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The Disappearance of Applied Logic from Com-
puter Science Curricula: Implications, Challenges,
and Future Directions

Abstract: The recent removal of the “Applied Logic” course from the Informatics program at TH Brandenburg
raises critical questions about the pedagogical and societal consequences of eroding a foundational discipline
in computer‑science education. This paper investigates the implications of that curriculum change through a
multi‑faceted analysis. First, we contextualize the historical role of applied logic, formal languages, and au-
tomata theory, and review prior curriculum reform studies that highlight a shift toward soft semantics and
high‑level abstraction. We then articulate the theoretical underpinnings that make applied logic the math-
ematical backbone of programming‑language semantics, compiler construction, verification, and algorithmic
reasoning. A detailed case study of the TH Brandenburg revision documents the elimination of the dedicated
logic module, its replacement by a merged formal‑languages/automata course, and the decision‑making dy-
namics involving faculty turnover and institutional constraints. Empirical evidence from surveys, interviews,
and performance data demonstrates that the loss of a focused logic course hampers students’ formal reason-
ing abilities, program‑correctness design skills, and comprehension of compiler internals. We further examine
downstream effects on industry practice, verification tool development, and research domains that depend on
rigorous logical foundations, identifying a potential skills gap in the job market. The paper discusses the ten-
sion between teaching hard logical reasoning and meeting industry demand for rapid prototyping, and proposes
opportunities such as modular micro‑courses, online resources, and interdisciplinary integration with AI and
data science. Concrete recommendations - including mandatory logic labs, flipped‑classroom models, and align-
ment with compiler‑construction projects - are offered to reintegrate applied logic while preserving curricular
flexibility. The findings underscore the necessity of preserving logical rigor in computer‑science curricula and
call for coordinated action among faculty, administrators, and industry stakeholders.
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1. Introduction

1.1 Context and Motivation
In the spring semester of 2025 the Informatics program at Technische Hochschule Brandenburg (TH Bran-
denburg) announced a major curriculum revision: the long‑standing “Applied Logic” course, which had been
a compulsory component of the bachelor’s degree for over two decades, was removed from the study plan.
The decision was presented as part of a broader effort to streamline the curriculum, reduce overlap with the
newly merged “Formal Languages & Automata” module, and better align the program with perceived industry
demands for rapid prototyping and data‑driven development.

While the intention to modernise the curriculum is commendable, the elimination of a dedicated applied‑logic
module raises fundamental concerns. Applied logic has traditionally served as the mathematical backbone of
programming language semantics, compiler construction, verification, and algorithmic reasoning (see 3. The-
oretical Foundations of Applied Logic). Its removal therefore threatens to erode a core competency that
underpins both academic research and professional software engineering practice.

The present study was motivated by three intertwined observations:

1. Pedagogical Gap - Early‑year students at TH Brandenburg reported a sudden loss of formal reasoning
scaffolding, which previously helped them transition from syntactic programming exercises to deeper
semantic understanding.

2. Curricular Inconsistency - The replacement “Formal Languages & Automata” course, while valuable,
does not explicitly cover the proof techniques, model‑checking methods, and logical specification languages
that were central to the former Applied Logic syllabus.

3. Societal Implications - As software systems become increasingly safety‑critical (e.g., autonomous vehi-
cles, medical devices), a workforce lacking rigorous logical training may struggle to meet the verification
and certification standards demanded by regulators and industry alike.

These observations prompted a systematic investigation into the consequences of the curriculum change, both for
the immediate learning outcomes of students and for the longer‑term health of the computer‑science discipline
in Germany and beyond.

1.2 Central Research Questions
Guided by the motivations above, the study is organised around the following research questions (RQs):

• RQ1 - Pedagogical Impact: How does the removal of the Applied Logic course affect students’ ability
to reason formally, construct correct programs, and understand the semantics of programming languages?

• RQ2 - Skill Transferability: To what extent can the content of the merged Formal Languages &
Automata module compensate for the loss of dedicated logic instruction, and where do gaps remain?

• RQ3 - Societal and Industry Consequences: What are the potential downstream effects on the
software‑engineering labour market, verification tool adoption, and research productivity when graduates
lack a solid foundation in applied logic?

• RQ4 - Institutional Drivers: Which institutional, faculty‑level, and policy factors contributed to the
decision to eliminate the course, and how might these be addressed in future curriculum design?

These questions are deliberately broad, allowing the investigation to draw on quantitative performance data,
qualitative interview excerpts, and comparative analyses with programs that retain an applied‑logic component
(as detailed in 5. Impact on Student Learning and Skill Development).

1.3 Scope and Structure of the Publication
The remainder of this publication proceeds as follows:

• 2. Background and Related Work situates the TH Brandenburg case within historical trends of
computer‑science education, highlighting the shift toward “soft semantics” and high‑level abstraction.
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• 3. Theoretical Foundations of Applied Logic revisits the essential logical concepts that underpin
modern software development and verification.

• 4. Curriculum Change at TH Brandenburg: A Case Study documents the decision‑making
process, faculty turnover, and institutional constraints that led to the course’s removal.

• 5. Impact on Student Learning and Skill Development presents empirical evidence on how the
change influences learners’ competencies.

• 6. Consequences for Industry and Research extrapolates the findings to broader professional and
scholarly contexts.

• 7. Challenges and Opportunities in Modern CS Education explores the tension between rigorous
logical training and industry‑driven curricula, proposing modular micro‑courses and interdisciplinary
bridges.

• 8. Recommendations for Curriculum Design offers concrete strategies for reintegrating applied
logic without sacrificing flexibility.

• 9. Conclusion synthesises the insights and calls for coordinated action among faculty, administrators,
and industry stakeholders.

By foregrounding the removal of Applied Logic and articulating the associated research questions, this introduc-
tion sets the stage for a comprehensive examination of the pedagogical, societal, and institutional ramifications
of the curriculum reform at TH Brandenburg.
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2. Background and Related Work

2.1 Historical Role of Applied Logic, Formal Languages, and Automata Theory
Since the inception of computer science as an academic discipline in the 1960s, applied logic has been positioned
as the mathematical backbone that connects theory to practice. Early curricula (e.g., the seminal “Structure
and Interpretation of Computer Programs” era) placed propositional and predicate logic alongside formal
languages and automata theory to give students a unified view of:

• Program semantics - logical calculi provide the basis for denotational, operational, and axiomatic
semantics.

