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Abstract

The transition of the educational system in the Philippines vastly affects the
basic and higher education. Mismatched of pre-requisite Mathematics learning
competencies from the basic education level occurred when the student
reached higher education. This descriptive-developmental method of the study
utilized the developed contextualized learning modules for the bridging course
on the identified learning gaps in Calculus with Analytic Geometry for the
Bachelor of Secondary Education (BSEd) major in Mathematics. Real-world
concepts and situations featuring the Province of Sorsogon, Philippines were
integrated into the learning modules while promoting independent learning.
The content, format, presentations and organizations, accuracy, and up-to-
datedness of information of the learning modules passed on the evaluation of
13 experts (Mathematics Professors) from the different Higher Education
Institutions (HEIs) in the Bicol Region, Philippines. Also, the students were very
much satisfied with the utilization of the learning modules that bridged their

learning gaps in the conic section through independent learning.

Keywords: bridging course, learning gaps, independent learning,

contextualized learning modules

How to Cite: Madrazo, A.L., Dio, R.V. (2020). Contextualized Learning Modules in
Bridging Students' Learning Gaps in Calculus with Analytic Geometry through

Independent Learning. Journal on Mathematics Education, x (x), xx-xx.

INTRODUCTION
Instructional material is human or non — human device and facility that can be

used to ease, encourage, improved, and promote teaching and learning
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activities to improve and facilitate effective processes of instruction (IGl
Global, 2018; Matarazzo, Durik, & Delaney, 2010; Fradd, Lee, Sutman, & Saxton,
2001). Furthermore, instructional materials function as the extension of the
experience of learners, supplement and complement the teacher's verbal
explanations making learning experience, and clarify, vitalize, emphasize
instruction and enhance learning in the process of transmitting knowledge,
ideas, skills, and attitude (Oladejo, Olosunde, Ojebisi, Isola, 2011). It has a large
effect on student learning (Chingos and Whiteburst, 2012; Olayinka, 2016). It
could be in the form of modules or self — learning materials that are user -
friendly where students can learn on their own with minimal or no guidance of a
teacher (Kalim, 2013; Lai, & Hwang, 2016).

Self-learning materials are advantageous because users learn on their own;
they can study without disturbing their normal duties and responsibilities; it
can be administered in single-use, small or even large group; it can be
implemented with flexibility; more appropriate to more mature students; they
have control of their learning; and it is widely accepted by the present
educational systems where method demands smart classroom (Charles and
Rajasekar, 2014). The use of modules in lectures has a positive effect on
learning (Kariman, Harisman, Sovia, Prahmana, 2019).

The advantages of self-learning materials demand more time and effort in
designing learning activities and outcomes according to the needs and context
of the students and would guarantee to learn. One of the approaches
introduced by the curriculum developers in the Philippines is the
contextualization of learning modules where subject content is matched with
the instructional material strategies relevant to students. Localization as a
component area of contextualizing abstract content topics of the subject is

used in linking new content to the local experiences that are familiar to
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students so that learning becomes more efficient and relevant to them
(Bringas, 2014; DepEd Order No. 35, 2016; UNESCO-IBE, 2020).

In contextualization, students develop new skills, knowledge, abilities, and
attitudes through the presentation of subject matter in a meaningful and
relevant context such as in previous experience, real-life, and workplace (Rivet
and Krajcik, 2008; Bringas, 2014). This method of teaching and learning builds
upon a similar concept of putting academic activities into perspective to
achieve the best teaching and learning outcomes through the promotion of
localized curricula (Androitis, 2017). It links concepts into the practical or real-
world context which are meaningful to students (Baker, Hope, and Karandjeff,
2009). It is an acceptable body of knowledge because it is grounded from
various pedagogical theories such as motivation theory, social learning
theories, problem —based learning, and learning styles (Androitis, 2017).
Furthermore, contextualization consumes much time for preparation,
unavailability of the local materials, difficulty in pedagogy, not applicable to all
topics, and student's differences are some of the identified challenges. On the
other hand, contextualization increased the learning engagement, students
have better retention of concepts, increased the conceptual understanding,
and helped students pass their assessment. Local materials/ information is the
other view of mathematics teachers which is about the use of available
materials in the surrounding of the students or using the community in the
lesson (Reyes, Insorio, Ingreso, and Hilario, 2019). Consequently, learner's
experiences from the environment are utilized to build mathematics ideas,
realize, and understand the need for accuracy and use in mathematics and
real-life situations. It also aims to give awareness on how to mathematize their
culture and use it to learn formal mathematics. This is assumed to motivate

students to recognize mathematics as part of everyday life; enhance student's
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ability; and deepen their understanding of all forms of mathematics to make
meaningful mathematical connections (Alangui, 2017).

Scaffolding has an integral part in contextualization. It is a process that allows
the students to work in a contextualized setting and solve problems while
focusing on building associated skills (Khare, 2018). The first step in
scaffolding is contextual support followed by a series of actions and
interactions to balance the routine of scaffolding procedure. The interaction of
thinking individuals is the next step. Along the process, the initiated interaction
must go naturally without any pushing force. Then, the heart of scaffolding,
which is the contingency step, wherein the success of the assistance to the
learner is shown in the learner's response and/ or reaction. It could be
repeated, changed, or even deleted. Then, the task is handed over the learner
which is the determinant whether the learner is ready to do a similar task
without the help of another person (van Lier, 1996, cited in Amerian & Mehri,
2014). Learner's experiences from the environment are utilized to build
mathematical ideas, to realize and understand the need for accuracy, and to be
used in mathematics and in1real-life situations. John Dewey also believed that
children learn best through interaction with the environment and are capable of
learning with adult guidance, to piece together their worldview based solely on
critical interaction with the physical evidence all around them (Sarian, 2018).
An increase in student' engagement characterizes high-quality teaching and
learning. Engaged students are taking ownership of their learning (Ashwin &
McVitty, 2015).

