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Abstract

The Nigerian chemical education has been faced with many challenges. One of these challenges is the methodology of
teaching used by chemistry teachers. The old methods of teaching like lecture and demonstration methods did not favor the
21st century learners in chemical science which as a result contributed significantly to the poor performance of chemical
students. It is against this background that this paper critically discussed the concept of innovation in chemistry education,
the role of technology-based teaching and the weakness of lecture and demonstration methods to chemistry students. How-
ever, innovative teaching pedagogy such as Peer Instruction (PI), the use of Audio-Visual (AV) supplement, student-
centered learning, improvisation and cooperative learning were briefly discussed as an alternative. This paper recommend-
ed among others, the research studies is aimed at devising a better method of teaching chemistry using Peer Instruction
(PI) and Cooperative Learning (CL) in Nigerian schools at all levels should be carried out in chemistry education to ascer-

tain their effectiveness.
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1. Introduction

Education has consistently attracted the attention of
researchers and educators, particularly in relation to
improving the teaching—learning process for both teachers
and students (Okoro et al., 2012). The classroom remains the
central environment where meaningful learning takes place,
serving as a space in which knowledge, creativity, and
learners' talents are developed (Reachlvy, 2017). The
effectiveness of classroom instruction depends largely on the
quality of interaction between teachers and students.
According to Okoro et al. (2012) and Reachlvy (2017),
effective teachers are able to create engaging learning
environments that encourage curiosity, active participation,
and meaningful interaction, thereby extending learning
beyond the physical classroom.

The primary responsibility of the classroom teacher is to
facilitate learning and support students in achieving
maximum academic success (Aluko, 2008). To accomplish
this, teachers are expected to possess a range of professional
competencies, including the ability to apply appropriate
instructional strategies and adopt innovative teaching
approaches. As the educational landscape continues to
evolve, the integration of innovation into classroom practice
has become increasingly important. Etiubon (2016) noted
that changes in the global educational system have made it

necessary to review and adapt the chemistry curriculum to
meet contemporary scientific and technological demands.
Similarly, Adikwu (2008) argued that the chemistry
curriculum should equip learners with relevant knowledge,
practical skills, and positive attitudes while promoting
innovative methods of instruction.

The importance of innovation in science education has
been emphasized by the (APA, 1989), which advocated
reforms in science teaching across all educational levels.
Findings from educational psychology, cognitive psychology,
and the learning sciences consistently support learner-
centered and active learning approaches that promote deeper
understanding and greater student participation (Etiubon,
2016). Consequently, many educational institutions have
increasingly adopted modern instructional technologies to
improve the teaching and learning of chemistry.

The twenty-first century has witnessed significant
changes in chemistry education, driven by rapid
technological advancement and increasing demands for more
effective teaching practices (Zeile & Jones, 2001). These
developments have intensified global efforts to reform
chemistry education and science education generally (Eilks,
2013, cited in Eilks & Hofstein, 2013). Innovative
instructional technologies have created opportunities to
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improve students' learning experiences by enhancing their
understanding of abstract concepts such as molecular
structures and the relationship between chemical structure
and properties (Eilks & Byers, 2009). These innovations,
which are discussed in detail in pages 8 and 9, also
strengthen the connection between classroom instruction and
independent learning (Mahaffy, 2014; Chemistryviews,
2014). When effectively integrated into instruction, they
promote meaningful engagement with chemistry concepts
and improve learning outcomes.

As teaching practices continue to evolve, chemistry
teachers are expected to continuously evaluate and improve
their instructional methods to meet students' diverse learning
needs (Kristen et al., 2017). Since providing individualized
support for every learner is often constrained by time and
classroom realities, technology-enhanced instructional
strategies offer practical alternatives for addressing students'
learning difficulties, improving confidence, and making
chemistry more engaging (Redish, 1997).

Despite its importance in everyday life and its
contribution to scientific and technological development,
chemistry is widely perceived as a difficult subject by many
students. The abstract nature of many chemical concepts,
coupled with inadequate instructional resources, often
contributes to poor understanding and low achievement
(Anne, 2025). Therefore, students experiencing learning
difficulties should be provided with appropriate instructional
support to help them achieve their full potential. The careful
selection and implementation of effective and innovative
instructional strategies can significantly improve the quality
of chemistry teaching and learning, thereby enhancing
students' understanding, interest, and academic performance.

