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This study investigated the utilization of example-conclusion map (ECM), a
tool in teaching simple interest to senior high school in a university in the
Philippines. With the purpose of presenting the topic in a more relevant way
to learners under the Accountancy and Business Management strand, the
researchers engaged in a lesson study. The following issues emerged: i)
Contextualizing ECM links the topic to real life problems; and ii)
Strategizing with ECM provides opportunities to engage in deep and
meaningful thinking given an otherwise technical/mechanical topic. Students
were able to deduce conclusions and create their own examples. The learners
were given the opportunities to discover the formula and establish how
simple interest is computed through the collaboration. Through the
facilitation of the teacher using ECM as a pedagogy, substantive
conversations and clear understanding of the topic were evident.
Contextualized examples in teaching simple interest still needed to be
improved. It is concluded that teaching simple interest through ECM is
effective. It also facilitates a transformative topic that will not just underpin
concepts on computations and algorithms, but utilize critical thinking skills
to analyze profound issues the community deals with like issues on social
justice, loaning, and investing.

This is an open access article under the CC BY-SA license.

00

Corresponding Author:

Fleur De Cory Apasen Ngiwas

Mathematics Department, College of Numeracy and Applied Sciences, Benguet State University

Benguet, Philippines

Email: mademoisellefleurdecoryngiwas@gmail.com

1. INTRODUCTION

Mathematics is an interesting and valuable subject, however challenging in its nature [1]. This
positive students' point of view about the subject is every mathematics educator's goal to achieve in every
content and skill introduced. Other factors lead to the success or failure of this aim. One of which is the
pedagogy employed [2]. Mathematics teachers are challenged to look for tools or strategies that will improve
the quality of mathematics learning among students. That is the reason why the evaluation of past and new
practices is needed. This enables improved student performance and eliminates the stigma that mathematics

is only for the exceptional ones.

Mathematics teachers' change in pedagogy is said to positively influence students' interest in the
subject and its [2]. As a result, reformation of classroom practices using any possible productive pedagogy is
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essential. Productive pedagogy is said to address issues on: i) The role of problem solving in achieving
intellectual quality classrooms; ii) Making mathematics classroom activities relevant to the world around the
students; iii) Developing an atmosphere of friendship and support; and iv) Recognizing students' differences
in mathematics classrooms [3].

The Philippine curriculum shifted the focus of the mathematics framework to problem solving and
critical thinking [4]. The development of these twin goals would mean strengthening the conceptualization
and application of the content delivered. Designing the lesson with the incorporation of the right pedagogy is
teacher's accountability. From the student's end, application of concepts, whether solving various problems in
school or their social life is anticipated [4]-[6]. These goals are set to be realized through organized and
rigorous curriculum content, a well-defined set of high-level skills and processes, desirable values and
attitudes, and appropriate tools, taking into account the different contexts of the Filipino learners [4].

Several years ago, problem solving maps (PSM) was developed and introduced. This method used
visual elements to the traditional way of teaching math equations. Trainings were also conducted to K-12
teachers in different countries and they reported positive results when the approach was applied in their own
classrooms [5]. PSM are graphical representations of the mathematical thinking skills and are crucial in
developing critical thinking and problem-solving skills among students. PSM is a simple but flexible tool that
can be utilized in any topic that targets three major skills: inductive thinking, deductive thinking, and
analysis. This is designed for the learners not to focus on the product but the process, too. One of these maps
is the example—conclusion map (ECM) which was designed for the students to find patterns from examples
provided and verify their conclusions using their own examples. This teaching-learning tool is utilized for the
students to learn basic rules on their own. Few researches have studied the effectiveness of PSM and ECM as
thinking map in teaching mathematics content, thus, the rise of the study.

Since the present framework of the Philippine Mathematics curriculum emphasizes on critical
thinking and problem solving; exposing students to such maps may help improve their understanding of
various mathematical concepts. It is believed that the thinking processes depicted on these maps are precisely
the same set of skills that they need to become successful problem solvers. Hence, utilizing these maps,
specifically the ECM, may bring a positive impact on students' mathematics learning [6]. Benefits of PSM is
for students to learn mathematics in its application to real-world challenges that they are facing every day.