As students take ownership of their learning, they are engaging in independent
learning. Independent learning or independent study is a process, method, and
philosophy of education in which a student acquires knowledge by his or her

efforts and develops the ability for inquiry and critical evaluation (The Higher
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Education Academy, 2014). Besides, it is a learning process of the method
where students take ownership and control of their learning, set goals, make
choices, and decisions how to meet his learning needs, take responsibility for
constructing and carrying his learning, monitor progress toward achieving his
learning goals, and self — assess the learning outcomes (Livingston, 2019).
Whereas, self — assessment components support in assessing student
knowledge (Biehler, Fischer, Hochmuth, and Wassong, 2010).

Meanwhile, one of the four stages of Jean Piaget's (1896 — 1980) theory of
cognitive development in which the last stage is the formal operational stage
(12 years old and above). At this stage, young adults begin to think abstractly
and reason about hypothetical problems. Also, at this stage, they begin to use
deductive logic or reasoning (Cherry, 2019). Critical thinking or higher-order
thinking skills were already developed which essential in independent learning.
The age bracket of the students is included at this stage which entails that
independent learning or self — learning is already recommended to college
students as an alternative form of learning.

The Commission on Higher Education (CHED) Memorandum Order (CMO) No.
105, 2017 orders all higher education institutions (HEIs) to accommodate all
students regardless of senior higher (SHS) they graduated from. This order
leads to a diversity of students in the majority of college programs which
includes the Bachelor of Secondary Education (BSEd) major Mathematics
program. Senior high school is the additional grades (Grade 11 and 12) level to
K - 12 Basic Education program of the Philippines in response to the global
demand for quality education. The senior high school offers various
tracks/strands which are divided into Academic tracks, Non — academic or
specialized track, Sports track, Art and Design track, and General Academic

Track (GAS). Academic tracks offer Accountancy, Business, and Management

Report was generated on Saturday, Sep 5, 2020, 11:24 AM Page 8 of 53



Report: Contextualized Learning Module_Madrazo & Dio.edited version1

(ABM), Humanities and Social Sciences (HUMSS), and Science, Technology,
Engineering, and Mathematics (STEM). Non — academic tracks are Technology
— Vocational — Technology (TVL) where students can get National Certificates
(NC) in Agri — Fishery Arts, Home Economics, Industrial Arts, and Information,
Communication and Technology (ICT) (DepEd, 2014).

By design, each track is preparation for related careers. For example, the STEM
track leads the students to sciences, technology, engineering, and
mathematics-related courses, and of these is BSEd — Mathematics. As per the
implementation of CMO No. 75, s. 2017, the majority of enrollees in BSEd —
Mathematics is non —STEM. In Calculus with Analytic Geometry subject of the
program students must have the prerequisite knowledge on Pre — Calculus and
Basic Calculus which are only offered in the STEM track. This entails that the
majority of the students have a learning gap on the subject and one of these is
about the topic Conic Section. As emphasized, teachers teaching the subject
should be aware of the prerequisite learning competencies so that correct
intervention may be made to address the least mastered learning
competencies (Herrera & Dio, 2016). To bridge the identified learning gap,
contextualized learning modules were developed while adhering to the
principles of independent learning

On the other hand, bridging courses that offer new approaches and learning
opportunities enhances student's knowledge and helps them overcome
deficiencies (Gordon and Nicholas, 2013; Qualifications and Curriculum
Authority, 2009). Furthermore, teaching and learning in a bridging course need
to ensure that previous learning is consolidated to provide a solid platform for
progression. Consequently, a substantive period of induction involving a
rigorous program of initial and diagnostic assessment must be given from the

heart of the bridging course.
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Hence, students with a background in mathematics or advanced mathematics
and who had enrolled in a bridging course associated with higher marks
compared to students with no advanced mathematics (Poladian and Nicholas,
2013). Moreover, there is a relationship between a student's performance in
secondary mathematics and their performance in higher mathematics
(Jennings, 2009).

In this light, this study developed learning modules for Calculus 1 with Analytic
Geometry used for bridging course of non — STEM BSEd Mathematics students.
The learning modules were also contextualized and designed which promotes
independent learning. These were also evaluated by experts (jurors) along with
content, format, presentation and organization, accuracy and up — to -
datedness of information, and presence of the features. Furthermore, the

students also evaluated the acceptability of the learning modules.

METHODOLOGY

The descriptive research method was used in this study to describe the
characteristics of the phenomenon introduced (Bhat, 2019) and assess the
changes with phenomenon over an extended period (Jaikumar, 2018) through a
developmental research design. The implementation of the study was anchored
on Analyze, Design, Develop, Implement, and Evaluate or simply ADDIE
concept. The ADDIE approach is a product developmental concept applied for
constructing performance-based learning adopting the Input — Process —
Output (IPO) paradigm (Branch, 2009).

In the Analyze phase, the concept is to identify the probable causes for a
performance gap, thus, topics in the Senior high school mathematics of both
STEM and Non-STEM tracks were mapped to the topics of Calculus with

Analytic Geometry subject of BSEd Math to determine the learning gap. In the
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Design phase, the mapping and identified learning gaps were validated by
experts to verify the desired performance and appropriate testing methods.
Meanwhile, learning resources are generated or validated in the Develop phase.
The four learning modules about conic sections (circle, parabola, ellipse,
hyperbola) were made based on the identified learning gap identified from the
non — STEM graduates. These learning modules were contextualized featuring
things, tourist attractions, products, and situations to the locale of students in
Sorsogon, Philippines. Learning modules were designed for independent
learning and used as supplementary instructional materials for the conduct of
bridging course for 2nd year BSEd — Mathematics students in Calculus with
Analytic Geometry.

