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Abstract

The meaningful learning of Mole Concepts in chemistry has become a challenge
to teachers worldwide. The implementation of the twenty first century learning
to enhance thinking skills among students is currently emphasised in Malaysian
government secondary schools. The continuous efforts of researchers worldwide
over the decades have identified the obstacles to meaningful learning, which is
the abstractness of chemistry subject. Hence, teachers opt for algorithmic
teaching strategies that result in superficial understanding and use of memorised
set of steps in problem solving. Researchers have contributed various teaching
strategies to encounter this problem by promoting the need for an abstract
concept to embark on prior knowledge as well as to engage students in the
learning process actively. Another view on teaching method is by having a
balance between the “know what” and the “know how” of an abstract concept
which gives importance to the conceptual understanding as well as the
systematic set of steps to solve problems to promote meaningful learning.
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INTRODUCTION

Chemistry education has become more challenging over the past few decades in the perspective of
meaningful learning and higher order thinking skills globally. This challenge has ignited the
researchers worldwide to focus on thinking skills and meaningful learning in order to find suitable
ways to teach abstract topics such as mole concept in chemistry. Teachers often encounter
problems teaching abstract topics such as mole concept in the view of meaningful learning. This
is because teachers prefer to teach mole concept using the algorithmic teaching strategies which
emphasises the steps of problem solving in contrast to the meaning of the concept itself. Currently,
the implementation of the Standard Curriculum for Secondary School (Kurikulum Standard
Sekolah Menengah, KSSM) in Malaysia, requires chemistry teachers to equip oneself with the
twenty first century teaching methods that are more student-centered to promote meaningful
learning. The revamp of the curriculum to KSSM is one of the efforts of the Malaysian Ministry
of Education in line with the Malaysian Education Development Plan 2013-2025 (Pelan
Pembangunan Pendidikan Malaysia 2013-2025, PPPM) (Ministry of Education, 2013). The
implementation of KSSM began in the year 2017 for the form one level progressively in Malaysian
government secondary schools, until it is completely in operation in the year 2021 for the form
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five level (Ministry of Education, 2013). This new curriculum is introduced to enhance students’
thinking skills and reasoning in classrooms promoting student-centered and twenty first century
learning skills in contrast to traditional teacher-centered teaching methods.

Challenges to meaningful learning in chemistry

The continuous efforts of researchers over the decades have identified some of the root causes that
are the stumbling blocks to meaningful learning in chemistry. One of the problems identified is
the ongoing problems of lack of conceptual understanding among students, due to the abstract
nature of chemistry subject (Cardellini, 2012; Akcay, 2016; Shadreck and Enunuwe, 2017).
Chemistry is regarded as an abstract subject because it has its own language of formulas, symbols,
and representation for the unseen particles (Haidera, 2014; Gafoor and Shilna, 2015; Mairing,
2017). Students consider chemistry as a difficult subject because of its abstractness (Cardellini,
2012; Kimberlin & Yezierski, 2016; Sopandi, Kadarohman, Rosbiono, Latip, and Sukardi, 2018).
One of the crucial topics in chemistry that needs attention is “mole concept” which is abstract
involving chemical symbols, microscopic and mathematical in nature. This topic is one of the most
important parts of chemistry and is taught at the beginning part of the syllabus. In the Malaysian
chemistry syllabus, this topic is taught in the third chapter, in the first three months of students’
fourth form, when they first encounter the new subject “chemistry”. This topic requires one to be
able to solve numerical problems involving mass, volume of gas and the number of particles which
are unseen. Hence, there is a decline in interest among chemistry students when exposed to the
complexity of this topic straight away at the beginning (Cardellini, 2012; Sheau, 2016; Akcay,
2016)

Teaching strategies of abstract concept

Various views and suggestions of teaching strategies have been proposed through research on this
topic. One of the views of a researcher is that mole concept is lacking a contextual approach
(Cardellini, 2012). According to the researcher, this has caused the failure of students to relate this
topic to their daily life. It increases the perception of this topic as something difficult and can be
learnt only in the classroom using the few steps taught by their teachers. When a topic is learnt in
a contextual approach, it is being related to their daily life which acts as a foundation of prior
knowledge to build up the newly learnt concept (Lee et al., 2001; Cobern, 2012). This view stresses
the need for a student to relate the new information to something that they already know in order
to reduce the abstractness of the topic. This is in line with the constructivists’ views that students
do not have an empty mind but have pre-existing knowledge as the foundation to build up new
knowledge (Cobern, 2012; Milenkovic et. al., 2013). In reality, mole concept is a topic that is
related to other fields and can be made into contextual approach through planning of suitable
teaching approach (Cardellini, 2012; Milenkovic et. al., 2013).

