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This paper reflects on the outcome of lesson study in teaching the concept of
algebraic equations utilizing quasi-variables. It also concurrently examines
the integration of Ignatian values and social issues in learning the said
concept. This study aimed to establish a culture of planning, collaboration,
and reflection in developing the understanding and relevance of
mathematical concepts in grade school through lesson study. The study
showed how the process of lesson study was done given the following
phases: planning phase, implementation phase, and post-lesson reflection and
discussion phase. Emphasis on the planning phase was given on the details of
the lesson design which aimed to integrate Ignatian values in the discussion
while developing algebraic thinking from quasi-variable thinking delivered
in the implementation phase. Findings highlighted on three statements: i)
Collaborative lesson planning nurtures a deeper sense of scholarship and
collegiality; ii) Building algebraic thinking from quasi-variable (arithmetic)
thinking is a viable strategy for understanding the concept of algebraic
equation; and iii) Looking into the “big picture” and responding to relevant
social issues could strengthen meaning - integration of Ignatian values.
Strong collaboration and communication among teachers in creating detailed
lesson design enabled more meaningful learning among pupils. Research
revealed the significant role of lesson study in creating meaningful strategies
and activities which provided efficient structure in developing a chosen
lesson topic. It does not only focus on the nature of the topic but also include
making meaningful connections to the real world and integrate values.
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1. INTRODUCTION

Formation in faith and values is an integral dimension of learning in a Jesuit institution aside from
the transmission of knowledge and skill [1]. Reflection becomes a pivotal point for Jesuit educators to
nurture the holistic growth of the students. The values that Jesuit schools aim to instill among its students are
described as the Ignatian values which are rooted in the experiences of St. Ignatius of Loyola, the founder of
the Jesuit schools. It is a must for teachers to integrate Ignatian values in creating and developing lessons.
These values are embedded in classroom interactions, especially in providing relevant experiences to the
students which lead students to delve deeper into the subject into the subject itself and make more meaning.
These are important stages of the Jesuit schools’ pedagogy called the Ignatian pedagogical paradigm (IPP)
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[2]. Based on this paradigm, learning is situated in a specific context, rooted in previous experience and new
experiences deepened by reflection. This knowledge is made meaningful by putting it into action and making
an explicit evaluation of those actions and the degree to which learning has occurred [3].

In the many years of experiencing integration of Ignatian values in each lesson, the struggle of most
teachers is integrating it spontaneously in the discussion [4]. Often, math teachers present situations and ask
students to specify the value and Ignatian value being portrayed in the situation. This strategy has been
observed to be ineffective since the pupils just tend to guess and state generic explanations to justify the
choice. Hence, the integration has been shallow enough to not push students to take action based on the
mathematical algorithm learned, which is the goal of the IPP. This struggle is evident in the study on the
influence of Ignatian values on faculty roles, which showed that the teachers’ difficulty lies in integrating the
values in the lesson in a way that it is not forced [5]. This makes teaching in the mathematics department a
real challenge aside from the subject’s nature. For teachers not to use this strategy, it was suggested that a
problem-solving strategy would be used in integrating values in the math classroom [6], [7]. The concept
must be embedded in real-life situations, so that the students can apply a mathematical algorithm in making
decisions. One goal of this study is to be able to figure out ways to find effective ways to integrate Ignatian
values smoothly in the math classroom.

Mathematics starts with the basic knowledge of arithmetic and utilizes this as a foundation for
introducing and teaching algebra. The shift from arithmetic to algebra is difficult, but it is an essential step
for mathematical progress [8]. By the time pupils start learning algebra, they are expected to have reached
proficiency in arithmetic concepts. A study has shown that students’ errors in algebra can be attributed to the
fundamental differences between arithmetic and algebra [9]. For example, if pupils think algebraically, they
should scrutinize some concepts taught in early-grade mathematics (arithmetic) to manage algebraic
symbolism [10].

Pupils cannot understand the relationship between two quantities (arithmetic and algebra) because of
the flawed foundation of the arithmetic-algebraic connection in situations [11]. It was argued in a study that
students have difficulty in moving forward to learning algebra because of their poor foundation of pre-
algebra concepts like operations on whole numbers and fractions and operations on integers [12]. The
generalizing relationship of numbers is necessary for the development of algebraic thinking among pupils
[13]. Algebraic thinking is the identifying, classifying, and labeling of sameness and difference while making
distinctions in the student's mind [14]. The focus on arithmetic thinking is merely calculating a numerical
answer to solve a problem. On the other hand, algebraic thinking focuses on relations and operations [15].

