of familiarity and confidence in dealing with pre-
established frameworks. Furthermore, this leads
students to adopt a skewed understanding of mod-
elling. This gap undermines their confidence in
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modelling and impairs their ability to effectively
contribute to ongoing projects or adapt existing
models to new contexts.

7.2 Addressing the Challenges

Addressing the challenges outlined above requires
an integrated approach to teaching modelling that
highlights practical benefits, encourages active
collaboration, incorporates activities and assign-
ments that focus on the critical analysis of existing
models, and demystifies the various techniques
and notations used.

Strategies for Assessing Modelling Skills

The challenge in teaching modelling skills is find-
ing an equilibrium between the need for tangible,
assessable outcomes and maintaining the holis-
tic nature of of modelling, which is critical for
students’ comprehension and application in real-
world scenarios. Educators must navigate this
balance to cultivate both technical competence
and an appreciation for the value of modelling in
the broader interdisciplinary educational context.

To address this challenge, educators should
consider implementing a multifaceted approach
that includes incremental learning and construc-
tive feedback on modelling assignments, struc-
tured thinking exercises that promote abstract
reasoning and problem decomposition, and prac-
tical training through real-life case studies and
examples. This approach, including critical essays,
analysis papers, Socratic discussion seminars, peer
reviews and case studies, fosters a more profound
understanding of the importance and applicability
of modelling in various contexts.

Strategies for Delivering Constructive and
Relevant Feedback

It can be beneficial to follow a structured guide-
line when assessing student models to elevate
the quality of students’ models and provide bet-
ter feedback. A key element of this strategy
involves differentiating feedback between syntax
and semantics. By distinguishing between these
two dimensions, educators can provide more tar-
geted feedback that addresses student models’
form and substance. Moreover, feedback should be
positive and constructive, highlighting what stu-
dents have done well and pointing out areas for
improvement. This approach encourages learning



by reinforcing successful strategies and provid-
ing clear, actionable suggestions for addressing
weaknesses. Such feedback fosters a learning envi-
ronment that values growth and clear, targeted
improvement.

Feedback must be specific and refer to concrete
instances within the model to be effective. For
example, rather than making a general statement
about the model’s organisation, an instructor
might point out how the placement of a par-
ticular element enhances the model’s clarity and
coherence. Additionally, feedback should clearly
differentiate between the problem space and the
solution space. This distinction helps students
understand whether issues arise from their under-
standing of the problem or the resolution methods
they have chosen to solve.

When measuring the quality of student mod-
els, visual aesthetics and the layout of diagrams
can serve as an initial proxy for model qual-
ity, as they often reflect the student’s attention
to detail and organisational skills. However, one
should be careful not to overemphasise form over
function. The naming of model elements is also
critical, as names should be descriptive, concise,
and appropriate to the level of abstraction while
also conforming to established conventions.

Finally, an attempt at completeness should
be made by comparing the list of concepts in
the problem description with those present in
the model, identifying any missing or unneces-
sary elements. Educators can significantly enhance
students’ modelling skills through such thorough
and thoughtful feedback, providing them with
the tools and understanding necessary to develop
high-quality, meaningful models.

Strategies for Teaching Structured
Thinking

Structured thinking is a foundational skill for
modellers, fostering confidence in their models and
underlining the relevance of modelling. It enables
the breakdown of complex problems into man-
ageable parts, facilitating clear analysis. Teaching
structured thinking involves introducing students
to frameworks and methodologies that guide the
systematic exploration of problems and the devel-
opment of coherent, logical models. Techniques
such as mind mapping, decision trees, and logical
frameworks can be instrumental in this process.
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This educational approach should focus on
iterative learning, where students iteratively refine
their critical and strategic thinking abilities.
Encouraging reflective practice, where students
evaluate their thought processes and modelling
decisions, can significantly enhance their under-
standing and application of structured thinking
in modelling. Exercises designed to simulate real-
world scenarios can provide practical experience in
applying structured thinking, thereby enhancing
students’ confidence in their modelling abilities
and the perceived value of modelling.

8 Discussion

The topics summarised in Sections 3 to 7 outline
various topics, goals, and research questions for
future work. The five topics cover specific aspects
concerning those topics in depth. However, there
are various connection points between the five top-
ics that are worth highlighting. These connections
are sketched in Figure 5.

Overall, we observe that topics 1, 2, 3, and 5
are well-connected. Topic 1, Factors of Modeller
Ezxperience, provides a broad frame of technical
and non-technical factors that can affect modeller
experience. Topic 2, Collaboration and MDE, and
Topic 3, Diversity and Inclusion in MDE, consider
specific cases of such factors, i.e., diversity-related
factors and communication/collaboration-related
factors. These specific cases might give rise to
additional MX-related factors, or moderate their
effect. Jointly, the three topics promote the mes-
sage that considering technical factors alone is
insufficient for successful use and adoption of
MDE, and to understand how and why MDE is
applied in practice. These observations lead us to
the following proposition:

Proposition 1: We propose that modelling is
not an objective process, but various technical
and non-technical factors affect the individual
modelling experience. The community needs to
(1) investigate what these factors are, and (2)
investigate to what extent the factors affect
modelling practice and adoption.