The learning environment is prepared, and students are engaged during the
Implement phase. The 18 BSED Mathematics students who were officially
enrolled in one State College were selected to utilize the developed
contextualized learning module through independent learning mode of study
under the bridging course sessions. The bridging course with four learning
modules about the conic sections lasted for 18 hours which was evenly
distributed in a three-weeks periodzwith pretest and posttest scheduled in the
first day hour and last day hour, respectively.

The Evaluate phase, the learning modules were evaluated by 13 experts
(Mathematics Professors) from seven higher education institutions (HEIs) in
Bicol Region (Region V), Philippines using the adopted Evaluation Rating Sheet
for Print Resources from Guidelines and Process for LRMDS Assessment and
Evaluation (DepEd, 2009). Jurors evaluated the learning modules using the 7
indicators for content evaluation, 18 indicators for the format, 5 indicators for
presentation and organization, and 6 indicators for accuracy and up —to -

datedness of information (DepEd, 2009). Each criterion is determined by
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accumulated points from the specified indicators. Jurors also evaluated the
presence of the features, contextualization (DepEd, 2016), and independent
learning (Mckendry and Boyd, 2012). The presence of features was quantified
using a weighted mean. After the conduct of the bridging course, the students
who used the developed contextualized also evaluated the acceptability of the
learning modules using the instrument of Espinar and Ballado (2016). Similarly,
acceptability is measured by the weighted mean. The students' comments
were also analyzed. Thus, the Evaluate phase assesses the quality of
instructional products and processes, before and after implementation.
(Branch, 2009; McGriff, 2000; Kurt, 2018; Cullata, 1995). In this concept, the
first four are sequential but the Evaluate phase is continuous in conjunction
with others (Clark, 1995).

Frequency count was used to interpreting jurors' evaluation of content, format,
presentation, and organization, and accuracy and up — to — datedness of
information. The analysis and quantification of the data were made using the
MS Excel and interpreted using the interval used from the study of Owusu -

Manu, (2017).

RESULTS AND DISCUSSIONS

Learning Gap of Non — STEM students to Calculus with Analytic Geometry
Based on CMO No. 75, s. 2017, the adapted course description of Calculus with
Analytic Geometry is: The course equips the students with knowledge and skills
needed to be able to determine limits of the functions, to differentiate and
integrate algebraic, exponential, logarithmic, and trigonometric functions in
one variable. It also includes exposure to more challenging problems covering

the continuity and areas of the region. Explicitly specified that includes more
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challenging problems about areas of the region. This topic is one of the major
practical applications of the integration of calculus itself.

The specified prerequisite subjects of Calculus with Analytic Geometry are
College Algebra, Trigonometry, and Geometry (CMO No, 75, 2017). The topic
conic sections (circle, parabola, ellipse, and hyperbola) are not included in any
of these subjects. Likewise, it is not also included in the subject itself Calculus
with Analytic Geometry based on its course description because it focuses
more on limits and continuity, differential, and integral calculus.

Conic sections are one of the topics in Pre — Calculus subject in SHS STEM,
other SHS strands/ tracks do not offer this subject (Ascano, Martin, Olofernes,
and Tolentino, 2016). This entails that this topic is a learning gap of all non -
STEM graduates studying BSEd — Mathematics. Book authors proved that conic
sections are in the topic area of the region bounded by the curve. Anton, Bivens,
and Davis (2012) used the concepts of conic sections in their published book to
determine the area of the region bounded by equations. Find the area of the
region that is enclosed between the curves y=x2 and y=x+6 (Example 2, p.415).
Find the area of the region enclosed by x=y2 and x=y+2 (Example 4, p. 417).
Show that the area of the ellipse in the accompanying figure is mab (Exercise
Set 6.1, no. 50, p. 420). These examples show that the concepts of conic
sections are prerequisites for the area of the region bounded by
equations/curves. The first two examples are parabolas that open upwardy=x2
and rightwardx=y2, respectively. The latter example is to prove the formula of
ellipse x2a2+y2b2=1 using integral calculus.

Larson and Edwards (2019) also used conic sections to illustrate the concept of
areas of the region bounded by equations/curves in their Calculus book. Find
the area of the region bounded by the graphs of fx=2-x2 and gx=x (Example 2,
p. 446). Find the area of the region between the graphs of fx=3x3-x2-10x and
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gx=-x2+2x (Example 4, p. 447). Find the area of the region bounded by the
graphs of x=3-y2 and x=y+1 (Example 5, p.448). These examples used
parabolas to illustrate areas of the region bounded by equations/curves. The
first function in Example 2 is a parabola that opens downward, and so with the
second equation in Example 4. Hence, the first equation in Example 5is a
parabola that opens leftward.

Furthermore, Stewart (2016) also used conic sections to illustrate the area of
regions. More of his examples are also used in parabolas which only requires
basic integration. In Chapter 7 (Techniques of Integration) in Exercises 7.3 (pp.
491 - 492, no. 34), one of the exercises stated Find the area of the region
bounded by the hyperbola 9x2-4y2=36 and x=3. He also added that in
determining the area of circle and ellipse, an integral of the form a2-x2dx where
a>0 will be used. This requires a technique of integration, specifically

trigonometric substitution.

Contextualized Learning Modules for Bridging Course in Calculus with Analytic
Geometry

In various parts of the modules, different things relevant to the students were
used to illustrate the concepts of conic sections. Local materials were used in
the introduction to easily catch their attention and interest.

Figure 1. Sorsogon "Timitim"

The circle is traced in the image of coconut (locally called "niyog?' in the entire
Philippines, and "lubi?' in the local dialect of Sorsogon"), put in the Cartesian
plane, label the parts, and which eventually used to introduce the circle as one
of the conic sections in the learning module. Coconut is one of the most
abundant products of Sorsogon. From real objects, the students learned the

abstract concepts of the circle. Then, the abstract concepts were applied again
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into situational problems. One of these is "timitim?' (see Figure 1) which one of
the local delicacies of Gubat, Sorsogon. The word "timitim?' is derived "patikim7
- tikim?' or tasting. Its main ingredient is "kamotenggkahoyj'oor cassava. The
real-world application of the concept is also integrated with the concluding
assessment of the students. For example, the trace of circles on the ceiling of
Sts. Peter and Paul Cathedral which situated in the middle of Sorsogon City,
Sorsogon being the sole city of the province.

