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Abstract

The ubiquitous adoption of large language mod-
els by students prompts teachers to redesign
courses and evaluation methods, especially in
computer science and natural language process-
ing (NLP) where the impact is more tangible.

Our contribution is two-fold. First, we attempt
to define invariants for the role of education
itself given the over-abundance of information
that appears to be more accessible than ever
before. Then, we present our approach and ma-
terials used for an introductory course in NLP
for undergraduate students, drawing inspiration
from software engineering best practices. Our
vision regarding large language models is to
rely on local models to cultivate a sense of own-
ership and sovereignty in an age where every
bit of independence and privacy get eroded.

1 Introduction

With the release of large language models (LLMs)
to the general public in late 2022, there has been
an ever-growing pressure on the education sector
to fundamentally rework what is being taught and
how students should be evaluated. Unfortunately,
three years later, at least in our experience, initia-
tives in this direction comprise of minor course
adjustments or ineffective efforts to thwart cheat-
ing. We commend the efforts of teachers that are
adapting to this challenging environment, noting
that it is difficult, if not impossible, to quantify the
extent of these actions at scale.

Based on informal discussions with pupils and
students of varying ages, we observed that younger
generations understand the potential of these tools
and frequently use (and misuse) them, in line with
data reported in the literature (Naganuma et al.,
2025; Kann, 2025), in spite of official interdiction.
If we corroborate this with the fact that LLMs (both
commercial and open-weight) are often capable of
solving many routine programming tasks, continu-
ing to impose restrictions on students is in our opin-

ion both ineffective and counter-productive. We be-
lieve that teaching should be collaborative, not ad-
versarial, and if students repeatedly encounter per-
ceived superiority of LL.Ms, they will begin to ques-
tion the credibility of their instructors. Through the
lens of software engineering, current approaches
could be seen as legacy systems that must be grad-
ually replaced, since a complete rewrite would
lead to major disruptions. Likewise, Al literacy
should also be introduced gradually (Zhong and
Liu, 2025).

2 Teaching Invariants

Playing devil’s advocate, we argue that formal stud-
ies in computer science and NLP are no longer rel-
evant, as every possible question one might have
can be readily answered by a language model® at
a lower cost,” in a shorter time span, and tailored
to the learner’s needs. In this light, we must start
from invariants of the role of education that hold
true throughout history by attempting to answer
questions adjusted from the philosophy of educa-
tion (Curren, 2025): “What do we want to achieve
from education?”, “What are our responsibilities re-
garding NLP usage and development?”, and “How
should we reach these goals?”. These observations
are central in our field due to the links between
machine learning, language, and semantics, upon
which students should ponder. As software contin-
ues to grow in complexity, writing all code by hand
without any kind of automated aid (e.g. generating
boilerplate, code review) will be less frequent for
common tasks, allowing us to focus on higher-level
issues.

While the above questions lend themselves to
subjective answers, we believe they represent a key

"Even when the answers are wrong, they can still be help-
ful. We make these assumptions and claims as a worst-case
hypothetical scenario.

2Smaller models can run on consumer hardware at decent
speed even under 100W without requiring a discrete GPU.
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starting point of what can and should be taught,
since low-level aspects will be easier to automate.
Specifically in the context of LLMs, our position is
that these systems need to be regarded as tools, with
humans always in the loop, reviewing and taking
the final decision. Like many other tools, LLMs are
amenable to dual-use, but our ideal must be to treat
the root cause, not to blame the tools. Therefore,
we should strive to instill moral values, encourage
professionalism and responsibility, develop critical
thinking, and stress the importance of verifying
information from primary sources.

Previous editions of the TeachingNLP Workshop
resulted in high quality resources that cover most
technical aspects (Nikishina et al., 2024; Afen-
macher et al., 2024), though there is little work on
the foundational aspects mentioned above, specif-
ically when teaching NLP (Friedrich and Zesch,
2021; McDermott et al., 2025).

3 Proposed Curriculum

The materials discussed in this paper are for an op-
tional introductory course to NLP for computer sci-
ence undergraduate students in their last semester,
spanning 10 weeks. The students are familiar with
machine learning algorithms, neural networks, cal-
culus, linear algebra, and statistical methods from
prior courses.

The theoretical foundation is provided by Ju-
rafsky and Martin (2025). The covered concepts,
outlined below, unveil classical NLP techniques
in a chronological order as an explanation of the
reasons that led to deep learning and large lan-
guage models, slightly similar to Joshi et al. (2024).
Throughout the semester, we intersperse each con-
cept in the curriculum with recent papers from
our group presented as case studies, where these
traditional methods found their use. We want to
challenge the narrative that meaningful research in
this field is impossible without high computational
costs. Our hope is to orient students towards re-
search by presenting current work that combines
classical NLP with the ever-present LLMs. This
way, we also intend to answer the question of why
LLMs are in many situations not the right tool for
the job.

Since our faculty has a graduate studies program
specifically focused on NLP and since we only
have usually only 8 or 9 weeks (due to national
holidays), many other topics are inevitably left out
from this course. For instance, training a large

language model from scratch is studied as part of a
course in the master’s program.

3.1 Covered Concepts

We start by creating a dataset from scratch in order
to show every part of the process. We intention-
ally choose a language other than English to raise
awareness of issues with lower-resource languages.

This is followed by exploratory data analysis,
data cleaning, and other forms of normalization,
such as lemmatization and stemming. Next, to be
able to use a learning algorithm to learn from data,
we need to represent our inputs as features. We
present sparse encodings and its drawbacks, serv-
ing as a motivation for dense representations. The
story repeats with static embeddings, paving the
way for contextual embeddings and transformers.

