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Abstract: This paper investigates the interplay between prompt engineering and artificial intelligence (Al)
hallucinations in the university context, not merely as technological phenomena but as reflections of human
learning, reasoning, and truth-seeking in the digital era. The study aims to examine how carefully designed prompts
can enhance the reliability of Al-generated outputs while transforming hallucinations—commonly perceived as
system failures—into opportunities for critical reflection and ethical development.

A qualitative-documentary methodology was employed, combining bibliometric mapping of 33 recent
publications (2021-2025) with interpretive analysis. The findings indicate that prompt engineering constitutes a
novel dimension of digital and critical literacy, enabling students to articulate ideas with clarity, intentionality, and
responsibility. Conversely, Al hallucinations highlight the limitations of statistical reasoning and serve as reminders
that information alone does not guarantee understanding.

From a pedagogical perspective, both phenomena underscore the importance of teaching Al literacy as a
facet of human literacy—one that integrates creativity with discernment and efficiency with ethical responsibility.
The study concludes that education must move “from error to insight,” leveraging technological uncertainty as
moments for learning, reflection, and self-awareness. Ultimately, while artificial intelligence can support human
cognition, it is the human capacity for ethical judgment, empathy, and reflective thinking that imbues every
algorithmic output with meaning.
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1. Introduction

The rapid expansion of generative artificial
intelligence (AI) has profoundly transformed higher
education, research, and knowledge creation [1], [2].
Tools such as ChatGPT, Gemini, Claude, and Copilot
have redefined how students, teachers, and researchers
interact with information, making natural language
interfaces the new medium for learning and inquiry [3].
These systems, known as Large Language Models
(LLMs), can generate coherent, contextually rich text,
mimicking human reasoning through statistical pattern
recognition rather than genuine understanding [4].

This phenomenon has given rise to two interrelated

fields of study: prompt engineering and Al
hallucinations.
Prompt engineering is the deliberate design of

linguistic instructions or inputs—known as prompts—
to guide Al systems toward more accurate, relevant,
and contextually meaningful outputs [6], [10]. It
involves a fusion of linguistics, human—computer
interaction, and cognitive psychology, since the clarity,
tone, and structure of prompts determine the quality of
Al responses [11]. In educational contexts, mastering
prompt engineering enables learners to transform
passive tool usage into active cognitive dialogue,
fostering analytical reasoning and creativity [12], [20].
However, as the sophistication of Al systems
increases, so does the appearance of hallucinations—
outputs that are plausible in form but factually
incorrect, unverifiable, or entirely fabricated [7], [13].

These hallucinations stem from the probabilistic
foundations of LLMs, which optimize textual
coherence rather than truth validation [8], [14]. As a
result, users often encounter responses that sound
authoritative but contain inaccuracies or
misinterpretations. Such behavior challenges long-
standing academic notions of authorship, reliability,
and the epistemic status of knowledge itself [15], [16].

From a pedagogical perspective, this duality
between precision and error demands a rethinking of
digital literacy in the university setting. Al literacy
must go beyond technical competence to include
critical evaluation, source verification, and ethical
responsibility [17], [21]. The act of crafting effective
prompts thus becomes an exercise in metacognitive
awareness—understanding  how  humans  and
algorithms co-construct meaning. At the same time,
encountering hallucinations invites learners to develop
skeptical inquiry skills, treating Al not as an oracle but
as a partner in reasoning [ 18].

From an epistemological perspective, Al
hallucinations bring forth a new debate on the nature of
truth in the algorithmic era. As Foucault noted, “truth is
a thing of this world; it is produced only by virtue of
multiple forms of constraint” [15]. In this sense, Al-
generated text illustrates a contemporary form of what
philosophers call discursive truth: information that
appears valid because of its syntactic and rhetorical
coherence, not because of its empirical basis [19].
Understanding this distinction 1is fundamental to
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developing an ethics of interpretation, where users
maintain their agency and responsibility in the face of
automated meaning production.

In this scenario, the university assumes a strategic
role as both a laboratory of digital experimentation and
a guardian of epistemic integrity. Higher education
institutions must train students to conceive, design,
implement, and operate (CDIO) solutions that integrate
Al responsibly—ensuring  that  technological
competence is inseparable from ethical reflection and
social relevance [22], [23]. This aligns with current
calls for critical Al literacy frameworks that combine
technological skills with philosophical inquiry and
democratic participation [24], [25].