Besides these, there are many other real objects and situations used to
illustrate or apply the concepts of the circle in the learning module. This
contextualization is an avenue for students to learn, understand, and
appreciate the concept of mathematics beyond.

Figure 2. Sorsogon Rompeolas Lighthouse

Meanwhile, the concept of the parabola is introduced using the traced of the
parabola in an image of Fatima Church which is also situated at Sorsogon City,
Sorsogon. After the students understand the concepts of a parabola, they
applied the concepts back into real-world situations. One of these is the arch of
the doorway of Lighthouse or "Parola" (see figure 2) at Sorsogon City Boulevard
or locally called "Rompeolas" at Sorsogon City, Sorsogon. The arch at the
doorway of the lighthouse is somewhat parabolic. The concepts parabola is
also applied to other different situational problems such as radio signal
satellite dish, the cable of suspension bridges, sound reflector, bridge arch,
and television dish antenna. All of these depict the concept of the parabola.
Figure 3. "Pili" Fruit

Meanwhile, the concept of the ellipse in the learning module was introduced
using the orbit of the moon to earth, orbits of planets to the sun, the elliptical

11 12
image of the earth, and castle nut, scientifically called "canarium ovatum" and
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which is locally called "pili" (entire Philippines). Figure 3 is the image of pili
which depicts the concept of the ellipse.

The concept of an ellipse is also applied in various real-world situational
problems such in pili sculpture in Sorsogon City Boulevard where both the
sculpture and its platform are both elliptical, the orbit of the planet where the
star is situated at one of the foci, semi-elliptical dome and tunnel, Colosseum
at Rome, and Sputnik | (artificial satellite) orbit.

Figure 4. Sorsogon City Crossroads

An image in the middle of Bulusan Lake at the foot of Mt. Bulusan, Bulusan,
Sorsogon, the mountains around the lake, and its reflection to the water traces
the image of the hyperbola. This scenery is used to introduce the concept of the
hyperbola. Also, the portion in the ceiling of Sts. Peter and Paul Cathedral
which also illustrates hyperbola besides other conic sections in the same
image. This is also used to present the concept of the hyperbola. The same
images were also used in different scenarios to assess students'
understanding of the concepts. Moreover, other real-world scenarios where
students can apply the concepts are also integrated into the learning module
such as the hyperbolic mirror for panoramic photography, explosion scenario
which also illustrates the concept, hyperbolic shaped pillar, long-range
navigation (LORAN), and the aerial view of crossroads at Sorsogon City (see
Figure 4). This is a crossroads of roads to the south of Sorsogon Province and
Bacon District, Sorsogon City. The sides of the roads illustrate hyperbola.
These contextualization features of the modules were based on students'
experiences in their environment. The mind naturally seeks meaningin a
context related to a person's current environment that makes sense and is
useful (Ampa, Basri & Andriani, 2013). Contextualized Teaching and learning

are putting academic activities into perspective. This is a process linking
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concepts into practical or real-world context (Androitis, 2017). It is a concept of
relating content into meaningful and relevant situations to the students (Baker,
Hope & Karandjeff, 2009). The use of contextualization increased learning
engagement, students have better retention of concepts, increased the
students' conceptual understanding, and helpful to pass the assessment
(Reyes, Insorio, Ingreso, and Hilario, 2019). The promotion of localized curricula
is a way of encouraging such relevance in different local, cultural, and socio-
economic contexts which can allow learning to become more meaningful and
relevant (UNESCO - IBE, 2020).

Another feature of the module is the promotion of independent learning or
independent study. It is a process, method, and philosophy of education in
which a student acquires knowledge by his or her efforts and develops the
ability for inquiry and critical evaluation (The Higher Education Academy, 2014).
In this method or learning process, learners have ownership and control of their
learning. They can set goals, make choices, and decisions about how to meet
his learning needs, take responsibility for constructing and carrying out his
learning, monitor his progress toward achieving his learning goals, and self-
assess the learning outcomes (Livingston, 2019).

The integration of this in the learning modules allow the users to understand
the concepts. Precise and simple language/ medium of delivery was one of the
key components of learning modules. Besides, illustrations and graphs were
labeled accordingly to visually explain the concepts. Concrete and relevant
things were used to introduce and visually understand the concepts, which
eventually narrowed to abstract ideas. This gives ease to students to apply
these abstract ideas to real-world situations. The transition is from real object

representation to abstract ideas and applied back to real-world scenarios.
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In the discussions, the required or relevant prerequisite ideas in the solution
were reviewed. For instance, the distance formula is essential to derive the
equations of each conic section. Along the process of deriving the equations of
conic sections, related mathematical concepts, or processes to simplify were
considered. Color coding is a cueing instrument which gives highlight and ease
to readers to do the algorithm, such as in similar terms, and related
mathematical concepts. Color-coding components in a printed module give
learners ease of recognition (Maile and Cooper, 2018).

Furthermore, related ideas/ concepts/ mathematical terms were summarized
into table/s which enable the readers to see and grasp the relatedness of each
concept to one another. For example, in an ellipse, relativeness of center, foci,
vertices, covertices, major axis, minor axis, and the standard equation was put
into one table. Giving the relatedness of information was provided to give the
users a general outlook on how to execute the step by step solutions.

