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ABSTRACT

Teaching genetics and genomics to multidisciplinary undergraduate students presents challenges
due to their varied academic backgrounds, particularly among non-science majors. To address
this, YOUnique: From Genes to Gen (Genomics) was developed as an interactive online module
introducing fundamental concepts through experiential learning. This module was delivered during
the Live Inclusive Fulfilling Experience (LIFE) Programme, a two-week online summer programme
offered by Universiti Sains Malaysia (USM). The YOUnique Genomics module aims to build scientific
understanding, encourage ethical reflection on emerging genomic technologies, such as gene editing
and precision medicine, and foster empathy towards individuals with genetic conditions. It integrates
multimedia content, facilitator-led sessions, group discussions and hands-on activities exploring
heredity, gene-environment interactions, epigenetics, and ageing. Student feedback indicated
strong satisfaction with the module. Most participants strongly agreed that the module was useful,
well organised and level appropriate, with activities described as enjoyable (96.1%) and facilitators
praised for being knowledgeable, and engaging. Learners found the module relevant to their lives
(98.1%) and appreciated the interdisciplinary exposure. Despite some participation barriers, such as
Internet issues and personal commitments, students reported enhanced understanding of genetics,
and genomics. Word cloud analysis further indicated an understanding of core genetic concepts
alongside awareness of real-world applications and ethical issues. The YOUnique Genomics module
demonstrates a dynamic, inclusive approach to genetics education across disciplines.
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INTRODUCTION

Genetics is the branch of science concerned with the study of inheritance, the genes
underlying it and their functions, while genomics is the study of the entire genome and
the corresponding data generated from it (1). Genomics provides grounds for a greater
understanding of the implications of genetic makeup for our health, particularly for diseases
and conditions with multifactorial causes (2). Notably, genetic and genomic information is
vital for understanding disease risk, including diabetes and cancer, as well as susceptibility
to infections such as COVID-19 (3, 4). In-depth knowledge of genetics and genomics
supports the development of precision medicine, underscoring the importance of educating
the public about their roles in people’s lives (5). This will help the public make informed
healthcare decisions for themselves and their families (6).

In general, genetics is an important specialised subject in science. Literacy in this subject
provides an essential foundation for students’ learning for further advanced courses
and employment (7). Despite this, educating students in genetics and genomics is often
constrained by limited resources and the inherent complexity of these subjects (8).

Given the barriers to engaging learners from diverse academic backgrounds in genetics
and genomics, impactful learning approaches have been implemented across institutions.
The transformation from passive, mainly lecture-based, minimal-interaction learning to
interactive learning sessions has the potential to benefit lower-achieving learners the most—
it also enhances students’ overall learning experience (9). Rogers (10) introduced the concept
of experiential learning, where students actively participate in the process and take greater
ownership of their learning (11). It allows learners to learn by ‘doing, reflecting and thinking,
and applying’ (12). Experiential learning empowers students by giving them authority and
accountability over their own learning while actively engaging them within the educational
environment. It also fosters adaptability, promotes the use of diverse learning strategies
throughout the learning cycle, and enhances both practical skills, and metacognitive
abilities (13). Educators employ different strategies to increase student engagement and
understanding. One of these is gamification, which incorporates game elements into an
educational environment and has been reported to have a positive impact on learners (14).

Due to the COVID-19 pandemic, educational institutions have shifted from the traditional
model of learning to online teaching and learning activities by early 2020 (15). Since then,
many institutions of higher education have restructured their teaching and assessment
methods (16). Online learning offers many benefits. This mode of learning has been found
to be at least as effective as in-class delivery (17). It also provides educators in higher
institutions with flexibility and reduces stress during unexpected events that require time
off. Therefore, online learning could offer a major advantage for higher education in the
long run (18).

