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Abstract

We report on an international survey of 59 higher-education teachers of software modelling
and model-driven engineering regarding the modelling languages and tools they use, the ped-
agogic approaches they employ, as well as their desires for features and properties in improved
modelling tools for teaching. The survey revealed divergent opinions regarding satisfaction
with existing tools, with preferred teaching methods, and with currently-used modelling tools.
But there was agreement on the need for better user experience in tools, more powerful capabil-
ities, better documentation, and comprehensive libraries of examples. There was a dichotomy
between a large majority who want to teach modelling using the core UML-based diagram
types, versus smaller groups who want to focus either on formal languages or model transfor-
mation. The number of modeling tools in use is large, but educators are not aware of most
tools, indicating a very fragmented market. We conclude that there is a need for the commu-
nity to work towards a smaller set of usable and useful tools. We believe our analysis will
inform the development of better tools and pedagogies for teaching modelling and model-driven
engineering.

1 Introduction

Research shows that modelling greatly benefits software developers if they apply it appropri-
ately [59]. It enables designers and engineers to efficiently explore the design space, and provides
stakeholders with suitable representations of the system. Models hence help all involved parties
understand, analyse, and design complex (software) systems.

Although modelling is taught in most post-secondary education programs, industrial use is
lagging [32]. To ensure they adopt modelling, industrial users need to be convinced that their
investment in modelling will have a positive return on investment, but if students entering the
workforce are already not convinced, then their modelling education is not likely to be translated into
adoption of modelling in the workforce. Therefore, to make modelling effective, both in educational
and industrial practice, appropriate tools must be available to educators. These must be tools
that both help the student learn modelling, and also help convince the student of the benefits of
modelling.



However, most academic and industrial modelling tools currently available are not ideal for
teaching modelling [I3] 20, [34].

Educators choosing tools for teaching can elect to choose those used in industry. These, however
have several issues: They tend to be complex and have prohibitively high pricing. They lack out-of-
the-box leearner-oriented user experience, and support for teaching-related features, such as online
collaboration, automated grading, and pedagogical feedback adapted to the student’s level. They
also evolve rapidly, and generally have short lifespans before being declared obsolete. This renders
the effort of producing teaching material for them wasted.

Another choice educators may make is tools specifically designed by the educator community
for modelling in the academic context. However, many of these tools suffer from low maturity
and robustness, and are difficult to install. They also tend not to receive adequate maintenance
due to accumulated technical debt and the lack of reward for academics who would need to invest
considerable effort in a tool’s development over many years. Since modelling is a large and complex
task, it is also difficult for academics to produce sufficiently powerful tools that convince students
that modelling can be used for serious software development.

Motivated by this situation, we organised a one-day working session on modelling tools for
teaching (MTT) at the 26th International Conference on Model-Driven Engineering Languages
and Systemsﬂ The outcomes of the discussion during the workshop are reported in detail in [34].
In the present paper we report comprehensive results from a follow-up survey of the international
community of academics teaching modelling and model-driven engineering. The survey asked about
their approaches to teaching modelling and their requirements for modelling tools for teaching.

The research questions we sought to answer when designing the survey were:

e« RQ1: To what extent are those teaching modelling satisfied with the current state of modelling
tools for teaching?

¢ RQ2: What are the features and properties that those teaching modelling would like to see
in tools?

¢« RQ3: Which modelling languages do those teaching modelling most wish to teach?
¢« RQ4: What teaching practices should modelling tools for teaching support?

RQ1 seeks to validate our base assumption that there is dissatisfaction with the state of the art,
and quantify the level of this dissatisfaction. RQ2 is the core question we are seeking to answer so
that tool designers can prioritize features and properties. RQ3 and RQ4 are aimed at helping tool
developers know what types of models and teaching practices should be supported by tools.

While some results of this survey were available at the time the earlier paper [34] went into
publication (so that that paper includes some initial data from the survey), the focus of [34] was
on reporting qualitatively the outcomes of the workshop discussion.

Thus, our paper makes the following contributions:

1. We present a survey of the community of higher-education modelling teachers and their per-
spectives on modelling tools for teaching.

2. We describe detailed findings from the survey, including thematic analysis of answers to a full-
text question and quantitative analysis of answers for individual questions as well as across
questions.

Thttps://modellingtoolsforteaching.github.io/
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3. We discuss our findings and draw conclusions for the further development of modelling tools
for teaching.

Our paper, thus, provides quantitative and qualitative data to support the qualitative discussions
in [34].

This paper is organized as follows: Section [2] discusses the methodology, including the survey
design and the sampling method. Section [3] discusses demographics and background of the partici-
pants. We then give three sections covering our findings: (i) Section [4| reports descriptive statistics
about the answers to individual questions where users rated their attitudes regarding tool features
or qualities, as well as the importance they attribute to various languages and teaching techniques;
and (ii) Section [5| reports on a thematic analysis of the open-ended question that appeared near
the beginning of the survey (Q5). Section |§| synthesizes our findings, Sect. |z| discusses related work,
Sect. [§summarizes several potential threats to validity, and Sect. [J] concludes the paper.

2 Methodology

The work presented originated at a workshop at MODELS 2023. The purpose of the workshop
was to engage in productive discussions regarding the requirements and necessary infrastructure
for MTTs. Targeted invitations were sent to research groups actively involved in developing tools
used for teaching computer science in undergraduate or graduate classes. During the workshop,
the need for a survey of the wider community became evident. In the following, we describe the
structure of the survey and the strategy for recruiting respondents.

2.1 Survey design

At the end of the workshop, we shared a pilot survey with workshop participants, which had been
created by one of the co-authors during the workshop. This provided initial insights and, more
importantly, helped us refine the final survey, data from which we present in this paper. Despite
being produced within a half-hour timeframe, the survey yielded valuable insights:

o Participants expressed a keen interest in teaching using class diagrams and state machines,
alongside other model types albeit with lesser importance.

o Important attributes for modelling technology in teaching included being free, having ex-
cellent user experience, having multi-platform compatibility (including having a web-based
version), having a comprehensive user manual, having a library of examples, being reliable,
having analysis capabilities with feedback, having fast response time, being capable of code
generation, and having a textual interface available.

After the workshop, we reflected on the pilot survey and revised and extended the set of questions
to produce a full survey, which we shared with the international community of higher-education
modelling teachers. Ethics approval for the full survey was obtained at King’s College London in
January 2024 (reference number MRA-23/24-41234).

Table [1] provides a high-level summary of the questions. The table also indicates which of our
top-level research questions are addressed by each survey question, and which section of the paper
discusses the results.

Some of the principles we used to guide the design of the survey included:



Table 1: Summary of Survey Questions about Modelling Tools for Teaching (MTT)

Question Theme Purpose Findings

1 Confirmation of consent and teaching experience In- /Exclusion

2 Number of years respondents have been teaching Demographic  Sect.

3 Extent of to which they teach software modelling Demographic  Sect.

4 Satisfaction with current modelling tools for teaching RQ1 Sect.

5 Improvement areas for MTT (open ended) RQ2 Sect.

6 Importance of teaching specific modelling languages at RQ3 Sect.
the undergraduate level

7-13 50 properties or features of MTT to be rated by im- RQ2 Sect.

portance

7 General user experience (UX) properties and features
of MTT (9 items)

8 Editing and collaboration features of MTT (5 items)

9 Language and language-manipulation features of MTT
(10 items)

10 Analysis features of MTT (5 items)

11 Transformation features of MTT (7 items)

12 Platform capabilities for MTT (9 items)

13 Business and economic properties of an MTT (5 items)

14 Languages respondents would like the tool to generate RQ2 Sect.

15 Teaching practices an MTT should support (13 items) RQ4 Sect.

16 Modelling tools currently used (16 items) RQ1 & RQ2  Sect.

17-19 Remaining questions for demographic analysis Demographic ~ Sect.

17 Academic rank

18 Continent

19 Gender




Gathering a limited amount of demographic data (Q2-3 and 17-19) to help determine whether
different sub-communities have different needs.

Designing most questions (Q2-4, 6-13 and 15-16) to use rating scales with carefully consid-
ered extreme values, and a neutral point if appropriate. For example, when asking about
satisfaction (Q4) choices ranged from ‘very satisfied’ to ‘very dissatisfied’.

For questions relating to perceived benefit of languages, tool properties or tool features (Q6—
13), we not only included values ranging from ‘not needed’ to ‘critical’, but also included a
negative value of ‘harmful’ on the scale to enable the respondents to suggest avoidance of
features that might result in excess complexity.