Solutions to examples were readily prepared with complete and comprehensive
explanations on how to deal with the problems so that users can easily
understand the concepts. Similar problems (Quick Check) were also prepared
with final answers (Quick Check Answers) were written at the back of the
module. These problems allow students to work on their own, self — assess and
monitor their progress on the topic. Modules or self-learning materials must be
student-friendly where students still learn the lesson without the help or guide
of a teacher (Kalim, 2013). There are also concluding assessment according to
learning objectives, arranged from easy to difficult one.

In light of this, the four (4) developed learning modules for four (4) types of
conic sections (circle, parabola, ellipse, and hyperbola) featured students'
experiences, things, and situations that are meaningful and relevant to them

through contextualization. The use of local subjects from students' locale
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(Sorsogon) such as tourist destinations, landmarks, or even situations made
their experiences, things, situations are more meaningful and relevant to the
concepts (localization). Also, the integration of independent learning helped
the non — STEM graduates BSEd — Mathematics students address the
knowledge and skills gap (Qualifications and Curriculum Authority, 2009). It
enhances students' knowledge and helped them overcome their deficiencies.
The self — assessment component supported assessing students' knowledge

(Biehler, Fischer, Hochmuth, and Wassong, 2010).

Jurors' Evaluation of the Learning Modules

Evaluation is one of the major determinants of determining the quality of the
developed learning modules. It also means determining the value that will
eventually yield information such as worthiness, appropriateness, goodness,
validity, and legality of something (Kizlik, 2014). Relative to this, to determine
the validity of the developed learning modules, the researcher used the
Guidelines and Process for LRMDS Assessment and Evaluation for Print
Resources (DepEd, 2009). This instrument evaluated the learning modules in
terms of content, format, presentation and organization, and up-to-datedness
of information. The summary of jurors' evaluation of the learning modules is
presented in Table 1. Generally, it can be depicted from the table that all
learning modules accumulated points to achieve the minimum required points

of each criterion.

Table 1. Jurors' summary of points of learning modules evaluations

Criteria

Points to pass
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(DepEd, 2009)
Module 1:
Circle

Module 2:
Parabola
Module 3:
Ellipse
Module 4:

Hyperbola

Average
Remarks
Average
Remarks
Average
Remarks
Average
Remarks
Content
at least 21 of 28
26
Passed
25
Passed
24

Passed
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24

Passed

Format

at least 54 of 72
66

Passed

63

Passed

62

Passed

62

Passed
Presentation and organization
at least 15 of 20
18

Passed

17

Passed

18

Passed

17

Passed
Accuracy and up —to —datedness of information
at least 18 of 24
22

Passed

22
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Passed
22
Passed
22

Passed

This infers that the content of the learning modules is suitable for the non-
STEM graduates of BSEd-Mathematics students' level of development. This
entails that the scope, range, and depth of content and topics are appropriate
to the learning needs of the students. The level of difficulty of the learning
modules is appropriate for the age and stage of learning of the students. The
level of detail of the learning modules is appropriate for the achievement of the
specified learning outcomes for these students.

The idea of age appropriateness is anchored on Jean Piaget's (1896-1980)
theory of cognitive development. Based on Piaget's theory, there are four (4)
stages of cognitive development and one of these is the formal operational
stage (12 years old and above). At this stage, where students belong as young
adults, they begin to think abstractly and reason about hypothetical problems.
Abstract thought emerges, and begin to use deductive logic, or reasoning from
general principle to specific information. People think more scientifically about
the world around them (Cherry, 2019). They think independently through the
problems and situations. They can view the relationship of the real things or
situations to an abstract concept, and the abstract concept to situations or
problems applied to the real-world. This is in congruence with the deductive
and inductive reasoning in the formal operational stage of Piaget's cognitive

development.
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The result tells that the learning modules contributed, support, and support to
the achievement of the specific objectives. It also reinforces, enriches, and/or
leads mastery of competencies of the program. Each learning module
developed higher cognitive skills of students such as critical thinking,
creativity, inquiry, problem solving, and among others. Gradually, the use of
learning modules for the bridging course increased the responsibility for their
learning since the learning modules promoted independent learning. The
interpretation is important for the students to avoid the pitfall of looking for the
right answer, rather than the principle, salient facts, and point of view to arrive
at the right answer (Heick, 2019).

The learning modules are also free of ideological, cultural, religious, racial, and
gender biases and prejudices. This implies that the social content and values
and perspectives are fairly presented and does not violate the Social Content
Guidelines (DepEd, 2009). The learning modules enhanced the development of
desirable values and traits such as pride of being Filipino, scientific attitude
and reasoning, desire for excellence, love for country, desire to learn new
things, ability to know right from wrong, respect, and critical and creative
thinking. Love for country, pride in being a Filipino, and respect were the
primary values/traits promoted by the learning modules through
contextualization.

The integration of these values/traits is attuned to the framework of an
ethnomathematical curriculum model. In the model, learners' experiences with
the environment are utilized to build mathematical ideas to realize and
understand the need for accuracy and use in mathematics and real-life
situations. The model also aims to give awareness on how to mathematize their

culture and use it to learn formal mathematics (Alangui, 2017).
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Moreover, the instructional materials' format in terms of prints, design and
layout, paper and binding, and size and weight of resources contributed to
visual representations for easy understanding of the concepts. It can also be
inferred that the format of the developed contextualized learning modules
helped the learners to grasp the concept being imparted. In support, the
importance of programmed instruction in mathematics learning. With
programmed instruction, learners determine their own pace and progress and
eliminate frustration with themselves, fellow learners, and subject matter. It
allows also the students to discover facts by themselves and be responsible for
their learning (Oginni and Owolabi, 2012).