This article reports a lesson study (LS) that aimed to utilize quasi-variables and the balancing
method in establishing a relationship between variables. Lesson study is one practice where teachers can
grow by learning from each other, given the right opportunity and context. It is a Japanese form of
professional development that focuses on the collaborative study of live classroom lessons and has spread
quickly worldwide [16]. It is now being introduced [17], [18] and institutionalized in the Philippines [19]. It
is deemed that engaging in lesson study provides opportunities for teachers to develop deep discourse on the
teaching of mathematics [20]. Lesson study was used in this study to support a smooth transition from
arithmetic thinking to algebraic thinking and to make meaningful connections between previous knowledge
and new knowledge while integrating Ignatian values and social issues in the discussion. Finally, this study
provided evidence on how lesson study practice affects instruction and pupils’ way of thinking.

2. RESEARCH METHOD

Lesson study falls under the category of classroom-based research. In this light, this study follows a
qualitative approach to render in-depth and focused analysis of data coming from a specific research lesson
for the whole process of lesson study [21]. Transcripts and video recordings of teachers’ collaborative
planning, classroom observations, and post-lesson discussions were analyzed, together with artifacts from the
students’ works during the research lesson. Thematic analysis was generally done to generate the findings for
the study. This method identifies and analyzes patterns of meanings in qualitative data [22]. The themes that
emerge after analyzing the reflections and comments during the post-conference are: how the practice of
lesson study helped the teachers in developing the lesson; how algebraic thinking was built from quasi-
variable thinking; how the concept of algebra was strengthened with the integration of Ignatian values
through discussion of relevant social issue; and the teachers’ role in developing critical thinking of the pupils.

2.1. Planning phase

Three out of four members of the research team (the authors of this paper), are grade six math
teachers of Ateneo de Davao University — Grade School Unit, Matina, Davao City, Philippines. The plan to
conduct this research started when the authors attended a seminar-workshop on lesson study held on January
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3-5, 2018 at the Ateneo de Davao University, Philippines. The workshop emphasized the importance of
lesson study, its advantages, and challenges. As an output, participants identified learning content that would
be used in the research lesson. The lesson study was materialized with the full support of the headmaster and
the subject area head for mathematics. The research followed the essential process in doing lesson study,
namely: i) planning phase, ii) implementation of research lesson phase and, iii) post-lesson reflection and
discussion phase [23]. The documentation of this lesson study was facilitated by the fourth author of this
article, who served as the resource person during the 3-day seminar workshop on lesson study.

This lesson study was designed to help pupils develop algebraic thinking, specifically recognizing
relationships, generalizing, and analyzing how values change when exploring algebraic equations with two
unknown variables. The researchers collaboratively planned for two weeks, at least twice a week to develop
an effective lesson plan intended for grade six pupils. Part of the planning required the research group to
comment and give suggestions about the lesson prepared by a group member and discuss thoroughly how the
group could implement the lesson logically and effectively within a 50-minutes period. Moreover, the
assigned teacher for the research lesson performed an initial dry run with the presence of the team and subject
area head for math to anticipate and unlock some difficulties that the teacher may encounter.

2.2. Implementation of research phase

The research lesson was implemented on February 12, 2018, with the participation of 40 grade six
pupils from Class St. Francis Xavier of the Ateneo de Davao Grade School. Fourteen teachers observed the
lesson’s implementation, five administrators all from Ateneo de Davao University-Grade School Unit
(AdDU-GS), and a professor from the University of the Philippines (UP). Each observer was provided with a
copy of the lesson plan as his/her guide for their observation. The video camera was used to record the actual
implementation of the lesson.

Prior to the actual observation, the observers were oriented on what to do during observation. Focus
on pupils’ responses, engagement, and interactions were given emphasis. Observers were also informed to
refrain from helping pupils who may ask for help in answering the task given to them. The observers were
encouraged to take notes of their insights and suggestions.