1.1. Concept of Innovations in Educational Context

The capacity to generate new ideas and innovations has
become a major priority for many organizations. Intense
global competition and rapid technological advancement
have made innovation an important source of competitive
advantage (Popa, 2009). Innovation can be described as a
new idea, creative thought, or imaginative concept expressed
in the form of a product, device, or method (Merriam-
Webster, 2010). Consequently, the concept of innovation has
attracted considerable interest among researchers and
professionals across various industries (Popa, 2009). It has
been observed that the way innovation is defined within an
organization determines the types of activities that are
undertaken internally and those that are outsourced.
Researchers and industry experts approach innovation from
different perspectives, including radical and incremental
changes in products and processes (Popa, 2009). Martins
(2004) described innovation as a process aimed at improving
the quality of human life.

The main objective of innovation teaching is to transfer
knowledge and information to learners (Udu, 2018). Any
instructional method that involves the use of computers or
modifies the traditional chalk-and-talk approach can be
regarded as innovative, provided it helps achieve the core
goal of teaching (Okoye, 2012). In conventional innovation
teaching methods, the teacher dominates the instructional
process, delivers content to the entire class, and emphasizes
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factual knowledge. In this approach, learning is largely
passive, and students play a limited role in their own learning
(Aniodoh, 2001). In science education, teachers are expected
to demonstrate a high level of competence and mastery of
subject matter before introducing it in the classroom in order
to ensure effective instruction (Udu, 2018). Teachers are also
expected to stimulate students’ interest and attitudes toward
science through appropriate teaching strategies. They should
possess adequate exposure and experience in science and
adopt innovative teaching methods that support students’
cognitive and social development, align curriculum with
learners’ mental abilities, make learning relevant, and
motivate students to learn (Nwachukwu, 2009).

Innovation in education, as emphasized by many
scholars, refers to a deliberate, systematic, and sustained
change introduced into an educational system with the aim of
improving its effectiveness and efficiency in meeting the
needs of society (Nwafor, 2007). Martins (2004) further
stated that innovation, when incorporated into education—
especially chemistry education—can make teaching and
learning more interesting and effective. In an effort to clarify
the concept, Kirsi and Seppo (1996) described educational
innovation as a creative policy, a novel approach to renewing
education, a new educational culture, and a means of
addressing educational challenges. They further explained
that innovation serves as a driving force that initiates change
and progress.

In today’s rapidly changing world, it has become
necessary to modify traditional methods of teaching
chemistry and introduce innovative practices that improve
the quality of instruction at all levels of education (Udu,
2018). Okoye (2012) also maintained that a healthy
educational system should strive to develop new teaching
procedures, pursue new scientific goals, produce new
educational outcomes, and continuously evolve rather than
remain stagnant.

The concept of innovation in science teaching is
essential because societal needs and challenges are
constantly changing (Nwafor, 2007). As a result, the
educational system must adapt in order to respond to these
changes. The adoption of innovations in education enables
institutions to improve teaching methods and achieve
meaningful educational reforms. Therefore, any effort aimed
at incorporating new knowledge, eliminating outdated
content, and adopting a multidisciplinary approach can be
regarded as an innovation in education (Udu, 2018).

1.2. Incorporation of Innovative Pedagogies in the
Teaching and Learning of Chemistry

There is no doubt that students are expected to be
technologically competent, and educators are responsible for
preparing learners in colleges and future careers for the
demands of the 21st century. With the wide variety of digital
applications now readily available, teachers must identify the
tools that best align with their subject content in order to
enhance instructional delivery (O’Brien, 2018). In addition,
students have adapted culturally to the widespread use of
smartphones, which allow them to download applications for
practicing chemistry skills, drawing and rotating molecular
structures, and constructing reaction mechanisms. Although
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these digital tools offer numerous advantages, traditional
paper-and-pencil methods should not be completely
discarded (Williams & Pence, 2011).

