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Abstract
Important learning objectives in database education are to learn how to design database schemas
and how to write queries to access data stored in a database adhering to a schema.

In this article we report on results from [7]1 where this learning objective is addressed for the
related educational task of modelling with logical formalisms. Two key steps in logical modelling are
to (a) choose a suitable vocabulary, that is, e.g., which first-order symbols to use and with which
intended meaning, and then to (b) construct actual formal descriptions, i.e. first-order formulas
over the chosen vocabulary. While (b) is addressed by several educational support systems for
formal foundations of computer science, (a) is so far not addressed at all – likely because it involves
specifying the intended meaning of symbols in natural language. We propose a conceptual framework
for educational tasks where students choose a vocabulary and implement it for tasks for designing
propositional and first-order vocabularies within the Iltis educational system.

2012 ACM Subject Classification Theory of computation → Logic; Social and professional topics
→ Computing education

Keywords and phrases Educational support systems, Logic, Database theory, Natural language
processing

Digital Object Identifier 10.4230/LIPIcs.ICDT.2026.28

Related Version Extended Version: https://doi.org/10.48550/arXiv.2504.21384 [7]

Funding Supported by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation),
grant 532727578.

1 Introduction and Motivation

Modelling data and knowledge with mathematical formalisms and subsequently attacking
the underlying problems with rigorous methods is an essential part of computer science
education at the university level [6, 3]. This is taught, for instance, in introductory courses
on Databases (where designing database schemata and querying data with query languages
is an important part) and Logic for computer science (where formalizing knowledge with
logical formulas and inference mechanisms play an important role).

Based on our recent work [7], we report on how learning to model natural language
statements in first-order logic is supported by the Iltis educational support system [11, 4]. As
first-order logic plays an important role in database theory research, we hope that our system
is helpful for members of the community who teach foundations of logic. The connection
between first-order logic and core-SQL (see, e.g, [1]) may allow to transfer our insights to
educational support for learning schema design and SQL.

1 A short variant of that article has appeared in AIED 2025 [8].
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Iltis

Choosing a suitable vocabulary

Julia is investigating a collection of software packages. Each software package has exactly

one maintainer, and software packages may depend on other software packages. She has

identified the following dependencies:

1. No software package is both a program library and a system library.

2. System libraries depend only on system libraries.

3. Program libraries may only depend on system libraries which are not maintained by the

same maintainer.

4. Every software package that must be explicitly installed by the user depends on at least

one program library directly.

Choose suitable relation, function, and constant symbols that will allow you to model these

dependencies in first-order logic.

Relation symbols

P :

S :

M :

U :

D :

Function symbols

m :

(u) u is a program library.

(u) u is a system library.

(u) u is a maintainer.

(u) Software package u must be explicitly installed by the user.

(u, v) Software package u is a dependency of software package v.

(u) Maintainer of software package u

Modelling with first-order formulas

No software package is both a program library and a system library.

System libraries depend only on system libraries.

Your formula is not correct.

Show more...

Program libraries may only depend on system libraries which are not maintained by the same

maintainer.

Every software package that must be explicitly installed by the user depends on at least one

program library directly.

Finish Task

∀u ¬(P(u) ∧ S(u))

∀u ∀v [(S(u) ∧ D(u,v)) → S(v)]

Insert a formula

Insert a formula

 devs

Congratulations! You have successfully completed this task.

:  is a program library.

:  is a system library.

:  is a maintainer.

: Software package  must be explicitly installed by the user.

: Software package  is a dependency of software package .

: Maintainer of software package 

Your vocabulary

P(u) u

S(u) u

M(u) u

U(u) u

D(u, v) u v

m(u) u
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Figure 1 An assignment in the Iltis educational support system where students (a) design a
first-order vocabulary (left), and then (b) write first-order formulas using their vocabulary (right).

Figure 1 depicts an exercise on first-order logic in the Iltis system2 that students can
typically solve after an introductory course on logic by executing the following steps:

Step 1: Design a suitable vocabulary to describe a real world scenario by identifying suitable
relation and function symbols with their intended meaning (task on the left).

Step 2: Describe the scenario by logical formulas over this vocabulary (task on the right).

Step 3: Transform formulas into an adequate, more simple form.

Step 4: Infer new knowledge using an inference mechanism (e.g. resolution).

Technological support for Steps 2 – 4 has been present in state-of-the-art systems. We
therefore focus on how we integrated Step 1 into the Iltis educational support system.

Related Work. Learning how to model with first-order logic is closely related to learning
how to design schemas and write SQL queries. Systems like [10] have successfully leveraged
database theory for teaching relational queries, e.g. by explaining incorrect queries via
small counterexamples based on provenance. Similar aspects are integrated in Iltis, but
for first-order logic instead of SQL. For testing correctness of vocabularies specified by
students, we need to translate between different vocabularies. This task is similar to schema
transformations [9] and schema mappings and data exchange [2].

2 We invite interested readers to try this exercise in Iltis: [5]
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2 A Framework for Vocabulary Design Tasks

When students design a first-order vocabulary with the intention of writing formulas, they
must say (i) which symbols they want to include, and (ii) which meaning the symbols shall
have. An educational task that allows to specify a vocabulary must then check student
attempts for correctness. If an attempt is not correct, it must provide feedback; if it is
correct, the vocabulary can subsequently be used in follow-up tasks (compare Figure 1).