The presentations in the learning modules were engaging, interesting, and
understandable. There was a logical and smooth flow of ideas that made it
clear and evident to the target readers. Also, the vocabulary level was
appropriate to the experiences and understanding of the students. New,
technical, or complex terms were strategically, clearly, and consistently
explained in the learning modules which are appropriate/ suitable to the age
and level of the respondents. The length of sentences used was suitable to the
target reader which also considered the complexity of sentence patterns
(simple, compound, or complex). Varied and interesting sentences and
paragraph structures were used to enhance meaning-making. In meaning-
making, the topic sentences in paragraphs were strategically and effectively
used and placed. They use knowledge and understanding to create their own
spoken, written, and visual texts (DepEd, 2016).

The result on accuracy and up — to —datedness of information implies that
most of the jurors identified very minor errors such as conceptual, factual,
grammatical, and computational, use of obsolete information, or other errors

(i.e.illustrations, diagrams, pictures, maps, graphs, and tables). There were no
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conceptual errors found in the presentation of content that may lead to the
development of misconceptions or misunderstanding of the topics. Also, there
was no factual error found which connotes that the presentation of factual
content was accurate and up-to-date, and without outdated information,
improper use of statistics, inaccurate graphs, oversimplified models,
examples, or simulations. Committing minor errors should not be exaggerated,
rather it should be handled sensitively, and teachers and learners should be
open to mistakes, and to actively use them in becoming prepared for the test
that counts. The identified minor errors can still be used as a way to facilitate
new learning, enhance memory for the generation of correct responses,
facilitates active learning, and directs the attention of the learner, and let the
teacher be aware of the focus of discussion (Metcalfe, 2017).

The jurors also evaluated the learning modules in terms of the presence of the
features of contextualization, and independent learning which is presented in
Table 2. Result reveals experts (jurors) are indeed satisfied that
contextualization and independent learning features are present in the learning

modules.

Table 2. Presence of the features of learning modules
Features

Module 1:

Circle

Module 2:

Parabola

Module 3:

Ellipse

Module 4:
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Hyperbola

Overall

Average
Remarks
Average
Remarks
Average
Remarks
Average
Remarks
Average
Remarks
Contextualization
3.68

VS

3.58

VS

3.57

VS

3.46

3.57

VS

Independent learning
3.41

S
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3.25
S
3.48

3.30

3.36
S

Legend: S — Satisfactory, VS — Very Satisfactory

The presence of contextualization implies that the learning modules were able
to relate the subject matter conic sections to practical, applicable, and
meaningful situations that are relevant to students' daily lives. These
situations were supported by facts and theories that embed the cultural,
historical, ideological fabric, and/or personal experiences of students.
Correspondingly, contextualization is defined as a process of matching the
content and instructional strategies relevant to students (DepEd Order No.35,
s. 2016). Contextualized teaching and learning (CTL) is defined as a process of
linking concepts into a practical or real-world context which is an acceptable
body of knowledge grounded from various pedagogical theories such as
motivation theory, social learning theories, problem-based learning, and
learning styles (Androitis, 2017). Similarly, CTL is defined as a concept of
relating content into meaningful and relevant situations to students. Relevant
context and curriculum/instructional material are two of the core elements in
characterizing CTL design and implementation (Baker, Hope, and Karandjeff,
2009). Furthermore, in contextualization, students can develop new skills,

knowledge, and abilities, and attitudes through the presentation of subject
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matter in the meaningful and relevant context of previous experience, real-life,
and the workplace (Bringas, 2014).

Hence, localization adapts local conditions related to context through teaching
and learning in the curriculum (Bringas, 2014). Similarly, localization is linking
new content to the local experiences that are familiar to students to make
learning more efficient, and relevant to them (DepEd Order No.35, s. 2016). As
reflected, the jurors believed that the learning modules relate the learning
content to local information or the situation of Sorsogon Province. Localization
is another way of contextualization which delimits the scope to a local setting
that is familiar and relevant to students. The learning modules were able to
relate the context to the local environment of Sorsogon and they were also
culturally responsive to the local setting and adapted the local conditions.
Contextualization leverages students' knowledge by bringing the students'
concepts from their home and community to classroom situations, allows the
students to have fun, made the lessons relevant and meaningful, and lessons
were effectively and efficiently delivered. Students developed a better
understanding of mathematics concepts if these are related to their lives
(Reyes, Insorio, Ingreso, and Hilario, 2019)

The learning modules were programmed or designed in such a way that the
needed support from the facilitator was minimized. Furthermore, since the
learners need to learn the concepts independently, they can also program their
learning targets where they are comfortable. It is a self — sufficient and
complete instructional material that allows the students to learn the lesson by

themselves (Kalim, 2013).

Students' Acceptability of the Learning Modules
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To validate the response of the experts, the students also evaluated the
acceptability of the contextualized learning modules. Table 3 presents the
evaluation of the students along with the acceptability of the developed
contextualized learning modules in conic sections. The table reveals that all
learning modules are very much acceptable (VMA) to students along with the
different indicators.

Timeliness has the highest acceptability among the students. This implies that
the developed contextualized learning modules and their features are rightful
to use as an urgent, tactical, transformative solution to the 21st-century
educational challenges and issues (NEDA, 2017). This is also per the provision
in the 1987 Philippine Constitution, Article XIV, Section 10 which mandates the
conduct of scientific research that supports indigenous, appropriate, self-
reliant scientific and technological capabilities, and their application to the
country's productive systems and national life (Philippine Official Gazette,
2018).