Clifford, 2013 cited in McDonnell (2013), wisely stated
that technology will not replace teachers, but teachers who
use technology will replace those who do not. Research has
also shown that the use of technology increases students’
academic achievement and motivation, while computer-
based instruction enhances meaningful learning and creates
supportive learning environments in chemistry (Dori &
Barak, 2000). Furthermore, integrating technology into
secondary and higher education classrooms enables students
to develop essential 21st-century technological skills that
they can apply throughout their professional lives (Brown et
al., 2018).

According to the U.S. Department of Education (2010),
numerous research studies and literature reviews have been
conducted by educators and technologists to determine the
most effective ways students learn chemistry. However,
there is still limited research on student learning outcomes
based on formative, summative, and state assessments
resulting from the use of technology in instruction. Bretz
(2018) noted that chemistry education research has expanded
considerably, with numerous studies examining how students
learn chemistry and identifying evidence-based instructional
practices that improve teaching.

Ahmad et al. (2023) conducted a systematic review and
meta-analysis of 35 instructional approaches in chemistry
education to identify evidence-based teaching practices that
most effectively improve students' learning outcomes.

The National Center for Education Statistics (NCES,
2002) published a report based on findings from the National
Assessment of Educational Progress (NAEP, 2000), which

examined science assessment scores of eighth-grade students.

The results showed that students whose teachers used
computers for simulations and data analysis achieved
significantly higher scores than those whose teachers did not
use computers for such purposes.

Onyia (2010) emphasized that technology-based
innovation for hands-on chemistry instruction help engage
students and improve their chemistry literacy. He further
explained that electronic learning systems such as Owl,
Mastering Chemistry, Smart Work, and Wiley Plus are
innovative, research-based online environments designed to
support both teaching and learning. These platforms provide
concept simulations, tutorials, visual exercises, and problem-
based homework that:

(i) Improves student learning and academic performance,

(if) Helps students visualize chemistry and improve
problem-solving skills,

(iii) Allows learners to progress at their own pace until
they master key ideas and

(iv) Support the assessment of student progress.

The Federal Government of Nigeria has emphasized the
need for socioeconomic development, including the
integration of information and communication technology
(ICT) at all levels of education (Chinwe & Nnamdi, 2015).
in response, several curriculum reforms have been
implemented. Consequently, the use of ICT in teaching
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chemistry content is essential, as it enhances students’
understanding, retention, and transfer of knowledge.

To effectively integrate technology into lessons, teachers
must consider the subject content, the most appropriate
teaching method, and the technology that best supports
instruction for a particular group of learners (O’Brien, 2018).
One of the simplest and most effective ways to incorporate
technology into teaching is through podcasts and screencasts.
Podcasts (audio-based) and screencasts (audio with video or
screen capture) enable students to review learning materials
at their own pace and at a convenient time (Seery, 2013).
These digital resources can either reinforce classroom
content or provide additional explanations beyond what is
covered in class.

Dalgarno (2009) observed that a simple online search
for chemistry video games can introduce students to a virtual
environment of molecules, molar masses, and complex
equations. Virtual laboratories have proven to be one of the
most effective ways for chemistry teachers to engage
students in active learning. In addition, PowerPoint
presentations have replaced the traditional chalk-and-talk
method in many classrooms, making lessons more engaging.
Teachers now use projectors to display slides containing
diagrams and flow charts, thereby making instruction more
interactive.

2. Common Methods of Teaching Chemistry

The instructional approaches most commonly employed in
science education, particularly by chemistry teachers, are the
lecture method and the demonstration method. These two
methods are briefly discussed below.

2.1. Lecture method (Old method)

The use of lectures as a method of transmitting
information, facts, and knowledge to learners dates back to
the 14th century, long before it was formally introduced into
science subjects such as chemistry, physics, and biology. The
term “lecture” originates from the Latin word lectus,
meaning “that which is read” or “the act of reading,” and
refers to an oral presentation designed to convey information
or teach a specific subject, usually by a university or college
instructor (Murphy, 2012).