Adding a general open-ended question (Q5) prior to detailed rating-scale questions, to ensure
that the respondent would be able to express themselves freely before they are provided with
the categories the survey designers have chosen.

Gathering categories for the questions from many sources, including the original MTT work-
shop [34], input from the attendees at the workshop, and items identified in two papers [2, B1].

Adding open-ended ‘other’ options where there is any possibility of a respondent wanting to
add additional categories or more information.

The questions and answer options are openly available from the King’s College London research
data repository, KORDSEI

2.2

Sampling methods

Targeted sampling methods were employed for distributing the survey using the following steps:

1.

3.

Each attendee of the MTT workshop at MODELS’23 was tasked with ensuring that the survey
reached relevant individuals within their institution, including themselves.

. Additionally, participants were encouraged to reach out to colleagues in other institutions

within their geographic region and beyond.

The survey was also disseminated through the LinkedIn and X accounts of several authors.

By the end of February 2024, we had gathered 59 valid responses. Only one response was
excluded due to incomplete answers to the questions.

2.3

Quantitative analysis

To analyse the data from questions with rating scales (Q6-13, Q15 and Q16), we converted the
responses from the rating scale to numerical values (the values used will be presented with the
findings). We designed the points on the scale for each question to allow respondent to express
reasonably-evenly-spaced levels of positivity about the languages, features, properties, tools and
teaching techniues. We initially considered using strictly non-negative values from not needed to
critical, but after reflection we decided to provide one negative point on scales for questions 6-13

2https://doi.org/10.18742/25429270
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that would allow respondents to indicate that they think teaching a certain language, or having a
certain feature available, might actually be harmful.

In our analysis we used basic descriptive statistics to allow ranking of responses such as languages
and features. There has been some controversy about whether it is legitimate to compute the mean
and standard deviation of such an ordinal scale. However, we follow the advice of Harpe [29] who
analyses the measurement theoretical arguments, and concludes that it is permissible to compute
such statistics when comparing many items (languages, features and so on in our case) using a scale
with at least 5 points. However, we also provide the median and mode.

We also performed some differential analysis in two ways. For some questions we performed a
series of T tests to see if there were any differences in the results from different sub-groups. When
using multiple T-tests like this it is necessary to correct for the chance of false positives, so we
performed Holm-Bonferroni correction [30]. We also use ANOVA analysis to discover if there are
any significant variations in responses to each question among certain sub-groups; when variation
is uncovered we use Tukey tests [I] to determine which differences are significant.

2.4 Qualitative analysis

To gain insight into free comments (coming from answers to Question 5), Thematic Analysis [10] 57]
is employed. In qualitative research, this is a widely accepted method [60] 28, [16] for identifying,
analyzing, and reporting emerging themes in data. In particular, it helps in capturing latent
patterns across diverse participant narratives and enhancing data transparency through structured
coding and categorization. Given the open nature of Question 5, this method was employed to
condense data that touched upon different modelling tool features and areas of improvement. This
approach requires, in order: i) familiarizing with the data; ii) initial coding; iii) generating themes;
iv) assessing the validity and reliability of themes; v) defining and naming themes; vi) interpreting
and reporting the results. The data was initially prepared by following a topic summary approach.
Then, a thematic coding was carried out. In total, 4 authors of the present manuscript contributed
to outlining and validating the themes and their reliability, across multiple sessions.

3 Background and demographics of the respondents

We asked the following questions about the participant’s general background and demographics:

o Teaching Experience and Duration (Q2): Respondents to the survey broadly have
substantial experience teaching modelling: 30% of respondents said they have been teaching
modelling for 20 or more years. A further 23.3% have taught modelling for 10-19 years and
25% for 5-10 years. Only two respondents said that they “do not teach modelling (yet)”.

« Extent of Teaching Software Modelling (Q3): The vast majority of respondents teach
software modelling at a level where there expert judgment should prove valuable, with 39%
heavily involved, 54% moderately involved, and only 7% teaching modelling minimally. There
proved to be few significant differences in the answers to other questions between those who
teach modeling heavily and those who teach it moderately or less. Later in this paper, we
will report on a few exceptions to this.

o Satisfaction with Current Technology (Q4): We asked about satisfaction because an
initial premise of our work is that existing MT'Ts do not provide the user experience or features
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dissatisfied 2%
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Figure 1: Overall satisfaction of respondents with existing modelling tools for teaching (Q4). No
respondent used the available option “Very satisfied”.
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we believe modeling teachers and students would like. However, it was important to validate
this in the survey.

Mixed satisfaction levels were observed (cf. Fig. among respondents regarding the cur-
rently available MTTs, with no respondents indicating being very satisfied, 54% expressing
satisfaction to some extent, and 36% indicating some level of dissatisfaction.

This validates, to a reasonable extent, why the remaining questions in the survey are im-
portant. We were a little surprised, however, that the percentage of dissatisfaction was not
higher. Later in the paper we will point out the few questions where those who were satisfied
gave significantly different responses from those who were dissatisfied. For most questions,
however, there were no significant differences between these groups. This could suggest that
the answers to Q4 reflect more on varying thresholds of satisfaction between respondents
rather than capturing the true quality of available modelling tools for teaching.

Other Demographics (Q17-19): Participants were roughly evenly divided among full
professors, associate professors and assistant professors. Responses were 74% from Europe;
16% from North America, and 10% from elsewhere. Respondents were 75% male and 25%
female.

Descriptive statistics

We begin by reporting descriptive statistics for the answers to all the questions where respondents
rated items on a scale. We followed the data analysis method described in Section [2:3]



4.1 Modelling languages

Question 6 asked “To what extent do you think each of the following modeling languages should be
taught to undergraduates as a required part of a computer science or software engineering program?”
We listed 17 different modelling languages, ranging from ‘class models’ to ‘Formal methods models
(e.g. Alloy, NuXMV) other than OCL’ (‘OCL’ was a separate alternative). . Many of the languages
we specified are actually families of languages. For example, there are several flavours of Petri Nets
and goal models, and many types of textual requirements or process modeling languages. However,
listing every individual language would have been unreasonable, so we chose to list language clusters
and provide an option for respondents to also add their own languages. We still refer to the clusters
as languages to simplify communication.

Respondents were asked to rate each language using the following scale, where the numbers in
parentheses are the values assigned to each response for the subsequent calculations, as discussed
in Section

e Harmful to include in the required curriculum (obsolete or risks adding undue complex-
ity /clutter) (-1)

e Not needed but would not be harmful (0)

e May be useful for students but not every program should need to include it (1)

o Needed: Basic capability should be present, but it does not have to be taught extensively (2)

o Critical: Should be taught in a full-featured manner, so students have high competence (3)

Figure 2] and Table [2] provide an overview of the scores given to each of the 17 modelling
languages, ordered from most to least important to teach. Figure[2|presents the results graphically,
where the green bar segments highlight where respondants think that the language should be taught,
and the red/pink bar segments suggest that the language should not be taught. Table [2| presents
the same data numerically. It is notable that the median and mode decrease along with the mean,
as would be expected; the mean simply provides a finer-grained ranking than the median or modeE|

Class models are clearly considered the most critical type of modelling language by respondents
with only 1 respondent suggesting they would be ‘harmful’ and all other respondents considering
them either ‘needed’ or ‘critical’. The next most important languages are state machines, sequence
diagrams, use case models, ER diagrams, and activity diagrams. Formal methods languages and
Petri nets are considered the least important by our respondents.

Respondents were also able to provide a list of other modelling languages they considered im-
portant and that were not included in our list already. They were able to provide a free-text answer
listing arbitrarily many additional languages. 16 respondents made use of this option. We grouped
their responses by type of modelling language, resulting in 6 additional modelling languages. Fig-
ure |3| shows the distribution of responses. Process modelling languages (like BPMN [19]) were a
clear omission from our list. Modelling languages for software architecture and software deployment
were also requested frequently.

We performed differential analysis on the data from Question 6 to determine whether there
are any differences in the responses between those who had indicated they were somewhat satis-
fied or satisfied with current modelling tools, as per Question 4, as compared to those who were
somewhat dissatisfied to very dissatisfied. We used T tests to compare the two sub-samples. The
satisfied group rated the following four languages more highly than the dissatisfied group: Entity

3With the exception of ‘entity relationship diagrams’ and ‘component diagrams’, where the mode is slightly higher
than for the previous entry.