Previous researchers stated that there is a link between thinking maps on discovery learning with the
problem solving skills of the students [7]. Problem solving as a very important skills set needed to be
cultivated among the 21st century learners were emphasized by organization for economic cooperation and
development (OEDC), new skills agenda for Europe and European skills, competencies, and occupations
(ESCO) [8]. In most countries, like in the United States, the goal of teaching is for all age groups to have
understanding of mathematical structures and they will develop mathematical thinking that will serve as their
foundation when solving problems which are real-life challenges. It is not enough then that the educators
practice mechanical skills but mathematical thinking [8], [9].

Agreeing with mathematics being practical and not just theoretical is critical mathematics [9]. Views
of critical mathematics education include social justice, mathemacy, dialogue, pedagogical imagination, and
uncertainty. With social justice as its primary aim, social issues on inclusion and exclusion are addressed and
incorporated in the discussion of critical mathematics. The mathematical agency is also encouraged that is,
developing the capacity to act due to ones' understanding and reflection. Anyone can develop a mathematics
education which makes it possible for the students to interpret the world filled with numbers, diagrams,
figures, and values it that it becomes possible to make a change [10].

On this premise, improving the teaching of mathematics through lesson study can be a vital aspect
of creating better outcomes among students [11]. Lesson study is a collaborative practice among the teachers
of a school that aims to enhance teaching and learning through the methodology of professional sharing of
practice [12]. This idea is rooted in Japan where they characterize the conduct of lesson study as a process in
which teachers jointly plan, observe, analyze, and refine actual classroom lessons [13]. It is believed to refine
teaching practices that contribute to their growth as professional teachers by reflecting on the effectiveness of
the pedagogy implemented in the classroom [14]. In the improvement of the instruction, quality students will
be produced [11]. This study investigated the utilization of ECM as a tool in teaching simple interest using
lesson study.

2. RESEARCH METHOD

In this study, the researchers used a qualitative approach towards investigating how ECM can
maximize students' engagement in learning simple interest through lesson study. The qualitative approach is
deemed appropriate for this research. The reason is this study seeks to explore and understand emerging data
collected in the participant setting [15], specifically the basic qualitative research.
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2.1. Lesson study cycle

In agreement to the message of critical mathematics, where lessons may be built from actual
practice and not to be constrained by general theories, a lesson study was conducted [16]. The researchers
were guided by the following steps: goal-setting, writing the lesson plan, delivering the lesson plan, and
lesson debriefing [17].

For the goal-setting, the proponents considered simple interest as the topic. Simple interest is an
application of integral exponent which was the topic said to be leased mastered by junior high school
students in a mathematics achievement test (MAT) [18]. Because of that, discovery teaching was decided as
the approach to use which would facilitate inductive reasoning among the learners as they discover the
formula of simple interest and create their own example using ECM.

The objective was that at the end of the period, 100% of the students with at least 80% proficiency
should be able to: i) discover the formula for interest using ECM; ii) compute simple interest, maturity value,
and present value in simple interest environment; and iii) solve problems involving simple interest.

In the presentation phase, terms like lender (the creditor), the borrower (the debtor), time (1),
principal (P), rate (r), interest (1), simple interest (Is), and maturity value or future value (F) were discussed
by giving real life problems related to the topic. The teacher then used the ECM worksheet for the learners to
discover as a group the formula for simple interest and construct their own examples to be shared with the
class. The concept acquisition was strengthened through the presentation of solved examples on solving
simple interest formula. Quiz bee was utilized for both the application and evaluation phases and in the
reflection phase; students watched a video clip as they reflect on how the lesson applies to them.

After the demonstration, a post-lesson debriefing or discussion led by the professor, who acted as
moderator, was conducted. Firstly, the moderator asked the demonstration teacher about the experience and
her own impression regarding the lesson and demonstration it. This was followed by the reflections of the
other members of the group about the preparation, the group's collaboration, and the demonstration proper.
Lastly, the other observers gave comments on the demonstration teacher, students' participation, and
suggested how to improve the lesson.

2.2. Participants and locale of the study

The lesson study was conducted among 36 accountancy and business management (ABM) students
of a university in the Philippines. The group involved in conducting this lesson study is composed of five
members with one of them as the demonstration teacher. In the critiquing of the conducted research lesson,
eight Ph.D. students in mathematics education and their professor took part in sharing their insights,
observations, and suggestions on the demonstration.

The study was pursued upon the approval of the school administration that the students-participants
be subjected to a lesson study. The participants voluntarily participated and were not forced nor coerced. The
anonymity of the participants was preserved as agreed.