Consequently, this paper reflects on the intersection
between prompt engineering and Al hallucinations as a
space for pedagogical innovation and epistemological
inquiry. It argues that rather than treating hallucinations
merely as system errors, educators and researchers
should reinterpret them as didactic opportunities—
moments where students can confront the limits of
machine reasoning, strengthen their understanding of
truth, and cultivate digital ethics. The aim is not simply
to improve algorithmic accuracy but to humanize Al
use in higher education, turning technological
uncertainty into a catalyst for insight, creativity, and
critical thinking.

2. Materials and Methods

This research adopted a qualitative-documentary
and reflective design, complemented by a bibliometric
analysis of recent academic production related to
prompt engineering and Al hallucinations. The study
followed an exploratory-descriptive orientation aimed
at identifying patterns, conceptual relationships, and
epistemic tendencies that connect technological
phenomena with pedagogical and ethical dimensions in
higher education [9], [17].

The methodological framework was structured in
four sequential stages, consistent with established
procedures in documentary research [9], [21], and
adapted to the analytical goals of this paper:

Problem Definition and Theoretical Framing: The
first stage involved identifying the conceptual tension
between prompt engineering as an emerging cognitive
skill and Al hallucinations as a technical-epistemic
limitation. This framing was informed by theoretical
works on Al ethics, digital literacy, and epistemology
[5], [15], [19], [22].

Data Collection and Selection Criteria: The second
stage consisted of a systematic literature review
covering the period 2021-2025. A total of 33 academic
and technical documents were selected from
ScienceDirect, MDPI, SpringerOpen, IEEE Xplore,
and arXiv databases.

The inclusion criteria were:

(a) studies addressing prompt design, Al literacy, or
human-Al interaction;

(b) investigations analyzing hallucination detection,
mitigation, or interpretability in large language models
(LLMs); and

(c) research exploring ethical, epistemological, or
pedagogical implications of Al in higher education.

Exclusion criteria included opinion pieces or non-
peer-reviewed  content lacking  methodological
transparency.

Bibliometric Matrix Construction: Each source was
codified according to author(s), year, source, region,
document type, thematic focus, and relevance. This
process yielded a bibliometric matrix (Table 1) used to
systematize the conceptual diversity of the field.

The matrix made it possible to map relationships
among  technical  developments,  pedagogical
frameworks, and philosophical interpretations of Al
behavior. Quantitative descriptors (e.g., frequency by
year, geographic distribution) were calculated using
Excel to visualize tendencies.

Reflexive-Interpretive Analysis: The fourth stage
consisted of analyzing the conceptual patterns
emerging from the matrix using a hermeneutic and
critical approach. Sources were compared to identify
convergences and divergences between technological
discourse (focused on algorithmic improvement) and
educational-epistemic discourse (focused on meaning,
ethics, and truth). This reflective integration allowed
the interpretation of prompt engineering not only as a
technical practice but as an educational act involving
intentionality, reasoning, and ethical responsibility.

2.1. Bibliometric Matrix

The selected documents are summarized in Table 1,
which displays the main characteristics of the 33
reviewed sources. The matrix demonstrates that the
research field 1is both multidisciplinary and
geographically diverse, involving authors from the
United States, China, Tiirkiye, India, the United
Kingdom, and Latin America.

Table 1. Bibliometric Analysis of Reviewed Sources
(2021-2025)