Class models | |
State machine models and variants ||
Sequence Diagrams [ |
Use case models [ |
Entity Relationship diagrams
Activity Diagrams
Textual requirements models
User interface and interaction models

Data flow models
Component diagrams | |
Models of the software engineering process [ |
oCL ||
Software configuration models (e.g Dockerfile) | |
Feature models ||

Goal models | | ]
Petri Nets . |
Formal methods models (e.g. Alloy, NuXMV) other than OCL | ]

W Harmful Not needed May be useful Needed M Critical

Figure 2: Responses to Question 6: “To what extent do you think each of the following modeling
languages should be taught to undergraduates as a required part of a computer science or software
engineering program?” - ranked by average score. X-axis shows percentage of respondents, centred
around the middle of the “not needed” response.

Relationship Diagrams, Goal Models, Petri Nets and User Interface Models. Each of these T-tests
would have been statistically significant on its own. However, after Hom-Bonferroni correction (as
discussed in Section none of the differences proved statistically significant. There were no
differences between those who teach modeling heavily and those who teach moderately or lightly.

4.2 Modelling tool features and properties

Questions 7 to 13 asked about the importance of 50 different features or properties of modelling
tools in a teaching context. They all shared a scale of possible responses, where once again we
assigned the numerical values shown in parentheses:

o Harmful: would add undue complexity (-1)

o Not needed / not something I would judge a tool by (0)
e Good to have at a basic level (1)

o Important to have at a moderate level (2)

o Essential to have reasonably good capability for this (3)
o Critical: Must be as extensive and good as possible (4)

We report responses across all 7 questions, to make relative importance of features in different
categories visible. As with Question 6, we again compute the means to allow fine-grained rankings;
and once again we decided to have a single ’harmful’ value in addition to positive values.

The results are summarised in Figure [dland Table[3] User experience and cost aspects dominate
the top-rated features, with example libraries, code generation, and the ability to provide feedback
on models also very important. On the other hand, Al integration and support for mobile platforms
are not considered important.



Table 2: Descriptive statistics regarding perceived desirability of teaching various modeling lan-
guages from Question 6, corresponding to Fig.[2] Values: Harmful = -1; Not needed = 0 to Critical
= 3.

Modeling language Mean Std. Deviation Median Mode
Class models 2.76 0.63 3 3
State machine models and variants 2.29 0.98 3 3
Sequence Diagrams 2.03 0.97 2 3
Use case models 2.03 0.98 2 2
Entity Relationship diagrams 1.93 1.20 2 3
Activity Diagrams 1.88 1.04 2 2
Textual requirements models 1.49 1.10 2 1
User interface and interaction models 1.40 1.04 1 1
Data flow models 1.38 1.04 1 1
Component diagrams 1.35 1.06 1 2
Models of the software engineering process 1.22 1.10 1 1
OCL 1.12 1.08 1 1
Software configuration models (e.g Dockerfile)  1.10 0.95 1 1
Feature models 0.98 0.94 1 1
Goal models 0.89 0.96 1 0
Petri Nets 0.79 1.06 1 0
Formal methods models (e.g. Alloy, NuXMV)  0.61 1.03 1 0

other than OCL

We analyzed the responses to Questions 7-13 by comparing the subgroups who were satisfied
with existing tools, vs those who are dissatisfied, following the same method as for Question 6.
The following features or properties were individually rated significantly higher among the satisfied
group vs. the dissatisfied group: Access control, traceability, language engineering, formal methods
capability, plagiarism detection, creation of models by Al, generation of natural language description
of models, command-line access to a tool, and ability of the tool to be used commercially. None of
these differences ramained significant, however, following Holm-Bonferroni correction.

We also analyzed the responses comparing those who teach modeling heavily vs. those who
teach it moderately or less. Heavy users rated student collaboration, model transformation, and
tools being free as significantly more important than other respondents. Heavy users rated textual
interfaces as significantly less important than other users. But, as before, the statistical significance
disappeared following Holm-Bonferroni correction.
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Figure 3: Additional modelling languages suggested in response to Question 6, grouped by type of

language.

Table 3: Data for Questions 7 to 13 regarding desirability of properties or features, sorted by
descending mean (with rare exceptions this corresponds to a sorting by median or mode). Values:
Harmful = -1; Not needed = 0 to Critical = 4.

Feature or Property Question Mean Std. % Med- Mode
Dev essen- ian
tial /
critical
Ability for students to save and Q7 — UX 3.68 0.78  96.6 4 4
load models
The tool is free to use for edu- Q13 — Business 3.49 1.01 86.4 4 4
cators and students
Ability to run on all main lap- Q12 — Platform  3.34 0.94 83.1 4 4
top platforms: Windows + Mac
+ Linux
General ease of use: Complies Q7 — UX 3.14 1.06 81.4 3 4
with guidelines for simplicity,
good labels/icons, good feed-
back, undo capability, etc.
Reliability Q7 - UX 3.00 1.14  76.3
Ability to present comprehen- Q10 — Analysis 2.92 1.16  69.5

sive error or warning messages
about problems with model
syntax or semantics

11



Table 3: (continued).

Feature or Property Question Mean Std. % Med- Mode
Dev essen- ian
tial /
critical
Online user manual (an ad- Q7 -TUX 2.86 1.20  67.8 3 4
vanced version would have ex-
amples that can be directly
loaded into the tool)
Presence of a library /repository Q7 — UX 2.61 1.27  62.7 3 3
of examples
Fast response time Q7 - UX 2.59 1.16  59.3
Code generation from models Q11 — Transfor- 2.59 1.21 525 3 4
mation
The tool is free to use for all Q13 — Business 2.59 1.40  58.6 3 4
users
Ability to have multiple dia- Q9 — Language 2.54 1.24 61.0 3 3
grams showing different subsets
of the model elements
Version control of models, such Q9 — Language 2.51 1.25  50.8 3 4
as integration with Git tools
Ability to run as a website Q12 — Platform  2.49 1.30  50.8 3 4
(hence zero-footprint, and no
installation)
Ability to annotate, or com- Q8 — Editing 2.46 1.28  52.5 3 3
ment on models
Ability to hide unneeded fea- Q7 —UX 2.37 1.20 475 2 3
tures (e.g. to reduce complexity
for students)
The tool is open source Q13 — Business 2.37 1.35 525 3 3
Execution of models directly in Q9 — Language 2.34 1.27  50.8
the modeling tool (interpreta-
tion, simulation, etc.)
Strict adherence to formal stan- Q9 — Language 2.31 1.39 458 2 2
dards for the supported model-
ing languages
Incorporation of traceability be- Q9 — Language 2.24 1.30  50.8 3 3

tween models, or between mod-
els and generated artifacts

12



Table 3: (continued).

Feature or Property Question Mean Std. % Med- Mode
Dev essen- ian

tial /

critical
Collaborative editing by multi- Q8 — Editing 2.12 1.35 441 2 3
ple students
Generation of instance models Q11 — Transfor- 2.05 1.41 441 2 3
(examples of a model) mation
Ability to compare models Q9 — Language 2.03 1.29 424 2 3
(compute  differences)  and
merge models
Document  generation from Q11 — Transfor- 2.00 1.34 414 2 3
models mation
Access control (i.e. student Q7 - UX 1.97 1.46  45.8 2 3
models can be kept private from
other students)
Ability to do language engineer- Q9 — Language 1.95 1.51  40.7 2 4
ing (creating domain-specific-
models - DSLs)
Syntax-directed editing Q8 — Editing 1.92 1.24  30.5 2 2
Collaboration by teachers in Q8 — Editing 1.85 1.37  40.7 2
model example and curriculum
preparation
Textual interface (available, Q9 — Language 1.80 1.31  33.9 2 2
even if graphical is the main
way of modeling)
Ability to embed code in models Q9 — Language 1.78 1.37  35.6 2 3
and/or vice- versa
The tool has a long history of Q13 — Business 1.76 122 271 2 2
use by many people
Generation  of  recommen- Q10 — Analysis 1.75 1.12 254 2 2
dations for model correc-
tion/improvement
Customizability (e.g. abil- Q7 -UX 1.73 1.45  39.0 2 3

ity to add plugins, extensions,
macros, new languages, etc.)

13



Table 3: (continued).

