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Abstract: This topic entitled ‘Application of Model drawing Method in Basic level Mathematics
Textbook’ is intended to explore the status of the model drawing method in basic-level mathematics
textbooks. It is a case study approach in which I have selected the two textbooks grade five and eight
published by the government of Nepal, Curriculum Development Center. The model drawing method is
a strategy also called the Singapore math strategy to solve mathematical problems by drawing bars in
different ways. I found that basic-level mathematics textbooks incorporated model drawing methods to
solve problems related to basic operations. Part—part—whole models are more common in a textbook
rather than comparison models and parallel bar models. The use of models in arithmetic leads in
frequency with comparison to other content areas of the curriculum. The training and workshop for the
writer to incorporate model drawings seems necessary for betterment. For proper mathematization and
solving different mathematical contextual problems we should develop textbooks form each sector we
should incorporate different models of model drawing.
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Introduction

Mathematics is one of the most important and central subjects at the school level as well as at the
university level. Different technical and general faculties and institutions of universities have been
teaching mathematics in different forms both applied and pure form (Cross et al., 2009). We have to
introduce apply and incorporate different methods of teaching, new and effective technologies as well
as the strategies in mathematics textbooks. In Nepal, different types of textbooks are in existence. Both
the government level and private sectors are publishing the textbooks. From government level,
Curriculum Development Center (CDC) is responsible for not only the developing the curriculum but
also writing textbooks of different levels of school. Furthermore, the textbooks from private
publications have been implementing after approving by CDC. The Janak Education Material Center
(JEMC) was formally stablished in 1978 and taken responsibility of printing textbooks for public
schools for decades. The books which are printing by JEMC have been developing by Curriculum
Development Center (CDC) which established in 1971 AD (Aryal, 2021).

Most of the textbooks in mathematics present content knowledge such as mathematical
concepts, principles, theorems, proofs, and models in a verbal manner with a focus on what is
mathematics and the proving of facts (Badru, 2008; Sunday, 2014). The applied nature of mathematics
focuses on how to teach and how to use mathematics in real life. Many problems are presented in
mathematics textbooks. The problems such as numerical problems, real-world problems, word
problems, etc. We can use different methods and models to solve mathematical problems (Intaros et al.,
2014). The activities designed help to improve the students' problem-solving ability with conceptual
and procedural abilities (Fiilop, 2015). According to Shield & Dole (2013) the majority of teachers plan
and implement different activities of teaching and learning by using prescribed textbooks. So,
mathematics textbooks should incorporate different techniques and methods of instruction and problem-
solving. Textbooks are crucial artifacts that play an important role in shaping both the students' as well
as the teachers' roles and linking the intended and implemented curriculum (Rezat & Straesser, 2014).
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In this paper, I have tried to explore to what extent the model drawing techniques of problem-solving
are incorporated in basic-level mathematics textbooks from the government and private levels.

The textbooks of different publications have been using different format and patterns of
presentation. They have been using different methods in presenting the concepts and content and
problem solving in mathematical problems. The methods used in books not only guide the students to
solve listed problems but also to acquire the conceptual knowledge of mathematics on them (Morina,
2022; Parker, 1995). The problem solving in textbooks are varied by country and as well as the
philosophical basis of textbook writing.

Textbooks have different styles of presentation such as didactic style, problem oriented as well
as inquiry-based style, Narrative style, constructive style. (Palincsar & Brown, 1987; Polya, 2004). The
Inquiry- based style aligns the presentation with constructivist learning theories for conceptual
understanding and developing problem solving skills. They start the writing with contextual problems
or mathematical puzzles to stimulate thought and discussions emphasizing critical thinking and
justification. The teachers and the students need more time for engagement and guidance and
scaffolding. In similar way, the stories, historical anecdotes, or contextual problems are used to
enumerate mathematical concepts in narrative style of textbook writing (Schoenfeld, 2016). The
activity-based style promotes experiments and activities with manipulatives which is highly effective
for developing deeper understanding and active learning of mathematical concept. It requires carful
design with specific materials to achieve goals. Its main focus is discovery as well as conceptual
development through activities (Pakpahan & Saragih, 2022; Vygotsky, 1978). (Brown et al., 2014)
explained clarity, presenting information in highly condensed format with spare text, heavy definitions,
formulae, and examples in organized way assuming a certain level of prior knowledge. Since it lacks
scaffolding, and activities for conceptual understanding, it is supposed less applicable for school
textbooks.