Another important view on this strategy is the use of analogies in imparting an abstract
concept. Akcay (2016) expressed the views that the use of analogies enables students to compare
a known fact to the new topic learnt. Analogy is a method where the abstract concept is compared
with a similar concrete example of an object or phenomena, that is well understood or familiar to
learners (Pienta, Cooper & Greenbowe, 2005). The ability of students to compare the new
information to a known fact can reduce their learning difficulties. The use of analogies is also a
way of relating to one’s prior knowledge in order to boost the understanding level of students on
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the abstract concept. Thus, an analogy enables students to get a clear picture of an abstract topic
which can also be made contextual (Richland & Simms, 2015). For example, the concept of dozen
can also be used as an analogy to the Avogadro’s constant whereby both represent a quantifier that
represents a certain number of objects. However, analogies depend on the thinking ability of a
student and may cause confusion for those who are unable to relate the analogy (Pienta, Cooper &
Greenbowe, 2005).

The use of contextual approach and analogies fall back to the Piagetian theory of formation
of schema in the mind of a student. According to Piaget, every child has a countless number of
schemata formed as a result of daily life experiences. Formation of a new schema on an abstract
concept can be related to one of the pre-existing schemata. However, this responsibility lies in the
hands of teachers to find an appropriate method to start with a strong foundation of prior
knowledge.

Past researchers have tried various methods to present this topic to reduce its abstractness
other than contextual approach and analogical methods. Another method used was to engage
students in the lesson using interesting and engaging teaching aids. The LEGO method was used
in a research by Molnar and Hamvas (2011), to help students solve the stoichiometric problems of
mole concept. The usage of colourful building blocks was an effort to help learners visually solve
the numerical problems. Although the researcher tried to engage students using colourful teaching
aids that gained students attention, this method had a set of rules by itself in order to make it work
to simplify the lesson on solving stoichiometric numerical problems. Gafoor and Shilna (2015),
studied on the usage of cartoons to learn difficult concepts. In the cartoon strategy, ideas regarding
scientific phenomenon are presented in the form of cartoon-style drawing in a discussion format.
Then, the students are invited by their teacher to debate with the cartoon characters. This method
promotes students’ involvement in the learning experience and generating their ideas on the
concept. Furthermore, it gains students attention on the topic, but it does not consider the students
of lower cognitive ability who are passive. The extroverts who are verbally eloquent may benefit
from such an interesting debate session but not all. This method presents new information in an
interesting method which is cartoons.

Apart from these two methods that engage students in the classroom, mastery learning was
used by researchers and found it to be effective. A study on the effectiveness of mastery learning
was evident in a study to improve students in performing problem solving tasks for this topic
(Cardellini, 2014; Mitee and Obaitan, 2015). This method involves repetition of similar problem-
solving alternating with corrective activities for those who did not perform well. This repetition is
done until the students’ performance exceeds eighty percent correct solutions. Cardellini (2014)
stressed that the mastery learning was used as an effort to emphasise the development of
conceptual understanding by internalizing the steps involved considering the nature of the problem
and how it is solved. Although the researcher stressed on the development of the conceptual
understanding in that research, the replication of that method by teachers tend to focus more on
the repetition more than conceptualizing it as a speedy method of teaching the concept. Another
study was conducted in the view of enhancing the conceptual understanding by introducing the
Systemic Approach This approach had a slightly different view where the concept was presented
in a new order of facts unlike other researchers’ method (Milenkovic, et. al., 2013). The findings
showed that the problems were able to be solved by respondents of higher cognitive ability only.
The researcher stressed that the content presentation in the classroom itself still needs to be looked
into for a better arrangement moving from concrete to abstract and relating pre-existing knowledge
to new knowledge.
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Algorithmic teaching strategies