Table 3. Summary of acceptability of the developed contextualized learning
modules

in conic sections

Criteria

Module 1: Introduction to Conic Sections, and Circle

Module 2: Parabola

Module 3: Ellipse

Module 4: Hyperbola

Mean

Mean

Mean
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Mean
Clarity
3.94**
3.93**
3.90%*
3.86**
Usefulness
3.89%*
3.87**
3.85%*
3.85%*
Suitability
3.76%*
3.76%*
3.76%*
3.78%*
Adequacy
3.84%*
3.84%*
3.85%*
3.85%*
Timeliness
3.98**
3.98**
3.98**
3.96%*

Language, Style, and Format
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3.83**

3.81**

3.79%*

3.80**
Illustrations
3.92%*

3.81**

3.81**

3.82%*
Presentations
3.94%*

3.93**

3.96%*

3.93**
Overall
3.88**

3.86**

3.85%*

3.84%*
Legend: ** - Very Much Acceptable (VMA)

The learning module is useful for the students because it can be considered as
an alternative tool, and through its activities, students can exercise their mind,
ability, and skills., as affirmed by one of the students. Another student added,
the learning module presents/ consists of illustrations or examples that are

locally [Sorsogon] common that makes us visualize/ understand.
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In contrast, suitability has the lowest average but still, these are interpreted as
Very Much Acceptable (VMA). It could be inferred that the contextualized
learning modules were suitable to address the learning gap of the non-STEM
graduates BSEd — Mathematics students in Calculus with Analytic Geometry
subject. The activities included taking into consideration the varying attitudes
and capabilities of the learners. Responding to the learners' differences is one
of the challenging tasks in crafting the modules. Furthermore, this implies that
the learning modules were able to cater to the individual learning needs of the
learners. The learning activities included in each learning module were suitable
for the prescribed main topic. Also, the learning activities were relevant,
interesting, and self-motivating. The learning enrichment activities were also
adaptable to classes with large numbers. In relation, one of the students
emphasizes that through activities of the learning modules, they were able to
exercise their minds, ability, and skills. Another student also stresses that the
figures used in the learning modules helped them better understand the topic.
Indeed, key concepts and generalizations were clarified which ensured that all
learners gained understanding and learning. Assessments followed the
instructional episodes. Critical and creative thinking was one of the objectives
in the process. Hence, the tasks, activities, and procedures required the
students to understand and apply the meaning. Varied tasks and learning
activities were considered in the learning modules for different students. The
learning modules engaged and motivated the students through drill and
practice (Singh, 2014).

The use of clear and simple information allowed them to easily understand the
concept/s being presented in each learning module. The concepts for each
learning activity were also arranged logically. Each learning module was

designed and programmed from simple to complex concepts to let the learners
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determine the interrelationship of the concepts, and so that it will guide them
to easily understand the concepts. Moreover, each contextualized learning
module considered the learner's level of comprehension in the delivery of
information/ concepts.

Considering the logical arrangement or progression of concepts in learning is
guided by the Scaffolding Theory by Lev Vygotsky (1896 — 1934). The
effectiveness of using Scaffolding Theory in the teaching-learning process
depends on many things, and on the independent working time and students
(van de Pol, Volman, Oort, & Beishueizen. 2015).

This result is in consonance to some student's comments. One of the students
emphasized, [The Learning module] Provide examples that is easy to
understand especially to those students who do not encounter some of the
mathematical terms. Another student also stresses, well-prepared module,
and for this, it can help the student to understand the topic easily.
Furthermore, one student believes, the module presents real-life situations
that boost students to think critically.

Usefulness indicates that each learning module is useful because it helped the
learners think logically and critically, and simple and comprehensible. Contents
increased the knowledge, understanding, and proficiency/skill of the learners,
and provided adequate information on the topic presented in each learning
module. The learning modules provided an opportunity for the development/
enhancement of mathematical skills. The learning modules presented
several/adequate information in line with the targeted competencies of each
topic. Also, it encouraged students to become actively involved in learning
activities. Students became actively involved in the learning activities because
each learning module was designed/programmed for independent learning.

They assumed ownership of and responsibility for their learning. Each learning
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module stimulated the learners' analytical thinking skills. Since the learning
activities in each module were arranged/organized from simple to complex
concepts, the learners sought to relate the new concepts with previous ones.
This showed the interrelationships of the learning activities for a holistic
understanding of each concept.

These are related listed the advantages of learning modules in teaching
mathematics. Through the use of learning modules, (1) learning become more
effective; (2) it establishes a system of assessment besides mark or grade; (3)
users are responsible for their learning; (4) they can also study without
disturbing the normal duties and responsibilities; (5) it can be administered to
single-use, small group, or even large group; (6) can be implemented in the
flexible pattern; (7) appropriate to mature students; (8) learners have control of
their learning; (9) learners accept greater responsibility for learning; and (10) it
is widely accepted by the present educational system (Charles and Rajasekar,
2014).

As a result, one of the students mentioned, it [learning module] is more
comprehensive than a book because it explains clearly every topic and uses
words that are more simple [simpler] and suits to our level of understanding.
This attests to the idea that the developed contextualized learning modules
were useful to the students because they were highly informative. The
discussions were very comprehensive and further enhanced with the use of
simple but clear and authentic illustrations and explanations that are suitable
to their level of understanding.

In terms of adequacy, the students also considered the learning modules as
very much acceptable. This confirms that sufficient information on each topic
was provided. Besides, only the expected learning was delivered. The learning

modules also contained a variety of situational activities that catered to the
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learning objectives. The salient terms/information needed for the learning
activities were well-defined/ recapitulated. This was done in each learning
module to avoid termination of the transition of the delivery of information.
Adequate learning activities were provided to enhance students' knowledge,
skills, and attitudes. To provide continuous delivery of the information,
concepts, and principles were explained well. These concepts and principles
were also applied to real-world situations/scenarios so that learners could
relate the abstract concepts and principles into concrete realities. This
technique is assumed to have developed a holistic understanding of the
concepts and principles of conic sections. One student stress?hat the learning
modules provide sufficient information about the subject matter. And, another
student highlighted that the learning modules used catchy illustrations or
objects, like for example the castle nut or pili nut which is popular and
abundant in the Sorsogon, Philippines.