The international research community has been focusing and textbook review and analysis the
evaluation of mathematics textbooks should be based on the standard of textbooks along with the use
of recent and global techniques and Technology. The pedagogical intentions and the learning app
percentage for the mathematical tax also be noted and incorporated in textbooks (Fan, 2013; Rezat &
StréBer, 2015). According to TIMSS (Trends in International Mathematics and Science Study) and the
Program for International Students Assessment; (Schmidt et al., 2014), Singapore has performed top
rank in international assessment of mathematical performance out of 36 countries. The translation of
story problems of mathematics into visualized form by using bars to represent the values of variables is
called the model drawing method (Pozo & Espinoza, 2025). A pentagonal figure represents Singapore's
national mathematics framework. The center is occupied by mathematical problem solving, which is
flanked by five sides: 1) attitudes (beliefs, interest, appreciation, confidence, perseverance), 2)
metacognition (self-regulation of learning, monitoring one's thinking), 3) processes (reasoning,
communication and connections, thinking skills and heuristics, application, and modeling), 4) concepts
(numerical, algebraic, geometrical, statistical, probabilistic, and analytical) and 5) skills (numerical
calculation, algebraic manipulation, spatial visualization, data analysis, measurement, mathematical
tool usage, estimation (Thiyagu, 2013). Along with this, these activities help students in developing
higher order thinking skills through engaging among the peer groups and cooperative skills in
mathematization(Acharya et al., 2025) .

The model drawing method in mathematics is also called Singapore math approach that bridges
between concrete manipulation and abstract algebraic reasoning as critical pedagogy. It uses rectangular
bars for known and unknown quantities, students can materialize mathematical relationship through
concrete pictorial abstract (CPA) sequence (Ozalp, 2024). Particularly, this method helps the learners
to visualize the part whole and comparison types of complex word problems without the immediate
cognitive load of formal variables (Jahudin & Siew, 2024). Gradini et al. (2025) shows that bar model
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not only visualize the arithmetic problems but also enhance the higher order thinking skills in students
with providing a systematic framework for algebraic transformation and reduces the mathematics
anxiety and improve accuracy of diversified learners with fostering a deeper mental model pf
mathematical logic, leading to higher proficiency in non-routine problem solving. The model drawing
method is one of the strategies of Singapore mathematics that uses bar models to visualize the problem
(Phillips et al., 2010; Sharp & Shih Dennis, 2017; Thiyagu, 2013). Sharp & Shih Dennis (2017)
explained that the model drawing packages are effective for teaching and learning word problems of
fractions for learners with learning disabilities. Bar modeling is an effective strategy that helps students
to increase accuracy as well as the ability to use mental activities in solving story problems of
mathematics (Morin et al., 2017)

The visualization of the mathematical problem is crucial for a better understanding of the
mathematical problems. Also, among different visualization tools the bar drawing model is that which
the peoples easily understandable and economical to all (Gracin & Mati¢, 2016; Viholainen et al., 2015).
That is why I intend to review the basic level textbook based on the model drawing method.

Method

The provision of different methods of teaching and learning in mathematics textbooks is explored by
analyzing the basic-level mathematics textbooks of the Government of Nepal. Furthermore, the main
focus of the study was the implementation and provision of different methods of visualization of the
problems to solve them. The government of Nepal, Ministry of Education, Science and Technology,
Curriculum Development Center is an authorized institution for textbook development and publication
from the government level. (CDC, 2076 BS). In Nepalese context, grade 5 and grade 8 are the terminal
classes of second stage and third stage of basic level education (CDC, 2021). Since I intended to
examine the model drawing methods in basic-level mathematics textbooks, so, I have selected the
textbooks of grade 5 and Grade 8 for the study. The selected books were analyzed based on a theory of
model drawing and identified the examples and the methods those used in developing textbooks. I have
snapped the part or problem, both in Nepali as well as English language as the textbook available in
both medium, from textbook and analyze according as the different types of the model drawing. Also,
I have presented snapped part in analysis and discussion on the article. The data were analyzed in
descriptively with identifying the perception and status of the model drawing methods used in
developing such books.

Finding and Discussions
The structure of school education in Nepal is basic and secondary. Within the basic level, there are three
stages; first (grade 1-3), second stage (grade 4,5), and the third stage (grade). The curriculum and the
areas of content are also different for each level. For grades 4 and 5 there are five subject areas;
geometry, arithmetic, measurement, statistics, and algebra. In grades 6 to 8, the sets are additional with
grades 4 and 5(CDC, 2076 BS).