Topics 1 to 3 also all discuss that specific
contexts need to be distinguished and studied



Topic 1: Factors of
Modeller Experience

Topic 4: Modelling
Human Factors

| | Topic 3: Diversity and
Inclusion in MDE

Topic 5: Teaching

Human-aware MDE

Fig. 5 Overview of the seminar topics.

separately, which is introduced as archetype work-
flows in Factors of Modeller Experience. While
named differently, specific examples of such work-
flows are covered in Diversity and Inclusion in
MDE with respect to diversity & inclusion, and in
Collaboration and MDE with respect to collabo-
rative aspects of MDE. Collecting such archetype
workflows could be an important goal for the MDE
community as a whole, as it would allow to bet-
ter reason about the (external) validity of various
empirical studies. We summarise this as follows:

Proposition 2: We propose that various differ-
ent contexts or workflows need to be considered
in MDE research to allow for more precise con-
clusions to be drawn. The community needs to
collect and validate representative workflows of
the application of MDE in practice.

Jointly addressing Propositions 1 and 2 could
help the MDE community increase the validity of
research results, e.g., in reasoning about success
factors of MDE-related interventions in industry.

Topic 5, Teaching Human-aware MDE, con-
nects naturally to Topics 1 to 3 as, ultimately,
students (and future engineers) need to be taught
the complexity of modelling beyond purely syn-
tactical and technical factors. On the one hand,
this necessitates that educators are aware of rele-
vant human factors and dimensions that affect MX
so that MX does not negatively affect the class-
room, ultimately leading to a lower acceptance of
MDE. On the other hand, it also requires high-
lighting these factors to the student population to
ensure transfer to and awareness in practice. We
summarise these observations as follows.

Topic 2: Collaboration
and MDE
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Proposition 3: Education in MDE needs to
mirror research efforts in the sense that educa-
tors (1) need to understand the effect of human
factors on modeller (and student) experience,
and (2) need to convey the importance of these
human factors to the student population, so that
knowledge transfer to practice takes place.

Topic 4, Modelling Human Factors, is some-
what disconnected in contrast to the close cou-
pling of the remaining topics. This group takes
a different approach, namely how models can be
used to analyse or consider human factors in
SE. Topic 3, Diversity and Inclusion in MDE,
covers this angle as well in two sub-points, i.e.,
that models can be a means to better under-
stand diversity-related biases, and that existing
contributions in the MDE community can be
used to better support diverse needs among mod-
ellers and consumers of models in practice. This
angle can be compared to previous discussions
on how knowledge in the MDE community can
serve other research fields, e.g., for climate mod-
elling [41, 42]. However, in these previous cases,
authors have advocated applying MDE-related
knowledge to better understand phenomena in the
scientific disciplines of engineering and natural sci-
ences. Instead, we raise the point that the many
contributions of the MDE community and their
technical sophistication can and should be used for
human factors. Overall, we propose the following.

Proposition 4: Human factors are increasingly
important in SE research and practice. There-
fore, the community needs to apply their MDE-
related knowledge and experience to models of
human factors in SE.



In addition to the research goals and ques-
tions suggested by the individual groups, and
the propositions made above, connections between
individual topics can lead to further interesting
avenues for future work. For instance, Topic 2,
Collaboration and MDE naturally connects to
several of the other topics for issues concerning
collaboration or teamwork. Specifically, Modeller
Experience, as covered in Topic 1, might vary
from individual model use in cases of collaborative
modelling. Versioning is highlighted as a techni-
cal factor contributing to MX and essential for
successful collaborative MDE. However, further
technical and non-technical factors could similarly
affect MX in collaborative settings. Finally, Col-
laboration and MDE has a joint connection to
Topic 3, Diversity and Inclusion in MDE. Collab-
orative modelling in a diverse group of people can
lead to diverse, and potentially conflicting view-
points, opinions, and preferences. This influence of
diversity needs to be better understood to enable
successful collaborative modelling practices. Sim-
ilarly, in education, collaborative modelling in
diverse groups needs to be learned and practised
to enable university graduates to deal with this
diversity in practice. Topic 1, Factors of Mod-
eller Experience, has an additional connection to
Diversity and Inclusion in MDE. That is, sev-
eral non-technical factors related to MX might be
affected by the diversity of the modeller(s) or the
model’s users. For example, preferences on factors
such as layout, tooling, or amount of informa-
tion contained in a model can potentially affect
MX. At a higher level of abstraction, it is worth
considering whether diversity-related topics add
additional factors not considered in Factors of
Modeller Experience, such as cultural factors, or if
they are simply moderators to the listed factors.
In summary, we therefore propose the following.