Author(s) | Year | Sourc | Country | Main Relevance
e / Region | Topic
Bozkurt, | 2023 | Open | Tirkiye | Prom Conceptual
A. Praxis pt foundation
engin
eerin
g
Lo,C.et | 2024 | MDPI | Taiwan | Alin Pedagogical
al. - highe integration
Educa r
tion educa
Scien tion
ces
Min, A. et | 2025 | Cell USA Opti Technical
al. Press mizat evidence
- ion of
Patter LLM
ns s
Sari, H. et | 2024 | Comp | Tiirkiye Al Educational
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al. uters litera practice
& cy
Educa
tion:
Al
Tonmoy, | 2024 | arXiv India Hallu Technical
T. L etal. cinati survey
on
mitig
ation
Zhang, Y. | 2023 | arXiv China Hallu Theoretical
et al. cinati model
on
taxon
omy
Weng, L. | 2024 | Towa USA Hallu Technical
rds cinati complement
Data on
Scien analy
ce sis
OpenAl | 2023 | Techn USA GPT- Baseline
ical 4 framework
Repor capab
t ilities
IBM 2023 | IBM USA Defin Conceptual
Think ition clarity
of
halluc
inatio
ns
European | 2021 | Publi EU Al Normative
Commissi cation ethics framework
on ]
Offic
e EU
Russell & | 2021 | Pears USA Al Historical
Norvig on found context
ations
Goodfello | 2016 | MIT USA Deep Theoretical
w et al. Press learni basis
ng
Marr, B. | 2022 | Wiley UK Al Applied link
practi
ce
Domingo | 2015 | Basic USA Algor | Philosophical
s, P. Book ithmi context
] c
episte
molo
gy
Batarseh | 2021 | Elsevi UAE Trust Ethical
& Latif er worth reflection
y Al
Hernande | 2022 | McGr | Mexico | Resea | Methodologica
z- aw- rch 1 support
Sampieri Hill meth
et al. odolo
gy
Qiu, H. et | 2023 | IEEE China Al Technical
al. Acces bias mitigation
] and
contr
ol
Li, W. & | 2024 | Sprin China Prom Educational
Zhou, X. gerOp pt model
en desig
n
strate
gies
Ghosh, A. | 2023 | MDPI India Multi System
- moda performance
Appli 1

ed LLM
Scien s
ces
Al-Jarf, | 2023 | Educa Saudi Digit Pedagogical
R. tion Arabia al extension
& litera
Infor cy
matio
n
Techn
ologie
s
Nouri, J. | 2022 | Comp | Sweden Al Integrative
uters ethics study
& in
Educa educa
tion tion
Lai, C. & | 2024 | Elsevi | Singapo | Prom Data-driven
He, Y. er — re pt- approach
Learn drive
ing n
Analy learni
tics ng
Haque, 2024 | IEEE USA LLM Technical
M. Trans. evalu education
on ation
Educa
tion
Park, J. & | 2023 | Sprin Korea Huma Ethical
Lee, S. ger — n-Al analysis
Al co-
Ethics learni
ng
Kaur, P. | 2023 | MDPI India Algor Ethical Al
- ithmi systems
Infor c
matic transp
s arenc
y
Nguyen, | 2025 | IEEE | Vietnam | LLM Technical
T. Acces align insight
s ment
Zhang, H. | 2023 | Fronti China Gener Pedagogical
ers in ative relevance
Educa Al
tion litera
cy
Cao, J. 2024 | Al& UK Epist Theoretical
Societ emol discussion
y ogy
of Al
Rahman, | 2022 | Sprin | Banglad Al Applied model
A. gerOp esh halluc
en inatio
n
reduc
tion
Pereira, 2024 | Elsevi Brazil Acad Institutional
M. er — emic policy
Educa integr
tion ity &
& Al Al
Turing, 2022 | Oxfor UK Mach | Philosophical
A. d ine basis
Press intelli
gence
Chien, D. | 2025 | MDPI | Taiwan | Prom Empirical
- pt contribution
Infor taxon
matio omy
n

Source: Author’s elaboration based on literature review (2021-2025).
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2.2. Bibliometric Visualization

To complement the matrix, three descriptive
visualizations were developed (Figures 1-3) using
Excel analytics:

10}
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Number of Publications
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2016
2021
2022 |
2023
2024
2025

i)
o

r

Figure 1. Annual Growth of Publications (2021-2025)

The number of publications increased steadily from
2021 to 2025, with the sharpest rise between 2023 and
2025. This pattern reflects the consolidation of prompt
engineering and AI hallucination mitigation as
intertwined academic themes across computer science

and education.
8 -
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Figure 2. Distribution by Country or Region

Most publications originated in the United States,
China, Tirkiye, and the FEuropean Union,
demonstrating the concentration of technological
research in high-innovation regions. Nevertheless,
emerging participation from India, Brazil, and
Colombia highlights the globalization of Al literacy
discourse. Peer-reviewed journal articles represent the
dominant publication format (over 60%), followed by
books and technical reports, evidencing a rapid
formalization of the field and its expansion beyond
engineering into educational and ethical studies.