For checking these conditions automatically, an instructor needs to specify (1) which
symbols can in principal be used, and (2) which subsets of symbols constitute solutions.
More formally, a solution space (V, S) consists of

potential vocabulary symbols v∗ = (n∗, D∗) ∈ V with a name n∗ and a set D∗ = {d∗
1, d∗

2, . . .}
of natural language descriptions;
a solution set S ⊆ 2V of subsets of symbols that constitute solutions.

▶ Example 1. In the first-order modelling task from Figure 1, in addition to the names of
symbols, information on whether the symbol is a function, relation or constant symbol and
an arity, if applicable, is included. For example(

D(u, v),
{

Software package u depends on software package v,

Software package v is a dependency of software package u

})
,

(m(u), {The maintainer of software package u, . . . }),
where D is a binary relation symbol and m is a unary function symbol. Note that the
descriptions may refer to parameters depending on the symbol’s arity. ⌟

Scenarios can often be modelled with many different vocabularies, yet there is often a
“canonical vocabulary” from which all other vocabularies can be derived by small modifications.
Examples of such modifications are that (i) constant symbols can also be modelled by unary
relation symbols; (ii) k-ary function symbols can be modelled by (k + 1)-ary relation symbols;
and (iii) for modelling k types of elements in a domain one can use either k or k − 1 unary
relation symbols. In order to simplify the specification of the solution set S, our framework
allows to specify proper solutions using Boolean formulas over potential vocabulary symbols.
Such a formula, for instance, can state that a unary function symbol f or its corresponding
binary relation symbol F must be included.

Our framework, when given a student attempt V containing vocabulary symbols v = (n, d),
works in two phases:

Phase 1: Mapping vocabulary symbols v to potential solution symbols v∗

(a) Construct a map µ : V → V × C that maps each v ∈ V to a pair (v∗, c) where v∗ is a
potential vocabulary symbol in the solution space that is the best fit for v and c is a
category from a finite set C = P ⊎ N of positive categories P and negative categories
N indicating how well v∗ fits v.

(b) If µ assigns a negative category c ∈ N to some v, provide feedback according to the
category c. If µ only assigns positive categories from P, then continue with Phase 2.

Phase 2: Checking solutions
(a) Check that the vocabulary symbols V chosen by the student constitute a solution by

testing that {v∗ | (v∗, c) ∈ µ(V )} ∈ S.
(b) If the solution is not correct, provide feedback accordingly. Otherwise, the attempt V

with its symbols and descriptions is the output of this educational task (and can be
used in subsequent tasks).

ICDT 2026
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Mapping a symbol v = (n, d) from a student attempt into the solution space requires to
determine whether, and to which degree, the description d corresponds to natural language
descriptions of symbols in the solution space. This essentially boils down to the NLP task of
determining the (semantic) similarity of pairs of strings. For first-order vocabulary symbols,
it is slightly more intricate as descriptions may refer to parameters such as in Example 1.
For reasons of resource efficiency and data sovereignty, instead of using LLMs, we use smaller
similarity models that we fine-tuned with data sets specifically aimed at the respective
assignment. Due to the lack of fine-tuning data at the time of implementation, we generated
data sets for fine-tuning using a grammar-based approach that allowed us to compactly
represent many different (artificial) student descriptions of different “quality”.

Providing feedback. The most prominent reason for a student attempt V to be incorrect
is that some necessary vocabulary symbol is not included in V . To provide feedback in such
cases, our framework allows to specify feedback for different sets of potential vocabulary
symbols given via Boolean formulas. For instance, when designing a vocabulary for the
assignment in Figure 1, a student may have forgotten to provide a relation U expressing that
a package must be explicitly installed by the user, because she did not read statement (4).
To provide feedback in such cases, an instructor can specify that for student attempts V that
satisfy ¬U (i.e. U was omitted by the student) the system provides the following feedback

“Did you make sure that the statement
Every software package that must be explicitly installed by the user depends on
at least one program library directly.

can be modelled?”

Challenge: Flexibility in modelling. The compositional task model of Iltis allows instructors
to flexibly combine small educational tasks into larger exercises such that student inputs
can be used in later tasks. Providing flexibility in how students can design their vocabulary
comes with the following challenge. In many assignments, we ask students to write formulas
using the vocabulary they have designed in a previous step. Instructors specify solution
formulas over some (canonical) vocabulary V ∗; a student may have designed a different
vocabulary V . To support this, our implementation supports translations of formulas over
some vocabulary V ∗ into formulas over vocabulary V . This allows students to continue, for
example, with a binary relation symbol F instead of a unary function symbol f used in V ∗.

3 Summary

We summarized our article [7] and reported how the Iltis educational system integrates
educational tasks for modelling with first-order logic. The full framework is described,
implemented, and evaluated in that article. These educational tasks have been used in
introductory logic courses for computer science students at Ruhr University Bochum and
TU Dortmund University with > 300 students each.
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