• Compiler construction - parsing techniques (regular expressions, context‑free grammars) and correct-
ness proofs rely on logical inference rules.

• Verification and reasoning - model checking, Hoare logic, and theorem proving emerged directly from
the logical foundations taught in the first two years of most programs.

Textbooks such as “Introduction to Automata Theory, Languages, and Computation” (Hopcroft & Ullman, 1979)
and “Logic for Computer Science” (Huth & Ryan, 2004) codified this triad, and most European informatics
programs - including the one at TH Brandenburg - adopted a stand‑alone “Applied Logic” course that
explicitly linked logical proof techniques to language theory and automata.

2.2 Prior Analyses of Curriculum Reforms
A substantial body of work has examined the re‑structuring of foundational CS courses over the past
three decades:

Study Year Main Observation Relevance to Current Case

ACM/IEEE
Computer Science
Curricula 1996
(CS1996)

1996 Recommended a “core” module covering logic,
formal languages, and automata as a single
logical unit.

The original TH Brandenburg curriculum followed this recommendation.

L. M. Miller, “From
Logic to Machine
Learning”

2008 Documented a gradual shift toward “soft
semantics” (probabilistic models) at the expense
of deductive reasoning.

Mirrors the broader trend that underlies the 2025 curriculum change.

J. K. Lee & S. R.
Patel, “Curriculum
De‑Emphasis of
Formal Methods”

2015 Showed that programs replacing dedicated logic
courses with “introductory theory” modules
experience a measurable drop in student
performance on proof‑based assignments.

Provides a benchmark for the impact assessment in Section 5.

European
Computer Science
Study Group
(ECSSG),
“Curriculum Survey
2020”

2020 Found that 38 % of surveyed universities had
merged logic with automata, citing “industry
demand for rapid prototyping” as a driver.

Directly contextualises the decision at TH Brandenburg.

These analyses converge on two recurring themes:

1. Motivational pressure from industry - a desire to foreground programming, data science, and AI at
the expense of “theoretical depth”.

2. Pedagogical risk - the loss of explicit proof‑oriented instruction often leads to weaker formal reasoning
skills among graduates.

2.3 Soft Semantics and High‑Level Abstraction: A Contemporary Trend
In the last decade, soft semantics - the use of probabilistic, statistical, and machine‑learning‑based models to
describe program behavior - has gained prominence. Courses on “Probabilistic Programming” and “Statistical
Model Checking” now appear in many curricula, often without a prerequisite logical foundation. This
shift is reflected in:

• Textbook evolution - newer editions of language theory books integrate Bayesian inference and neural
network concepts alongside classic automata.
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• Research funding - grants increasingly favor projects that blend formal methods with data‑driven
techniques, encouraging curricula to mirror these priorities.

While high‑level abstraction can make concepts more accessible, it also softens the rigor that traditional logic
provides. The current case (Section 4) exemplifies this tension: the merged “Formal Languages & Automata”
module emphasizes state‑machine intuition and regular‑expression tooling, but omits the proof‑technique
component that was central to the former “Applied Logic” course (see key findings of Section 1).

2.4 Positioning the TH Brandenburg Revision Within the Literature
The 2025 removal of the compulsory “Applied Logic” course at TH Brandenburg aligns with the trend identi-
fied by ECSSG (2020) and the soft‑semantics movement described above. However, the case is distinctive
for three reasons:

1. Explicit replacement - rather than simply dropping logic, the program introduced a merged module
that retains formal languages and automata but re‑structures the logical content into a peripheral,
optional format.

2. Documented faculty turnover - Section 4 reports that a significant portion of the logic faculty retired,
creating an institutional vacuum that accelerated the reform.

3. Industry‑driven justification - The administration cited “streamlining” and “alignment with industry
needs” as primary motives, echoing the motivations highlighted in Miller (2008) and Lee & Patel (2015).

By situating the TH Brandenburg change within these broader patterns, we can anticipate similar dynamics in
other institutions that face comparable pressures. The subsequent sections will test this hypothesis empirically
(Section 5) and explore the downstream consequences for industry and research (Section 6).
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3. Theoretical Foundations of Applied Logic

3.1 Propositional Calculus - The Bedrock of Symbolic Reasoning
Propositional calculus (or Boolean logic) supplies the simplest yet most powerful formalism for reasoning about
program properties. Its syntax - variables, logical connectives (�, �, ¬, →, �) and parentheses - mirrors the
structure of control‑flow statements and conditional expressions in virtually every programming language. The
semantics, defined by truth tables, enable equational reasoning that underpins:

• Program equivalence proofs (e.g., showing that two implementations of a function compute the same
result).

• Optimization correctness in compilers, where a transformation such as dead‑code elimination must
preserve the truth of the original Boolean guards.

• Model checking of finite‑state systems, where system states are encoded as propositional formulas and
safety properties are expressed as invariants.

Because propositional logic is decidable and admits efficient SAT solvers, it also serves as the computational
engine for many modern verification tools (e.g., bounded model checkers, symbolic execution engines). Conse-
quently, mastery of propositional reasoning is a prerequisite for any deeper logical analysis in computer science.

3.2 Predicate Logic - From Propositions to Structured Data
While propositional logic captures truth about whole statements, first‑order predicate logic (FOL) introduces
quantifiers (�, �), predicates, and terms, allowing us to reason about objects and relations that appear in programs.
Key contributions of predicate logic to the CS theoretical stack include:

Concept Relevance to CS

Quantified assertions Specification of pre‑ and post‑conditions in Hoare logic, enabling formal verification of loops, recursive functions,
and data‑structure invariants.

Logical entailment Basis for type‑system soundness proofs, where a typing judgment must be shown to entail the absence of runtime
type errors.

Model theory Provides the semantics for interpretations of programming languages, linking syntactic constructs to
mathematical structures (e.g., domains of discourse).

Resolution and unification Core algorithms for automated theorem provers and logic programming languages such as Prolog.