Feature or Property Question Mean Std. % Med- Mode
Dev essen- ian

tial /

critical
Integration with other modeling Q12 — Platform  1.69 1.37 254 2 2
tools so they can be used to-
gether, e.g. sharing or transfer-
ring models
Reverse engineering of code to Q11 — Transfor- 1.68 1.37 271 1 1
models mation
Transformation to other model- Q11 — Transfor- 1.66 141  33.9 2 3
ing languages mation
Separation of concerns mecha- Q9 — Language 1.59 1.35 288 2 0
nisms such as aspects, traits,
mixins (for product lines or con-
ditional code generation)
Formal mathematical verifica- Q10 — Analysis 1.59 1.34 288 1 0
tion (such as ‘model checking’)
The tool is capable of being Q13 — Business 1.47 1.29 271 2 2
used commercially (i.e. it is
not uniquely tailored for educa-
tional use)
Automated grading of student Q10 — Analysis 1.42 1.33  22.0 1 0
assignments
Generation of natural-language Q11 — Transfor- 1.37 1.30 18.6 1 1
descriptions of model elements  mation
Ability to run as a VS-Code Q12 — Platform  1.37 144 237 1 1
plugin
Integrated plagiarism detection Q10 — Analysis 1.32 1.36  20.3 1 1
Availability of the tool as a Q12 — Platform  1.28 1.23  20.7 1 1
Docker image
Integration of gamification in Q8 — Editing 1.14 1.31 186 1 0
modeling tools
Ability to run as an Eclipse plu- Q12 — Platform  1.05 1.43 18.6 1 0
gin
Ability to run on the command- Q12 — Platform  1.05 1.25  15.3 1 0

line

14



Table 3: (continued).

Feature or Property Question Mean Std. % Med- Mode
Dev essen- ian
tial /
critical
Creation of models by arti- Q11 — Transfor- 0.83 1.43  15.3 0 0

ficial intelligence (LLMs etc.) mation
e.g. using Al to transform tex-
tual requirements into a design

model

Availability of the tool as anapp Q12 — Platform  0.73 1.19 119 0 0
in app stores

Ability to be used on a small Q12 — Platform  0.36 1.03 34 0 0

mobile device

4.3 Code generation targets

Question 14 asked “If you would like code generation (model to text) to be part of your teaching
process, which languages are the most important for a modeling tool to be able to generate?”
Respondents were able to choose multiple answers from a predefined list of languages. They were
also able to add additional languages via a free-text field and to state that they do not include
code generation as part of their teaching. Figure [5] shows the distribution of choices among the
languages listed, excluding responses that indicated that the responded did not currently teach
code generation. Java dominates the field, with Python following at some distance. Beyond those
two languages, there is a significant drop-off with SQL and C++ leading the middle field.

Notably, 34 respondents (58%) provided additional languages we had not listed explicitly. Fig-
ure [6] summarises these responses. JavaScript stands out as the language most often explicitly
mentioned by respondents. Its frequency is still lower than most of the languages explicitly listed,
however, it is difficult to know whether the language would have scored higher if it had been listed
as an explicit option.

4.4 Teaching practices

Question 15 asked “Which of the following teaching practices are important to you when teaching
modeling to undergraduates?” Respondents were able to rank teaching practices on the following
scale:

e Do not use
o Use a little
o Use moderately
o Use extensively

Figure [7| summarises the responses. Teachers focus on small models, project / problem-based
pedagogies, live modelling, and small modifications to models (through analysis and editing of
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Figure 4: Visualisation of responses across Questions 7-13 asking respondents to rate tool features
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critical. Statistics are in Table [3] X-axis shows percentage of respondents, centred around the

and properties. Bottom (dark red) = harmful; next above in grey = not needed; top (dark green)
middle of the “not needed” response.
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Having students build small models using a modeling tool
Project based learning

Use a tool live in class to create or edit models

Problem based learning

Having students analyse and criticize models

Having students edit/improve an existing model

Draw models informally on a whiteboard / blackboard in class
Having students use modeling to build real systems that can execute
Having students draw small models using pencil and paper,...
Having students build small models using a drawing tool

Having students build their own DSL (domain-specific language)

Show students videos of modeling practices

Having students create model transformations
HDonotuse MUsealittle M Use moderately M Use extensively

Figure 7: Responses to Question 15 on teaching practices. X-axis shows percentage of respondents,
centred to separate “do not use” from the rest of the responses.

existing models). The use of modelling tools is seen as more important than the use of drawing tools.
The development of domain-specific modelling languages and model transformation is comparatively
rare, as is having students watch videos of modelling practice (as opposed to live modelling).

We conducted ANOVA tests to identify differences between educators who use different teaching
methods for modeling (ranging from “do not use” to “use extensively”) and their responses to the
following categories of modeling tool features:

¢ General User Experience (Q7): How important are user experience attributes in a mod-
eling tool for teaching?

« Editing and Collaboration Features (Q8): How important are features like annotation
and collaboration for a modeling tool?

o Language and Manipulation Features (Q9): How important are features related to
language and language engineering?

e Analysis Features (Q10): How important are the analytical capabilities of the tool?

¢ Transformation Features (Q11): How important are transformation-related features, such
as model-to-model or model-to-code transformations?

o Platform Capabilities (Q12): How important are platform features, like cross-platform
compatibility (Windows, Mac, Linux)?

¢ Business or Economic Issues (Q13): How important are business-related aspects, such
as tool cost and licensing?

For the most part we encountered little difference in the preferences of groups of educators.
However, the following describes some of the variations that were notable.

We consider as notable only cases where a particular group of educators rated a feature or
property at least 1.5 levels higher or lower on average in our semantic difference scale, and where
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this difference is both statistically significant, and interesting.

For statistical significance, we only included cases where an ANOVA followed by the Tukey test
resulted in p <0.05, when comparing the responses of groups of educators.

For effect size, we only include cases where there is a 1.5 point jump or drop in our semantic
difference scale. We use ‘es’ to indicate this in the data below. Statistically significant differences
with low effect size do not allow one to draw notable conclusions. For reference, a 1-point jump
(es=1) could be from ‘not needed’ to ‘may be useful’ or from ‘needed’ to ‘critical’ On the other
hand a two point jump (es=2) might be from ‘not needed’ to ‘needed’.

For interestingness, we retained only cases that were not ’obvious’. For example, we consider it
not interesting that people who primarily teach with drawing tools prefer simple drawing tools to
formal tools. Conversely, people who focus on teaching formal transformations would obviously be
more interested in transformation languages than people who never teach transformation, so the
fact that there is a statistical significance for this with high effect size is not interesting.

We boil down our comparative analysis to the following three groups of educators:

Those who teach model transformations: Not every educator teaches about model trans-
formations, but it it is clearly very important to some educators. People who extensively teach
about model transformations:

o Want more customizability (e.g., adding plugins, extensions, macros, etc.). es=1.5, p=0.027.
These people are also interested in modeling tools that run in tools like VS-Code (es=1.8,
p=0.004) or Eclipse, (es=2.2, p < 0.001) due to the plugin capabilities.

o Are more likely to want a textual interface for the modeling tool (even if graphical is the main
way of modeling) es=1.5, p=0.011

o Are more interested in the ability to compare models (compute differences) and merge models.
es=1.5, p=0.014

o Want tools that enable language engineering (creating domain-specific-models, DSMLs) es=1.8,
p=0.004

Those who educate using video: There is a subgroup of educators who extensively use video
in their pedagogical method. These people also:

e Are more interested than others in the availability of collaborative editing by multiple students
(es=1.8, p=0.005).

o Want more integration of gamification (es=1.6, p=0.01).
Those who teach by having students analyse and criticize models: This group is more

interested than others in the ability to embed code in models (es=1.5, p=0.002). The reason for
this might be that this facilitates executing models, which is one way to analyse them.

4.5 Modelling tools

Question 16 asked about respondents’ knowledge and use of specific modelling tools. Respondents
were asked to rank a list of given tools on the following scale:
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Figure 8: Percentage of respondents who claimed never to have heard of a particular modelling
tool.

I have never heard of it

I have heard of it but have never used it in teaching modeling
I have occasionally used it in teaching modeling

e It is one of several tools I use in teaching modeling

It is the main tool I use in teaching modeling

L]

L]

Figure [§] provides an overview of the tools respondents’ claimed never to have heard of. Some
tools appear to only be known to a very specialist group of respondents. We corrected for the level
of knowledge by re-ranking tools based on only those respondents who had heard of them before.

Figure [9] summarises the re-ranked data, where the percentages are based on only the number
of responses who had heard of the tool before.

5 Thematic analysis based on the initial open-ended ques-
tion

This section focused on the responses the open-ended survey question 5. We discuss our method-
ology in Section [2.4] The analysis began with a topic summary approach to chart the occurring
themes. Then, it followed a thematic direction by examining topic co-occurrences and their relative
importance, allowing for the identification of emerging patterns across the data.