The teacher implemented the research lesson within a 50-minutes period. The lesson started with
activating pupils’ prior knowledge, which helped the pupils connect to the proper lesson - the algebraic
equations with two unknown variables. A problem situation relevant to a social issue was presented as a vital
part of the lesson to connect the learning experience to broader aspects and infuse Ignatian values. In the
lesson proper, the teacher provided the pupils with activities that would be done by pair. Thought-provoking
questions relevant to the given activities were given which led the pupils to make statements about
relationships of two different variables in the algebraic equation and hypothesize whether the relationship of
two variables in the equation will always hold true at all times. The lesson was formally closed using the Exit
Card in which pupils were given the opportunity to answer the questions written on a strip of paper.

2.3. Post-lesson reflection and discussion phase

After the implementation of the lesson, the researchers and the observers convened for the post-
lesson discussion, insights, and reflection. This part is vital in a lesson study because this is a venue where
the implementers and observers will investigate the executed lesson and focus on how it can be improved
[24], [25]. The research lesson implementer shared the experiences, insights, and reflections gathered from
the research lesson which started from the planning phase to the implementation of the lesson. Afterward, the
observers shared their insights, reflections, observations, impressions, and recommendations on the
implementation of the research lesson.

3. RESULTS AND DISCUSSION

Three emergent perspectives were evident in the conduct of the lesson study: i) Collaborative lesson
planning and development nurtures a deeper sense of scholarship and collegiality; ii) Building algebraic
thinking from quasi-variable (arithmetic) thinking is a viable strategy for students to make sense of algebraic
equations; and iii) Looking into “bigger picture” and responding to relevant social issues could strengthen
meaning-integration of Ignatian values.

3.1. Collaborative lesson planning nurtures a deeper sense of scholarship and collegiality

Most of the positive feedbacks were about how the lesson plan used in the research lesson was
carefully and collaboratively done. The observers noticed that the lesson plan was developed through
research and collaboration and not just the typical textbook-based plan. The lesson study team generally
found the exercise of collaboration enriching. Although challenges arose along the way, the process of

Int J Eval & Res Educ, Vol. 10, No. 4, December 2021: 1298 - 1305



Int J Eval & Res Educ ISSN: 2252-8822 O 1301

thinking, re-thinking and revising the research lesson plan as a group resulted in a lesson plan that is a
product of the expertise of several minds. According to one of the lesson study participants:

“There was ‘no monopoly of knowledge’ among the team members. Every member of the LS
team felt competent and confident to give his/her bright ideas anytime along the way.”

This supported the claim that lesson study develops collaboration among teachers in planning,
implementing and evaluating a lesson [26], [27]. A deeper sense of collegiality was nurtured in the process,
and at the same time, the level of knowledge of the teacher participants were enhanced due to deepening of
the content to teach through lesson study.

In the implementation of the research lesson, observers’ comments and feedback focused on the
following: i) content that is focused on developing algebraic thinking from quasi-variable thinking; ii)
meaning that is focused on connectedness of algebra to broader aspects (social issues), and infusion of
Ignatian values, also teacher role in developing pupils’ critical thinking. It was observed that the day’s lesson
objectives were not explicitly mentioned in the beginning thus posting some thoughts among the observers as
to which would be more effective, saying the objectives at the beginning or allowing the pupils to discover it
along the way.

It was also emphasized that the teacher’s chosen activity to use in presenting the concept of
“balancing” was somewhat explicit. According to two of the observers, who were also science teachers,
though the concept was not freely given, it might have been better if the pupils discovered the “balancing” in
mathematics themselves. The choice of activity is very important.

On several occasions, pupils were not given enough opportunity to strategize in solving the
problems presented. According to one of the observers, pupils should be given ample time and chance to
think critically themselves. Developing critical thinking entails time and effective art of questioning [28]. It
was even an opportune time for pupils to make connections with other disciplines like science given enough
time to explore and remember.

Observing how pupil engagement transpired along the process of doing the prepared tasks, it was
apparent that pupil engagement increased from Task 1 where the situation presented limited the pupils to
giving only one exact answer to Task 2 where pupils were allowed to explore and elicit several possible
answers. Confidence among pupils also increased as they were given opportunities to list down several
possible answers and when they were already able to see the pattern and relationship of the variables and
constants involved.

