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ABSTRACT

Chemistry is a core subject in most engineering degrees. The study of chemistry in particular,
and of science in general, contributes to the integral development of individuals as it pro-
motes the development of intellectual attitudes and habits such as argumentation, reason-
ing, and discussion, all of which are of great value to engineering students. Additionally,
understanding the phenomena occurring in our environment helps in rational interpreta-
tion of reality and fosters critical attitudes toward everyday events. In this paper, we make
an attempt to introduce different strategies that could increase students’ motivation to learn
chemistry. Chemistry teachers often struggle to engage students, create stimulating learn-
ing environments, and manage classrooms effectively. Recently, there have been numerous
attempts to motivate students by making chemistry more engaging through its application to
everyday situations. The effectiveness of these endeavors depends on the connection between
the phenomena under consideration, their scientific basis, and the students’ level of compre-
hension. To meet these expectations, it’s essential to cater to students’ interests according to
their stage of cognitive development while still covering essential content and theories. The
role of a number of motivational approaches, such as showcasing the relevance of chemistry
in everyday situations, highlighting the challenges that society presents to this discipline in
the immediate future, and aligning teaching methodologies with scientific strategies, are dis-
cussed as possible ways to stimulate students’ curiosity and improve their performance in the
classroom.
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1  INTRODUCTION

Motivation, often fueled by curiosity, is what propels us forward in life.
Specifically, learning motivation refers to the willingness of students to perceive
academic activities as relevant in order to try to obtain the intended benefits from
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them [1-2]. The role of the teacher is fundamental in students’ learning, as they are
the most influential person in the classroom. It is widely acknowledged that culti-
vating an environment that sparks students’ expectations and ignites their interest
in the subject matter presented significantly impacts the ultimate outcome of the
learning process [3].

For undergraduate students, studying the sciences can be challenging and
daunting, particularly during the early years as they transition to a new educa-
tional phase [4]. Engineering education involves chemistry in relevant degrees
such as Industrial Engineering, Naval Engineering, Civil Engineering, Agricultural
Engineering, Electronic Engineering, and others. Chemistry is not an easy subject
to grasp, as it inherently deals with abstract concepts [5]. The traditional expository
conception of models and theories in the pedagogical practice of chemistry contrib-
utes to the difficulty of teaching this science. Students cannot observe atoms directly
or manipulate them to monitor their behavior. Moreover, learning chemistry is com-
plicated due to the three levels of representation—submicroscopic, macroscopic,
and symbolic—between which chemists navigate [6]. A proficient chemistry teacher
must be equipped with tools and approaches that facilitate direct engagement and
understanding of the intricate nature of chemistry. This complexity can be attributed
in part to textbooks, which traditionally present content based on disciplinary logic,
often without contextualizing the nature of science, its development, origins, and
interactions within the social context. Additionally, textbooks may overlook the
nuances of how students learn [7].

It is crucial to emphasize this nuance because, as science advances, its contents
proliferate and diversify. Thus, teachers face the challenge of selecting the chemistry
they want students to learn. They must also find ways to make it as accessible and
comprehensible as possible.

The advantage of teaching chemistry lies in its pervasive influence in our daily
lives and across all human activities, providing numerous examples for visualiza-
tion. Showing the relevance of chemistry in everyday life will increase student
interest and involvement in the learning process and improve academic perfor-
mance [8]. It is intriguing to adopt a critical perspective on our environment, con-
templating the phenomena occurring around us, endeavoring to comprehend them,
and formulating potential explanations.

Everything within our environment comprises atoms and molecules, serving as
the sole foundation for us to persist in generating solutions that address present and
future challenges. Let curiosity serve as our driving force, guiding us as models and
theories intertwine with experiments. Let us venture into the realm of chemistry
with an ethos of exploration, discovery, sharing, living, and learning [9].