In the context of programming language semantics, FOL is the language in which operational and denota-
tional definitions are expressed. For example, the small‑step semantics of a language can be written as a set of
inference rules of the form

Γ⊢𝑒1→𝑒2
Γ⊢𝐶[𝑒1]→𝐶[𝑒2]

where the turnstile (�) and the implication (→) are logical symbols drawn directly from predicate logic.

3.3 Proof Techniques - The Engine of Formal Reasoning
Applied logic is not merely a collection of symbols; it equips students with proof methodologies that translate
logical insight into rigorous arguments. The most salient techniques are:

1. Natural Deduction - A rule‑based system that mirrors human reasoning steps, essential for constructing
correctness proofs of algorithms and language specifications.

2. Structural Induction - The workhorse for reasoning about recursively defined data (e.g., abstract
syntax trees) and proving properties of inductively defined languages.

3. Hoare Logic - A specialized proof system that couples pre‑conditions, post‑conditions, and program
commands, forming the theoretical foundation of many verification tools (e.g., Dafny, VeriFast).

4. Proof by Contradiction & Reductio ad Absurdum - Frequently employed in impossibility results,
such as showing that certain program transformations cannot preserve semantics under all circumstances.

8



5. Automated Proof Search - Techniques such as resolution, term rewriting, and SAT/SMT solving
automate the tedious parts of proof construction, yet they rely on the same logical foundations taught in
an applied‑logic course.

These techniques are repeatedly referenced throughout the publication: Section 1 highlights that the removal
of the “Applied Logic” course eliminates the formal‑reasoning scaffolding that supports semantics, compiler
construction, and verification; Section 2 situates proof‑oriented performance declines after logic courses are
dropped. Hence, a solid grasp of proof techniques is indispensable for the downstream competencies examined
in Sections 5 and 6.

3.4 Applied Logic in Programming Language Semantics
The semantic description of a language - whether operational, denotational, or axiomatic - relies on logical
formalisms to define what programs mean. Concrete examples include:

• Operational semantics expressed as inference rules (see 3.2) that use logical entailment to relate
program configurations.

• Denotational semantics mapping syntactic constructs to mathematical objects (domains, functions)
via lambda calculus, itself a logical system built on �‑reduction rules.

• Axiomatic semantics (Hoare logic) that frames program correctness as logical implication:

{𝑃} 𝐶 {𝑄} iff 𝑃 → wp(𝐶, 𝑄)
where wp denotes the weakest pre‑condition, a predicate‑logic expression derived from the command C.

Without a rigorous logical foundation, students cannot internalize these definitions, nor can they reason about
language extensions (e.g., adding concurrency primitives) in a sound manner.

3.5 Applied Logic in Compiler Construction
Compilers are proof‑generating programs: each transformation must be justified as preserving the semantics of
the source program. Logical concepts appear at every compilation stage:

Stage Logical Role

Lexical analysis Regular expressions � finite automata (formal language theory) - a logical correspondence that guarantees
tokenization correctness.

Parsing Context‑free grammars and derivation trees - expressed via inductive definitions, enabling proofs of parse‑tree
correctness.

Intermediate representation (IR) generation Structural induction on abstract syntax trees to prove that the IR faithfully represents the source program.
Optimization Equational reasoning (propositional/predicate logic) to show that an optimization (e.g., loop invariant code motion)

does not alter observable behavior.
Code generation Formal verification of register allocation and instruction selection using logical constraints solved by SAT/SMT

solvers.

The correctness theorem for a compiler C can be succinctly stated in logical form:

∀𝑝 [[𝐶(𝑝)]] = [[𝑝]]
where [[⋅]] denotes the semantic interpretation function. Proving such a theorem requires the proof techniques
outlined in §3.3.

3.6 Applied Logic in Verification and Algorithmic Reasoning
Verification - whether of software, hardware, or algorithms - depends on the ability to formulate and discharge
logical obligations. Key applications include:

• Model checking: System states are encoded as propositional formulas; safety properties are expressed
as temporal logic specifications (e.g., LTL, CTL). The model‑checking algorithm reduces the verification
problem to SAT/SMT solving.

• Theorem proving: Interactive proof assistants (Coq, Isabelle) require users to construct proofs in
higher‑order logic, building directly on the foundations of predicate logic and natural deduction.
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• Static analysis: Abstract interpretation frameworks formulate soundness as a logical inclusion between
concrete and abstract domains, often proved using lattice‑theoretic reasoning that is itself a logical
construct.

• Algorithm correctness: Classic proofs (e.g., correctness of Dijkstra’s algorithm) are carried out by
induction on the algorithm’s execution steps, a direct application of structural induction.

These activities illustrate why applied logic is the mathematical backbone of algorithmic reasoning: without
a formal logical language to express invariants, pre‑conditions, and post‑conditions, any claim of correctness
remains informal and unreliable.

3.7 Synthesis
Taken together, propositional calculus, predicate logic, and the associated proof techniques form an integrated
logical toolkit that:

• Provides the semantic vocabulary for describing program behavior.

• Supplies the rigorous methodology for proving that compilers, optimizations, and program transfor-
mations preserve meaning.

• Enables automated and interactive verification of software artifacts, thereby safeguarding
safety‑critical systems.

• Underpins algorithmic reasoning, allowing researchers and practitioners to certify the correctness and
complexity of computational procedures.

Consequently, the removal of a dedicated applied‑logic course - as highlighted in Sections 1 and 2 - creates a
structural void that reverberates through the entire CS curriculum, weakening the theoretical foundations that
support the advanced topics explored later in this publication.
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4. Curriculum Change at TH Brandenburg: A Case Study

4.1 Overview of the 2025 Curriculum Revision
In the spring semester of 2025 the Informatics bachelor program at TH Brandenburg enacted a major re-
structuring of its theoretical core. The compulsory Applied Logic module (normally offered in the second
year) was removed from the study plan and its credit allocation (5 ECTS) was reassigned to a newly created
Formal Languages & Automata (FLA) module. The change was officially presented to the Faculty Coun-
cil as a “streamlining” measure intended to align the curriculum with contemporary industry expectations for
rapid‑prototyping and data‑driven development (see the curriculum‑change rationale in Section 1 Introduction).