2.3. Analysis of the data

Data sources were from observations, recorded post-lesson debriefing, transcripts, student's outputs,
ECM worksheets, and field notes/observations. The student-participants were observed during the lesson
study process: i) How they participate with the teacher and with their classmates were noted; ii) How they
process the lesson as evident in their ECM worksheets, individual and group involvement was carefully
noted. The post-lesson debriefing from the teacher-observer was recorded and transcribed. The transcripts
were themed and were compared with the students' written and observed responses. The analysis was based
on the common theme and patterns in the data were generated.

3. RESULTS AND DISCUSSION

The post-lesson discussion was conducted where the demonstration teacher and observers shared
their insights, feedback, and observations. The following issues were raised: i) Contextualizing ECM links
the topic to real life problems; and ii) Strategizing with ECM provides opportunities to engage in deep and
meaningful thinking given an otherwise technical/mechanical topic.

3.1 Contextualizing ECM links the topic to real life problems

In the ECM, students gave their own examples. This strengthened the connection of the topic to a
real-life problem. Therefore, the contextualization of the examples used was requisite. Indeed,
contextualizing a mathematical topic must use examples related to student's experiences and using local
information that would make the class livelier and engaging [19]. The country's educational system aimed for
the mathematics education to go beyond school and classroom with comprehension and depth [4].
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In the ECM worksheets, depositing money in the bank was used as an example. However, the
suitability of the examples used and the focus of the lesson were questioned by the observers. The teacher
asked the students, "What is the purpose of a bank?" This is where some observers opposed the examples
used by the teacher. Since the focus of the lesson was on simple interest, it was more relevant to relate it to
micro-financing like loaning to friends, or cooperatives since what banks use are compound interest or bank
method. Careful planning was needed when aiming to connect the topic being discussed to the student's level
of understanding [19].

Group 1: Barbie invested P 60,000 in LPU Bank with a rate of 6% annual interest. It yields an interest of
P360 after a year.

Group 2: A businessman wanted to start his own business and decided to loan from CBA bank with the
principal amount of P 500,000. The bank gives 10% interest after three years. After three years, the
businessman paid an interest of P 150,000.

Group 3: CBA bank lent an amount of P 50,000 to Riza with an annual rate of 10%. After three years, Riza
paid P 65.000 to the bank.

Group 4: Maria borrowed P 20,000 from EJ Bank at a rate of 5% annual interest. In the span of six years, he
paid P 6,000 as interest.

Group 5: An amount of P 10,000 was invested in BDO at the rate of 3% annual interest. After one year, it
yields an interest of 300.

Group 6: Julie borrowed P 14,000 from HIJ Bank at a rate of 6% annual interest. At the end of the year, she
paid an interest of P 840.

Group 7: Bea loaned P 70,000 from LPU Bank at a rate of 4% annual interest. After two years, she paid P
5,600.

Group 8: Josh borrowed P 15,000 from East West Bank at a rate of 5% annual interest. After five years, he
paid the interest of P 3,750.

Evidently, the students were able to compute for the simple interest applying the formula they
generated. On the other hand, they patterned their examples in the examples presented by the teacher which
relates to borrowing money in the bank. From the observers, remarks were raised regarding localization and
contextualization of the topic transliterated as:

“Simple interest in banks is not realistic. Banks do not use simple interest anyway. In reality,
they do compound.”

“There are others who use simple interests like, borrowing from friends, some cooperatives,
too... why not give examples more on micro-finance.”

“The approach to the lesson had been too technical, too mechanical, like deriving for the
formula...they can engage in deeper discussion. They can be critical. An example was given by
the learners during the ECM where they gave an example on borrowing at 10% interest. From
there, it would have been a very good opportunity to discuss, is 10% reasonable? When you
borrow, usually, it is 10% interest but when you save in the bank, why is it just 2% money
growth? There is something wrong with that system.”

“We teachers contribute to this existing system that we have. The rich become richer. It is
because we teach the topic of interest without questioning. We contribute to poverty in the
world.”