The aim of this paper is to propose several strategies regarding the importance of
motivation in undergraduate chemistry students, as well as suggestions for enhanc-
ing this motivation in teaching practice. We have based this on an analysis of the
literature on the subject and on our teaching experience, which spans nearly forty
years for each of the authors, as professors of first-year general chemistry courses in
different engineering disciplines at the university level.

2 STIMULATING INTEREST AND ENHANCING ATTITUDES
TOWARDS CHEMISTRY

Chemistry is a scientific discipline that may evoke apprehension in some students.
Chemistry teachers, in order to address and overcome this situation, must create
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a suitable environment for students to manage these learning difficulties, stimulate
their interest in this science, emphasize the importance of chemistry in society, and
find ways to teach it in an engaging and easy-to-follow manner.

2.1 Introducing chemistry to the students

There are multiple strategies for teaching chemistry to arouse the interest
of students.

— To present chemistry by dispelling the mythical perceptions that once portrayed it
as an activity reserved for solitary individuals, inaccessible to the masses, devoid
of meaning, disconnected from everyday reality, and characterized as danger-
ous and sterile. These misconceptions used to associate chemistry with pollution,
toxicity, or war [10].

- To present a perspective that portrays chemistry as a constantly evolving science
[4], devoid of dogmas or absolute truths, which evolves within a specific social
context. It is integrated into a broader framework that encompasses scientific and
technological aspects and correlates them with societal progress.

— Visualize chemistry and its industry as sectors that have offered scientific and
technological solutions to a wide range of global challenges, including protect-
ing the environment by preventing pollution and reducing greenhouse gas
emissions; promoting human health and well-being through the production of
pharmaceuticals, medical devices, and components; using natural resources
efficiently through the use of renewable raw materials; applying catalysis; and
understanding how to reuse, recycle, and refine valuable metals. This is reflected
in the Sustainable Development Goals (SDG) promoted by the UN [11].

— To showcase the work of researchers through the lens of addressing everyday
problems with questions and answers rooted in the scientific method. This
approach not only illuminates solutions applicable to various domains but also
underscores their relevance in decision-making processes [12].

2.2 Attracting and motivating chemistry

In essence, it is crucial to render chemistry attractive and motivating. To achieve
this, encouraging student participation, fostering expectations with captivating
objectives, and involving them actively in the learning process are essential. Student
motivation throughout learning episodes is pivotal in ensuring that learners persist
sufficiently to successfully accomplish tasks and acquire the expected knowledge
and skills [13-14].

The goal should be to ensure that knowledge reaches students in the most effec-
tive manner possible. To achieve this, it is essential to captivate their attention
for most of the time and to instill in them a passion for the subject being taught
(see Figure 1).
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Fig. 1. How to cultivate an interest in chemistry?

Chemistry permeates all aspects of our lives; it encompasses the study of sub-
stances such as sugar, common salt, medicines, water, and more. What are these
substances made of? How do they behave and interact with each other, particularly
in the presence of various forms of energy such as heat and electricity? The influ-
ence of chemistry on our lives is undeniable; it surrounds us everywhere. From
breathing, digestion, growth, and aging to even thought processes, we are essentially
walking chemical reactors.

An effective strategy to increase motivation is to instill interests and values in
students, as these factors have been reported to significantly influence their intrin-
sic motivation [15]. When students perceive the value of what they learn, especially
in relation to their own goals and values, learning becomes more meaningful. This
sense of purpose significantly increases motivation by making the learning process
seem more relevant [16-17].

The ability to convey this enthusiasm undoubtedly facilitates student engage-
ment, improves their attitude toward the subject, and consequently has a positive
impact on the learning process.

3  LEARNING CHEMISTRY: APPROACHES AND INTERPRETATIVE
FRAMEWORKS

Chemistry, given its inherently conceptual nature, necessitates the understand-
ing of a series of key concepts. When difficulties arise, there’s often a tendency to
resort to short-term rote learning, which frequently results in the acquisition of
misconceptions.