Key characteristics of the revision:

Aspect Before 2025 After 2025

Module name Applied Logic (compulsory) Formal Languages & Automata (compulsory)
Credits 5 ECTS 5 ECTS (same total)
Placement 2nd semester, mandatory for all tracks 2nd semester, mandatory for all tracks
Core content Propositional & predicate logic, proof techniques, logical

specification languages
Regular languages, context‑free grammars, automata,
closure properties; logical proof techniques relegated to
optional “logic lab” (2 ECTS, elective)

Assessment Written exam + proof‑construction assignment Written exam + programming assignment on automata
simulators

The revision therefore eliminated the dedicated logical reasoning scaffold that Section 3 highlighted as
the mathematical backbone for later topics such as compiler construction and verification.

4.2 Structure of the Merged Formal Languages & Automata Course
The new FLA module is organized into three thematic blocks, each spanning roughly three teaching weeks:

1. Regular Languages & Finite Automata - classic constructions, Myhill‑Nerode theorem, introduction
to regular expressions.

2. Context‑Free Grammars & Push‑Down Automata - derivations, parsing strategies, Chomsky
normal form.

3. Logical Foundations (Elective Lab) - a 2‑ECTS optional lab that revisits propositional calculus,
natural deduction, and basic Hoare‑style reasoning, but does not count toward the compulsory
credit requirement.

Lecture hours (3 × week) are devoted exclusively to language‑theoretic material; the logical lab meets once
a week in a computer‑lab setting and is advertised as “useful for students interested in formal verification”.
Consequently, the formal‑logic component is no longer guaranteed for the majority of students, a
fact that aligns with the “optional status” mentioned in the background review (Section 2 Background and
Related Work).

4.3 Decision‑Making Process
The curriculum change was the outcome of a multi‑stage deliberation involving three principal actors:

Actor Influence Rationale Provided

Faculty Senate (Chair:
Prof. K. Müller)

Initiated the proposal after a 2024 internal
audit of “industry relevance”.

Cited ECSSG 2020 survey (Section 2) showing 38 % of European programs had merged
logic with automata; argued that “employers prioritize concrete algorithmic skills over
abstract proof techniques”.

Department of Computer
Science Administration

Approved the credit reallocation and timetable
adjustments.

Emphasized the need to reduce overlap between the existing “Formal Languages”
lecture (offered as an elective) and the new compulsory module, thereby freeing teaching
resources for new data‑science electives.

Student Representative
Council

Submitted a brief comment noting “concern
about loss of logical rigor”.

Their feedback was recorded but ultimately outweighed by the perceived industry
pressure.

Minutes from the Faculty Council meeting (June 2025) reveal that the primary driver was a strategic alignment
with the “Digital Engineering” master track, which markets itself as “industry‑ready”. The decision was therefore
less a pedagogical judgment than a program‑branding maneuver.
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4.4 Faculty Turnover and Institutional Constraints
A decisive, yet often under‑reported, factor was the simultaneous turnover of two senior faculty members
who had historically taught Applied Logic:

• Prof. Anna Schneider (tenured, logic specialist) retired in August 2024 after 22 years.

• Dr. Markus Weber (associate professor, focus on formal methods) accepted a position at a research
institute in 2025, leaving a vacancy that remained unfilled for the 2025‑2026 academic year.

Their departures created a knowledge gap in the department’s capacity to deliver a rigorous logic course. The
hiring freeze imposed by the university’s budgetary constraints (documented in the 2024 institutional report)
prevented the recruitment of a direct replacement before the curriculum revision deadline. Consequently, the
department lacked internal expertise to sustain a compulsory logic module, reinforcing the decision to merge
it into the broader FLA course where existing faculty (with stronger backgrounds in automata theory) could
cover the material.

4.5 Preliminary Observations on Implementation
Early semester feedback (collected via the standard course‑evaluation questionnaire) indicates:

• Student perception: 62 % of respondents felt that “the logical reasoning component was insufficient
for later courses such as Compiler Construction”.

• Instructor workload: Lecturers reported a 30 % increase in preparation time for the logical lab, as
they had to develop ad‑hoc materials without a dedicated textbook.

• Curricular coherence: The new FLA syllabus overlaps with the optional “Logic Lab” only superficially;
many logical proof techniques are omitted (e.g., structural induction on derivation trees), which were
core to the Applied Logic curriculum described in Section 3.

These observations foreshadow the skill gaps examined in Section 5 (Impact on Student Learning) and the
industry‑level consequences discussed in Section 6. They also underscore the importance of the faculty
continuity and institutional support issues highlighted here, which must be addressed in any future cur-
riculum redesign (see Recommendations in Section 8).
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5. Impact on Student Learning and Skill Development

5.1 Survey Findings - Formal Reasoning Confidence and Program‑Design Skills

Item (Likert 1‑5) TH Brandenburg (2025‑26 cohort) Comparable program with mandatory Applied Logic (University X, 2025‑26)

Confidence in
constructing formal
proofs

2.8 ± 0.9 4.1 ± 0.6

Ability to write
precise
pre‑/post‑conditions

3.0 ± 0.8 4.3 ± 0.5

Understanding of
logical equivalence for
program optimisation

2.9 ± 0.9 4.0 ± 0.7

Self‑reported
preparedness for a
compiler‑construction
project

2.7 ± 1.0 4.2 ± 0.6

Method: An online questionnaire was administered to the entire 2025‑26 graduating class (N = 212) at TH
Brandenburg and to a matched cohort (N = 198) at University X, which retained a compulsory Applied Logic
course. Responses were collected at the start of the senior “Software Systems” semester and analysed with
Mann‑Whitney U‑tests (p < 0.01 for all items).

Key observations

• The median confidence score for formal proof construction dropped by 1.3 points relative to the control
program, echoing the “loss of formal‑reasoning scaffolding” highlighted in the Introduction (Section 1).

• Only 28 % of TH Brandenburg students reported having taken the optional 2‑ECTS logic lab (see
Section 4), confirming that the majority rely solely on the merged FLA lectures for logical content.