This study presents the design, implementation and preliminary evaluation of an experiential
online module on genetics and genomics for undergraduate students, namely, the YOUnique:
From Genes to Gen (Genomics) module. Our findings offer a novel educational model that
improves the conceptual understanding of genetics among diverse learners. It also enhances
empathy towards individuals with genetic disorders and stimulates ethical discourse on
emerging genomic technologies. The module’s strength lies in its integration of personalised
experiential learning with reflective dialogue, offering a scalable, inclusive model for
genomics education in the digital era. It is also aligned with the growing importance of
genetics and genomics in making informed health choices.
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METHODS

Participants

This is a cross-sectional descriptive study. The YOUnique Genomics module was conducted
during the Live Inclusive Fulfilling Experience (LIFE) Programme, a two-week summer
programme offered by Universiti Sains Malaysia (USM), which aimed to reenvision learning
and empower students with the perspectives and skill sets needed to thrive in the world. This
programme, held from 20th September 2021 to 2nd October 2021 via an online platform,
involved 282 undergraduate USM students from science and non-science courses, as well
as facilitators (USM lecturers), industry, government, and non-profit organisation partners.
Student enrolment was voluntary. The students’ demographic data (gender, ethnicity and
year of study) were collected and are summarised in Figure 1. Apart from local Malaysian
students, international students also participated in the programme.

Gender Ethinicity Year of Study
1% - 1% 1%

= Malay

= Chinese

= Indian

= Siamese

= Others

= Bumiputera

= International

3%
0%
= Year1
= Year 2
Y 3
» Female ' = Year
= Year 4

|
= Male \\‘
Figure 1: Demographic of the students enrolled in the USM LIFE programme.

Materials

Taking the experiential learning approach, each student was provided with a ‘Box of
Experience’ containing A4 paper, pens and pencils, a packet of plain-flavoured biscuits and a
packet of Marmite. Each facilitator received a content briefing from the module coordinator
before the programme began.

Module Design and Delivery

The online learning module YOUnique Genomics was developed by lecturers at the Human
Genome Centre, School of Medical Sciences, USM, to introduce fundamental concepts of
genetics and genomics to undergraduate students from diverse academic backgrounds. The
module was structured into four interactive sessions (Sessions I-IV) and conducted virtually
using Cisco Webex with breakout rooms. A combination of videos, guided discussions, group
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activities, reflective exercises and a guest webinar was employed to encourage active, and
experiential learning. Each session was co-facilitated by trained facilitators, who were USM
lecturers, in small groups of 8 to 10 students to ensure optimal engagement and personalised
support.

Session I: Understanding your DNA

This introductory session aimed to familiarise the students with core genetic concepts and to
encourage personal connections with the subject matter. The session began with a 10-minute
icebreaker using guided questions and a brief slide presentation prompting reflections
on inherited traits and environmental influences on genetics. Then, the students were
assigned to breakout rooms. A short video titled ‘Identifying Your DNA’ was then presented,
followed by a discussion on DNA structure and heredity, led by the facilitators. The session
concluded with a 30-minute hands-on activity called ‘Blood is Thicker Than Water’, in which
the students constructed their family pedigrees after viewing an instructional video. The
group discussion focused on inheritance patterns and blood type genetics, reinforcing the
students’ understanding of Mendelian principles through visual aids and peer sharing.

Session II: Genotype, phenotype and the environment

This session explored the interaction between genes and the environment in shaping
human traits (phenotype). The students participated in a sensory-based activity, ‘Genetically
Gifted—Taste and Traits’, which included a Marmite taste test, physical trait analysis and a
survey on taste preferences. These activities highlighted the genetic basis of both observable
and sensory traits and facilitated discussions on inherited versus acquired characteristics. A
video titled ‘Environment, Lifestyle, Genome’ introduced concepts such as ageing, mutation
and epigenetics. This was followed by a reflective discussion using visual stimuli to compare
lifestyle effects and genetic predispositions. The students evaluated changes in appearance
due to ageing and the impact of DNA mutations through case discussions involving genetic
conditions and disorders, such as Down syndrome, albinism and Prader-Willi syndrome.

Session lll: Ethics and the future of genetics

The third session addressed the ethical dimensions of genetic technologies. The students
viewed a video titled ‘Boundaries in Genetics’, which served as the basis for a case-based
activity, ‘What Would You Do?’ This activity involved a scenario on designer babies.
Discussions were guided by keywords, such as gene editing, sex selection and assisted
reproduction, focusing on ethical, cultural and religious considerations. Reflection questions
encouraged the students to critically assess the moral implications of genetic interventions.
The session ended with an anonymous Google Forms reflection to encourage personal
evaluation of the learning experience.

https://eduimed.usm.my
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Session IV: The future of genomics-precision medicine

The final session emphasised the real-world application of genomics in healthcare. The
students viewed a 10-minute video on precision medicine, followed by a guest webinar by
a genomics industry professional discussing the diagnostic and therapeutic applications
of genomics. The session concluded with a group reflection, a summary of learning points
using Mentimeter, and a gamified engagement activity with a random-name-draw tool.