Proposition 5: In addition to the points raised
in Proposition 1 to 4, the community needs to
pay considerable attention to how collaboration
and group diversity affects modelling.

9 Conclusion

This paper summarises the discussions we, a group
of 26 researchers and practitioners connected to
MDE and human factors research, had during a

one-week seminar at Schloss Dagstuhl. We focused
on five topics which we elicited jointly at the start
of the seminar. In our opinion, these five topics
require urgent attention in the MDE research com-
munity. We formulated research goals, questions,
and propositions that support directing future ini-
tiatives towards an MDE community that is aware
of and supportive of human factors and values.

The topics raised represent the collective opin-
ions and knowledge of the various experts present
at the seminar, and are often not evidence-based.
Naturally, this means that others might disagree
with our positions, and empirical evidence might
prove us wrong in various ways in the future.
We encourage the community to engage with us
in constructive discussions on our positions and
suggestions.

Finally, several suggested topics did not receive
enough attention during the seminar. The list
of goals, outcomes, and topics we presented in
Section 2 of this report can serve as an inspira-
tion to explore further directions in addition to
the ones we proposed.

Acknowledgments. We thank Schloss
Dagstuhl for the opportunity to conduct the
workshop and the GI (Gesellschaft fiir Informatik)
for supporting it.

A Appendix: Goals and Setup
of the GI-Dagstuhl Seminar

The results presented in this paper emerge from
discussions at a GI-Dagstuhl seminar”. These sem-
inars are similar to the well-known traditional
Dagstuhl seminars® but cater towards early-career
researchers, such as PhD students and postdocs.
The primary goals of the seminar were (1) to
establish closer collaborations and shape future
goals in human factors in MDE and (2) to broaden
the perspective of the seminar topic through
insights into related research areas. To address
(1), we invited early-career researchers who study
human factors in software modelling through con-
tacts and existing publications in the HuFaMo
workshop series, held as a part of the Models con-
ference every year. Additionally, we invited a few

"https://www.dagstuhl.de/en/seminars/
gi-dagstuhl-seminars
8https://www.dagstuhl.de/en/seminars/dagstuhl-seminars
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selected senior researchers in this community. To
address (2), we invited participants who conduct
research not directly related to MDE but related
to the human factors seminar theme, such as psy-
chology or human-centred software engineering.
Finally, connected to both goals, we invited expe-
rienced industrial participants interested in MDE,
to anchor discussions in industrial needs.

A.1 Participants

The aforementioned goals led to a diverse group
of 26 participants, with 11 women and 15 men,
3 participants from industry, another 2 who used
to work in industry, 9 participants before finish-
ing their PhD, and 5 senior participants. Given
the nature of Dagstuhl seminars, most of the par-
ticipants came from Germany (15), followed by
Iceland (2), Portugal (2), and Sweden (2). One
participant each came from Belgium, Canada,
Switzerland, the Netherlands, and Spain.

A.2 Seminar Structure

After a first unofficial get-together on Sunday, we
started the seminar early on Monday, 19th Novem-
ber 2023. We ended after lunch on Friday, 24th
November 2023, spending a total of 4.5 days on
in-depth discussion. Throughout the workshop, we
followed several of the practices recommended as
a part of Liberating Structures’, i.e., simple prac-
tices for structuring workshops and discussions
engagingly and inclusively.

Monday was used to brainstorm seminar out-
comes and topics. From Tuesday until Friday, we
discussed the five most popular topics in break-
out groups. Finally, we recorded results as a joint
working document from Thursday onwards. In
parallel to these activities, we had eight selected
presentations from junior participants and one
selected presentation on psychological theories
from an established researcher.

A.3 Reflections on the Seminar
Format
During one week, the author group discussed and

reflected on human factors in MDE in a GI-
Dagstuhl Seminar. The format we chose is akin to

Yhttps://www.liberatingstructures.com/
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similar seminars, e.g., regular Dagstuhl Seminars,
Lorentz Center Workshops'?, or NII Shonan Meet-
ings'!. However, the seminar was aimed primarily
towards early researchers, and we, on purpose,
invited people with non-MDE backgrounds, i.e.,
conducting research in education and psychology.
Additionally, we invited several practitioners with
a background in MDE research. This diverse group
composition led to many interesting and novel
discussions, as participants were more likely to
think “out of the box”, i.e., make connections to
non-MDE research topics or industrial practice.
Similarly, the juniority of the group as a whole
might indeed have created more novel discussions,
as many participants were not as mechanised in
their thoughts on what MDE research is and
should be. Hence, we believe the diverse group
composition was a success and will consider this
for future seminars with similar aims.
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