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Abstract. This study examines how digital learning environments shape biology
students’ bioethical reasoning, focusing particularly on perceptions of biotechno-
logical human enhancement. As technological advances in gene editing coincided
with the global pandemic, both events catalyzed significant changes in biological
education and highlighted the importance of bioethical understanding. Through
a survey of 80 students at different educational levels, we explored how exposure
to bioethical content in digital educational settings influenced students’ ethical
reasoning about emerging biotechnologies. Our findings reveal that students who
experienced interactive and dialogic digital learning formats demonstrated more nu-
anced ethical positions, with greater recognition of social implications and potential
risks of biotechnological enhancements. The research provides insights into how
technological mediation of bioethics education shapes value formation in biology
students and suggests strategies for effective digital pedagogical approaches when
teaching complex bioethical topics. These findings have significant implications for
technology-enhanced biology education during and beyond crisis periods, particu-
larly for preparing future biologists to navigate complex ethical landscapes in their
professional practice.
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1. Introduction

The beginning of 2020 brought unprecedented global challenges that transformed
both biological science and educational practice. The COVID-19 pandemic accel-
erated biological research while simultaneously forcing educational institutions to
rapidly transition to digital learning environments [1]. Concurrently, advances in
biotechnology — particularly the award of the 2020 Nobel Prize in Chemistry to Em-
manuelle Charpentier and Jennifer Doudna for their groundbreaking CRISPR/Cas9
genetic scissors — raised profound bioethical questions about human enhancement
and genome editing [10]. This confluence of events created a unique moment for
examining how digital learning environments influence students’ bioethical reasoning
about cutting-edge biological technologies.

Biological education sits at a critical intersection where scientific knowledge, values
formation, and now technological mediation converge. The integration of bioethical
content into biology curricula has long been recognized as essential for preparing
students to navigate complex moral landscapes [8], but less understood is how
the transition to digital learning environments affects this formative process. As
Bryzgalina [4] notes, the emerging field of “digital bioethics” offers new frameworks
for understanding these intersections, highlighting both technological applications in
bioethics research and ethical considerations surrounding digital health technologies.
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This study examines how digital learning environments influence biology students’
bioethical reasoning, with a particular focus on perceptions of human enhancement
technologies. Our research was driven by three primary questions: (1) How does
exposure to bioethical content in digital biology education influence students’ ethical
reasoning about biotechnological enhancement? (2) What differences emerge in
bioethical reasoning between students who experienced different digital pedagogical
approaches? (3) How do students’ preferences for technological learning formats
correlate with their bioethical positions?

While previous studies have explored various aspects of bioethics education [5, 7]
and digital learning environments [13], few have examined the intersection of these
domains, particularly in the context of biology education during global crises. This
research addresses this gap by providing empirical insights into how digital learning
environments shape bioethical reasoning in biology students, with implications for
both educational technology implementation and bioethics pedagogy.

The paper is structured as follows: first, we establish a theoretical framework linking
educational technology with bioethical value formation. We then review relevant litera-
ture on digital approaches to bioethics education. After describing our methodology,
we present findings on students’ bioethical reasoning and correlations with digital
learning experiences. The discussion section interprets these findings through an ed-
ucational technology lens, followed by implications for practice and recommendations
for future research.

2. Theoretical framework

2.1. Educational technology and value formation

The relationship between educational technology and values formation rests on the
understanding that learning environments — whether physical or digital — play a crucial
role in shaping not only what students learn but how they process, evaluate, and
integrate knowledge into their value systems. As Pavarini et al. [12] suggest, digital
tools for bioethics education must align with theoretical frameworks that integrate
context, narrative, and embodiment in moral decision-making.

Our theoretical approach draws on the culturological theory of education content [3],
which posits that educational outcomes include not only knowledge and reproductive
experience, but also creative activity experience and emotional-value attitudes. Within
this framework, we consider the experience of emotional-value attitudes — particularly
as mediated through digital learning environments — as a critical, system-forming
element that shapes students’ bioethical reasoning.