Conceptual change is considered a potent framework for enhancing chemistry
teaching and learning, offering a multi-perspective approach that can be utilized to
explore scientific literacy [18]. It aims to facilitate changes in the cognitive structure
of students, viewing learning as a process of constructing experiences that culmi-
nate in a conception of the world akin to that of a scientist. Generally, activities that
promote conceptual change reflect a teaching style characterized by active involve-
ment of both students and teachers. Teachers encourage students to articulate their
ideas, engage in rigorous thinking, and refine their explanations.
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Motivation, serving as the initial phase in the learning strategy, aims to stimulate
curiosity in learners, predisposing them to embrace the new learning situation.

In flipped learning, which has garnered significant popularity in recent years
[19], motivation and active participation of the learner are essential to engage them
in acquiring new knowledge. This approach involves learners studying the subject
matter of the course before class hours, thus requiring their involvement and proac-
tive engagement in the learning process.

In chemistry education, the objective is for students to comprehend and ana-
lyze the properties and transformations of matter [20]. They are required to grap-
ple with numerous laws and abstract concepts while also establishing connections
between them and the studied phenomena. Furthermore, students must navigate a
vast array of concepts and utilize a highly symbolic and formalized language, along
with analogical models that aid in representing the unobservable. Consequently, it is
often stated that studying chemistry involves a high level of abstraction. To facilitate
chemistry learning, three dimensions are established [21-22]. Firstly, comprehend-
ing chemistry necessitates a shift in the logic through which students organize their
theories, signifying an epistemological change. They must grasp the interpretation of
reality through models and accept them as abstract constructs that aid in interpret-
ing nature. Secondly, an ontological change is essential, wherein students conceive
the objects assumed in their theories as interconnected with processes involving
alterations. Thirdly, understanding chemistry entails regarding matter as a complex
system of interacting particles and encompasses the study of the structure and trans-
formation of matter [23].

Since the focus of chemistry is on matter and its transformations, the topic of
chemical change holds significance. Within this context, it is noted that one distin-
guishing factor between a chemical change and a physical change is the quantitative
conservation of mass, which is tied to the preservation or alteration of the quality
of matter.

During a physical change, the substance undergoes alterations in form or state
without affecting its internal structure, thus retaining its identity. However, in
chemical changes or reactions, the identity of the substances involved undergoes
modification. This occurs due to interactions between the atoms or molecules of the
initial substances, leading to rearrangements of electron shells and the breaking and
formation of chemical bonds (see Figure 2).

Zn+ 2 HU = Znll, + H,

|
Fig. 2. Teaching chemistry: Chemical changes
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Students should acknowledge that matter possesses a discontinuous nature,
understanding that beyond its visible appearance or the different states in which
it presents itself, it consists of atoms—tiny particles in constant motion and
interaction—that can combine to form more complex structures. Many misconcep-
tions stem from a perceived confusion between two levels of analysis: the properties
of the observable physical world and the microscopic particles constituting matter
in an imperceptible manner [24].

4  STUDENTS’ AVERSION TO CHEMISTRY

Itiswidely recognized that a primary factor contributing to the decline in students’
interest in chemistry is the approach to the study of this science. Chemistry courses
at all levels tend to be overloaded with theoretical material and heavily focused on
principles and theories [25-26]. Additionally, much emphasis is placed on solving
artificial numerical problems, while relatively little attention is given to chemical
reactions, which lie at the core of this science. Moreover, microscopic aspects of
matter are prioritized over phenomenological aspects. This teaching approach stems
from the necessity to organize knowledge, which is expanding rapidly on a daily
basis. Consequently, chemistry has lost its allure and motivational appeal. Students
are not exposed to the fascination of exploring something novel or the creative
aspects of chemistry. Instead, it is presented to them as a collection of abstract prin-
ciples with seemingly little practical relevance to their everyday lives [26].