We manually coded 53 raw comments provided in Q5 (“What do you think are the aspects
of software modeling tools that need the most improvement to make them better for use in ed-
ucation?”) from as many participants. From the analysis, 47 themes emerged, which were then
coded into higher-order themes. We thus obtained 15 themes covering 47 sub-themes. The most
frequently occurring theme was Usability/UX with 18 independent occurrences, followed by Edu-
cational Support (17), Advanced Functionality (16), Simplicity (15), and Use across platforms (14).
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Figure 9: Level of use of modelling tools among educators who knew each tool. X-axis shows
percentage of respondents, centred to separate “never used” from the rest of the responses.

We dropped sub-themes that presented only one occurrence. See Table [ for a complete breakdown
of the themes.

5.1 Theme analysis

We report below the themes and sub-themes we extracted, with example excerpts from the partic-
ipants’ comments (the excerpts may touch more than one theme at once).

Advanced Functionality. This theme was used to code comments that referred deeper and
more complex functionalities of the tools. It included subthemes like Deeper functionality in general,
Ezecution and simulation of models, Language creation/metamodeling.

P1 - “executable modeling tools, simple tools for generating code from models and vice
versa, supporting other languages than only C, C++, [for the] entire [range] of UML
diagrams”

Usability /UX. This theme regarded usability in general, and two participants also mentioned
the undo functionality and better direct manipulation.

P9 - “Easier to use, e.g., allowing direct manipulation instead of requiring users to
navigate between diagrams and forms.”

Educational Support. This theme includes considerations about diverse education-related
features, such as Guidance/assistance/tutoring for students, Automated grading support, and Value
for a student CV/industrial usage.
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Table 4: Themes and their sub-themes, with the number (N) of independent occurrences. Note:
sub-theme numbers may not add up to the same number of the macro-theme because of overlaps
within the same comments. Sub-themes with only 1 occurrence were dropped.

Theme N Sub-themes (N)
Usability /UX 18  General Usability (18)
Educational Support 17  Impose rigor (2), Guid-

ance/assistance/tutor for students (9),
Value for a student CV/industrial usage
(6), Automated grading support (2)
Advanced Functionality 16 Deeper Functionality in General (12),
Execution and simulation of models
(4), Language creation/metamodeling
(2), Support patterns/arch styles/design
types/frameworks (4), Support infor-
mal/fuzzy models/intermediate states (2)

Simplicity 15 Simplicity (6), Simpler beginner UX (9)
Use across platforms 14 Installability (10), Web-based UX (6)
Transformation 8  Generate code (4), Model transformation

(2), Transform to model with AI/Software
2.0 (2), Reverse engineering (2)

Collaboration Support 7  Collaboration (editing at the same time)
(6), Version control/Diff-Merge/Agility
support (2)

Language Support and Compliance 7 Support many modeling languages (3), Full
standard compliance (5), Simpler language
subset (2)

Modernization 6  Not in Eclipse (3), More modern (3), Keep
up to date (3)

Analysis-Related Capabilities 6 Model validation/Error detection (4), Ex-

planation of mistakes/Feedback (2), Trace-

ablity (2)

Integration with other modeling tools (5)

Better visualization (4)

Better documentation (4),

Reliability/lack of bugs (3),

Free (2)

Platform Versatility

Manipulation and Visualization
Documentation and Learning Resources
Robustness and Performance
Availability for use

N W = s Ot
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P18 - “[...] In addition, most tools are tailored for professionals and they can be rather
heavy for students and simple assignments. Freely available tools may not always support
all types of diagrams.”

Modernization. Comments included in this theme were coded into subthemes such as More
modern and Kept up to date, as well as Not in Eclipse, a subtheme specifically referring to comments
and suggestions that mentioned Eclipse being outdated.

P27 - “ Futhermore, a lot of the tools can’t be run outside Eclipse (a like a lot Eclipse, but
sometime[s] we just don’t need it). More and more student complain about these tools.
Having more modern and more easy to use tools and languages will help to improve
modeling teaching.”

Simplicity. This theme was used to code comments that referred to the unnecessary complexity
of some tools, e.g., in delivering the necessary information to beginners.

P14 - “Learning tools have too much accidental complexity (especially Eclipse), making
it more difficult than necessary to explain the concepts to students.”

Analysis-Related Capabilities. This theme deals with Model validation/Error detection,
Well-formedness analysis, and related subthemes such as the analysis feedback (FEzplanation of
mistakes/Feedback).

P47 - “[..] Model verification, usually this features is not included in the Academic
License of the tools. Real possibilities to applied MDE paradigm.”

Platform Versatility. This theme includes comments about the possibility of Integration with
other modeling tools and Customizability.

P48 - “interoperability between tools and real connections between modeling languages to
build up interesting outcomes”

Language Support and Compliance. Comments from this theme were reconstructed from
subthemes such as Support many modeling languages, and Full standard compliance.

P17 - “Modelling tools typically support everything that is legal in the language, but for
teaching I would like to restrict much more the concepts that students have access to, to
ease them in to modelling rather than throwing them in the deep end immediately.”

Availability for use. This theme deals with the existing opportunities to find and use free
(and open source) modeling software.

P44 - “Need for good free tools that can do reverse engineering of existing code”

Use across platforms. Comments included in this theme referred to the possibility to work
seamlessly across platforms and were coded into the following subthemes: Installability, Web-based
UX, Ability to work offline, and Multi-platform.

P32 - “Some software modeling tools are not intuitive enough, are not web-based [...] 7
Collaboration Support. This theme includes suggestions about how to have multiple people

work on the same project at the same time and the support for version control and agility features.
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P18 - “What is needed is a) Modeling tools that can be used in an agile manner. With
little model changes reflected in pull requests along with the resulting code, and the ability
of reviewers (and the developers) to see the ’diff’ of the model from the main branch (as
they can do with code.)[...]”

Transformation. This theme about model transformation included consideration about the
tools’ capabilities in transformation in general (Model transformation, Transform to model with
AI), as well as tangential capabilities like handling many different generation languages (Many
generation languages).

P52 - “[...Jb) Modeling tools that are cognizant of whatever framework is being used and
can enable people to build proper software that would be considered good quality Mongo,
or React, etc. Ideally it could generate code and regenerate when the model changes./...]”

Robustness and Performance. This theme included comments that ranged from responsive-
ness (Fast response time) to reliability (Reliability/lack of bugs).

P6 - “Robustness (they [the tools] should support a high load balance in certain periods
of the semester)”

Documentation and Learning Resources. Apart from tool documentation, this theme
dealt with how well existing tools provide learning resources and examples (not only to students).

P19 - ¢[...] better documentation, integration with other systems and tools [...]”

Manipulation and Visualization. This theme especially included functionalities for better
control on models and the way they are visualized.

P5 - “[...] Possibility of interacting with models (e.g., while giving a lecture) that allows
the teacher to highlight parts of the model of interest to the students.”

5.2 Co-occurrence analysis

The heatmap depicted in Figure [I0] represents a theme co-occurrence matrix, illustrating how often
specific themes from a thematic analysis of comments appear together. Here are some key highlights:

Clusters of interest: Usability/UX has the strongest co-occurrences with Educational Support
and Use across platforms (8, 6), and the same amount is found for the co-occurrence between
Educational Support and Simplicity (8), indicating a focus on user-friendly, portable, and seamless
education-oriented tools and resources.

Advanced Functionality co-occurs significantly with Transformation (4), Use across platforms
(5), Usability/UX (6) and Educational Support (6), suggesting that the advancement of tools should
be in the direction of easy transformations across different platforms, with more effective educational
value and usability experience.

Educational Support, Usability/UX, Use across platforms, and Advanced Functionality are part
of a broader cluster with several connections to other themes, which highlight these as central con-
cerns in the thematic analysis. In summary, the analysis suggests a strong focus of the suggested
improvements on usability, educational support, and cross-platform functionality, with some em-
phasis on adaptability, language support, and analytical capabilities, while aspects like availability
and visualization appear less central in the discourse.
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Figure 10: Theme co-occurrence analysis. Sub-themes with only 1 occurrence were dropped.
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Figure 11: Sankey diagrams mapping identified themes to other parts of the questionnaire.

Isolated or low co-occurrence themes: Availability for use shows very few or no co-
occurrences with most other themes, which could mean that this theme is discussed only marginally
and, when it is, it is discussed independently. Manipulation and Visualization and Modernization
also have low co-occurrence with other themes, possibly indicating that these aspects are specific
niche areas within the feedback.

5.3 Satisfaction analysis

As discussed earlier, in Question 4 we asked participants to rate their level of satisfaction with
current modelling tools for teaching (cf. Fig. . Question 5 asks participants to identify areas in
most need of improvement. Here we compare answers to both questions to understand whether the
overall level of satisfaction has an impact on the types of improvements participants ask for.