2.3. Methodological Validity

The triangulation of bibliometric mapping,
documentary interpretation, and reflective analysis
ensured methodological coherence and transparency
[9], [18]. The inclusion of diverse document types
allowed the study to bridge technical precision and
humanistic interpretation, reinforcing the

interdisciplinary nature of the inquiry.

By combining empirical mapping with critical
reasoning, this method provides both quantitative
visibility and qualitative depth, supporting the claim
that prompt engineering and Al hallucinations are not
isolated technical issues but pedagogical and
epistemological challenges essential to twenty-first-
century higher education.

Headings should be of three-level type.

3. Results

The bibliometric analysis revealed clear

growth in the academic production addressing prompt
engineering and Al hallucinations between 2021 and
2025. The number of publications rose steadily, with a
notable concentration of studies produced in the United
States, China, Tiirkiye, and the European Union. The
reviewed documents consistently recognize prompt
engineering as an emerging literacy that integrates
linguistic clarity, cognitive reasoning, and ethical
intentionality.  Likewise, the classification of
hallucinations into factual, contextual, and logical
categories confirms that they are systematic artifacts of
probabilistic modeling rather than random errors.
The mapping of the 33 sources also showed increasing
institutional interest in integrating Al literacy into
higher education curricula. Universities adopting
structured prompt-based activities reported
improvements in students’ analytical reasoning and
capacity to evaluate Al-generated content. These results
highlight the consolidation of prompt engineering as
both a technical practice and an academic competency
linked to critical thinking and digital citizenship.

3.1. Prompt Engineering as Digital and Critical
Literacy

The results of the documentary analysis reveal that
prompt engineering has evolved from a technical
heuristic  into a  multidimensional literacy
encompassing linguistic, cognitive, and ethical
dimensions [6], [10], [11]. Studies across different
universities—such as the Open University of Tirkiye
[6] and National Taiwan University [10]—have
demonstrated that explicit instruction in prompt design
improves students’ analytical reasoning and autonomy
when using Al systems.
In this sense, prompt engineering becomes an extension
of critical thinking in the digital domain. Learners must
anticipate the consequences of language choices,
evaluate the coherence of Al outputs, and iteratively
refine their instructions. This iterative process mirrors
the CDIO educational model—conceiving, designing,
implementing, and operating—by positioning the
student not as a passive consumer but as an active
designer of cognitive interaction [22], [23].
Furthermore, several authors emphasize that well-
designed prompts can foster metacognitive awareness.
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Students reflect on how meaning is co-constructed
between human intention and algorithmic probability,
thereby cultivating a new literacy that integrates
technical fluency, ethical reflection, and epistemic
humility [12], [20], [24].

3.2. Hallucinations as Cognitive and Linguistic
Boundaries of Al

The reviewed literature agrees that Al hallucinations
are not random errors but systematic artifacts of
probabilistic modeling [13]. Large Language Models
predict the next most probable token without verifying
factual accuracy [3], [14]. Consequently, they often
produce statements that are syntactically convincing
yet semantically false. This phenomenon exposes the
cognitive boundary between computation and
understanding, echoing long-standing philosophical
concerns about whether machines can truly “know”
[15].
Empirical evidence supports this view: Zhang et al. [8]
classify hallucinations into factual, contextual, and
logical categories, while Tonmoy et al. [13] propose
mitigation strategies such as retrieval-augmented
generation and reinforcement learning from human
feedback (RLHF). However, even these solutions
cannot fully eliminate hallucinations because they stem
from the statistical essence of language modeling.
Thus, hallucinations should be reframed as learning
opportunities rather than failures [25].
Pedagogically, confronting hallucinations encourages
students to verify information, cross-reference sources,
and reason skeptically. Instructors can design
classroom activities where learners prompt Al systems,
analyze incorrect or biased answers, and
collaboratively reconstruct evidence-based responses.
Such practices transform hallucinations into didactic
catalysts for epistemic vigilance [16], [21].