Chemistry is an integral component of the curriculum across all educational lev-
els. Initially, students’ introduction to chemistry should be through the observation
of phenomena; subsequently, at more advanced stages, they will comprehend mod-
els that elucidate the observed reality. By initially exploring the behavior of matter,
questions will naturally arise, which will then be addressed through the principles
taught at higher levels.

There should be a progressive and systematic initiation of learners into the
realms of science and technology, providing them with a well-rounded founda-
tional education in this domain. Additionally, it is imperative to consider students’
maturity and capacity for abstraction when selecting content and methodologies.
In instances where formal thinking has not yet been attained, it is more benefi-
cial, for optimal learning outcomes, to approach the teaching of chemistry from a
phenomenological perspective [27]. First, the laboratory experience, followed by
abstraction. In the classroom, chemistry should be linked to relevant and significant
phenomena, fostering a dynamic that encourages thinking, experimentation, and
communication in accordance with the principles of the discipline. To achieve this,
simply having a certain value system and posing good questions is not sufficient.
The incorporation of theories that aid in conceptualization, along with the use of
terminology that supports cognitive engagement and commitment from learners,
is essential.

It is crucial to introduce learners to theories that are appropriate to their level
of understanding and to the experimental practices they are likely to undertake.
However, this task is not without its challenges and requires a thorough reassess-
ment to identify and overcome potential obstacles [28].
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Fig. 3. Chemistry: A complex discipline

Chemistry is a discipline that heavily relies on specialized language and complex
terminology (see Figure 3). Learning challenges in chemistry are often linked to its
abstract nature, as it is based on concepts such as atoms, which students cannot
directly observe, and utilizes symbolic language (see Figure 4) that may be unfamil-
iar to them [29]. Furthermore, the subject matter of chemistry—focused on the prop-
erties and behaviors of substances, their transformations, and the energy involved
in these processes—is often distant from the interests of students.

They may be inclined to accept the most visible phenomena without delving into
deeper understanding. Another limitation of chemistry is the asymmetric relation-
ship between the structure of substances and their properties [30]. Relationships
must be empirically investigated and cannot be generalized simplistically. While
systems with identical microscopic structures are expected to exhibit the same mac-
roscopic properties, the reverse is not necessarily true. In other words, two systems
with the same macroscopic property (such as high viscosity) can possess entirely dif-
ferent microscopic structures. This phenomenon often leads to significant confusion
and rejection among students.

) Mogegb

SILVER IRON MERCURY TIN

QRO

COPPER LEAD GOoLD

Fig. 4. Chemical symbolic language
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5  MOTIVATIONAL ALTERNATIVES IN CHEMISTRY LEARNING

The teaching and learning process can often lead to a paradoxical situation: stu-
dents may complain of classes being uninspiring, while teachers may assert that
students have lost interest. However, fundamentally, it boils down to a single issue: a
lack of motivation for learning. Intrinsic motivation [31] serves as a pivotal factor in
facilitating students’ academic performance [32]. This commitment must encompass
both cognitive and affective dimensions. The drive to learn, discover, achieve, and
understand originates from within the student, although it is the teacher who must
serve as a catalyst.

Previous research reported how intrinsic motivation, the genuine interest in the
subject matter, significantly influences students’ performance in learning chemistry
[30]. Motivational strategies that promote greater emotional and cognitive engage-
ment with content, such as the use of practical activities, achieve greater academic
success compared to more theoretical and less interactive approaches. Moreover,
students who perceived chemistry as a subject more interesting and relevant to their
daily lives showed better results in the evaluation process [31, 33].