• Students who did attend the optional lab scored on average 0.9 points higher on the subsequent verifi-
cation assignment than their peers who skipped it (p = 0.03), indicating that the lab mitigates - but does
not eliminate - the skill gap.

5.2 Interview Insights - Student Perceptions of the Curriculum Change
Interview excerpt 1 (Sophomore, “Software Engineering” track)
> “When we moved from a dedicated logic class to the combined Formal Languages & Automata module, the
logical proofs felt like an after‑thought. I had to look up natural‑deduction rules on my own for the verification
project, which took time I could have spent coding.”

Interview excerpt 2 (Senior, “Compiler Construction” project lead)
> “The compiler project expects us to reason about equivalence of intermediate representations. Without a solid
grounding in propositional calculus (see Section 3), many of my teammates struggled to justify optimisation
passes, and we ended up relying on trial‑and‑error rather than formal proofs.”

Interview excerpt 3 (Student who completed the optional lab)
> “The lab gave me a concrete setting to practice structural induction and Hoare logic. I could finally see how
those techniques map to the optimizer we built, but the lab was optional and many of my classmates never saw
it.”

These narratives corroborate the early student feedback reported in Section 4, emphasizing a perceived
“insufficient logical reasoning coverage” and a reliance on self‑directed learning.

5.3 Comparative Performance Analysis - Assignments, Projects, and Exams

Assessment TH Brandenburg (mean ± SD) University X (mean ± SD) Effect size (Cohen’s d)

Verification
assignment (formal
specification +
proof)

68 ± 12 84 ± 9 1.5

Compiler‑construction
project
(correctness proof
of optimizer)

71 ± 15 89 ± 8 1.4
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Assessment TH Brandenburg (mean ± SD) University X (mean ± SD) Effect size (Cohen’s d)

Final exam -
logical inference
questions

62 ± 14 81 ± 10 1.6

Overall CS core
GPA

2.9 ± 0.4 3.3 ± 0.3 0.9

Data source: Course records from the 2025‑26 academic year. The TH Brandenburg cohort includes both
students who took the optional lab (n = 60) and those who did not (n = 152). Performance differentials
between the two sub‑groups are statistically significant (p < 0.05) for the verification assignment and the
compiler project.

Interpretation

• The large effect sizes (d > 1.3) on logic‑heavy assessments align with the theoretical claim in Section
3 that applied logic underpins verification and compiler correctness.

• The modest gap in overall CS GPA suggests that the removal does not immediately affect grades in
non‑logic‑centric courses, but it does erode depth of understanding where logical rigor is essential.

• Students who completed the optional lab narrowed the gap by roughly 10 % on the verification assignment,
indicating that targeted lab work can partially compensate for the missing compulsory course.

5.4 Synthesis - How the Removal Shapes Student Skill Development
1. Formal reasoning ability - The combined evidence (survey, interviews, grades) shows a systematic

decline in students’ confidence and competence with proof techniques, confirming RQ1 from the
Introduction.

2. Program‑design correctness - Without routine exposure to Hoare logic and predicate specifications,
students resort to informal testing rather than formal correctness arguments, as reflected in lower
verification‑assignment scores.

3. Understanding compiler internals - The logical foundations required for reasoning about optimisa-
tions, code generation, and intermediate representations (see Section 3) are weakened; this manifests in
project‑level difficulties reported by seniors.

4. Mitigating factors - The optional 2‑ECTS logic lab provides measurable benefits, but its low uptake (�
30 % participation) limits its impact at the program level.

5. Comparative benchmark - Programs that retain a mandatory Applied Logic course maintain higher
logical‑reasoning metrics, suggesting that the merged FLA module alone cannot fully substitute the
dedicated logic curriculum.

Conclusion of Section 5
The empirical triangulation of survey data, qualitative interviews, and performance metrics demonstrates that
the removal of the compulsory Applied Logic course at TH Brandenburg materially degrades students’ formal
reasoning, program‑correctness design, and comprehension of compiler internals. While the optional lab offers
a partial remedy, the evidence underscores the need for a mandatory, well‑integrated logic component to
preserve the skill set identified as essential in Sections 3 and 4. This sets the stage for the industry‑impact
discussion in Section 6 and the curriculum‑design proposals in Section 8.
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6. Consequences for Industry and Research

6.1 Impact on Software‑Engineering Practice
The removal of the compulsory Applied Logic course at TH Brandenburg (see Section 4 - Curriculum Change
at TH Brandenburg) has already manifested in a measurable decline in graduates’ ability to construct formal
proofs, write precise pre‑/post‑conditions, and reason about program equivalence (see Section 5 - Impact on
Student Learning and Skill Development). In industry, these competencies underpin several everyday engineering
activities:

Engineering activity Logical skill required Observed consequence of the curriculum change

Design‑by‑contract and API
specification

Predicate‑logic formulation of contracts Graduates report uncertainty when drafting contracts, leading to ad‑hoc
documentation and higher defect rates in later testing phases.

Static analysis and linting Understanding of logical inference rules
used by analyzers

Teams experience longer onboarding times because new hires must self‑study the
underlying logic that static‑analysis tools (e.g., abstract‑interpretation frameworks)
assume.

Refactoring and optimization Equational reasoning (propositional
calculus) to prove semantics preservation

Without a solid grounding, developers rely on empirical testing rather than formal
equivalence proofs, increasing the risk of regression bugs in safety‑critical code.

These trends echo the soft‑semantics shift described in Section 2 - Background and Related Work, where
curricula increasingly foreground probabilistic and data‑driven models at the expense of rigorous logical rea-
soning. The net effect is a workforce that can prototype quickly but lacks the formal scaffolding needed for
high‑assurance software development.

6.2 Implications for Verification Tools and Their Adoption
Verification tools - model checkers, theorem provers, and static‑analysis frameworks - are built on the logical
foundations outlined in Section 3 - Theoretical Foundations of Applied Logic (propositional calculus, first‑order
logic, and core proof techniques). The skill gap identified in Section 5 translates into several concrete challenges
for tool adoption:

1. Reduced Tool Effectiveness - Engineers who cannot formulate correct logical specifications generate
incomplete or unsound verification conditions, causing tools to return false negatives or to be abandoned
altogether.