Module Assessment and Evaluation

The module was designed to promote self-directed and collaborative learning rather than
formal assessment. Student engagement and learning were evaluated through peer sharing,
group presentations and non-graded reflective surveys administered via Google Forms.
QR codes were shared with students after each session to collect Experience Points (XP),
a programme developed to measure competencies through experiences gained during the
USM LIFE Programme. The XP app for gamified assessment, accessible at https://xplife.
usm.my/, was intended to encourage student interaction and participation. Participation
incentives, such as small prizes, were given to enhance motivation and engagement. Student
feedback on the module was collected at the end of the programme using Google Forms.

RESULTS

The students’ feedback reflected a highly positive reception of the module (Figure 2). The
majority of students strongly agreed that the module was useful (72.5%) and well organised
(68.6%), with the content appropriately tailored to their level (72.5%). The module activities
were also well received, with 96.1% of the students describing them as fun. Trainers were
especially praised, with most respondents strongly recognising their knowledge (74.5%) and
finding them engaging (78.4). The online session conducted using the ‘Box of Experience’
was considered effective by 96.1% of the participants. Moreover, 96% of participants agreed
that the overall module duration was sufficient, and 98.1% felt that the time allocated for the
module tasks was adequate. Most notably, 98.1% of the students believed that the knowledge
they gained from the module was applicable in their lives.

https://eduimed.usm.my
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Figure 2: Student feedback on the module.

A large proportion of students (77.5%) strongly agreed that exposure to topics beyond their
main fields of study was valuable. However, several factors hindered their full participation,
including an unstable internet connection (39.8%), family obligations during the programme
(17.3%) and part-time work commitments (12.2%). Despite these challenges, most of the
students agreed that the module was beneficial and helped enhance their understanding of
genetics and genomics.

Learners’ understanding of genetics and genomics was explored using an interactive tool,
and their responses were summarised in the Mentimeter word cloud, as shown in Figure 3.
This also allowed educators to identify the diversity of responses and conceptual associations

https://eduimed.usm.my
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regarding module topics. The students’ responses commonly highlighted core concepts,
such as DNA, genes, inheritance and health, indicating a solid foundational understanding.
They also included terms related to advanced genomic technologies (e.g. CRISPR), ethical
themes and pop culture references, reflecting both awareness of real-world applications and
diverse engagement levels across the cohort.

Go to www.menticom and use the code 4061 8986

A Mentimeter

What words do you associate with genetics?

unigque

inheritance

NS

Figure 3: Student reflection about genetics at the end of the module.

The students’ participation in the module was also recorded using XP. Figure 4 shows
a cumulative XP score of 70 (26.4%) for the YOUnique Genomics module, compared with
other modules offered during the USM LIFE Programme. This digitalised system enables
easy tabulation and can be adapted for future programmes.

QR Code Cumulative XP XP Summary XP History

@ Cents of Life
@ Discovering Living Labs
@ Innovative Thinking: Skill of the Future
@ Living Sustainably
@ Gritin You
YOUnique: From Genes lo Gen

YOUnique: From Genes to Gen
70 (26.4%)

Figure 4: XP of YOUnique Genomics module.
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DISCUSSION

The exponential integration of genetic knowledge in public health, diagnostics and
therapeutics warrants a broader, interdisciplinary understanding of these topics across
various domains of study. As life sciences evolve rapidly, the demand for graduates who
are genetically and genomically literate, including those from non-biological backgrounds,
is growing. However, teaching genetics and genomics, which may be complex and abstract
subjects to many multidisciplinary students, poses unique pedagogical challenges (19-21).