When motivation is lacking, learning becomes hindered. Increased motivation to
learn is not only linked to improved results but also to greater conceptual compre-
hension, self-esteem, social adjustment, and completion rates [31]. Here, it is crucial
for the teacher to take action, not only to cultivate a positive attitude towards learn-
ing specific content but also to ignite and fortify long-term motivations in students.
This involves instilling interests and values so that students themselves are inclined
to take actions that facilitate new learning, fostering spontaneous activity, proactive
engagement, and the formation of robust decision-making skills. Chemistry teach-
ers can effectively address this situation (see Figure 5) by integrating motivational
elements alongside the conceptual emphasis of the discipline. For instance, they
can incorporate everyday situations that resonate with students, highlight the chal-
lenges that society will face in the near future concerning chemistry, align classroom
teaching methodologies with problem-solving strategies utilized by scientists, and
emphasize positive and relevant prospects within the field of chemistry [34].

CHEMISTRY:

MOTIVATIONAL ASPECTS

Approach to everyday chemistry
Challenges for chemistry in the coming decades
Teaching methodology close to scientific strategies

Positive prospects

Fig. 5. Motivational strategies for chemistry learning
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5.1 Chemistry in daily life

Chemistry is not only integral to our daily lives but also holds the key to our
future. The goal is to enhance public recognition of chemistry as a fundamental tool
for addressing societal needs. By showcasing its myriad benefits and applications
that have enriched every aspect of our lives, alongside the innovations and advance-
ments that promise a better and more sustainable world.

The chemical industry plays a key role in these aspects, since it manufactures
cleaning products, cosmetics, personal hygiene and childcare articles, and produc-
ing essential materials for household appliances and facilitates optimal food pres-
ervation [35]. This contribution has significantly simplified domestic chores. In the
kitchen, for example, we benefit from non-stick plastic-coated utensils, containers,
and furniture; ceramic plates; transparent wrapping films; non-slip trays; internally
protected tin cans; and food safeguarded against the detrimental effects of fungi and
bacteria. Moreover, chemistry permeates other areas of our homes, from windows,
floors, doors, and furniture to essential gadgets such as televisions, personal comput-
ers, and cell phones. It is an indispensable element woven into the fabric of our daily
lives, enriching our experiences and enabling comfort and convenience.

Chemistry also plays a pivotal role in outfitting us for every occasion, whether it’s
a countryside excursion, a swim in the sea, a sports activity, mountain climbing, or
attending a party. While natural fibers pose challenges in modification and are rela-
tively inefficient in production, synthetic fibers offer versatility and are produced in
vast quantities [36]. These fibers can be tailored to meet specific needs, providing a
plethora of useful properties.

Thanks to chemistry, we enjoy waterproof materials based on microporous
polyurethane, hydrophilic polyester, and Teflon. Firefighters and Formula 1 driv-
ers benefit from fireproof suits made of aramid fibers and composites, while police
officers rely on bulletproof vests crafted from polyamide and polystyrene fibers [37].
Furthermore, modern textiles, infused with nanometric particles, resist wrinkling
and repel stains and liquids, all thanks to the wonders of chemistry.

Indeed, chemistry plays a vital role in food production and preservation.
Fertilizers and plant protection products contribute to enhancing agricultural yields,
while plastics and biopolymers utilized in greenhouse coverings, mulch, and drip
irrigation systems further support crop growth. Additionally, food preservatives and
environmentally friendly cryogenic gases utilized in refrigeration systems aid in
transportation and preservation, safeguarding food against external elements. All
of these advancements are products of modern chemical technologies, showcasing
the innovative contributions of chemistry to the food industry [38-39]. It is also note-
worthy to recognize the significance of chemistry in food packaging. Despite their
innocuous appearance, these containers represent remarkable feats of technology.
They must possess a delicate balance of being lightweight yet sturdy, with some com-
prising multiple layers of film, each tailored with specific functions and properties.