This approach aligns with recent work on “design bioethics” [12], which argues that
purpose-built digital tools can engender situated engagement with bioethical questions,
achieve such engagement at scale, and access groups traditionally under-represented
in bioethics research. We extend this framework by examining how various digital
learning environments and pedagogical approaches differently influence bioethical
reasoning about human enhancement technologies.

2.2. Digital bioethics education models

The emerging concept of “digital bioethics” provides a useful framework for our
investigation. As described by Bryzgalina [4], digital bioethics encompasses both the
use of digital methods for empirical bioethics research and the ethical evaluation of
digital health technologies. This dual focus mirrors our research interests in both
how digital technologies mediate bioethics education and how students reason about
emerging biotechnologies.

Within this framework, we distinguish between several models of digital bioethics
education that vary in their level of student engagement and technological integration:
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1. Information-transmission models that utilize digital platforms primarily for con-
tent delivery.

2. Dialogic models that leverage technology to facilitate discussion and collaborative
meaning-making.

3. Experiential models that use technologies such as simulations or case-based
scenarios to contextualize ethical dilemmas.

4. Integrated models that combine multiple technological approaches with varied
pedagogical strategies.

These models provide a theoretical basis for understanding how different digital
learning environments might influence the development of bioethical reasoning. Our
research examines which models prove most effective for facilitating sophisticated
ethical reasoning about human enhancement technologies.

3. Literature review

3.1. Digital approaches to bioethics teaching

Recent literature demonstrates growing interest in technology-enhanced bioethics
education. Moses et al. [10] describe the development of a web-based bioethics case-
book that moves beyond traditional information dissemination to create an immersive,
engaging learning experience. Their approach reflects a broader trend toward web-
based frameworks that support both self-directed learning and group discussions
about bioethical dilemmas.

Similarly, Chashina and Kartanova [6] highlight the effectiveness of visual technolo-
gies and problem-based learning in bioethics education. Their research suggests that
visual aids such as diagrams and illustrations, when integrated into digital learning
environments, help students memorize, analyze, and synthesize bioethical concepts,
while also stimulating emotions and creativity. This multi-modal approach aligns
with educational technology research suggesting that varied representational forms
enhance comprehension of complex concepts [16].

The transition to fully online bioethics education accelerated during the COVID-19
pandemic. Al-Kumaim et al. [1] document challenges that emerged during this rapid
transition, including information overload, adaptation difficulties, and stress-related
issues. However, they also identify motivational factors that supported successful
online learning, including personalized pathways, real-time feedback, and gamification
elements. These findings suggest that carefully designed digital learning environments
can effectively support bioethics education despite challenges.

3.2. Value formation in digital learning environments

Research on how digital learning environments influence value formation remains
limited, but several studies offer relevant insights. Alkhnbashi, Mohammad and
Bamasoud [2] argue that effective digital learning requires attention to both technical
infrastructure and pedagogical approaches. Their work suggests that hybrid mod-
els — combining synchronous and asynchronous activities — provide flexibility while
supporting meaningful engagement with value-laden content.

Canu et al. [5] specifically examine bioethics education through critical thinking
skill development. While not focused exclusively on digital environments, their work
demonstrates the importance of authentic cases that bring values into conflict and the
effectiveness of peer evaluation in developing reflective abilities. These findings have
implications for designing digital learning experiences that foster bioethical reasoning.

More directly relevant to our study, Alkorta and Mujika [3] explore the impact of
online learning and Al-based learning on bioethics education. Their findings indicate
that online learning significantly impacts bioethics education and that a significant
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association exists between Al and bioethics education. They advocate for redesigning
bioethics education through AI/VR-based and online learning approaches to provide
enriched, interactive classroom experiences.