Most of the mathematics books in our context are loaded with pure mathematical content. Some
of them are in deductive form and some of them are in inductive forms according to the nature of topic
and writers' orientation regarding the curriculum developed by curriculum development center
(Curriculum Development Center [CDC], 2019). The textbook of grade Sincluded different methods
presentation. The book included the review first for anticipation of the students. The review portion
intended to acquire the student’s prior knowledge based on the new lesson and that is followed by the
inductive way of content presentation (Acharya et al., 2023).
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are included in the textbook at the basic level.
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Figure 5: Bar model for problem on ratio

The fraction and decimal are also major content areas of school mathematics basically in basic
level. The sample example showed in figure 3 showed the example using bar model in problem-solving
on the topic fraction of grade 5 textbook. This bar model is suing parallel bar model and visualize the
parts of two different fractions. This type of visualization helps the students to develop the conceptual
understanding about the fractions and their parts with basic operations. This helps to logically reasoning
by using bar model.
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Figure 6: Bar model using in solving fraction problem
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Furthermore, the algebraic tiles and the models are also used in factorization as well as the
multiplication of algebraic expressions (figure 5) as well as factorization. The operation of algebraic
expressions can also be visualized by using the bar models.

Since mathematical problem-solving includes knowledge, skill, attitudes, and metacognition,
we have to learn all the subject areas

of mathematics with meaningful AU, A A e aeviUL e Bk
learning(Sharp & Shih Dennis, 2017). Pox-12=(x-4)(x+3)
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=x(x-4)+3(x-4)
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problem-solving. Among  them,
arithmetic problem-solving is directly
linked with the day to day life. The
textbooks from the government of
Nepal, CDC tried to incorporate Figure 5: Bar model for factorization
different visualized methods of

teaching. The model drawing method can be useful not only the arithmetic operations but also in
comparison and arrangement (Phillips et al., 2010).

Although the model drawing method can be incorporated into different fields like comparison
of numbers, addition, multiplication, subtraction, and division of inters and fractions, the textbook is
less focused and incorporates only some parts as alternative methods of solving the problems of related
fields. Furthermore, the model drawing method not only helps to develop the conceptual understanding
but also helps in developing skills of solving, reasoning, and analyzing the data, it is better to incorporate
algebra together with measurement as well as algebra with statistics. I found that in the basic level
second stage grade 5 book a few numbers of the algebraic problems are solved by using the model
drawing method. It is said that algebra is a generalization of arithmetic and statistics is the application
of arithmetic, so it is necessary to incorporate the model drawing method of problem-solving in algebra
together with operations and spatial arrangement and calculation (Osman & Mohamad Nasri, 2023).

Since learning of mathematics depends upon the continuous recursion of the task of concept
and revision, the presentation of basic concepts helps in the mastery of problem-solving. The spiral way
of problem-solving helps to reduce the difficulties of mathematics learning by visualization of
mathematical concepts (Phillips et al., 2010). However, the textbook has tried to use the model drawing
strategy in basically distinctly in topics. The progressive differentiation and integrative reconciliation
promote mathematics learning with a basic understanding of problem-solving with connecting
previously learned knowledge with the new knowledge (Roessger et al., 2018).

Mathematics is a technical subject which seeks different skills in students. The student who
learn mathematics are expected to think logically and can solve different contextual problems with
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innovative and appropriate methods of problem solving. The mathematics writers has been introduced
different innovative methods like as structured problem solving, inductive and deductive methods and
other cooperative strategies to fulfill the students’ needs(CDC, 2021; Kuwar & Acharya, 2024) .

Conclusion

Identifying the status of model drawing in basic-level mathematics textbooks was the primary intention
of this research. The model drawing method is important for conceptual development, books are used
variously in textbooks. Mathematical concepts are not absolute and distinct within and between the
grades and levels. Mostly, the model drawings are used to solve the word problems of comparison, and
solving the story problems of basic operation to clarify the conceptual understanding. Although the
model drawings are valuable tools for teaching and learning mathematics, there is a need for spiral ways
of grade as well as concept-wise teaching and learning. The conceptual understanding, as well as
content enrichment in students, will be obtained by using model drawings to introduce the concept,
illustration, and problem-solving in all the content areas of mathematics at the basic level. To
interconnect content knowledge and pedagogical knowledge the textbooks should incorporate the
different problem-solving skills along with the model drawing techniques. The different types of model
drawing should be included in textbooks form government as well as private sector those not only
developed different conceptual understanding but also helps to mathematize contextual mathematics
problems and enhances learners' mathematical thinking more clearly.
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