The selective permeability of polymer-based materials to gases such as car-
bon dioxide, oxygen, moisture, and light has paved the way for the development
of packaging with modified inner atmospheres. When barrier properties are care-
fully selected, packaging materials can maintain a modified atmosphere within
the container, thus prolonging the shelf life of food products. For instance, dehy-
drated products require protection from moisture during storage, while fatty foods
must be shielded from air to mitigate oxidation. Conversely, fresh fruits necessitate
breathable packaging, allowing gases to circulate within the container. Addressing
these occasionally conflicting requirements, the chemical industry provides the
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appropriate materials [40]. Furthermore, another focal point is the production of
beverage and food cans from inert metals, owing to the commercial significance
of these containers due to their widespread use. Polymeric coatings, developed in
research and development (R&D) chemical laboratories, are often applied to the
inner surface of these metal food cans to serve as a barrier between the food and
the metal surface [41]. Despite the myriad applications of chemistry across various
facets of our daily lives, we have struggled to promote its true value and significance.

Unfortunately, it’s common for products to be discredited by labeling them as
“having a lot of chemistry.” However, it would be challenging for anyone in our soci-
ety to envision a world devoid of the contributions of this remarkably productive
science [42]. If we delve into specifics, we can appreciate the significance of chemis-
try in our daily lives through concrete examples (see Figure 6).

Fig. 6. Infant formula and sunscreens, contributions of chemistry in daily life

Consider, for instance, the list of ingredients on a package of infant formula
milk: whole milk, skim milk, lactose, whey protein concentrate, vegetable oils from
sunflower, soy, coconut, and canola, tocopherols, galacto-oligosaccharides, ara-
chidonic acid oil, sodium caseinate, soy lecithin, minerals (sodium, calcium, phos-
phorus, potassium, chloride, magnesium, iron, zinc, selenium, copper, manganese,
iodine), vitamins (A, B6, B12, C, D, E, K, thiamin, riboflavin, niacin, pantothenic acid,
biotin, folic acid), acidity regulators (calcium hydroxide, citric acid), choline, taurine,
nucleotides (cytidine 5-monophosphate, uridine 5-monophosphate, adenosine
5-monophosphate, inosine 5-monophosphate, guanosine 5-monophosphate),
inositol, and L-carnitine. This comprehensive formula, derived from chemical sub-
stances, provides essential nourishment for infants. It’s worth considering how
many babies are currently being nourished by formula, a testament to the contri-
butions of chemistry in meeting nutritional needs. Another compelling example can
be found in widely used sunscreens. The invaluable contribution of chemistry to
these products is evident when examining their ingredient lists, which often contain
no fewer than 20 chemical substances. These may include silica, titanium dioxide,
sodium hydroxide, ascorbic acid, citric acid, propylene glycol, butylene glycol, diso-
dium EDTA, tocopherol, ethylhexyl methoxycinnamate, polymethyl methacrylate,
dimethicone, ethylhexyl triazone, phenoxyethanol, acrylates, tocopheryl acetate,
allantoin, ethylhexylglycerin, sodium hyaluronate, ascorbyl palmitate, or butylated
hydroxytoluene. Indeed, what would our beach outings be without these indispens-
able products?

It is important to emphasize that the objective of chemistry courses is not limited
to the assimilation of facts, theories, formulas, and equations. Emphasizing the rea-
son and importance that this interrelated set of knowledge has for our lives and for
our future will stimulate students to learn it.

32 International Journal of Engineering Pedagogy (iJEP) JEP [Vol. 15 No. 4 (2025)


https://online-journals.org/index.php/i-jep

Undergraduate Students’ Motivation in Chemistry Lessons

5.2 Challenges in chemistry for the near future

It is important to transmit to students not only the impact of chemistry in our
lives and the development of this science but also its essence, its changing, perfec-
tionist nature. One way to do this is to expose them to new challenges, to what is
yet to be discovered (refer to Table 1). The goal is to emphasize that despite being
a mature science, chemistry’s horizon is replete with challenges for scientists and
educators [43]. Our society is evolving at an increasingly rapid pace, with changes
that once took centuries or decades now occurring so swiftly that it’s impossible to
foresee where we will be in 25 or 50 years. Chemistry is not immune to the speed of
these changes; in fact, it is one of the driving forces behind them.