3.3. Technology-enhanced assessment of ethical reasoning

Digital assessment of ethical reasoning presents both opportunities and challenges.
Keskin-Samanci, Ozer Keskin and Arslan [9] describe the development of a “bioethical
values inventory” for secondary education students, demonstrating the potential for
structured assessment tools to reveal ethical values in decision-making. While their
work did not specifically address digital implementations, it provides a foundation for
developing technology-enhanced assessment approaches.

More recently, Sleigh et al. [15] conducted a systematic mapping of digital tools
designed for ethical deliberation and decision-making. Their research identifies key
features and mechanisms that facilitate ethical reasoning, offering insights for both
tool development and implementation. Similarly, Siddiq and Murchan [14] highlight
the need for ethical guidelines when using technology-enabled data and analytics in
educational assessment, particularly regarding privacy and equity concerns.

These studies collectively point to both the potential of digital tools to enhance
bioethics education and the importance of thoughtful implementation that addresses
technical, pedagogical, and ethical considerations. Our research builds on this
foundation by examining how different digital learning experiences influence biology
students’ bioethical reasoning about human enhancement technologies.

4. Methodology

4.1. Research context

This study was conducted at the Immanuel Kant Baltic Federal University during
the 2020-2021 academic year, a period marked by both the COVID-19 pandemic and
significant advances in biotechnology. The university’s biology curriculum includes
several courses with bioethical content, notably “Fundamentals of Theoretical Biology”
(72 hours) for fourth-year biology students and “Bioethics” (60 hours) for fifth-year
biotechnology and bioengineering students. These courses were delivered primarily
through digital learning environments during the study period due to pandemic-related
restrictions.

4.2. Participants
The study included 80 students from the Institute of Living Systems, distributed
across three groups:

* Group 1: 57 first-year students in biology, chemistry, biotechnology, and bio-
engineering programs who had not yet taken courses with substantial bioethical
content.

* Group 2: 14 fourth-year biology students who had completed the “Fundamentals
of Theoretical Biology” course, which included bioethical topics delivered through
a combination of online lectures and interactive activities such as round tables
and essay assignments.

* Group 3: 9 fifth-year biotechnology and bioengineering students who had com-
pleted the “Bioethics” course delivered primarily through online lectures and
project presentations.

This distribution allowed for comparison between students with different levels of
exposure to bioethical content and different digital learning experiences.
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4.3. Survey instrument

Data was collected through an online survey titled “Biology and Ethics of Human
Improvement” using Google Forms. The survey included both closed and open-ended
questions designed to assess students’ understanding of bioethical issues related to
human enhancement technologies and their preferences for different learning formats.
Key questions addressed:

* Perceptions of human biotechnological enhancement as a viable project

¢ Ethical considerations regarding human genome editing

¢ Assessment of potential dangers associated with biotechnological enhancement

* Views on public discourse about enhancement technologies

* Preferences for learning formats (lectures, round tables, webinars, independent
reading)

* Word associations with “human improvement”

The survey was designed to reveal not only students’ bioethical positions but also
correlations between these positions and their digital learning experiences.

4.4. Data analysis

Survey responses were analyzed using both quantitative and qualitative approaches.
Quantitative analysis included descriptive statistics to identify patterns and differences
between student groups. For open-ended responses, particularly the word association
question, we conducted lexical-semantic analysis to identify patterns in language use
that might reflect underlying value structures.

The analysis focused specifically on identifying correlations between students’ bioeth-
ical reasoning patterns and their experiences with different digital learning environ-
ments and formats. We examined both the content of students’ ethical positions (what
they believed) and the structure of their reasoning (how they justified their positions).

5. Results

5.1. Digital learning experiences and ethical positions on human enhancement

Our analysis revealed significant differences in bioethical reasoning between student
groups that had experienced different digital learning environments. Figure 1 shows
students’ responses regarding whether human improvement can be considered a
viable biotechnological project.