Undeniably, the use of problem situations promotes better critical thinking,
which also provides motivation and mechanism to organize knowledge. These
also develop students' ability to be more reflective and metacognitive (Belecina
& Ocampo, 2018). From the results and affirmation of the students, the use of
sufficient salient information, clues, situational activities, and real-world
problems increased their motivation and served as a mechanism to develop
critical thinking skills. They became reflective and metacognitive as they
determined the context from real objects to abstract and applied them to real
objects or situations again.

It was also very much acceptable to learners that the contextualized and
localized learning modules used proper or appropriate illustrations, the
spacing of items, and optimum print size. The positioning of the response

sections varied in the learning modules. The learning module observed correct
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grammar and used clear and comprehensive vocabulary and language. The
learning modules used familiar vocabulary to ensure comprehension,
understanding, and learning. Technically, each learning module is used to
structure, style, and format appropriate to the level of the learners.

In consonance, given the number of terms encountered in the course which
varied based on students' ability and readiness, words were judiciously
selected to teach them the new concept and continue to remember the
previous one. The consistent and purposeful use of vocabulary building greatly
assisted the students, and the language used was clear to facilitate
understanding of concepts (Riccomini, Smith, Hughes, & Fries, 2015). Large
prints were provided for the accessibility of the materials. Usability attributes
include ease of learning task presented, utility, functionality, and satisfaction
with the learning experience. Written contents are readable to allow
understanding of the learners. Legibility influence the readability as it gives
ease to the learner to distinguish letters and words while reading (Maile &
Cooper, 2018).

One student stated that the learning modules provide a concise, readable text
or information that is considered as a clear, and appropriate tool for learning.
Another student observed that there are a lot of styles and formats used to
easily understand the context. The developed contextualized learning modules
were able to transmit the concepts and principles to the students using
understandable language. The clear, simple, concise, readable, and appropriate
language that is suitable to their level of understanding was used to deliver
well the concepts and principles to the learners. Also, the explanations were
very comprehensive. The learning modules were infused with visually

attractive, relevant, and understandable figures and illustrations that guided
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the students to easily understand the concepts and principles of conic
sections.

In other words, the language, style, and format used in the contextualized
learning modules aided the comprehension, understanding, and learning of the
concepts in the developed material. The use of clear and simple, and
consistent and purposeful language gave ease to the user in understanding the
concepts. Moreover, the style and format made each contextualized learning
module accessible, useful, and readable. These made it easy for the students
to learn the concepts.

Moreover, the learners also found the illustrations very much acceptable as
they were clear and simple which aroused their interest and made their
learning effective and enjoyable. Illustrations also provided concrete visual
clues. Hence, these illustrations guided the students to follow instructions.
Lastly, each contextualized learning module used illustrations relevant to the
topic. The simple and relevant illustrations used in the learning modules were
effective in arousing their interest and in helping them gain learning. Learners
were able to perform the tasks and found them enjoyable. Diagrams,
illustrations, and photographs need to be included to assist the learners in
performing the task (Maile and Cooper, 2018). Illustrations assist learning
(Maile & Cooper, 2018).

One student affirms that the illustration introduced or used in the modules is
appropriate and relevant on the topic and it clearly shows some key points on
how the student can/ will understand the topics. As added by another student,
the module was attractive and organized, the topics are clear and provide
concrete visual clues and information, and it is orderly sequenced and easy to
follow. The presentations of topics in the contextualized and localized learning

modules were also very much acceptable to the learners. Topics were
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presented logically and were orderly sequenced. The directions used in the
learning modules were concise, readable, and easy to follow. The topics also fit
the sequence of the course. One student affirms that the learning module
(output) is good, and its ideas are well — presented. Another student added that
the modules are remarkably interesting and knowledgeable (informative)
because the topics are well presented and discussed.

Corollary to these, the learners were able to develop logical, creative, and
critical thinking. One of the characteristics of the most effective instructional
design to facilitate the learner's mastery of knowledge and procedure is the
logical sequence flow of information. Moreover, steps reflect occupational
steps, prerequisite knowledge, and abilities and difficulties. Learners can
master a comprehensive body of knowledge or a complex process (Maile and
Cooper, 2018).

The module is helpful for those students especially the student who takes
Mathematics as their major that [who] did not take STEM while they are
[were]in senior high school. With the help of the module, the lesson gets more
exciting and it serves [s] as the bridge in a learning gap between other strand

and STEM students, one of the students affirms.

This comment from one of the students concluded that the developed
contextualized learning modules help them bridged the learning to the subject
Calculus with Analytic Geometry. These learning modules serve as
supplementary materials to learn the concept independently. It excites them to
learn. These are affirmed by their evaluations of acceptability of the learning
modules, and jurors' evaluations of the learning modules. This result finds

support from the study of Setiyani, Putri, Ferdianto, & Fauji (2020) where the
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developed learning modules were positively evaluated by experts (validators)

and students which means that it has a great impact to learn mathematics.

CONCLUSIONS

The developed learning modules on conic sections for the conduct of the
bridging course of non — STEM BSEd Mathematics students were in
accordance With1’éhe identified learning gap of the students. The integration of
contextualization in the learning modules allow the students to bridge the
identified learning gaps in mathematics concepts through an independent
learning approach. The learning modules positively validated by jurors'
(experts' — Mathematics Professors) evaluations along with content, format,
presentation and organization, accuracy and up — to — datedness of
information, and presence of the features (contextualization, and independent
learning). Furthermore, students' evaluations revealed that the developed
contextualized learning modules on conic sections are very much acceptable
along with clarity; usefulness; suitability; adequacy; timeliness; language,
style, and format; illustrations; and presentations. Consequently, for further
development of quality supplementary materials that promote independent
learning and holistic development of critical thinking, it is highly recommended
to contextualized or even localized the concepts. It can be used in the conduct
of different academic remediation such as bridging course, remote learning
such as in times of unwanted circumstances such as pandemic (e. g. COVID-
19), and among others. It is also highly recommended to test the effectiveness

of the use of contextualized learning modules.
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