Last but not least, computational aspects of mor-
phology are discussed. These include part-of-
speech tagging (POS), dependency parsing, and
named entity recognition (NER).

Time permitting, supplementary materials focus
on aspects related to transformers, large language
models, and explainability that are unlikely to be
addressed elsewhere. As such, instead of classifi-
cation, we turn our attention to sentence encodings
for similarity search, which are also part of one of
the case studies. Another interesting subject is to
determine topic evolution over time.

The most delicate conversation is undoubtedly
about large language models. We view this as an
opportunity to debate recurring issues in today’s
society regarding privacy and ownership. As pre-
viously mentioned, completely avoiding new tech-
nologies is unfeasible. Our conversations will re-
volve around local LLMs and efficient inference on
consumer hardware, explaining the surge of mix-
ture of experts models.

Due to practical considerations, such as need-
ing to synchronize with other courses and teachers
across several study programs, there is limited flex-
ibility in what can be changed in the covered topics
themselves.

3.2 Case Studies

To encourage students to get involved in research
activities, we discuss how we have successfully
applied “old-school” methods in modern settings.

1. Our raw data consisted of textbooks in PDF
format that had selectable and unobfuscated
text. We employed two methods to obtain the
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desired content: manual parsing with dedi-
cated libraries and LLM extraction. We dedu-
plicate the extracted sentences, noting that
each method managed to obtain samples not
found by the other method. Next, we use POS
tagging and dependency parsing for frequency
analyses to spot certain trends.

2. In a food safety context where gold annota-
tions were noisy, we reformulated the task as
an information retrieval problem and applied
sequence similarity. Since this only requires
content words, we remove stop words and ap-
ply lemmatization. We wanted to return the
results ordered by importance, and this is not
something that can be defined algorithmically.
Thus, the final results are obtained with re-
ranking by a custom sorting algorithm that
had a LLM call as a comparison function.

3. Two cascaded NER models with clever post-
processing outperformed LLMs on certain
tasks of relation extraction (Farzi et al., 2024),
revealing a difference of orders of magnitude
in terms of computational costs. When con-
strained by lack of resources, developing ef-
ficient solutions is a must. Conversely, when
having access to Al accelerators and other ex-
pensive hardware, there is little incentive to
optimize these costs.

These examples show that valuable results can
be achieved with modest resources. We observe
an increasing number of undergraduate students
that publish papers as part of courses held by our
group: from 2-4 students with 2-4 papers in 2023
and 2024 to 19 students with 12 papers in 2025.
However, it can also be attributed to the growing
interest in this field.

4 Student Evaluation

Evaluation consists of a team project of 2 to 4
people that is presented at the end of the course,
together with a technical report in the form of a
research paper. Students must choose between a
literature survey and an end-to-end application that
tackles a real problem. Alternatively, they are en-
couraged to participate in relevant competitions
and shared tasks.

Since our goal is to cultivate critical thinking and
a sense of responsibility, we emphasize ablation

3See for example Sergiu Nisioi and Ana Sabina Uban
(student coordinators) on ACL Anthology.

studies and detailed error analyses, as opposed to
simply displaying scores, a practice unfortunately
very common in the field. We share our vision,
teaching methodologies, and evaluation criteria in
the hope that the community will benefit from these
insights.

5 Conclusion

We have presented our approach for an introductory
course in natural language processing, providing a
middle ground solution for balancing fundamental
and classical techniques with the pervasiveness of
large language models. We underline that misuse
of these tools is solely the result of lack of ethical
and moral grounding in society itself, which can
be remedied by education. As long as humans
always stay in the loop and understand every part
of the process, including its limitations, we think
that adequate adoption will be beneficial.

Regarding LLM recommendations to students,
we would like to promote open-weight and open-
source local models, since they offer more control
and complete privacy. Other reasons include better
reproducibility and availability because commer-
cial LLMs are often subject to rate limits, even on
paid plans.

Our teaching materials are publicly available on
GitHub,* in line with Open Source Educational
Resources principles (Bothmann et al., 2023).

Limitations

Teaching materials are living documents that re-
quire constant revision. We do not claim to have
found the perfect formula neither in terms of edu-
cational resources, nor in pedagogical approaches.
We believe that open exchange of knowledge and
experience is the most effective path to achieve
quality education.

Ethical Considerations

I have used free tiers of commercial LLMs for parts
of literature review and a mix of commercial and
local LLMs for coding assistance. No LLMs were
used in the writing of this paper.

To the best of my knowledge, there is very little
attention given to local models compared to the
commercial counterparts in discourses related to
LLM use in education. This is unfortunate because
local models offer a great starting point to discuss
problems of ownership and privacy.

*https://github.com/mcmarius/inlp
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While there are many valid arguments raised by
Bender and Hanna (2025) that I agree with, includ-
ing the direction of Al research itself, I have to note
that extreme attitudes in both directions show a lack
of understanding of the subject. As stated before,
the issue of misapplication of LLMs is the fault
of the stakeholders taking such decisions, not of
the tools themselves. Those with ill intentions will
find harmful ways with or without LLMs, local or
commercial. The negative position mentioned here
only serves to promote commercial models even
more, further marginalizing contributions on local
LLMs, which are not referenced at all in that work.
Ignoring these technologies for those actively in-
volved in the field is no longer realistic at this point.
We should look into solving the root causes, not
the symptoms.

Beside my academic duties, I am also working
in the industry, making use of and developing LLM
tooling. This opportunity helped me understand
that sensible usage of language models provides
actual value, beyond all the hype in the media (both
positive and negative). I am aware that my views
of LLM usage and evolution might seem overly
optimistic given this context. Even though I am
using commercial LLMs for professional purposes,
my personal stance is towards local LLMs as much
as possible.
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