Chemistry teachers worldwide have been using simple solutions to encounter this problem, such
as resorting to algorithmic teaching strategies that enable students to learn abstract topics fast
(Shadreck and Enunuwe, 2017; Molnar and Hamvas, 2011). Some of the characteristics of
algorithmic strategies to teach mole concept include memorisation of steps and techniques to use
information given in the problem to formulate a solution to it. The concepts are learnt superficially
through rote learning just to be able to solve problems. Superficial learning limits the conceptual
understanding of the topic but promotes short cuts to solve problems on this topic. In other words,
students learn the method of solving but not the meaning of the concept in depth. These strategies
are more preferred by teachers as it helps them to simplify the abstract topic by providing simple
methods to solve mole concept problems. It may be evident in enabling them to learn the abstract
concept fast and solve problems systematically, but chemistry students were found to be unable to
apply the knowledge acquired on mole concept in new situations as independent thinkers
(Espinosa, Espana, and Marasigan, 2016).

The role of teachers is crucial as the simplifier of knowledge and source of inspiration for
students but it was found to be taking responsibility for the decline in the interest and performance
of students in chemistry (Sim and Arshad, 2015; Hanson, 2016). Research findings show that
teachers somehow succeed in getting students to calculate these figures using memorised steps of
calculations, to obtain the final answer correctly. Students tend to use these methods as they find
word problems as an obstacle (Samuel, Mulenga and Angel, 2016). These algorithmic teaching
strategies may be successful in producing results but meaningful learning does not occur in those
situations (Cardellini, 2014; Espinosa et al., 2016; Hanson, 2016). This method of teaching does
not require one to think of the meaning of the question or the concept but focuses only on producing
the solution. However, when a student has no other choice or way of understanding the concept,
the next best option is to depend on memorisation where rote learning occurs (Choudury, 2017).
The higher level of difficulty and complexity in learning mole concept has become a barrier to the
thinking process for a deeper conceptual understanding (Molnar and Hamvas, 2011). This is
because it requires analytical skill because it involves a lot of mathematical skill.

Thinking abilities need to be nurtured by the teacher via suitable learning experiences in
the classroom. Rickey and Stacy (2000) discussed the importance of the student thinking process
in chemistry education by using a Predict-Observe-Explain (POE) task as the instructional tool to
promote thinking and students’ awareness of their own ideas. This tool required students to think
and come up with their own idea to predict the answer to a question posed, giving reasons for the
predictions. This method involved a lot of thinking and formation of the concept actively through
experience of the students. Thinking skills can be nurtured only if more time is spent on their
answering sessions verbally or on paper (Sim and Arshad, 2015; Cardellini, 2014). Teaching
methods that require thinking skills was found to be too demanding on teachers as it requires a
longer duration of thinking time. Hence, most teachers opt for the speedy method to teach the
topic.

“Know how” versus “Know what’ Teaching Strategy
Various views on teaching strategies have been experimented through research as effective

methods that can be used. However, there are also views from previous studies which debate on
the nature of the type of method used, either one that promotes thinking using acquired conceptual
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understanding or one that follows memorised steps with superficial understanding. This view is
based on how knowledge on mole concept is acquired by a student as a result of the teaching
method. According to this view, the main concern is whether the student has acquired conceptual
knowledge, procedural knowledge or both, as a result of the teaching method. Past researches have
discussed about types of knowledge acquired by students and have classified them into two main
categories, which are the conceptual knowledge and procedural knowledge. Conceptual
knowledge is referred to as the “know-what” knowledge whereas procedural knowledge as the
“know-how” knowledge (Portoles and Lopez, 2008; Ellis, 2009). Acquisition of conceptual
knowledge involves meaningful learning whereby students understand the concept deeply and are
able to explain the meaning. The in-depth understanding enables one to be able to apply it in new
situations. In contrast to that, procedural knowledge focuses more on the method of how a task is
performed but with superficial understanding of the meaning of the concept. Students know the
method step by step, to obtain one final answer but are unable to explain why the steps are
performed. The advantage of the use of “know what” method is that one is able to think
independently and solve a problem through logical reasoning even in new situations that are
different. In contrast to that, the “know how” method focuses more on the specific order of steps
to solve commonly encountered problems. One who uses this method is unable to explain why the
method is used but is confined to those memorized steps. In new situations that are different from
the norm, one is unable to think logically how to solve it as the concept is not understood. Hence,
the wide usage of algorithmic strategies for mole concept problem solving promotes a dominance
of acquisition of procedural knowledge. According to Hiebert (1986), the learning process is where
one should be able to perform a task, understand the task and know why the action is appropriate.
There should be a relationship between action and understanding where learning is concerned
(Hiebert, 1986).