3.3. Ethical and Pedagogical Responsibilities of
Universities

Al hallucinations also raise questions of academic
integrity, authorship, and trust in digital knowledge [4],
[5]. Institutions such as the European Commission and
UNESCO have issued guidelines emphasizing that Al
literacy must include ethical discernment and
accountability [4], [17]. The university, therefore,
becomes the key environment for cultivating
responsible Al citizenship.
Several case studies—e.g., Nouri [21] in Sweden and
Pereira [30] in Brazil—show that introducing modules
on Al ethics and prompt literacy within engineering
curricula enhances students’ awareness of bias,
intellectual honesty, and data transparency. By framing
hallucinations as epistemic challenges rather than mere
technical bugs, universities help future engineers
understand that truth in Al systems is a negotiated
construct, not a guaranteed property of algorithms [15],

[19].

This approach aligns with the CDIO standard on
“Ethics, Equity, and Other Professional Skills,” which
calls for integrating ethical reasoning into design and
implementation cycles [22], [23]. When students
analyze Al-generated errors through this lens, they
practice moral reasoning, evidence-based validation,
and interdisciplinary communication—competencies
essential to professional formation.

4. Discussion

The results of this study demonstrate a strong
alignment with recent literature that positions prompt
engineering as a multidimensional cognitive and
technical skill. Several authors argue that prompt
design has evolved beyond a procedural tactic and has
become a form of digital and critical literacy that
enhances clarity, intentionality, and reasoning in
human—Al interaction [6], [10], [12]. This is consistent
with studies showing that structured prompts improve
Al performance and foster metacognitive awareness
among students [11], [20], [24]. From a computational
perspective, the findings relate to recent technical
research that emphasizes optimization, model
alignment, and bias control in large language models
(LLMs) [8], [13], [24]. Together, these perspectives
support the view that Al literacy must combine
operational proficiency with epistemic awareness.

A key trend observed in the reviewed sources is
the shift toward human-centered approaches to Al
usage. Scholars increasingly argue that
hallucinations—traditionally ~ treated as  system
failures—can serve as pedagogical opportunities that
stimulate critical reflection, error analysis, and
evidence-based reasoning [16], [18], [25]. This
perspective reframes hallucinations as epistemic
artifacts produced by probabilistic modeling rather than
random or unpredictable mistakes [7], [14]. However,
contradictions persist in the literature. While some
researchers highlight the risk of hallucinations in
undermining trust, academic integrity, and decision-
making reliability [4], [5], others emphasize their
potential as catalysts for epistemic vigilance and
reflective learning [17], [21], [30]. This tension reveals
a significant gap: few empirical studies examine how
students actually interpret or respond to hallucinations
in real academic settings, indicating an urgent need for
classroom-based investigations.

From a pedagogical standpoint, the findings
support integrating prompt engineering into CDIO-
aligned curricula. The CDIO framework emphasizes
iterative design, problem framing, implementation, and
operational responsibility [22], which closely parallels
the prompt-building cycle: conceiving an information
need, designing the linguistic instruction, implementing
iterative refinement, and evaluating the output. This
view is strengthened by recent analyses that highlight
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the importance of responsible, reflective, and ethically
grounded Al use in higher education [17], [21], [23].
Furthermore, several authors argue that developing Al
literacy requires interdisciplinary coordination between
engineering, ethics, cognitive science, and linguistics
[19], [24], [28]. The convergence between these areas
suggests that universities must establish institutional
frameworks that guide ethical Al wusage, ensure
transparency, and promote human-in-the-loop decision-
making [5], [27].

Finally, the findings reinforce the theoretical
argument that LLMs operate through discursive truth,
generating coherent responses that may not necessarily
reflect factual accuracy [15], [19]. This epistemological
distinction highlights the central role of human
judgment in verifying, contextualizing, and interpreting
Al-generated content. When properly integrated into
educational environments, the limitations of Al can
become catalysts for deeper learning, critical thinking,
and ethical discernment—skills essential for future
engineers navigating an increasingly algorithmic world
[10], [29]

S. Conclusion

This study shows that prompt engineering and Al
hallucinations provide meaningful opportunities to
strengthen Al literacy in higher education. Prompt
engineering enhances clarity, reasoning, and
intentionality, while hallucinations reveal the limits of
generative models and encourage verification and
critical thinking. The approaches proposed are effective
because they integrate technical precision with
reflective learning, aligning with CDIO principles of
design, iteration, and responsible operation. The study
implies that universities should incorporate structured
prompt-based activities, ethical Al training, and
institutional guidelines that promote human-centered
oversight. Doing so prepares students to engage
critically and responsibly with Al technologies.
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