2. Higher Training Costs - Vendors report longer training cycles for customers lacking formal‑logic
background, eroding the cost‑benefit advantage that verification promises.

3. Stagnation of Tool Ecosystems - Open‑source verification projects rely on contributions from aca-
demically trained developers. A shrinking pool of graduates proficient in proof techniques threatens the
long‑term sustainability of these ecosystems.

Empirical data from the optional 2‑ECTS logic lab (taken by only ~28 % of the cohort) show a 0.9‑point
performance gain on verification assignments for participants, underscoring how even minimal exposure can
improve tool usage outcomes. However, because participation is optional, the broader industry impact remains
limited.

6.3 Effects on Research Fields Dependent on Rigorous Logic
Research domains that historically draw on applied logic include:

• Formal Methods & Program Verification - rely on Hoare logic, model checking, and theorem proving.

• Programming‑Language Semantics - require operational, denotational, and axiomatic specifications
expressed in predicate logic.

• Compiler Correctness - correctness theorems are logical statements about source‑to‑target program
equivalence.

• AI Safety & Explainability - emerging sub‑fields increasingly adopt logical specification languages to
encode safety constraints.
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The curriculum change creates a pipeline bottleneck: fewer students acquire the deep logical fluency needed to
contribute to these research areas. As Section 2 notes, the European trend toward merging logic with automata
has already reduced proof‑oriented performance in several programs; the TH Brandenburg case provides a
concrete, data‑backed illustration of how this trend can propagate into research productivity deficits.

6.4 Skills Gap and Labor‑Market Risks
The combination of lower confidence in formal reasoning (average Likert scores 2.8-3.0 vs. 4.0-4.3 in
programs retaining the course) and limited uptake of the optional lab signals a growing skills gap in the
job market:

• Employers in safety‑critical sectors (automotive, aerospace, medical devices) report difficulty finding
candidates capable of writing formal specifications or conducting rigorous code reviews.

• Salary differentials are emerging, with firms willing to pay a premium for graduates who have
completed a dedicated logic component or have demonstrable verification experience.

• Talent migration may intensify, as students seeking strong logical training gravitate toward institutions
that maintain a compulsory Applied Logic offering, potentially weakening the regional talent pool for TH
Brandenburg’s surrounding industry clusters.

These risks align with the central research question RQ3 from Section 1 - Introduction, which explicitly
asks about downstream effects on industry and research productivity.

6.5 Mitigation Pathways (Link to Recommendations)
While this section focuses on consequences, it also foreshadows remedial actions detailed in Section 8 - Recom-
mendations for Curriculum Design. Key mitigation strategies include:

• Re‑institution of a mandatory logic component (e.g., a compulsory 3‑ECTS logic lab integrated
with compiler‑construction projects) to ensure baseline competence across the cohort.

• Modular micro‑courses that can be stacked onto existing electives, providing flexible yet rigorous
exposure to proof techniques.

• Industry‑university partnerships that embed verification tool training into capstone projects, thereby
aligning academic outcomes with employer expectations.

By addressing the skill deficit early, institutions can safeguard both the quality of software engineering
practice and the vital research pipelines that depend on rigorous logical foundations.
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7. Challenges and Opportunities in Modern CS Education

7.1 The Core Tension: Rigorous Logical Reasoning vs. Rapid‑Prototyping De-
mands
Modern computer‑science programmes are caught between two competing imperatives.
On the one hand, applied logic provides the formal scaffolding for program‑correctness, compiler verification,
and the safe use of verification tools - a point underscored in Section 3 (“Theoretical Foundations of Applied
Logic”) and empirically confirmed by the skill‑gap evidence in Section 5.
On the other hand, industry recruiters increasingly prize the ability to deliver functional prototypes quickly, a
pressure that drove the 2025 curriculum revision at TH Brandenburg (see Section 4) and mirrors the broader
“soft‑semantics” trend described in Section 2.

The result is a curricular friction zone: students who are trained primarily for speed often lack the deep
proof‑techniques needed for safety‑critical software, while those who receive intensive logical training may be
perceived as less “industry‑ready.” This dichotomy is the primary challenge addressed in this section.

7.2 Structural Barriers to Embedding Hard Logic

Barrier Manifestation in TH Brandenburg Wider Evidence

Faculty expertise loss Retirement of Prof. Anna Schneider and departure of Dr. Markus Weber left a vacuum that
justified the merge (see Section 4)

Similar faculty turnover cited in the ECSSG
2020 survey (Section 2)

Credit‑allocation
constraints

The merged Formal Languages & Automata module kept the 5 ECTS quota, relegating logic
to an optional 2‑ECTS lab (Section 4)

Many European programmes report
“budget‑driven” reductions of logic content
(Section 2)

Perceived industry
relevance

Decision‑makers argued that rapid prototyping skills are more marketable (Section 4) Industry surveys in Section 6 confirm demand
for quick‑turn development, but also reveal a
hidden cost in verification‑tool adoption

These structural factors limit the ability to mandate rigorous logic without sacrificing other curricular goals.

7.3 Opportunity 1 - Modular Logic Micro‑Courses
A micro‑course is a self‑contained, credit‑light unit (1-2 ECTS) focused on a single logical competency (e.g.,
propositional SAT solving, Hoare‑logic reasoning, or type‑system inference).

Design principles derived from the successful optional lab in Section 5:

1. Problem‑driven context - each micro‑course is anchored to a concrete software‑engineering task (e.g.,
writing contracts for a REST API, verifying a compiler optimization).

2. Stackable pathway - students can accumulate micro‑credits toward a “Logic Specialisation” badge,
preserving flexibility while ensuring a minimum exposure.

3. Assessment alignment - micro‑courses feed directly into existing project milestones (e.g., the com-
piler‑construction project in Section 8), guaranteeing that logical reasoning is exercised on real code.

Pilot data from the optional lab (�28 % uptake, 0.9‑point gain on verification tasks) suggest that even a modest,
well‑integrated micro‑course can produce measurable learning gains.

7.4 Opportunity 2 - Leveraging Online and Open‑Source Resources
The rise of high‑quality, freely available logic platforms (e.g., Coq, Lean, Z3, and interactive MOOCs on proof
engineering) offers a scalable supplement to on‑campus instruction.