The method through which a problem is solved should be systematic and organized.
However, one should also understand it conceptually and “know what” is being solved using these
set of steps of “know how”. Past researchers have stressed that conceptual knowledge and
procedural knowledge should be in the correct balance for a meaningful learning to occur
(Forrester and Chinappan, 2010; Haidera, 2014; Groth, 2014; Ramful, 2015; Samuel, Mulenga, &
Angel, 2016). The method of learning mole concept via mastery learning promotes a dominance
of procedural knowledge as it requires a student to know how the problem is solved using a set of
steps through repetition. The conceptual knowledge should be more dominant in a learning process
as it is necessary in understanding of chemistry concepts to enable a student to be able to solve the
problems mindfully (Serhan, 2015; Ramful, 2016; Mairing; 2017; Sujak & Daniel, 2018). The
emphasis of a “know what” method is on the meaning of the concept and the thinking process on
developing the meaning as well as how it is related to other concepts. On the other hand, the “know
how” method enables one to perform a task in a systematic and organized method as well as
efficient in using the information provided in a problem-solving task.

These issues were found to be happening now in school. The influence of teaching method
on the learning process among chemistry students indicated that the learning environment created
by the teacher is crucial in how students learn the concept. Students taught by the same teacher
might have similar or different method of problem-solving skills. This can be seen in a study done
on 12 form four students to explore knowledge construction on mole concept by the author. Data
was collected using mind maps drawn by the students to explain what they understand about mole.
Students then were interviewed to clarify their mind maps. Qualitative analysis of the mind maps
and interviews as triangulation showed that students had six types of problem-solving methods.
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The first method is the random substitution method where the student had the ability to write down
the formula correctly, but substituted incorrect values into the formula, not knowing how to apply
the formula. It indicated that the student was able to recall the formula learnt but was not able to
apply appropriately. The second method was systematic step solving method where students who
showed a very systematic, neat, and precise steps of problem solving started by writing down the
formula, followed by substitution without any extra verbal information or reasoning. The third was
number manipulation method where students picked numbers from the question and manipulated
incorrectly with incorrect formula. These students could not recall the formula or the meaning of
the concept but were aware that the steps require certain numerical values. Hence, they substituted
any numerical value into a formula but not the appropriate ones. These three methods showed that
students were trained on how to solve the problem with a set of memorized steps but unable to
apply the method in new situations. These traits are similar to the descriptions of the algorithmic
method of problem solving.

The fourth method - the “logical reasoning” method are those who read the question and
tried to reason out how to solve the problem with correct reasoning and correct formula written
later on as the working. They were able to identify any mistakes made by checking if the answer
was logical or not. Although the questions were given with new contextual situations, they were
able to use logical reasoning to solve it. The fifth method - “Formula independent” method is
where the students solved the problems without any formula written down the working. They
started working out by substituting the values right away into correct relationship of numerical
equations. The formula was in their mind and they were driven through the recall of the meaning
of the concept. Finally, the sixth method was the “verbal emphasis” where students read out every
piece of information in the question repeatedly stressing on important words. They also reasoned
out points that were not shown in the formula and made an effort to read the questions again to
check while working on the problems half way through. These three characteristics portrayed more
reasoning during problem solving.

These traits of the problem-solving method can be classified into two big themes based on
past research findings. The two themes that emerged are algorithmic method and reasoning
method. The categories random substitution (RS), systematic step solving (SS) and number
manipulation (NM) categories show characteristics of the algorithmic method whereas logical
reasoning, (LR), formula independent (FI) and verbal emphasis (VE) show characteristics of the
reasoning method (Espinosa et. al., 2016). The classification of the six categories into the two main
themes is shown in Figure 1 below.