The Sankey diagram in Fig. illustrates how different themes connect to the overall satis-
faction levels. On the right-hand side, we have categorised the responses to Question 4 into three
broad categories: Satisfied (merging Very satisfied, Satisfied, and Somewhat satisfied), Dissatis-
fied (merging Very dissatisfied, Dissatisfied, and Somewhat dissatisfied), or Neutral (the latter was
“Neither satisfied nor dissatisfied” in the original questionnaire but is reported here as “Neutral”
for brevity). Each flow links features for which improvements have been requested to the overall
level of satisfaction of participants.

One of the most useful insights comes from the Educational Support category, which flows
primarily into the Dissatisfied segment. This appears to be a possible predictor of dissatisfaction
(with the biggest flow to such category, 10 times), suggesting that shortcomings in educational
scaffolding or learning resources significantly undermine the user experience. However, the flow to
satisfying ratings is also significant, suggesting that this category may still vary in satisfaction, and
that it is a salient category for users in general. This concentrated pattern stands out compared to
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other themes, which are often associated with mixed levels of satisfaction.

In fact, many themes—such as Usability /UX, Simplicity, Advanced functionality, and Platform
Versatility—are distributed fairly evenly between satisfied and dissatisfied users. This balance may
indicate that satisfaction is not strictly tied to the objective presence or absence of the theme in the
comments, but possibly to individual thresholds of expectation. In other words, the same (lacking)
functionality may drive and predict satisfaction more or less depending on the user’s personal
benchmarks and intended use cases.

Interestingly, some requested features like Analysis-Related Capabilities and Collaboration Sup-
port are only mentioned by dissatisfied users. This asymmetry suggests that shortcomings in these
aspects may strongly predict dissatisfaction.

Features such as Simplicity and Usability/UX show a consistent alignment with positive user
experiences, contributing predominantly to the Satisfied group. However, their experience remain
mixed, with a significant flow to the Dissatisfied group. This may suggest that problems in simplicity
and usability in current modeling tools do not drive dissatisfaction strongly, although they are
frequently mentioned, and it seems advisable to improve them.

5.4 Teaching style analysis

To investigate the issues raised about the tools in relation to how teachers prefer to conduct their
classes, we divided the teachers according to three categories related to their teaching styles: Man-
ual, Assisted, and Both. Manual refers to teaching that is performed by drawing by hand, while
Assisted refers to teaching software modeling with tools and plugins. The Manual category was
represented by teachers with high scores in the following 4-point items from Question 15:

o I7. Draw models informally on a whiteboard / blackboard in class

o I19. Having students draw small models using pencil and paper, whiteboards

The Assisted category was represented by teachers with high scores in the following 4-point
items:

e 13. Use a tool live in class to create or edit models
e 110. Having students build small models using a modeling tool

A threshold was used to determine a preference for one of the two: teachers were assigned
to one category or the other according to the difference between the summed scores in the two
pairs of questions. When the difference was not substantial (<= 1 point) they were categorized in
Both. The categorization was performed and revised by two authors. We show the distribution of
the themes in Fig. All data was interpreted as meaningful (i.e., there are no cases of both
categories being significantly low).

Most themes are strongly associated with preference for the Assisted style, with a total count
of 60, and Both, with an equal count of 60 (see the right-hand side of Fig. [11[(b)]). This indicates a
preference for using technological tools and plugins in software modeling education either alone or
in conjunction with Manual methods, over teaching based on Manual methods alone.

The Manual style has only 12 total connections, highlighting a trend towards lesser use of teach-
ing based solely on drawings. However, themes such as Usability/UX and Advanced Functionality
still connect remarkably with this style, which may indicate some current tool adoption issues in
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addition to the ones identified in the co-occurrence analysis. Although Advance Functionality has a
considerable flow to Assisted, it also connects to the Manual style alone (4). This may suggest that
this is a deciding category of features when adopting digital modeling tools. The theme Educational
Support (17) also flows to some degree into the Manual teaching style (2). In sum, teachers might
avoid adopting tools due to concerns about ease of use and insufficient functional relevance to their
needs, especially with respect to educational support.

6 Discussion

We organize this section around our four research questions

6.1 RQ1: Satisfaction with the current state of MTT

As indicated in Section[d] Question 3 showed that a slight majority of our respondents are modestly
satisfied with the current state of modeling tools for teaching, but none are very satisfied, and a
significant percentage are dissatisfied.

Among the 50 features or properties, about which we asked in Questions 7-13, Table [3] shows
that 15 are considered essential or critical by over 50% of respondents, and all but one are considered
essential or critical by over 10%. Yet it is also clear that a high percentage of existing tools are
missing many of the features or properties, or at least have weaknesses in these areas. Items near
the top of Table [3| that seem most likely to appear as weaknesses in various current tools include
comprehensive error messages (ranked #3), a comprehensive manual (#4), a library of examples
(#5), code generation (#7), being free (#8), version control (#10), running as a website (#11),
and model annotation (#12). It may well be the case that if these were improved a future survey
might have some very satisfied respondents.

While the quantitative data highlights clear gaps between desired features and current tool
support, qualitative insights further highlight educators’ concerns. The thematic analysis of open-
ended responses to Q5 (Section 5) highlights key areas for improvement in modeling tools for
teaching. Usability, educational support, and simplicity emerged as the most frequent concerns,
alongside the need for cross-platform availability and advanced features. In particular, Usability/UX
has a significant interplay with Educational Support as well as with Use across platforms. Based
on the co-occurrence matrix and the topic flow observable in the Sankey diagram, these themes
suggest that many educators, regardless of teaching style, perceive current tools as insufficiently
tailored to educational contexts, which may limit their adoption in the classroom.

These impressions are further reinforced by the satisfaction analysis presented in Fig. 11(a),
which maps improvement requests to self-reported satisfaction levels. A striking pattern emerges
in the Educational Support theme, whose dominant flow leads into the Dissatisfied group. This
suggests that the lack of scaffolding materials and learning resources may be a primary predictor of
dissatisfaction, while still being relevant to satisfied users as well, albeit to a lesser degree. In con-
trast, other themes like usability, simplicity, platform versatility, and advanced features show a more
balanced distribution across satisfaction levels, hinting that satisfaction may not strictly correlate
with the presence or absence of specific features, but with users’ expectations and personal bench-
marks. Interestingly, features such as Collaboration Support and Analysis-Related Capabilities are
mentioned exclusively by dissatisfied users, indicating that their absence might be a particularly
strong source of dissatisfaction.
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As discussed earlier in the paper, following Holm-Bonferroni correction there were no significant
differences in answers to Questions 6-15 among those who were broadly satisfied with existing tools
as compared to those who were not satisfied. This suggests that people have developed a sense of
general satisfaction with what is currently available, even though they express interest when they
are presented with a list of improvements. Some may not even be aware of potential improvements,
since there is a broad lack of knowledge of many existing tools, each of which tends to have its
own innovations, as shown in Figure[8| A key issue might be lack of marketing or other awareness-
generating activities in the community: If educators were more aware of capabilities of other tools,
their overall satisfaction may drop, as they start to crave missing features

6.2 RQ2: Needed features and properties of MTT

From Fig. [ and Table [3] we can analyze the importance of various features and properties of
modeling tools. The top five features, saving and loading, being free, cross-platform compatibility,
ease of use, and reliability, are fundamental attributes expected of any software. The fast response
time, slightly lower on the list, also falls into this category. Although these are not modeling or
education-specific concerns, they are clearly important in an education context. The user experience
of modelling tools continues to be an important challenge for the MDE community [3] T3], 33], and
this is reflected also in the needs of teachers of MDE. Where these attributes have been prioritized,
such as in the user-friendly tool Umlet [4], the trade-off has often been limited functionality, with
other desirable features missing.

The top-ranked modeling-specific features are directly tied to the learning experience: com-
prehensive error and warning messages (i.e., automated model analysis), an online manual with
live examples, and a repository of modeling examples. These three elements are fundamental to
modern learning environments. For example, programming students rely on compilers and IDEs
with clear error messages, extensive documentation, a wealth of online examples, and hints on what
to do next [45], but struggle even so [44]. Similar expectations exist across disciplines such as
accounting [8], and chemistry [22] [53].

If modeling education is to align with modern pedagogical standards, its tools must integrate
these features effectively. However, existing tools often fail in these areas. For instance, Papyrus [39],
despite its capabilities, was found to be much higher in complexity than most other tools used in
modeling education [2].