Table 1. Key challenges in contemporary chemistry

Challenge Description

1. Health and Medicine

The application of chemistry is vital in the medical industry for driving health innovation and facilitating the
discovery and development of drugs and vaccines aimed at minimizing the impact of potential pandemics.

2. Food security

Ensuring the quality, safety, and nutritional value of food is essential to meet the needs of a growing and aging
population.

3. Water resources
management

The sustainable management of the planet’s water resources necessitates effective methods of water purification
and decontamination, where chemistry plays an essential role.

4. Sustainability

There is a need to develop chemical processes that minimize the consumption of natural resources and generate
less waste.

5. Clean and renewable
energy

Investigating and improving the development of technologies for the production and storage of clean energy
using chemistry is essential.

6. Climate change

Contribution to the reduction of greenhouse gas emissions and the development of carbon sequestration
technologies is paramount.

7. Nanotechnology and
smart materials

There is a pressing need for the development of smart materials with the ability to adapt to their environment,
change shape, or perform specific functions, particularly in fields such as biomedical engineering, robotics,
nanoscience, and chemistry.

8. Green chemistry

The design of environmentally friendly chemical processes involves the reduction or elimination of hazardous
substances, lower energy consumption, reduced waste production, and adherence to principles of the
circular economy.

iJEP | Vol. 15 No. 4 (2025)

Chemistry plays a crucial role in addressing numerous challenges facing our
global civilization [44]. Modern technology necessitates the development of new
materials with specific properties, and chemists are tasked with designing methods
to produce these materials. Similarly, the demands of modern medicine require the
synthesis of specific drugs, prompting chemists to devise strategies for their produc-
tion. Furthermore, society requires advancements in pollution control methods, sub-
stitutes for raw materials in short supply, safe disposal methods for toxic waste, and
more efficient ways of obtaining and storing energy from eco-sustainable sources.
In each of these areas, chemistry serves as a driving force for innovation and prog-
ress [45]. Chemistry is intricately linked to fields such as genomics, nanotechnology,
and biotechnology, which are poised to usher in significant scientific revolutions in
the years ahead. The chemical sciences will play a pivotal role in addressing these
global challenges. Moreover, chemistry’s impact extends to the economy, highlight-
ing its importance in fostering innovation and development.

In addition to transmitting and emphasizing these aspects, teachers bear the
responsibility of promoting scientific culture in general, and chemistry in particu-
lar, within the classroom. By fostering curiosity, critical thinking, and a passion for
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discovery, educators play a vital role in inspiring the next generation of scientists
and innovators. This is what some researchers have called scientific literacy [46].

5.3 Workshop on fun chemistry experiments

Laboratory work is considered an essential part of chemistry education. It offers
students firsthand experience in observing and manipulating scientific materials,
thereby developing and refining their scientific and practical skills [47]. Laboratory
activities are highly significant for arousing students’ curiosity and interest, foster-
ing critical and creative thinking, enhancing their reasoning skills, and promoting
an attitude of open-mindedness and objectivity. These activities aid students in prob-
lem-solving and in explaining and understanding the phenomena they encounter in
their daily lives [48].

The central focus of transitioning towards a new didactic approach to chemistry
lies with the teacher. Drawing upon their experience and considering the charac-
teristics of the student group, the teacher must adopt a specific didactic approach to
the subject. By conducting simple experiments using everyday reagents, the teacher
can demonstrate practical applications of chemistry that stimulate students’ motiva-
tion. These experiments not only help students grasp the importance of chemistry
but may also spark interest in potential future professional fields [49]. Moreover,
comprehending the diverse applications of chemistry will lead to a deeper under-
standing of the world around them. In this regard, various captivating experiments
can be proposed to unveil the almost magical and mysterious nature of chemistry,
stemming from the surprising outcomes of selected chemical reactions. Some labo-
ratory activities to be considered are summarized in Table 2.