Mole concept numerical
problem-solving method

Algorithmic method Reasoning method
Random substitution Logical reasoning
Systematic step solving Formula independent

Number manipulation Verbal emphasis

Figure 1. Classification of the two themes, “algorithmic method and “reasoning method”
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Conclusions and implications for teaching

The use of a concrete prior knowledge as the foundation to build up new knowledge shows better
understanding of the concept. The relevant prior knowledge was used during the expansion of
ideas on problem solving. Thinking opportunities were encouraged during this phase is evident in
enhancing the conceptual understanding. On the other hand, students who were taught on
systematic steps of problem solving through repetition showed a more organised and systematic
problem-solving steps. However, past researchers have stressed that conceptual knowledge and
procedural knowledge should be in the correct balance for a meaningful learning to occur
(Forrester & Chinappan, 2010; Haidera, 2014; Groth, 2014; Ramful, 2015; Samuel, Mulenga, &
Angel, 2016).

As a result of the concerns of educationists from the findings of their study, various
strategies have been experimented in the quest to promote meaningful learning. Those research
findings can be used to identify important elements of the learning process of abstract topics such
as mole concept. However, past research findings found that teachers teach this topic based on
their understanding of the concept developed during their school days, via traditional and
algorithmic strategies. Weak foundation of the teachers itself stands as a hurdle for students’
understanding of the concept (Sim and Arshad, 2015; Hanson 2016). Teachers should make an
effort to move towards the implementation of twenty first century classroom by understanding the
important elements in encountering abstract topics. A well-planned teaching strategy should be
adopted considering some of the important elements from findings of this study as well as the
previous researches to enhance meaningful learning.

In this study, it is evident that the following elements are essential for a meaningful learning
to occur. Firstly, it is important to embark the abstract topic on concrete examples for a better
understanding of the concept. The use of constructivist strategies to build up new knowledge on
prior knowledge can be done by identifying a suitable analogy or by relating it to their daily life
in a contextual manner. A contextual prior knowledge is able to enhance students’ understanding.
For example, the use of real-life objects and scenario of counting a dozen pencils engaged students
into the analogical concept of Avogadro’s constant, which is a constant to represent a certain
number of objects. The students will be able to develop a mental imagery of the new concept by
comparing the known concept. Although type of particles is their prior knowledge, the teacher is
starting an abstract concept using another abstract concept that is unseen. It requires students’
imagination to be able to understand the new concept which may be more difficult than simple
objects like pencils. Furthermore, the concept is further expanded on this shaky foundation as a
starter.

Secondly, the need to expand the concept engaging students in a thinking activity enables
them to develop the concept meaning actively. For example, the use of a known “part and whole”
concept to calculate simple values are introduced before progressing slowly in ascending difficulty
level. They use thinking of how to solve based on the meaning of the concept. Students who are
introduced to the formula straight away, to explore big numbers show algorithmic strategies of
problem solving. The need to understand the concept, the “know what”, is necessary to be
prioritized besides the method of problem-solving steps, the “know how”. The ‘know what”
requires students to think in order to plan strategies of problem solving. Both “know what” and
“know how” aspects should be considered during the planning of students’ activities. Thus, an
activity of mastery of problem-solving should be followed up after the conceptual understanding
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is developed. If the “know how” precedes the “know what”, students may be too dependent on
step-by-step problem solving with less thinking to develop the conceptual understanding.

Thirdly, teachers need to find strategies to gain students’ interest as well as engage students
actively in the lesson. The activities should involve all students, of mixed ability group, to
participate actively using teaching aids that gain students’ interest. The development of the concept
should involve students in a two-way student-teacher interaction in order to involve them in the
lesson. The Malaysian Ministry of Education is continuously conducting in-service courses on
twenty first century learning skills for teachers. Hence, teachers should apply the methods from
those trainings in order to plan and conduct suitable engaging activities according to their students’
level. Furthermore, with the advancement in the development of technology, the ministry has
equipped schools with various facilities such as computers, projectors and internet access to create
more student engaging activities. These facilities can be used wisely by teachers with proper
planning considering the essential elements to promote meaningful learning of abstract concept.
The use of technology enables the viewing of particles that are unseen in the form of animated
objects to enhance their understanding. Abstract concepts can also be taught in the form of games
or interactive activities such as quizzes to create student-centered learning environment in schools.
Rural schools in the interior that do not have technology still have these essential elements to create
student engaging activities as alternatives.

Last but not least, the lesson should include thinking opportunities to enable students to
understand the concept and sufficient thinking time should be given. Mole concept may be abstract
in nature with mathematical aspects integrated within it, but teaching the topic is not something
new encountered by teachers as it has been analysed over the decades with recommendations on
how to make it meaningful.
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