Further down the list, we see features more specific to modeling: code generation, visualization
of model subsets, version control integration (e.g., Git), and annotation/commenting capabilities.
This suggests that future modeling tools designed for education should be sure to include these
features.

Some mid-tier-ranked features include adherence to standards, random instance generation,
language engineering capabilities, and a textual interface. It should be noted that collaborative
editing and syntax-directed editing—common in modern creative environments—did not receive
higher priority. This suggests that while these features may be beneficial, they are not essential for
most educators.

At the lower end of the rankings, there are some surprising results. Al-assisted model creation
(e.g., generating models from requirements [48] [68]) received low ratings, despite broader research
interest in these areas.  Since interest in generative Al has been intense since this survey was
performed in early 2024, it is possible that a more recent survey would have resulted in a higher
ranking for Al integration. Another possible explanation is that educators prioritize student en-
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gagement with modeling concepts over automation, ensuring that learners develop critical thinking
skills rather than relying on Al-driven solutions. In programming education, similar discussions
are summarised (in the context of a study of novice programmers’ use of quick fixes) by Brown et
al [I1].

Gamification (e.g. [14]) is similarly rated low by our participants. While platforms exist that
support gamification for learning modelling (e.g., [I2]), we suspect that the issues in tool usability
currently still dampen educators’ appetite for such more complex interaction models.

The data in Figs. [5] and [6] further reinforce the strong link between modeling tools and program-
ming language preferences. The languages most frequently taught—Java and Python [42]—are
also the ones in which code generation is most desired. This correlation is expected and indicates
alignment between modeling and coding practices. Building on target languages students already
know reduces complexity and allows students to focus on the new modelling concepts.

6.3 RQ3: Modeling languages to be taught

Examining Fig. [2] several key insights emerge: Firstly, a significant number of participants cate-
gorized many modeling languages as critical to teach, as is evident from the rightmost dark-green
portions of the bars. In particular, all languages listed were deemed essential by at least some
educators. Additionally, a considerable portion of respondents marked these languages as ‘needed’,
suggesting that approximately half of all responses indicate strong enthusiasm among modeling
educators about the importance of teaching a diverse set of modeling languages.

However, the rationale behind this widespread positivity remains unclear. Several questions
arise that warrant further research. Are educators basing their selections on personal (industrial)
experience with these languages? Are they following textbook recommendations or adhering to
curriculum standards without questioning their real-world applicability? Or is there an element of
tradition at play, where educators teach the languages they themselves learned, without necessarily
having contemporary (industry) insights on their usage? Knowledge of industrial use of many
modelling languages is limited in the academic community—as, for example, documented by Petre
in the context of UML usage [50], where there is perhaps the most significant body of empirical
research (e.g., [9} [17), 23], 24} [26], 127, [37, [38), 46|, 47, 49}, 51, 52, [54]). Many of these languages have been
in existence for more than three decades, often evolving from their predecessors. For example, class
diagrams were preceded by Rumbaugh’s OMT diagrams [56] and Booch’s diagrams [7] in the early
1990s when object-oriented programming was becoming the dominant paradigm. The persistence
of these languages in curricula may be influenced by inertia rather than a deliberate assessment
of their relevance to the modern world. As pointed out by one of our anonymous reviewers, it
is equally possible that respondents choose ‘class models’ as a key language to reflect the need
for teaching modelling of data schemata — which may be done in a variety of specific languages,
including entity-relationship models, JSON schemata etc. It is interesting to note, however, that
‘entity relationship diagrams’ (which have a similar semantics) are ranked well below ‘class models’
in the responses (cf. Fig. 2).

Another striking observation in Fig. [2]is that almost every model type has some educators who
consider it harmful to teach. This raises critical questions: What aspects of class and state diagrams
could be considered detrimental? Do some educators feel that these models have limited industry
application, making other topics a better use of instructional time (see also [50} [I8])? Interestingly,
despite these concerns, each educator identified at least one modeling language they considered
beneficial. More specifically 88 percent ranked at least one language as critical, and ten percent
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gave ‘needed’ as their highest ranking for at least one language. Only one respondent gave ‘may be
useful’ as their highest ranking among the languages listed.

A subset of respondents advocated for mathematically rigorous languages such as Formal Meth-
ods, Petri Nets, and OCL, presumably because they believe that these provide significant value for
software specification. Conversely, they may see more popular notations like class and sequence di-
agrams as offering little additional value beyond what can be derived directly from examining code.
Clearly, educators have diverse and sometimes conflicting opinions on which modeling languages
are truly valuable and more qualitative research may be needed in this area.

6.4 RQ4: Teaching practices to be supported by MTT

Figure [7] sheds light on how modeling tools support or should support various teaching techniques.
The dominant teaching approach is “having students build small models”, perhaps to keep problem
complexity contained and allow students to focus on specific modeling challenges, allowing teachers
to create “desirable difficulty” [6]. Problem-based [62] and project-based [5] learning follow closely,
indicating a need for tools that support larger-scale modeling exercises and more flexible exploration
to allow teachers to increase complexity in controlled ways. Additionally, the emphasis on “having
students use modeling to build real systems that can execute” suggests that future tools should be
robust and capable of handling practical, executable models.

The emphasis on executable modeling in education suggests the need for tools that bridge
theory and practice by providing immediate feedback and interactive exploration [34]. Although
industrial tools—like Eclipse Papyrus and MagicDraw [51]—offer execution capabilities, their com-
plexity can be overwhelming to students. Instead, lightweight environments, such as executable
domain-specific modeling languages (xDSMLs [43]), modeling playgrounds [63} [35], and simulation-
integrated tools [41] [25], can provide a more accessible learning experience. These tools allow
students to incrementally build and test models, reinforcing their understanding without requiring
extensive setup. Technologies like Umple [40] demonstrate how execution can be integrated into
educational modeling environments, supporting problem- and project-based learning. By focusing
on rapid iteration and controlled complexity, such tools can enhance engagement and help students
develop a deeper understanding of modeling concepts.

Figure [7] also suggests that most educators do not require tools for DSL development or model
transformation. Clearly, the majority of our respondents focus on teaching modelling rather than
the development of modelling languages and tools. This is natural: developing modelling tools is a
more advanced skill than producing models and is likely only taught in specialized courses in the
final year of undergraduate degrees or in master’s programmes [21].

Figures [8] and [0 highlight a key challenge in the modeling tool landscape: lack of awareness
and adoption. Figure [8| reveals that half of the participants were unfamiliar with half of the
available tools, suggesting that many tools suffer from limited visibility or overly specialized ap-
plications. Even among the more widely recognized tools, 10-20% of the educators had never
encountered them. This raises concerns about whether educators have the time or resources to
explore alternative tools beyond their familiar choices. Figure [L1[(b)| shows that teacher either
use technology-assisted teaching methods or both assisted and manual, but only rarely manual
alone. The use of manual/analog methods for teaching could be attributed to lack in usability
and advanced functionality: people within the Manual category often report needing improvements
in these aspects. In fact, Usability, Advanced Functionality and Educational Support are tightly
connected to dissatisfaction (Figure [11{(a)). This figure also suggests that Analysis-Related Ca-
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pabilities and Collaboration Support may be predictors of dissatisfaction with tools. One way
to improve awareness and adoption of modeling tools is through better dissemination strategies
and integration into educational workflows. Educational institutions and professional organizations
could promote these tools through workshops, online courses, and curated repositories showcasing
their capabilities. Simplifying onboarding processes with interactive tutorials, guided walkthroughs,
and sandbox environments can help educators explore new tools without a steep learning curve.
Additionally, fostering stronger collaboration between tool developers and educators—such as in-
corporating direct feedback loops, offering training sessions, and integrating tools into widely used
learning management systems—could enhance visibility and usability. Open-source initiatives and
community-driven documentation efforts may also play a crucial role in making these tools more
accessible. Lastly, embedding modeling tools within existing curricula and providing incentives
for experimentation—such as grants, professional development credits, or research collaborations—
could encourage educators to step beyond their familiar tool set and adopt new, more effective
solutions.

Figure [9] which excludes participants who had “never heard of” certain tools, illustrates that 18
different tools are considered the primary teaching tool by at least one respondent. However, most
tools had never been used by the vast majority, even when awareness existed. This fragmentation
suggests a pressing need for a community-driven effort to consolidate the best features of these tools
into a smaller, more widely adopted set (the MDENet Education Platform [63] is one attempt to
create such a system). Future modeling tools should aim to be widely accessible, easy to install,
and user-friendly while incorporating the most desired features to ensure broad adoption among
educators in the coming decades.