Notably, fifth-year students who had completed the “Bioethics” course demonstrated
greater caution in their assessment, with only 22.2% choosing “unequivocally yes”
compared to 43.9% of first-year students and 50% of fourth-year students. This
suggests that the specific digital learning environment of the “Bioethics” course —
characterized by online lectures and project presentations — may have fostered a more
cautious approach to biotechnological enhancement.

More striking differences emerged when students were asked about the ethical
acceptability of human genome editing (figure 2). Fourth-year students who had
experienced the “Fundamentals of Theoretical Biology” course, with its emphasis on
interactive discussions through round tables and essay assignments, showed the
most skepticism, with only 7.1% responding “unequivocally yes” compared to 36.8%
of first-year students and 44.4% of fifth-year students.

This pattern suggests that the dialogic, interactive digital learning environment
experienced by fourth-year students may have developed more critical ethical rea-
soning about biotechnological interventions. The structure of the “Fundamentals
of Theoretical Biology” course — which included watching and discussing films with
bioethical themes and writing reflective essays — appears to have fostered deeper
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Figure 1: Responses to “Do you think that human improvement can be a modern biotechno-
logical project?”

consideration of ethical implications compared to the more information-transmission
approach of the “Bioethics” course.

5.2. Perceptions of risks associated with human enhancement

Further differences emerged in students’ assessment of potential dangers associated
with biotechnological enhancement (figure 3). While all student groups identified
biological consequences as a significant concern, fourth-year students placed greater
emphasis on social risks such as inequality and elitism associated with enhanced
genomes.

Notably, fourth-year students were much more likely to identify “a person’s loss of
self-sufficiency as a natural phenomenon” as a danger (57.1%) compared to first-year
(19.3%) and fifth-year (11.1%) students. This suggests a more holistic view of human
nature that considers not just physical but existential implications of enhancement
technologies — a perspective that appears to have been fostered by the interactive,
discussion-based digital learning environment they experienced.

These differences in risk perception align with differences in views on the potential
of genome editing (figure 4). While most students across all groups believed genome
editing would solve previously intractable problems, a substantial proportion of fourth-
year students (28.6%) also viewed it as a potential mechanism for increasing social
inequality — a perspective rarely expressed by first-year (3.5%) or fifth-year (0%)
students.

5.3. Learning format preferences and bioethical reasoning
Our analysis revealed correlations between students’ preferred learning formats
and their bioethical reasoning patterns. Figure 5 shows the distribution of format
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Figure 2: Responses to “Do you consider it possible from an ethical point of view to intervene
in the human genome, edit it?”

preferences across student groups.

A clear trend emerges from first-year to fifth-year students: the preference for
monologic teaching methods (lectures) decreases while the preference for dialogic
methods (round tables) increases. This shift appears to correlate with more nuanced
ethical reasoning, as students who preferred dialogic formats were also more likely to
identify social and existential risks associated with enhancement technologies.

This correlation suggests that experience with interactive digital learning environ-
ments may not only shape bioethical reasoning but also influence preferences for
future learning experiences. Students who had engaged in discussion-based digital
learning appeared to recognize its value for navigating complex ethical questions,
perhaps because these formats better support the contextual, narrative, and embodied
aspects of moral decision-making highlighted in our theoretical framework.

5.4. Word associations and bioethical reasoning patterns

The open-ended question asking students to name three words associated with “hu-
man improvement” provided insights into underlying conceptual frameworks. Table 1
presents a categorized summary of responses.

First-year students, who had not yet experienced bioethics education in digital
environments, used more scientific and technical terms, suggesting a focus on the
procedural aspects of enhancement. Fourth-year students, who had experienced
interactive digital bioethics education, included more negative associations and social
implications. Fifth-year students, while fewer in number, showed a more practical,
application-oriented vocabulary.

