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Science programs at
universities are essential for
preparing students for careers

in business, research, and
teaching. Physics and
chemistry  present  certain
challenges regarding their
experimental nature,
mathematical rigor, and
abstract concepts. The
cornerstone of assisting
students in improving their

critical thinking and problem-
solving abilities is the provision
of high-quality education in
university science programs,
especially in chemistry and
physics. This article explores
the opportunities and difficulties
of teaching these subjects with
an emphasis on two aspects:
teaching strategies and student
engagement. Moreover, assess
the strategies to enhance
teaching and learning in
chemistry and physics,
highlighting their potential to
overcome common barriers.

Challenges in  Teaching
Chemistry and Physics

The main challenge in teaching
chemistry and physics is the
complexity of the content.
Students may become

overwhelmed by the abstract
theories, complex calculations,
and multi-step problem-solving
procedures that are frequently
involved in chemistry and
physics. Since they cannot be
directly observed, ideas like
molecular bonding in chemistry
or quantum mechanics in
physics require the students to

think beyond tangible
experiences. In contrast, right-
brained students might be
difficult due to their heavy
reliance on intricate
mathematical equations,

formulas, and problem-solving
techniques. Linking multiple
concepts, such as
thermodynamics in physics and
chemistry, is an almost related
application in daily life, which
can be overwhelming for
students who find it difficult to
make connections.  Without
efficient teaching techniques to
clarify and contextualize the
content, it is challenging for the

students to gain a solid
understanding.

Another challenge is limited
engagement in  traditional

lectures. Lecture-based
passive learning usually fails to
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sustain students' attention or
foster in-depth
comprehension. Conventional
lectures frequently use one-
way communication, with the
teacher providing information
and the students listening
passively. This  restricts
chances for critical thinking or
active participation. It is
challenging to maintain focus
during lengthy, content-heavy
sessions. It has been proven
that from research, students'
attention usually wanes after
10 to 15 minutes during a
lecture. Rigid teaching
arrangements and large
lecture halls frequently
restrict interaction between
students and instructors,
which limits the opportunity
for students to ask questions
or take part in two-way
communications. These
factors may result in reduced
knowledge retention, a poor
understanding of the subject
matter, and disengagement.

An additional obstacle is the
experimental procedures
frequently limited by
resources, equipment, or time

constraints, which are
necessary for  hands-on
practical skills among science
students. Budgetary
limitations, limited space, or a
lack of time slots to

accommodate all students for
practical  experiments at
many universities.

The main challenge in

teaching chemistry and
physics is the
complexity of the
content.
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Science programs sometimes
have trouble keeping their lab
equipment up to date, which
makes it challenging for
students to conduct
experiments that comply with
modern industry and research

standards. Consumables like
chemicals, reagents, or
specialized equipment can be
costly, which leads to
simulated  experiments  or

scaled down and may not
accurately represent real-world
scenarios. There are frequently
insufficient technical personnel

in laboratories to maintain
apparatus, fix problems, or
advise students during

experiments. These limitations
can lower the overall efficacy
of science education by
impeding experiential learning
and limiting students' ability to
acquire practical skills.
Strategic investments,
teamwork, and innovative
approaches like shared
research facilities or virtual
laboratories are required to
overcome these obstacles.

Another challenge is that it is
difficult to maintain consistent
learning outcomes among
students of different
backgrounds students enroll in
science programs.
Understanding complicated
scientific terms and concepts
can be a further challenge for
students who are non-native
speakers of the medium of
instruction. Different learning
styles or preferences may exist
among students; some may
learn to excel visually, while
others may prefer hands-on
learning or theoretical
discussions. This variety is
frequently not managed by
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Figure 1: How to be Good at Physics and Chemistry?
(Sources: https://www.myprivatetutor.sg/blog/how-to-be-good-
at-physics-and-chemistry)

traditional teaching techniques.
It could be difficult for
educators to establish a
classroom environment where
every student may attain
equitable and consistent
results. An inclusive learning
environment that meets the
various requirements of
students, additional academic
support, and diversified
teaching practices are
necessary to address these
issues.