The observers reiterated the integration of critical mathematics in the presentation of simple interest
where social issues can be dealt upon more than teaching students mere calculation skills as agreed by some
researchers [9], [20]. One of the observers mentioned:

“These students can engage in deeper discussions. There is a lot you can inject in the different
parts of this lesson, like social justice.... Loan sharks... 10% interest rate if you borrowed
money in a bank while if you save it is just 2% interest.... Why many Filipinos are taking a risk
in borrowing money on an unauthorized lending group like five-six which offers a 20% interest
rate? Perhaps they want easy money. ”

With topics that are taught mostly using the traditional procedural approach, introducing this topic
in this manner would allow the students to see that mathematics is practical and not merely theoretical.
Analyzing the responses of the observers, teaching simple interest is an avenue to discuss social issues like
loaning, poverty, and oppression due to social classes, thus, making the topic a transformative one. Besides,
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teaching mathematics may be technical or mechanical but it can still be linked to social issues for the reason
that it is a social construct. Consequently, the equipping of teachings in areas of contextualization is needed.
With the reformation in the presentation of the topic, mathematics can empower students to make better
choices [21], [22]. Teaching and learning mathematics for social justice targets civic responsibility reducing
events for oppression among them or in their community [23]. Reinventing and redesigning the lesson in this
way can be anathematic to some educators who had been banking on traditional conceptualization [24].

An attempt was done in the study of implementing realistic mathematics education by not separating
the topic from the everyday lives of the students. It was discovered that the approach increased the
performance of the students in the subject and that the students have developed a positive attitude towards the
subject [25]. Similarly, it increased the concept of understanding better than the other traditional approaches
[26]. Mathematics teachers can teach students to learn beyond numbers and calculations. It was suggested
that the use of ECM could have been maximized if real-world appreciation and values integration were given
focus. Furthermore, it was observed that this issue could have been addressed only if the students' self —
created examples were examined based on its real essence and appreciation of the values that could have
been emphasized in the discussion like the importance of having savings, disadvantages of loaning, and
mismanagement of finances. It is said that financial literacy and cognitive capabilities have a relationship
with the quality of financial decision-making. While other researchers would say that there is little evidence
that education’s intent to improve financial decision-making succeeded more studies still show that financial
literacy increases mathematics engagement leading to increased life opportunities [27].

Using lesson study, the pedagogy involving ECM is deemed effective if examples used in the map
and discussion of the mathematical topic were contextualized, thus, leading to the exchange of ideas on social
issues and social justice. Also, researches affirm that using mathematics in context with financial
management increases student's interest in learning [27]. As an effect of their changed perception of the
subject, they tend to perform better because of the unconventional pedagogy implemented [2]. Having a
strong pedagogical content knowledge would allow educators to design a contextualized discussion in
presenting mechanical topics such as simple interest [27].

3.2 Strategizing with ECM provides opportunities to engage in deep and meaningful thinking given
an otherwise technical/mechanical topic

The use of ECM in presenting the topic allowed active participation among the students. The group
carried out the plan of using the discovery approach in teaching simple interest. The teacher utilized the ECM
to involve the students in inductive thinking and concept acquisition.

In the ECM part of the lesson presentation, the learners were given worksheets that contain three
examples. The learners analyzed the examples and created their own conclusion leading them to derive the
formula for the simple interest. They also have to provide their own example after. The teacher was quite
apprehensive that the students might not be able to derive the formula of annual simple interest using the
provided ECM worksheet. As said by the teacher:

“l was actually worried in the ECM part because the students might not be able to come up with
a conclusion, but they were able to come up with the correct conclusion and their own
examples, too, just except for one group who may have spent more time in concluding.”

The observers agreed that the ECM worked effectively since most of the groups were able to arrive at the
expected answer and were able to create their own example, as one observer said:

“When you used the ECM, I think this is good because they were the one who discovered the
formula.”

It was observed that while the students were working with the ECM worksheets, they were striving
to think inductively to come up with a conclusion that explains how simple interest is computed and apply
this self — established knowledge which allows students to create or come up with their own example is more
of the factor that allowed students to be able to cement their derivation of the formula. When the discovery of
formula is included in the teaching-learning process, it increased a student's grasp of the topic [28].

In the ECM pedagogy, the students are expected to study the examples carefully for them to draw a
certain conclusion. From their deduction, they will create their own examples. The inductive and deductive
approach is mostly employed in mathematics education. Because PSM (including ECM) is a powerful tool in
enhancing students' performance, utilizing them correctly and appropriately in teaching a specific lesson can
even make it more powerful in addressing students' difficulties in problem-solving [6]. The following were
the conclusion derived by the learners as written in their ECM group worksheet:
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Group 1: “By multiplying the principal to the rate per year.”