Notably, words with negative connotations were least common among first-year
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Figure 3: Responses to “What kind of danger can occur when trying to biotechnological
enhancement of a person?”

students (8%) and most common among fourth-year students (18.8%). This pattern
aligns with our other findings suggesting that interactive digital learning environments
foster more critical ethical reasoning about biotechnological enhancement.

6. Discussion

6.1. The influence of digital learning environments on bioethical reasoning

Our findings suggest that different digital learning environments significantly influ-
ence how biology students reason about bioethical issues related to human enhance-
ment. The data reveal a correlation between exposure to interactive, dialogic digital
learning formats and the development of more nuanced, socially contextualized ethical
reasoning. This aligns with argument by Pavarini et al. [12] that digital bioethics tools
are most effective when they support contextualized, narrative-based engagement with
ethical questions.

The fourth-year biology students, who experienced a digital learning environment
characterized by round-table discussions, essay writing, and collective film analysis,
demonstrated the most sophisticated ethical reasoning about human enhancement.
Their responses more frequently acknowledged social risks such as inequality and
existential concerns such as human self-sufficiency. This suggests that interactive
digital formats may better support the development of what Canu et al. [5] describe as
critical thinking and reflective abilities in bioethics education.

In contrast, fifth-year biotechnology students, who experienced a more lecture-
focused digital environment, demonstrated greater technical knowledge but less
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Figure 4: Responses to “In your opinion, the possibility of genome editing is:”

Table 1
Categorized word associations with “human improvement”.
Category 1st year students 4th year students 5th year students

Scientific terms Genetics, genome, Biotechnology, neu- CRISPR/Cas,
DNA, biotechnology, rointerface, immu- genome
bioengineering nity

Positive outcomes Immortality, Health, ideality, Cure, adaptation,
longevity, perfection, progress upgrade
strength, health

Technical aspects Cyborg, brain- Prosthesis, technol- Botox, liposuction

computer interfaces, ogy
chip, prosthesis
Negative associations Social stratification, End of the world, Not now, what will
break, vice, emperor against nature, re- God say?
gression, inaccessi-

bility
Complex concepts Transhumanism, Ethics, bioethics Eugenics, risks
evolution, posthu-
manism

critical perspective on enhancement technologies. Their responses focused primarily
on scientific and practical considerations, with less attention to social or existential
implications. This finding supports argument by Chashina and Kartanova [6] that
bioethics education requires not only information transmission but also emotional en-
gagement and creative thinking — elements that may be better supported by interactive
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Figure 5: Responses to “In what form would you like to learn more about enhancement?”

digital formats.

These observations align with the theoretical models of digital bioethics education
outlined in our framework. The fourth-year students’ experience most closely resem-
bled the dialogic and experiential models, while the fifth-year students’ experience
aligned more with the information-transmission model. Our findings suggest that
the integrated and dialogic models may be more effective for developing sophisticated
bioethical reasoning, particularly regarding complex issues like human enhancement.

6.2. Technology mediation and value formation

Our research suggests that technology does not simply deliver content but actively
mediates how students engage with and integrate bioethical knowledge into their value
systems. The differences in bioethical reasoning between student groups cannot be
attributed solely to content exposure, as both fourth-year and fifth-year students
had studied bioethical topics. Rather, the differences appear to correlate with how
technology mediated their learning experiences — whether as a platform for information
transmission or as a tool for dialogue and reflection.

This finding supports the perspective of Alkorta and Mujika [3] that online learning
significantly impacts bioethics education. Our results extend this work by suggesting
that the specific implementation of digital learning — not just its presence — shapes
outcomes. Interactive digital environments that support discussion and reflection
appear more effective in developing critical bioethical reasoning than those focused
primarily on content delivery.

The shift in learning format preferences from monologic to dialogic approaches
as students progress through their education further suggests that experience with
interactive digital learning influences how students conceptualize effective bioethics

279


https://doi.org/10.55056/cte.765

CTE Workshop Proceedings, 2025, Vol. 12, pp. 270-284 https://doi.org/10.55056/cte.765

education. This points to a potential virtuous cycle wherein exposure to dialogic digital
learning environments both develops critical reasoning skills and fosters appreciation
for interactive educational approaches.