Innovative Teaching
Methods

Engaging in active learning in
Flipped Classrooms, Inquiry-
based Learning (IBL), and
Problem-based Learning (PBL)
are some strategies that
enable students to engage
critically with the content
(Freeman et al, 2014). For
example, PBL develops
analytical and teamwork

abilities by letting students
work on real-world chemistry
and physics problems. This
improves critical thinking and
practical application skills. For
instance, examining the
chemical processes underlying
the generation of renewable
energy or resolving mechanical
issues in everyday contexts.
Prior to class, students watch
lectures or videos, which free

up in-class time for group
projects, interactive
discussions, and problem-
solving. Students watch a

video on the fundamentals of
quantum mechanics before
class and then work through
quantum state problems in
class.

Students can gradually
increase their understanding of
difficult subjects by breaking
them down into manageable
segments, which is known as
scaffolded instruction.

PPBio UITMCNS

140



Perspektif

One way to teach chemistry's
concept of stoichiometry is to
start with  simple  mole
calculations, work your way up

to balanced equations, and
then apply these ideas to
actual applications. Students

can also Vvisualize abstract
concepts with the wuse of
diagrams, concept maps, and
simulations.  For instance,
teaching chemical bonding
through molecular models or
physics' use of visual
simulations for electric fields.

Machine learning used to
refine experimental and
simulation data about energy
chemistry, including organic
photovoltaics (OPVs), catalytic
reactions perovskites, and
batteries (Yuzhi et al.,, 2023).
This  method  encourages
students to succeed
academically and develop
critical thinking abilities by
helping them gradually
increase their knowledge and
confidence.

Student Engagement
Strategies

In  chemistry and physics
education, interactive
classroom environments are
instructional strategies that
establish dynamic and
participatory learning
environments, promoting
students’ deep engagement

with the subject matter, their
peers, and the teacher. These
approaches aim to make
abstract ideas and problem-
solving procedures accessible
and enjoyable. Educators can
ask questions during lectures
and receive immediate student
feedback by using

technologies like clickers,
mobile apps, and live polling
platforms like Mentimeter and
Kahoot. For example, ask
students to solve a physics
calculation or answer a
conceptual question regarding
chemical reactions, then
analyze results in real time.

Another example is conducting
a practical experiment in which
students predict and observe
the result of a pendulum swing
to learn about harmonic
motion. Science clubs, peer
education, and group projects
encourage collaborative
learning and a sense of
community among students
(Johnson et al., 2014).

Students work together to
solve challenging challenges
by exchanging concepts and
approaches. One example
would be working in a group to
solve multi-step stoichiometry
problems in chemistry or to
analyze forces in a physics
scenario. Encouraging
students to participate in
research allows them to gain
practical exposure and
improves their understanding
of theoretical ideas.

Through active participation in
the planning and conducting of
experiments or investigations,
students get a deeper
comprehension of the subject.

For example, chemistry
students synthesize and
characterize a novel

compound, or physics students
construct and test a simple
apparatus to demonstrate a
principle like harmonic motion.
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Machine learning used
to refine experimental
and simulation data
about energy chemistry,
including organic
photovoltaics (OPVs),
catalytic reactions
perovskites, and
batteries (Yuzhi et al.,
2023).

Opportunities for

Improvement

Teaching can become more
effective by receiving training
in technology integration and

active learning techniques.
Teachers acquire innovative
teaching strategies like inquiry-
based learning, flipped
classrooms, and active
learning. Collaborations with
industries can offer funding,

resources, and real-world
settings for educational
initiatives. Industry input
assists in curriculum

development to guarantee that
students gain knowledge and
skills that are directly valuable
in the job market. Incorporating
subjects like advanced
materials, green chemistry, or
guantum technology following
current industry trends is one
example. Another example is
collaborating with chemical
industries to conduct research
on alternate fuels or
sustainable polymers or
cooperative initiatives with high
technology = companies to
create applications for
guantum computing.
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Collaboration between industry
and academia improves the
standard and relevance of
university science programs by
bridging the gap between
education and employment.

Students  could implement
practical skills, experience and
training for the workforce
through  partnerships, and
researchers and educators
gain access to resources and
ideas from the business.

Conclusion

Educators may provide high-
guality instruction in university

chemistry and physics
programs by implementing
strategies that combine
innovative methods of teaching
besides active student

participation. Educators may
foster an environment that not
only improves learning
outcomes but also prepares
students to embark on the
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scientific challenges of the
future by addressing these
factors. Sustaining progress in
this area will require ongoing

research and collaboration
between institutions and
educators.
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