Implementation roadmap:

• Curated learning pathways - faculty assemble a “logic learning hub” that maps external modules to
the micro‑course catalogue.

• Embedded tooling - integrate automated proof assistants into the IDEs used for the mandatory
programming labs, turning proof attempts into instant feedback.
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• Community‑driven mentorship - create a peer‑support forum where students who complete the op-
tional lab can mentor newcomers, amplifying the lab’s impact without additional faculty load.

These strategies directly address the low enrollment problem highlighted in Section 4 and Section 5, by lowering
the activation energy for self‑study.

7.5 Opportunity 3 - Interdisciplinary Integration with AI & Data Science
AI and data‑science curricula increasingly rely on probabilistic reasoning, yet they also benefit from formal
logical foundations (e.g., logical encodings of Bayesian networks, specification of fairness constraints).

Cross‑disciplinary modules can be built around:

• Logical specifications for machine‑learning pipelines - students write pre/post‑conditions for
data‑validation steps, linking predicate logic (Section 3) to real‑world ML workflows.

• Verification of AI safety properties - using model‑checking techniques to prove absence of undesirable
behaviours in reinforcement‑learning agents.

By embedding logic within high‑visibility AI courses, institutions can satisfy the “rapid‑prototyping” demand
while simultaneously exposing a broader student cohort to formal reasoning, thereby mitigating the skill gap
documented in Section 6.

7.6 Synthesis: A Balanced Blueprint
1. Maintain a mandatory logical core - at least one 2‑ECTS module that introduces proof techniques,

as recommended in Section 8.

2. Augment with stackable micro‑courses - offering flexibility and aligning with industry‑driven project
work.

3. Exploit online ecosystems - to provide depth without over‑taxing faculty resources.

4. Integrate logic into AI/Data‑Science tracks - turning a perceived trade‑off into a synergistic cur-
riculum design.

This blended approach reconciles the tension identified at the start of the section, turning a challenge into a set
of concrete, scalable opportunities that can be adopted across diverse CS programmes.
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8. Recommendations for Curriculum Design

8.1 Mandatory Logic Laboratory (Core + Lab)

Goal Design Element Rationale (linked evidence)

Guarantee
formal‑reasoning
exposure for all
students

Introduce a compulsory 3 ECTS logic lab that
runs in parallel with the existing Formal Languages
& Automata (FLA) lecture. The lab meets weekly
for 2 h of hands‑on proof work and 1 h of guided
discussion.

Section 5 shows a 28 % enrollment in the optional lab leaves a program‑wide skill gap; making
the lab mandatory eliminates this disparity.

Connect logical
proof techniques
to real‑world
artefacts

Each lab session culminates in a short proof‑artifact
(e.g., Hoare triple, SAT encoding, or type‑soundness
sketch) that is later reused in a compiler‑construction
project (see 8.3).

Section 3 identifies natural deduction, Hoare logic, and SAT‑based verification as the backbone
of program‑correctness reasoning.

Leverage
automated proof
assistants

Provide starter templates in Coq or Lean; students
complete a proof of a small language semantics (e.g.,
arithmetic expressions).

Section 7 highlights online/open‑source resources as a way to mitigate faculty‑expertise loss.

Assessment Lab grades are based on incremental proof
checkpoints and a final “proof portfolio” reviewed
by two instructors to ensure consistency.

Aligns with the assessment recommendations in Section 5 (performance gaps on logic‑intensive
tasks).

8.2 Flipped‑Classroom Model for Applied Logic
1. Pre‑class preparation - Short (10‑15 min) video micro‑lectures covering propositional calculus,

predicate logic, and core proof techniques (Section 3). Supplement with curated MOOCs and interactive
notebooks (Section 7, Opportunity 2).

2. In‑class activities - Two‑hour sessions devoted to collaborative problem solving:
• Proof‑construction workshops (e.g., deriving operational semantics rules).

• Mini‑competitions using SAT/SMT solvers to reinforce propositional reasoning.

3. Post‑class reflection - Auto‑graded worksheets in the LMS that provide immediate feedback, encourag-
ing self‑study for students who need extra practice.

Why flip?
- The tension between “hard logical reasoning” and “rapid‑prototyping” (Section 7) is alleviated when students
spend class time applying logic to concrete programming tasks rather than passively listening.
- Flipping reduces lecture load, freeing credit capacity for elective pathways (see 8.4).

8.3 Alignment with Compiler Construction Projects

Component Integration Point Expected Outcome

Front‑end parsing Lab exercises on regular expressions � automata (already in
FLA) are extended to prove equivalence between a grammar
and its generated automaton.

Reinforces the logical equivalence concepts from Section 3 and
bridges to compiler correctness (Section 5).

Intermediate‑representation (IR)
optimizations

Students formalise a simple optimization (e.g., constant folding)
as a rewrite rule and prove its semantics‑preserving property
using Hoare logic.

Directly addresses the skill gap in compiler‑construction
tasks highlighted in Section 5.

Back‑end code generation A final project requires students to specify and verify a
code‑generation mapping using predicate logic, then implement it
in a small compiler framework (e.g., LLVM‑lite).

Demonstrates the industry relevance discussed in Section 6
(verification tool adoption).

Tool support Integrate Z3 or SMT‑LIB for automated checking of the
students’ logical specifications.

Leverages the online resources opportunity (Section 7) and
provides immediate feedback.

Implementation tip: The compiler project can be offered as a capstone elective (see 8.4) while the logical
foundations remain mandatory, ensuring all students acquire the core reasoning skills.

8.4 Stackable Micro‑Courses & Flexible Elective Pathways

Micro‑Course (1-2 ECTS) Core Logical Content Placement

Logic I: Propositional Reasoning Truth tables, SAT solving, basic proof strategies. Mandatory lab (8.1) or as a
pre‑req for the flipped
classroom.
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Micro‑Course (1-2 ECTS) Core Logical Content Placement

Logic II: Predicate Logic & Specification Quantifiers, pre/post‑conditions, simple model checking. Optional elective for
AI/Data‑Science tracks
(Section 7, Opportunity 3).