Teachers must facilitate not only the transmission of chemical knowledge but
also motivate to awaken interest in this science and ensure that students acquire
chemical thinking skills [10]. Without motivation, learning comes to a grinding halt.
When science is presented in a way that is disconnected from day-to-day life, many
students lose interest. And if this motivation is lacking, all the effort and preparation
of the teacher will be for naught. Therefore, it is crucial to underscore the impor-
tance of chemistry and its relevance to students’ lives and also provide evidence to
illustrate the true scope and limitations of science and scientists [34]. In addition to
motivational aspects, opportunities should be offered for students to explore prob-
lems and facts, enabling them to derive useful ideas, propose explanations, consider
alternative solutions, and test them.

Table 2. Selection of fun chemistry laboratory experiments

Lab Activity Reference

1. Colour change chemical reaction experiments [50]
2. Reveal latent fingerprints [50]
3. Water to wine to milk to beer conversion [50]
4. CO, sublimation [51]
5. Produce hydrogen by electrolysis [52]
6. Vinegar for peeling eggs (53]
7. Synthesize rayon fiber (50]
8. Self-heating food products [53]
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6  FINAL REMARKS: CRITICAL ANALYSIS

Numerous attempts have been made to uncover the nature of the relationship
between student motivation and learning [33, 54]. It is not easy to quantify precisely
the degree to which each of these approaches contributes to fostering motivation in
learners, as there are many potentially relevant variables to be included or excluded
from their conceptualizations.

It was reported that motivational strategies focused on improving students’
self-perception of their abilities in the subject and enhancing interest in specific
chemistry topics increased their level of engagement and academic performance.

The use of motivational approaches such as promoting interest and curiosity,
as well as the pleasure of learning, shows different advantages: a) increased level
of persistence in challenging tasks, which is crucial in complex subjects such as
chemistry; b) promotion of deeper and more meaningful learning, which facilitates
making connections between concepts and improves long-term understanding;
c) development of more effective learning strategies based on self-regulation and
reflection, which contributes to better academic performance; d) reduced students’
performance anxiety due to motivation by interest and curiosity, as the focus is on
the learning process and not on the results [55-56].

Drawbacks of these motivational strategies include that they may have some mis-
alignment with curricular objectives, require time to develop students’ interest, may
not be sufficient for some students, and could present logistical difficulties in teach-
ing large groups of students [57].

Intrinsic motivation strategies in chemistry learning involve the pursuit of self-
directed motivation, do not depend on external factors, and tend to be stronger and
more established, especially in the face of challenges. In addition, intrinsically moti-
vated learners are much more likely to approach tasks with enthusiasm and creativity.

7  CONCLUSIONS

Chemistry is often perceived as a complex scientific discipline confined to text-
books and academia, seemingly disconnected from real-world applications.

Teaching chemistry involves not only imparting knowledge but also persuading
students of the relevance of this science.

It is necessary to present students with familiar real-world situations, align class-
room teaching methodologies with scientific research practices, and emphasize the
practical and applicable aspects of chemistry. Teachers must always be receptive and
open to new ideas and to new ways of approaching lessons because, in the teaching
process, learning is not only with the student but also with the teacher. Explaining
and addressing students’ problems and concerns helps the teacher to deepen their
understanding of the subject matter and expand their pedagogical resources.

There is a complex interplay between motivation, learning strategies, and per-
formance in undergraduate chemistry learning. Strategies are needed to improve
chemistry education by making it more engaging and relatable. The goal is to use a
range of motivational strategies as catalysts for innovative approaches to chemistry
learning, fostering engagement, curiosity, and a deeper understanding of chemistry.

Focusing on revealing how chemistry can address real-world challenges, inves-
tigating how to teach students the challenges of chemistry in modern society, and
researching how to improve understanding of the conceptual principles of chemis-
try are some of the main areas where future research in chemistry learning should
have a significant impact.
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