The lecture method is a teaching approach in which the
teacher verbally presents a pre-planned body of knowledge
to students (Okoro, 2012). In this method, the teacher speaks
while the students listen and take notes. It is often used to
deliver a large volume of information to learners within a
short period of time (Berry, 2008). According to Bauum and
Weinberger (2014), lectures are primarily designed to
communicate new information to large groups of students,
although they can also be used for smaller classes. Research
indicates that this method dominates teaching practices in
many tertiary institutions (Deslauriers et al., 2011).

As the foundation of university instruction, lectures can
be an effective means of presenting theories, concepts, and
factual knowledge to students. However, to be effective,
lectures must follow well-structured procedures that support
student learning (Murphy, 2012). Despite their widespread
use, there has been considerable debate regarding the
effectiveness of lectures in promoting student learning.
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Commonly identified limitations of the lecture method
include placing students in a passive role, encouraging one-
way communication, requiring extensive independent study
outside the classroom, and depending heavily on the
lecturer’s communication skills.
Research has shown that

students’ retention of

information in lecture-based science courses is generally low.

Bok (2006) reported that an average student retains only
about 42% of the material immediately after a lecture and
approximately 20% one week later. Other studies have
revealed that the lecture method does not adequately support
the development of functional understanding among students
(Bernhard cited in Kola & Langenhoven, 2015).
Consequently, Berry (2008) argued that the lecture method
lacks the effectiveness of active-learning strategies. Fagen
and Mazur (2003) also observed that the lecture method can
contribute to poor reading habits among students.

2.2. Demonstration method (Innovative Method)

The demonstration method refers to an instructional
approach in which the teacher shows students how to
manipulate equipment and apparatus and how to solve
numerical problems (Okoro, 2012). Through this method,
scientific procedures, processes, and phenomena are
presented to students in a visual and practical manner. This
method helps address some of the limitations of the lecture
method, which places excessive emphasis on the teacher
(Mallick, 2018; McKee, 2007).

The demonstration method is particularly important in
science teaching because science is not purely theoretical but
also involves a significant amount of practical work. By
conducting demonstrations during lessons, teachers can
provide students with concrete learning experiences. This
method is especially useful when class sizes are large and
laboratory equipment is insufficient for individual student
use (Okoro, 2012; Mallick, 2018).

Demonstration is an effective teaching method because it
improves students’ understanding and retention of scientific
concepts (McKee, 2007). Al-Rawi (2013) also reported that
the demonstration method is effective for teaching practical
skills such as the use of laboratory tools and conducting
experiments in chemistry. However, the time available for
demonstrations in classroom settings is often limited. As a
result, demonstrations are usually designed to allow students
to observe experiments rather than actively participate in
hands-on laboratory activities (McKee, 2007).

2.3. Peer Instruction (Innovative method)

Peer Instruction (PI) is a research-based instructional
approach developed for teaching large introductory science
courses such as chemistry (Fagen & Mazur, 2003). It was
designed to make lectures more interactive and to actively
engage students intellectually during class sessions. This
method has been tested in various science disciplines and has
been found to improve students’ academic performance and
help identify areas where learners experience difficulty. Peer
Instruction has also been applied across different subjects in
many countries (Kola & Langenhoven, 2015). However, in
several countries, Pl is still relatively new to many teachers
due to its distinctive feature of using conceptual questions
known as Concept Tests.
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Peer Instruction is defined by Kola and Langenhoven
(2015) as an instructional strategy that actively involves
students in class through a structured questioning process
that engages every learner. The method creates a supportive
environment in which students express their ideas and
resolve misconceptions by discussing concepts with their
peers (Gok, 2012). Peer Instruction promotes student
participation through activities that require learners to apply
core concepts and explain them to their classmates. Unlike
the traditional practice of asking informal questions during
lectures—which typically engages only a few highly
motivated students—P1 uses a structured questioning process
that involves all students in the classroom.

The main objective of Peer Instruction is to transform
the lecture environment into an active learning space where
students are fully engaged and focused on understanding
fundamental concepts (Kola & Langenhoven, 2015). Instead
of relying solely on textbooks or lecture notes, instructors
present short explanations of key ideas, followed by
conceptual multiple-choice questions known as Concept
Tests. These questions assess students’ understanding of the
topic being discussed.