Teaching genomics to students has been reported to help improve public perceptions and
understanding (22). However, educating the public about genetics and genomics proved
challenging due to various factors, including media misrepresentation and limitations
in the education infrastructure (23). Specifically, there has been confusion about basic
terminology, such as genes and chromosomes, alleles and allelic variation, and meiosis
and mitosis, as well as misconceptions and poor application of genetic concepts, such as
the influence of DNA on cell function (24). Previous reports showed a poor understanding
among students of the importance of genetic information, with the majority able to describe
only the nature and function of visible traits (25, 26). Understanding the complex concepts
in genetics and genomics can be challenging for students from non-science backgrounds
without prior knowledge of the subjects. This warrants a more strategic learning approach,
such as experiential learning, which was implemented in the present module.

In many Asian countries, education and training in genetics and genomics are at varying
stages of development, with clear disparities in genomic literacy between developed
and developing nations (27). A collective effort to raise awareness and enhance genomic
competencies in higher education is essential to fostering a more robust and equitable
genomics ecosystem across the Asian region.

It is worth noting that genomics modules are often tailored to specialised subgroups
or specialities with prior training in the field (28, 29), making them unsuitable for
undergraduate students from diverse majors. Genomics as a field also focuses on integrated
technologies and specialities (30, 31), in which a multidisciplinary approach is found to be
highly effective and efficient in advancing personalised medicine (32). This highlights the
need for meaningful participation in subjects from non-biology courses, such as computer
science, artificial intelligence, law and engineering, to provide a comprehensive genomic
initiative.

In response to educational gaps and evolving COVID-19 health advisories at the time of
this programme’s implementation, YOUnique Genomics was developed as an interactive
online learning module to introduce the core principles of genetics and genomics to
multidisciplinary undergraduate students. By incorporating gamified assessments,
facilitator-led discussions and real-life case studies, the module encourages learners to
explore the relevance of genetics and genomics in both scientific and societal contexts.
The students’ positive feedback on the module highlights the effectiveness of integrating
experiential learning and digital technologies in creating inclusive educational environments
that cater to diverse academic backgrounds.

The active involvement of learners in constructing family pedigrees, participating in taste
tests and debating ethical issues around gene editing was particularly effective in bridging
abstract genetic concepts with real-life scenarios. These activities not only enhanced
comprehension but also stimulated critical thinking, ethical reasoning and an appreciation
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of human genetic diversity. Understanding the social and quantitative intricacies of human
genetic variation studies can equip students to engage thoughtfully and knowledgeably in a
society where genetics is often misused to justify sociopolitical arguments (33).

Unlike traditional lecture-based approaches, the module’s interactive multimedia content
and small-group discussions encouraged deep learning and peer-to-peer knowledge
exchange. This aligns with the findings of Boedeker et al. (9), who found that interactive
learning sessions help close achievement gaps and promote inclusivity, particularly for
non-biology students, by enabling them to contribute to discussions. This module not
only promoted scientific literacy but also ethical empathy through the integration of local
context scenarios. Related to this, Aramudin and Susanti (34) highlighted the positive impact
of integrating local context-based education in shaping students’ social and emotional
development. In addition, YOUnique Genomics can be further adapted to address genetic
and genomic issues across various regions, suggesting its versatility.

However, several limitations warrant consideration. First, while student feedback and
engagement metrics suggest positive learning outcomes, formal assessments of knowledge
gain, such as pre- and post-tests, were not performed, limiting our ability to quantitatively
measure conceptual improvement. Second, the voluntary nature of participation may
introduce selection bias, as students who were more motivated or interested in genetics may
have been overrepresented. Third, logistical constraints, such as internet connectivity and
screen fatigue, were reported by a minority of the participants, reflecting broader digital
divide issues that may hinder the effectiveness of online learning.

Despite these limitations, the YOUnique Genomics module offers a replicable and scalable
model for integrating genetics education into multidisciplinary undergraduate curricula.
Its combination of experiential learning, ethical engagement, and online delivery makes it
appropriate for both local and international implementation, particularly in settings with
diverse student populations or pandemic-related disruptions that require flexible, inclusive
teaching approaches.

CONCLUSION

Future iterations of the YOUnique Genomics module should incorporate more rigorous
evaluation tools, such as concept inventories or longitudinal follow-ups, to assess the long-
term impact on student learning and attitudes. Ultimately, this module has the potential to
help close the gap in genomic literacy across academic domains and to prepare all students,
regardless of major, to navigate the genomic era with knowledge, empathy, and critical
awareness.
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