7 Related work

Our paper surveyed teachers of modelling and MDE about their perspectives on modelling tools for
teaching. We are not aware of a similar survey in the published literature. The related survey by
Ciccozzi et al. [20] focused on teaching practices rather than tools specifically. Its results complement
our own work. Equally, Agner et al. [2] surveyed students about their experience with modelling
tools. Again, this complements our own work by providing the student perspective.

The MDE Body of Knowledge (MDEBoK) [21] [I5] provides a structured perspective of what
students should be taught about modelling and MDE. The most recent paper [I5] also incorporated
results of a survey, as did our work. Clearly, modelling tools for teaching need to support MDEBoK
contents. Thus, MDEBoK can provide helpful additional insights for developers of tools for teaching
modelling. We analysed the content of MDEBBoK and noted several important differences: There
are several categories of tool features and properties in our results that are not included in the
MDEBoK. Some of these might be considered for addition to a future MDEBoK version.

o User experience aspects (Q7)
¢ Collaborative model editing (Q8)
o Annotating models (Q8)

o Teaching-specific aspects: Gamification in modeling tools (Q8); plagiarism detection (Q10);
automatic grading (Q10)

¢ Embedding code in models (Q9)
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o Separation of concerns in models (model traits, mixins, product lines) (Q9)

o Traceability in models (Q9)

o Generation of model improvements (Q10)

o Creation of models by AI (Q11)

¢ Generation of documents and natural language descriptions from models (Q11)
o Platform aspects (Q12)

o Some business and economic aspects (Q13)

Many of the items in our survey correspond to multiple MDEBoK sub-items. For example,
in our survey there is a tool feature in Q10 entitled ‘Ability to present comprehensive error or
warning messages about problems with model syntax or semantics’ This would help with teaching
of and draw knowledge from all the sub-items in MDEBoK Section 2 (Model Quality), much of
MDEBoK Sections 1.1 (Syntax) and 1.2 (Semantics), as well as many of the items in MDEBoK
Section 3 (Analysis). Similarly, our tool feature in Q11 entitled ‘Transformation to other modeling
languages’ would map to much of MDEBoK section 8.1 (Model transformation languages), and
MDEBoK Section 8.2 (Model transformation types). There are a few MDEBok topics that are not
covered in our survey, such as 5.5 (Animation), and topics in Section 9 such as modeling in certain
application domains.

In the early and mid-2010’s, there was significant empirical research focusing on the use of
modelling (UML in particular) in industry—often concluding that use of formal UML was rare. For
example, Petre [49] undertook a survey of UML use in practice, while Osman and Chaudron [46]
undertook a field study. Dobbing and Parsons [23][24] as well as Reggio et al [53], 52} [54] focused more
specifically on the use of different UML diagrams, aiming to identify more or less useful diagrams.
There is some agreement here with our finding that class diagrams are the most used modelling
language. Cherubini [I8] reported on informal use of modelling in industrial practice. Such use of
modelling without tools corresponds to our finding that a good subset of teachers appear to prefer
more informal model “drawing” over more formal modelling tools. While these studies focus on
industrial use of UML—very different from ou focus on the use of tools for teaching modelling and
MDE—Boustedt [9] aimed to understand how well students understand class diagrams.

Usability has been a topic of interest for some time, and continues to be important to teachers
of modelling and MDE. Auer [3] presented a very early study on the usability of UML tools. More
recently, Kalantari et al. [33] systematically studied the modeler experience across MDE success
stories.

Mason et al. [42] present a related survey of introductory programming courses. We note that
programming is sufficiently closely related to modelling—despite the clear differences with respect
to, for example, abstraction levels or domain-specificity of notations—that some insights from their
survey may be transferable to the modelling-tools domain.

8 Threats to validity

The following are potential threats to validity of this work:
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o We have reasonable confidence in the validity of the survey for several reasons: Firstly, the
authors have considerable experience creating surveys about modeling tools whose results have
been published (e.g. [2,82]); two of the authors also teach about survey design. Secondly, we
are deeply immersed in the use and design of modeling tools for teaching, have researched the
problems with such tools, and have attempted to address them for many years; this gives us
confidence that even the first version of the survey addressed our research questions. Thirdly,
this was a second-generation survey, the first generation being the survey conducted at the
original MTT workshop. We received feedback about the questions from the participants in
that workshop, allowing us to improve survey validity. Fourthly, we piloted the penultimate
version with three participants before distributing it, resulting in further fine-tuning of the
questions.

Although we put considerable effort into design and validation of the survey, there is clearly
room for improvement if this survey were to be reused on a larger scale. To deepen validity,
the precise wording of individual questions could be further workshopped with a sample of
modeling educators, to reduce the possibility of ambiguous interpretation or misunderstand-
ing. Additional options could be added such as those that were supplied as ‘other’ options
for Questions 6, 14 and 16 as well the open-ended question 5.

e There may have been bias in the sampling process since it was not feasible to randomly
sample the full population of those teaching modeling in all geographies. Bias may have
resulted from the limited networks of the original workshop participants, the reachability
of people particularly in Asia, and the willingness of people to respond. Indeed the full
population of those who teach modeling is not clear: Modeling is a topic in SWEBOK [61]
and is found throughout the ACM Computer Science Curricula [36], but we are not aware of
accurate data regarding the proportion and distribution of computing programs that follow
these recommendations, or computing educators who have model-teaching expertise and who
use tools for such teaching.

e« We note one inconsistency in our survey: Questions 7-13 use a 6-point scale, whereas
question 5 used a very similar scale but with only 5 points. In retrospect, it would have been
better to use the same scales for improved understanding. This would not have effected our
conclusions however.

e Not every educator teaching software design may have a modeling background or believe in
modeling as we have considered it in this paper, or as described by SWEBOK [61], the ACM
Curricula [36], or MDEBoK [21] [15]. The survey may therefore have been over-specialized
around clusters of model-teaching expertise such as those who teach UML, formal methods
and model transformation. We are aware of other schools of thought around how to encourage
abstract software design thinking, such as using advanced features of programming languages
including Ruby or Simula, as well as the abstractions inherent in frameworks. Since we did
not reach out to such educators, this may have limited the breadth of usefulness of our results.

e Modeling, and software engineering more generally, are moving targets, with new languages,
frameworks and tools appearing each year, influencing what may need to be taught and how.
Some of our conclusions may therefore become rapidly out of date. The rapid rise of Al tools
is just one of the changing factors.
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e We did not address relevance of modeling and the tools used to teach it to the students’
subsequent experience in industry. As we mentioned in the introduction, students may not
be motivated to learn modeling if the knowledge would not seem to be directly applicable
in industry; also industry might make more use of modeling if they employed graduates who
had learned to do it well. This does not invalidate our conclusions about what educators feel
they need in a modeling tool, but it limits the work’s broader applicability. It would be good
if good teaching tools could also be good tools for industrial use.

9 Conclusions and outlook

We have presented the results of an international survey providing data on the way in which mod-
elling and MDE are currently taught and the requirements that arise in consequence for modelling
tools for use in teaching. This provides additional evidence to underpin the requirements captured
based on workshop discussions in [34].

Our study leads to several key conclusions:

Firstly, there is significant enthusiasm among educators for teaching a diverse set of modeling
languages, despite some uncertainty about their real-world applicability.

Secondly, although teaching foundational languages such as class and state diagrams remain
widely supported, divergent opinions exist about the imporance of teaching more specialized or
mathematically rigorous notations, and about model transformation.

Thirdly, the survey confirms our prior assessment that many educators perceive gaps in existing
modeling tools, particularly in terms of usability, documentation, and pedagogical support. Es-
sential features such as comprehensive error messages, code generation, and repository access for
examples are considered critical to effective teaching. The paper’s prioritized list of tool features
and properties should provide useful guidance to tool developers.

Fourthly, despite the breadth of available modeling tools, awareness and adoption remain lim-
ited. Educators report that they are not even aware of many tools. This leads to a fragmented
landscape where no single tool meets all educational needs.

Taken together, the above conclusions underscore the need for a community-driven effort to
consolidate best practices and create tools that are accessible, user-friendly, and equipped with the
most desired features.

Looking ahead, we encourage continued collaboration within the modeling education community
to refine and develop tools that align with modern pedagogical practices. Future research should
explore the practical impact of modeling education on industry adoption, and study modelling
teachers’ needs more extensively from a qualitative perspective. In addition, we must consider
how modeling tools can address broader social challenges, such as sustainability, ethics in software
design, and the responsible development of Al-driven systems.
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