6.3. Implications for educational technology in bioethics education

Our findings have several implications for the design and implementation of educa-
tional technology in bioethics education. First, they suggest that technology should be
leveraged not merely for content delivery but for creating interactive spaces where stu-
dents can engage in dialogue about complex ethical issues. This aligns with emphasis
by Moses et al. [10] on web-based tools that support both individual exploration and
group discussion.

Second, our results indicate that effective digital bioethics education should incor-
porate real-world cases and scenarios that highlight value conflicts. The fourth-year
students’ exposure to bioethical films and case studies appears to have fostered more
nuanced ethical reasoning than the more abstract approach experienced by fifth-year
students. This supports recommendation by Alkorta and Mujika [3] for AI/VR-based
and online learning approaches that provide enriched, interactive classroom experi-
ences.

Third, our findings suggest the importance of assessment approaches that capture
the complexity of bioethical reasoning. Simple knowledge tests may not adequately
reveal whether students have developed the critical thinking and reflective abilities
needed to navigate complex ethical landscapes. More sophisticated assessment tools,
such as the bioethical values inventory described by Keskin-Samanci, Ozer Keskin and
Arslan [9], may be necessary to evaluate the outcomes of digital bioethics education.

Finally, our results highlight the potential value of blended approaches that com-
bine different digital learning formats and pedagogical strategies. The most effective
bioethics education may not rely exclusively on any single format but rather inte-
grate lectures, discussions, case analyses, and reflective writing in a coherent digital
learning environment. This aligns with recommendation by Alkhnbashi, Mohammad
and Bamasoud [2] for hybrid models that combine synchronous and asynchronous
activities.

7. Implications for practice

Based on our findings, we offer several recommendations for implementing educa-
tional technology in bioethics education:

7.1. Recommendations for Digital Curriculum Design
Our findings suggest several practical recommendations for designing digital curric-
ula that effectively support bioethical reasoning development:

1. Design digital learning environments that facilitate dialogue rather than merely
transmitting information. Discussion forums, virtual round tables, and col-
laborative annotation tools can support the social construction of bioethical
understanding.

2. Use films, videos, and interactive scenarios that present authentic bioethical
dilemmas. These materials provide context and emotional engagement that
text-only resources may lack.

3. Combine real-time discussions with reflective writing activities that allow stu-
dents to process complex ethical issues at their own pace.

4. Digital resources should represent multiple viewpoints on bioethical issues,
including scientists, ethicists, policymakers, and potentially affected populations.
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5. Design assessment approaches that capture the development of ethical reason-
ing, not just knowledge acquisition. Digital portfolios, case analyses, and peer
evaluation can provide richer insights than traditional tests.

These recommendations align with emphasis by Parder et al. [11] on dialogic com-
munication for ethical decision-making and value clarification. By thoughtfully im-
plementing these approaches, educators can leverage digital technologies to enhance
bioethics education rather than simply digitizing traditional content delivery methods.

7.2. Suggestions for educator professional development

Effectively implementing technology-enhanced bioethics education requires appro-
priate preparation for educators. Based on our findings, we suggest the following
professional development priorities:

1. Educators need skills for moderating bioethical discussions in digital spaces,
including strategies for encouraging participation, managing disagreements, and
fostering inclusive dialogue.

2. While deep technical expertise may not be necessary, educators should be
comfortable with the digital tools they use and understand their affordances for
supporting different types of learning activities.

3. Given the rapid pace of biotechnological advancement, educators need ongoing
opportunities to update their understanding of emerging ethical issues, particu-
larly regarding technologies like CRISPR/Cas9 that raise novel questions.

4. Educators should develop skills for designing and implementing assessment
approaches that capture the complexity of bioethical reasoning in digital environ-
ments.