According to Turpen and Finkelstein (2010), the Peer
Instruction process involves the following steps:

(i) The instructor presents a conceptual question.

(if) Students are given time to think individually.

(iii) Students record or report individual answers.

(iv) Students discuss their answers with nearby peers.

(v) Students submit revised responses.

(vi) Feedback to teacher: Tally of answers.

(vii)Explanation of the correct answers by the

instructor.
2.4. Audio-visual (AV) Supplements
The application of audio-visual resources in industrial

settings has been widespread due to their effectiveness in
increasing productivity and improving retention rates.
Research has shown that individuals remember
approximately 20% of what they see, 40% of what they both
see and hear, and about 75% of what they see, hear, and
actively do at the same time. Audio-visual tools have now
become increasingly integrated into the educational system
as effective instruments for teaching and learning.

In many countries, such as India, several educational
institutions have equipped their classrooms with audio-visual
facilities to enhance students’ understanding and learning
experiences. Teachers use graphical representations of
complex equations with the help of smart boards to explain
difficult subjects such as physics, mathematics, and
chemistry (Reachlvy, 2017). Subject teachers also use audio-
visual tools creatively to stimulate students’ curiosity
through images, animations, and puzzles, encouraging them
to think creatively and critically. This method is particularly
suitable for teaching science and chemistry at the secondary
school level, as it satisfies students’ need to see and hear
concepts in order to fully understand them.

Audio-visual resources can be described as a
combination of various media tools such as videos, CD-
ROMs, floppy disks, internet-based resources, and software
that allow for interactive learning. Reachlvy (2017) further
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defined audio-visual tools as instructional materials that
incorporate one or more media formats, including graphics,
video, animation, images, and sound, alongside textual
content.

2.5. Learner’s Centered Method

Since teaching and learning revolve around the learner,
it would be inappropriate for any instructional method to
ignore the central role of the student. Therefore, adequate
attention must be given to learners in the teaching process
(Udu, 2018). In the context of chemistry education as a
science subject, the learner is regarded as the most important
participant, and their interests must be fully considered. This
approach recognizes the needs, values, and significance of
the learner as the focal point of instruction.

This perspective represents a modern approach to
science teaching and differs from traditional methods in
which the teacher was considered the most important figure
in the teaching and learning process. Learner-centered
instruction emphasizes active participation and engagement,
allowing students to take responsibility for their learning.

Learner-centered innovative methods include planned
discussions, advisory approaches, panel discussions, small-
group discussions, seminars, debates, committee and group
work, problem-solving activities, research, and case studies
(Ezeano, 2013). Several innovative teaching strategies based
on learner-centered principles have been developed to
improve the teaching and learning of science subjects in
Nigerian schools (Aliyu, 2024).

These learner-centered strategies include, among others,
the use of analogies, constructivist approaches, learning
activity packages, concept mapping, cooperative learning,

individualized instruction, computer-assisted instruction,
programmed instruction, multimedia-based  teaching,
information and communication technology (ICT)

approaches such as internet use, and the science—technology—
society (STS) approach (Udu, 2018).

2.6. Improvisation

Improvisation has been described as intuition guiding
action in a spontaneous manner (Crossan & Sorrenti, 1997).
Keefe (2002) defined improvisation as making the best use
of available resources and maximizing the value of what is
created. It is a communicative skill which, like other social
and interactive abilities, can be taught and developed (Udu,
2018). According to Mills, cited in Uniproject (2016),
improvisation involves producing instructional materials that
resemble original designs by using locally available
resources.

When improvisation is applied in chemistry teaching,
students generate a variety of responses during discussions,
and the teacher does not immediately judge these responses
but instead guides the improvisation process. The aim is to
help students discover knowledge through their own
reasoning and exploration (Okoro, 2012; Udu, 2018).

Chemistry is an exact science that often demands creativity
and improvisation in its teaching. Teachers who are skilled in
improvisation are more likely to succeed in effectively
communicating chemistry concepts to beginner learners
(Uniproject, 2016). Improvisation allows students to express
themselves creatively, collaborate with peers, and have their
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ideas respected while learning from their mistakes in a
supportive environment.