3.2. Building algebraic thinking from quasi-variable thinking is a viable strategy for students to make
sense of algebraic equations

The pupils were able to differentiate algebraic expressions from algebraic equations easily given the
activity of categorizing examples. The teacher asking for the difference between the two did follow up
questions. Specifically, to emphasize on visual difference, the teacher asked, “What do you see in algebraic
equations that cannot be found in algebraic expressions?” According to the observers, this process was done
“too explicitly”. Somehow, it was too leading. Recommendations were to allow the pupils to categorize and
differentiate algebraic expressions from algebraic equations themselves through a rumble of such examples.

Understanding the relationship between constants, variables, and building the concept of equalities
through the balancing method started with an activity involving an actual balance weighing scale. The pupils
found ease in giving combinations of numbers that will make the scale balanced. Sample outputs were the
following:

50=20 + 20 + 10

50=20+20+5+5

20=10+ 10

20=5+5+5+5

Pupils were able to identify that the fulcrum in the balance scale is the same as the equal sign “="
written in an equation. It is the symbol that tells that the equation’s left side’s value is the same as the value
on its right side. Progressing to working with algebraic equations, pupils were able to identify different
values of the variables that will make the equation “balanced”. When they were asked to give the relationship
of the pairs of variables they mentioned, pupils were able to identify them with ease. Although task 1 was
limiting, similar task 2 gave the pupils more liberty to think and give endless possible pairs of variables or
combinations yet come up with the same relationship between the variables. In the end, when asked the
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question, “So, when does the relationship change?” pupils were able to draw the statement that, “The
relationship of the variable changes when the value of the constants is changed or altered.” This is consistent
with the result where a child drew a picture of a balance scale to show how it affects the balance if she alters
the expressions on each side [29].

3.2.1. Generalizing numerical relationships: Building algebraic thinking

Table 1 shows the response of one pupil in one of the given tasks. The pupil understands that if there
are 160 wafers to be given to 20 children, each child will receive an “x” number of wafers. However, when
the number of children becomes 40 each child will receive a “y” number of wafers. The pupil was able to
identify that the value of X is twice y.

Table 1. Pupil’s response
Mathematical sentence: 20 x A=40 x B
Total number of wafers 20 children 40 children
160 20(X)=160  40(Y)=160
Relationship between A and B: X is twice Y’s value

Table 2 shows the response of another pupil. If there are 160 wafers to be given to 20 children, each
child will receive eight wafers. However, if there are 40 children, each child will receive only four wafers.
The pupil made the total number of wafers 80. If it is given to 20 children, each one will receive four wafers
and if there are 40 children, each one will receive two wafers. The pupil also made the total number of wafers
200. If there are 20 pupils, each child will receive 10 wafers and if there are 40 pupils, each child will receive
five wafers. He was able to state that the value of B is ¥ of A.

Table 2. Pupil’s response
Mathematical Sentence: 20 x A=40 x B
Total number of wafers 20 children 40 children

160 8 2
80 4 4
200 10 5

Relationship between A and B: B is %2 of A

Table 3 shows the response of another pupil in the second part of the task. The mathematical
sentence is 3(Y)=15(2). If both the left and righties of the equation are equal to 30, the value of Y is 10 and
the value of Z is 2. If both the left and right sides of the equation are equal to 45, the value of Y is 15 and the
value of Z is 3. And if both the left and right side of the equation is equal to 60, the value of Y is 20 and the
value of Z is 4. The pupil was able to identify that the value of Z is one-fifth of the value of Y.

Table 3. Pupil’s response
Mathematical sentence: 3(Y)=15 (2)

Value of equality Constant: 3 Constant: 15
30 3(Y); Y=10 15 (Z); Z=2
45 3(Y); Y=15 15 (2); Z=3
60 3(Y); Y=20 15 (2); Z=4

Relationship between Y and Z: Z’s value is 1/5 of Y’s value

3.2.2. Pupils’ responses to process questions

After going through the lesson topic and activities, the pupils were asked to answer process
questions. These process questions were focused on the pupils’ realizations in the learning process. The
following are the pupils’ responses when asked the questions:

i) “What connection did you make today that made you say, 'AHA | get it!™’

“I have learned that there are countless ways to create the same numbers.”
“The connection between X and Y: when the constant is changed the answer is changed.”
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ii) “Something that I still do not understand is...”