These professional development priorities align with finding by Van Rooy [16] that
when teachers receive appropriate support for integrating digital technologies, they rec-
ognize the immediate pedagogical benefits for student learning. Without such support,
digital tools may simply replicate traditional information-transmission approaches
rather than leveraging technology’s potential for interactive, reflective learning.

8. Limitations and future research

8.1. Limitations of the current study

Several limitations should be considered when interpreting our findings. First,
the study’s cross-sectional design makes it difficult to establish causal relationships
between digital learning experiences and bioethical reasoning patterns. The differences
observed between student groups may reflect not only their educational experiences
but also selection factors, maturation effects, or other variables not captured in our
analysis.

Second, the sample size, particularly for the fourth-year (n=14) and fifth-year (n=9)
groups, limits the statistical power of our comparisons and the generalizability of
our findings. A larger sample would provide more robust evidence for the patterns
observed.

Third, our study relied primarily on self-reported data collected through surveys.
Direct observation of students engaging with digital learning environments or analysis
of their written reflections might provide deeper insights into how these environments
influence bioethical reasoning.

Finally, while we examined correlations between digital learning experiences and
bioethical reasoning, we did not specifically manipulate the design of digital learning
environments to test causal relationships. Experimental or quasi-experimental studies
would be needed to more definitively establish the impact of specific digital learning
approaches on bioethical reasoning development.
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8.2. Future research directions
Based on our findings and limitations, we suggest several directions for future
research:

1. Track the development of bioethical reasoning in biology students over time as
they engage with various digital learning environments. This approach would
provide more compelling evidence for the impact of specific educational experi-
ences.

2. Directly compare the effectiveness of different digital learning environments
(e.g., information-transmission vs. dialogic approaches) for developing bioethical
reasoning. Such studies could include both self-reported measures and direct
assessment of reasoning skills.

3. Combine quantitative measures with qualitative analysis of student discussions,
reflections, and assignments to provide deeper insights into how digital learning
environments influence bioethical reasoning processes.

4. Design and evaluate specific digital tools for bioethics education, such as interac-
tive case studies, simulations, or collaborative annotation systems. These studies
could contribute to both theoretical understanding and practical implementation.

5. Examine how cultural contexts influence the effectiveness of digital approaches
to bioethics education. This research could inform more culturally responsive
implementations of educational technology.

9. Conclusion

Our study provides empirical insights into how digital learning environments influ-
ence biology students’ bioethical reasoning about human enhancement technologies.
The findings suggest that interactive, dialogic digital approaches foster more nuanced
ethical reasoning that considers not only biological but also social and existential
implications of biotechnological enhancements. This conclusion aligns with theoreti-
cal frameworks emphasizing the importance of context, narrative, and reflection in
bioethics education.

The coincidence of the COVID-19 pandemic and advances in genome editing tech-
nologies created a unique moment for examining bioethics education in digital environ-
ments. Our findings suggest that thoughtfully designed digital learning experiences
can effectively support the development of sophisticated bioethical reasoning even
during periods of educational disruption. However, the specific implementation of
digital learning — not merely its presence — appears crucial for determining educational
outcomes.

As biotechnology continues to advance, raising new ethical questions about human
nature and societal values, preparing biology students to engage thoughtfully with
these questions becomes increasingly important. Our research suggests that educa-
tional technology can play a valuable role in this preparation when implemented in
ways that support dialogue, reflection, and critical thinking. By using digital tools to
create interactive learning environments rather than simply delivering content, edu-
cators can help students develop the ethical reasoning capacities needed to navigate
complex bioethical landscapes.

Future research should build on these findings to develop and evaluate specific
digital approaches to bioethics education, with attention to both technological de-
sign and pedagogical implementation. Such work will contribute to both theoretical
understanding of how digital environments influence value formation and practical
guidance for educators seeking to prepare biology students for the ethical challenges
of an increasingly biotechnological world.
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