Innovative improvisation techniques sometimes referred to
as activities, exercises, or games, can be incorporated into
existing science teaching strategies (Udu, 2018). These
techniques help increase students’ awareness of key ideas
and problems that are fundamental to their intellectual
growth. Structured and purposeful improvisation provides
educators with a framework for developing creative science
instruction within established curriculum structures (Okoye,
2012).

2.7. Cooperative Learning

Cooperative learning refers to the division of tasks
among group members in order to solve a given problem. In
this approach, students share responsibilities and later come
together to present their findings (Johnson & Johnson, 1992).
Each learner contributes individually to the group’s overall
performance. Ziele and Jones (2007) explained that
cooperative learning is based on the belief that learning is
most effective when students actively exchange ideas and
work together to accomplish academic goals.

Cooperative learning is a teaching strategy in which
small groups, consisting of students with different ability
levels, engage in various learning activities to improve their
understanding of a subject (Mehta & Kulshrestha, 2014). It
differs from collaborative learning, which is more of a
philosophy of interaction and personal responsibility for
learning. In contrast, cooperative learning is a structured
approach designed to achieve a specific academic objective
through group effort (Panitz, 1997).

In cooperative learning, each group member is
responsible not only for their own learning but also for
supporting their peers’ learning, thereby fostering a sense of
shared achievement. The cooperative learning model has
gained increasing attention among science educators, as it
supports curriculum design that promotes learning through
teamwork, problem-solving, and decision-making (Mehta &
Kulshrestha, 2014).

In a cooperative classroom environment, the teacher
assumes the role of a facilitator and guide rather than a
controller. Students take responsibility for their learning by
asking questions, identifying problems, designing activities,
and discussing results with their peers. Research has shown
that students develop more positive relationships with one
another when they learn cooperatively compared to when
they learn individually or competitively, regardless of
differences in ability, background, or physical condition
(Mehta & Kulshrestha, 2014; Hermann, 2013).

Innovative methods of teaching chemistry play a
significant role in addressing national challenges by
equipping learners with the scientific knowledge, practical
skills, and problem-solving abilities required for sustainable
development.  Through learner-centered  instructional
approaches, students are encouraged to apply chemical
concepts to real-life situations, thereby enhancing their
capacity to contribute to industrial development,
environmental protection, healthcare improvement, food
security, and technological innovation. Furthermore,
innovative teaching strategies promote critical thinking,
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creativity, collaboration, and entrepreneurship, enabling
graduates to develop practical solutions to societal problems
and contribute meaningfully to national economic growth
and development.

3. Conclusion

The applications of innovations in the teaching of
chemistry as tools that when implemented right will enhance
the students’ performance and improve the learner's active
participation in chemistry. However, It is obvious that there
are already known teaching pedagogies in chemistry
education that actively engages students in the class such as
the concept of cooperative learning, integrated innovative
technology in chemistry teaching (e.g. using power point and

CHEMSKETCH). Thus, PI and other innovative methods

discussed in this review could be a better one. These

pedagogies of teaching are innovative strategies or tools that
empower both students and teachers. Inco-operating
innovation in chemistry teaching will also assist the learners
to meet their basic needs, because they support students’
preference for learning by doing. Meanwhile, the use of
innovative technologies is promising tools for instructors
because they support teachers to engage students with hands-
on inquiry learning.

Recommendations

The author suggested the following:

1. Many literatures reviewed by different authors confirmed
the effectiveness of Peer Instruction and cooperative
learning for improving conceptual and problem-solving
skills of the students at different level of education.
Therefore, this paper recommended that innovative
teaching using Peer Instruction (PI) and Cooperative
Learning (CL) in Nigerian schools at all levels should be
carried out in chemistry education to ascertain their
effectiveness.

2. Chemistry or science teachers should be allowed to visit
schools that are using innovative methods to observe new
strategies and materials enhancing chemistry teaching.

3. Chemistry teachers should change and utilize the
innovative methods in their lesson delivery to enhance
students’ active participation in the lesson for enhanced
academic performance in chemistry.

4. Attendance of workshops, conferences and seminars will
also be of great advantage to teachers.
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