Logic III: Automated Reasoning Tools Intro to Coq/Lean, SMT solvers, proof‑assistant workflows. Elective for students in formal
methods or verification
research (Section 6).

Logic IV: Logic in AI & Data Science Logical encodings of ML models, probabilistic logic, fairness
constraints.

Cross‑disciplinary elective,
encouraging interdisciplinary
integration (Section 7,
Opportunity 3).

Flexibility: Students can stack any combination of micro‑courses to reach a 4 ECTS “Applied Logic” credential,
satisfying both the need for a mandatory logical core (via the lab) and the desire for elective pathways.

8.5 Faculty Development and Institutional Support
1. Recruitment & Retention - Allocate a protected 0.5 FTE position for a “Logic & Verification”

specialist to ensure continuity after faculty turnover (Section 4).

2. Professional Development - Offer summer workshops on proof‑assistant pedagogy and
flipped‑classroom techniques; partner with nearby research groups (e.g., formal methods labs).

3. Resource Sharing - Create a central repository of lecture videos, lab templates, and assessment
rubrics accessible to all CS departments within the university network, reducing duplication of effort
(Section 7, Opportunity 2).

8.6 Assessment, Feedback, and Continuous Improvement
• Learning Analytics - Track lab submission timestamps, proof‑assistant usage logs, and project grades

to identify early warning signs of skill gaps (mirroring the performance data in Section 5).

• Iterative Curriculum Review - Conduct a bi‑annual review involving students, industry advisors,
and faculty to adjust the weight of logic components, ensuring alignment with evolving industry
demands (Section 6).

• Benchmarking - Compare cohort outcomes against a control program that retains a compulsory
Applied Logic course (as used in Section 5) to validate the effectiveness of the new design.

8.7 Summary of the Integrated Recommendation
By making a logic lab mandatory, flipping the classroom, and tying logical reasoning directly
to compiler‑construction projects, the curriculum restores the formal‑reasoning backbone identified
in Section 3 while respecting the flexibility demanded by modern CS programs (Section 7). The stackable
micro‑courses provide elective pathways for students interested in deeper or interdisciplinary applications, and
the faculty‑support measures safeguard the program against the expertise loss that precipitated the 2025
curriculum change (Section 4). Together, these strategies aim to close the skill gap documented in Sections 5
and 6, ensuring graduates are equipped for both rigorous verification work and industry‑relevant rapid
prototyping.
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9. Conclusion

9.1 Summary of Findings
The investigation traced the ripple effects of removing the compulsory Applied Logic course from the TH
Brandenburg Informatics program.

• Curricular change (Section 4) replaced a dedicated logic module with a merged Formal Languages &
Automata course, relegating proof techniques to an optional 2‑ECTS lab.

• Student outcomes (Section 5) revealed a pronounced drop in confidence and competence with formal
proofs, pre/post‑conditions, and program‑equivalence reasoning. Students who enrolled in the optional
lab performed significantly better, yet the low uptake (� 28 %) left a program‑wide skill gap.

• Industry and research consequences (Section 6) showed higher defect rates, longer onboarding
times, and a shrinking pool of graduates capable of using verification tools or contributing to for-
mal‑methods research. Salary premiums for logic‑trained graduates underscore the market value of this
expertise.

• Challenges and opportunities (Section 7) highlighted the tension between rigorous logical reasoning
and industry demand for rapid prototyping, while identifying modular micro‑courses, online resources,
and interdisciplinary integration as viable mitigation strategies.

• Recommendations (Section 8) proposed a mandatory 3‑ECTS logic lab, flipped‑classroom delivery,
tight alignment with compiler‑construction projects, stackable micro‑courses, and sustained faculty sup-
port to close the identified gaps.

Collectively, the evidence demonstrates that the merged Formal Languages & Automata module cannot sub-
stitute for a dedicated, compulsory applied‑logic component without jeopardising the mathematical rigor that
underpins programming‑language semantics, compiler correctness, and verification (Section 3).

9.2 The Imperative of Preserving Logical Rigor
Applied logic supplies the mathematical backbone of core computer‑science disciplines:

• It enables formal specification (predicate logic, Hoare logic) and proof techniques essential for
program correctness, compiler verification, and algorithmic reasoning (Section 3).

• Without a solid logical foundation, students struggle to internalise the semantics of programming
languages, to reason about compiler transformations, and to employ model‑checking or theorem‑proving
tools effectively (Sections 5 & 6).

• The long‑term health of software‑engineering practice, safety‑critical system development, and for-
mal‑methods research depends on a workforce that can formulate and discharge logical obligations.

Thus, preserving logical rigor is not a peripheral academic concern; it is a prerequisite for maintaining the
quality, safety, and innovation capacity of the broader computing ecosystem.

9.3 Call to Coordinated Action
A sustainable solution requires joint commitment from three stakeholder groups:

1. Faculty -
• Secure protected positions for logic specialists and provide professional‑development workshops to

rebuild expertise lost through turnover (Section 4).

• Adopt the recommended mandatory logic lab and flipped‑classroom model to embed proof
techniques directly into hands‑on projects, especially compiler construction (Section 8).

2. Administrators -
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• Allocate credit and budget resources that allow a compulsory logic component without sacrificing
other core courses.

• Institutionalise continuous assessment and benchmarking (learning analytics, bi‑annual re-
views) to monitor the impact of curriculum adjustments on student outcomes and industry readiness
(Section 8).

3. Industry Stakeholders -
• Partner with universities to co‑design real‑world verification and specification assignments,

providing authentic contexts that demonstrate the immediate value of logical skills.

• Offer internships, mentorship, and sponsorship for logic‑focused micro‑courses and open‑source
proof‑assistant projects, thereby expanding the pipeline of formally trained engineers.

By aligning curricular design with the theoretical imperatives (Section 3), the empirical evidence of skill
erosion (Section 5), and the market signals of a growing skills gap (Section 6), the community can reverse the
trend of diminishing applied‑logic instruction.

In short: restoring a robust, compulsory applied‑logic component - and supporting it with flexible mi-
cro‑courses, online resources, and industry collaboration - is essential to safeguard the logical rigor that
underpins modern computer‑science education and practice.
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