Group 2: “Interest is computed by multiplying the percent of interest or rate to the principal and multiply it to
the time/term.”

Group 3: “SlI=Prt (Simple interest is equal to the product of principal amount, interest rate and time the
amount was borrowed).”

Group 4: “F=(PR)T (Simple interest is equal to the product of principal amount, interest rate and time the
amount was borrowed).”

Group 5: “Interest=(Principal times rate).”

Group 6: “Multiplying the principal amount by the rate then if the time is given, multiply it as well.”

Group 7: “The interest is computed by the year/s it took to complete the amount loan.”

While the observers agreed that utilizing such an ECM method was effective, it was suggested that
in presenting the group output, each of the groups must show their synthesis to the class so that the teacher
can validate the students' understanding and can clear students' misconceptions especially that there is a
group who had a hard time concluding. With the teacher as facilitator, guided discovery learning would allow
students to express themselves not just orally but they will be equipped in written mathematical
communication [29].

Also, it was suggested that another ECM worksheet has to be provided where the unknown is either
the principal amount (P), the rate (r), or the time (t). As stated by another observer that they can engage in a
deeper discussion instead of giving away the other derived formula since it is stipulated in the benefits of
ECM that the formula must be concluded by the learners [6].

The teacher strengthened the knowledge acquired through the ECM using a quiz bee with three
categories, easy, average, and difficult. It was observed that students who were able to quickly complete the
ECM worksheets were also the ones who obtained high scores. While some of the observers appreciate the
participation of the class, and collaboration among the group members, a point was raised regarding the
danger of these types of activities as a form of application of concept learned.

“This became a competition... you gave a quiz bee and instead of emphasizing understanding,
winning the game became the center. In winning, you can say that they have understood, but not
everybody understands... only the winner takes all... Sometimes, competitions can be harmful ...
what are we really aiming to achieve for our students?”

The group who had difficulty in accomplishing the ECM worksheet also had low scores during the quiz bee.

This was clearly noticed by the observers with one of them saying:
“They were striving... but it is not enough for the high score.”

“You used questions which the students are the ones telling whether the answers were correct or

not. The step-by-step computation was not the focus upon.”

As suggested by the observers, alternative application activities must be carried out to establish the
construct among the learners and guarantee a clear understanding of the lesson content. Numeracy is more
than algebra and arithmetic. It is further suggested by studies that developing the ability to work with
mathematics in context and with multiple approaches, students must first achieve numeracy [30].

This paper is believed to be contributory to the existing body of knowledge since ECM is a new
strategy in discovery learning which is deemed appropriate in teaching simple interest where planning and
preparation are needed. To improve the delivery of the topic, the observer's suggestions are summarized as: i)
allow the learners to discover the formula; ii) establish how simple interest is computed through the
collaboration of the teachers with the learners; iii) strategize the use of games and technology and evaluate if
its inclusion is essential. Having a strong technological pedagogical content knowledge is essential would
allow educators to effectively teach a topic however mechanical it is [31].

4. CONCLUSION

ECM as a pedagogy in teaching simple interest is an effective approach if the examples used in the
problem-solving map is contextualized. It is concluded that in teaching the content, the teacher must
strategize the conceptualization process. The teacher must design a contextualized and localized ECM
material in a way that the learners would relate to the topic. This would make the convention used effective
in teaching simple interest. Teaching simple interest can be a transformative topic and must be contextualized
and taught using critical mathematics.
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Critical mathematics presents not just the underpinning concepts on computations and algorithms
but uses critical thinking skills to analyze profound issues the community deals with like issues on social
justice, loaning, and investing. Thus, contextualizing and localizing the examples is suggested. Taking a
broad view of the topic would create lesson valuing or appreciation among the learners as they change their
perception that learning simple interest is not just learning the computational formula but also, its application
is greatly experienced in the world. Thus, the teacher plays a great role by making mathematics concepts
experienced more than it being a mere calculation subject.

Lastly, in building the mathematics construct among the learners, conceptualization, and
presentation of the lesson is very important. If the inductive process is the appropriate strategy for the
learners to acquire the concept, then using ECM is an effective convention. Contextualization and
localization of the topic must be observed for the learners to gain interest in developing the skills learned as
they do not just compute in school but also apply these concepts are made real in their daily lives.
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