“Nothing. Actually, I learned a lot from this lesson. ”
“Nothing, just practice more and more to improve.”

iii) “In what ways did you see today’s mathematics connected to your everyday life?”
“It helps to understand the concepts of balance more in my daily life.”
“The balance is needed to make everything equal and not just focus on one side.”

The responses indicated the extent of pupils’ understanding of the lesson presented and discussed. It
also showed pupils’ confidence in building algebraic thinking from arithmetic. Lastly, the responses
exhibited how the pupils were able to make a meaningful connection between the concept of algebra and
algebraic equations to real life.

3.3. Looking into the “big picture” and responding to relevant social issues could strengthen meaning-
integration of Ignatian values
Observers have appreciated that the integration of the Ignatian value in the research lesson plan and
the implementation itself was smoothly done. Contrary to the usual claim of a mathematics teacher who finds
difficulty infusing values in a math class [30], the Ignatian value “faith that does justice” was smoothly and
clearly manifested in the discussion of “balancing” was explicitly identified by the pupils.

Teacher: “How does balancing work in your daily life?” “Where else do you experience
balance?

Pupils: “balanced diet,” “balance between academics and sports,” “balance in managing
time,” “balance in thinking before making decisions,” ‘‘fairness like balance in treating
others.”

Teacher: “So which Ignatian Value is reflected in today’s lesson? Why do you say so?”

Pupil: “Faith that does Justice since it reflects fairness in dealing with others and balance in
living one’s life.”

EEITS

Using the orphan crisis as a relevant social issue where solving algebraic equations can be used gave
more meaning to what the pupils are learning. Seeing connections and relevance of solving algebraic
equations to real-life situations allowed pupils to see algebra in an easy perspective rather than looking at it
too vaguely.

Though the presentation of the social issue was given less time and attention as it was written in the
plan, the emphasis was made more on the aspect where mathematical problem solving was involved. The LS
team decided upon such a change at the last minute due to time constraints. Also, according to two observers,
the picture about the orphan crisis situation that was flashed on the screen was not clear enough for the pupils
to see and understand. Lastly, the use of the wafers as part of the concrete approach in solving the identified
problem situation was not used effectively.

Lastly, in giving better meaning to the lesson through its integration with the Ignatian value and
social issue, according to one of the observers, it could have been best if the teacher allowed the pupils to
reflect on the problem situation and ask, “if the number of children in two orphanages is not same, yet you
have the same number of goods to share, how would the distribution to goods be? Will the children get the
same number of goodies?” This reinforces the concept of equitable distribution of wealth, which is, too, part
of the school’s mission.

4. CONCLUSION

The process of using generalizable numbers of sentences as quasi-variables can allow pupils to make
connections between arithmetic thinking and algebraic thinking. From focusing pupils’ attention on
numerical equality to identifying and discussing algebraic generalization, the lesson started with activating
prior knowledge that focused on arithmetic before doing a formal introduction to algebra dealing with
numbers as quasi-variable then eventually with literal symbols of algebra.

Connecting to broader aspects and integrating Ignatian values in every lesson in class are two
fundamental parts of Jesuit education that require thorough planning. Ignatian values allow pupils to reflect
on what they learn and achieve goals beyond themselves. Challenging as it is, the goal is to incorporate these
values in smooth transitions without losing focus on the nature of the subject matter.
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Essential and significant as it came out be, lesson study is practiced among teachers and
administrators within a school community to work collaboratively on a common goal that is to promote
effective and meaningful teaching. It is a healthy avenue for teaching professionals who are not just within
the same discipline but across other fields as well, to interact, brainstorm, share, listen and discuss ideas that
serve as a holistic approach in teaching lessons in mathematics. Findings from this study showed that
engagement in lesson study poses a promise to enhance the teaching of mathematics, which not only caters to
developing critical thinking but also makes meaning and connections to the real world and the school’s vision
and mission. Moreover, it can also be concluded that the extent to which the Ignatian value and social issue is
integrated into the mathematics lesson for more meaning could have been given more emphasis through
activities that could have allowed the pupils to discover and express such reflections themselves. The lesson
study team believes that conducting a lesson study in developing a meaningful strategy and activity to
achieve such is very helpful as it provides an efficient structure in developing a chosen lesson topic.
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