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Abstract
GARCIA, LEA C. University of the Philippines Open University. May 2021. Biology Teachers’
Pedagogical Content Knowledge and Decision Making in Implementing the Inquiry Approach:
A Multi-Case Study
Adviser: Ricardo T. Bagarinao, Ph. D.

This study was conducted to determine the general pattern of the PCK of four (4) Grade 8
science teachers who used the inquiry approach in teaching cell division and Mendelian
Genetics, find out how they developed their PCK, enumerate the active components of their PCK
when using the inquiry approach, determine their mental construct of the inquiry approach,
describe how they practice the inquiry approach, and find out the general pattern of their
decision-making process. Through interviews, classroom observations, and analysis of artifacts,
the data were collected and analyzed using constant comparative analysis.

The analysis of multiple sources of data identified the general PCK pattern in which the
four PCK components (i.e., knowledge of content, knowledge of instructional strategies,
knowledge of students’ understanding of science, and knowledge of assessment) were integrated
and used in teaching cell division and Mendelian genetics. The highest frequency of integration
done by all the teachers was between knowledge of instructional strategies and knowledge of
students’ understanding of science. The PCK pattern observed was that before the lesson,
teachers do any activity as an instructional strategy (knowledge of instructional strategy).
During the lesson, teachers teach the content (knowledge of content) through the use of
cooperative learning, models and multimedia materials, and a variety of activities (knowledge of
instructional strategies). This teaching of content facilitates student learning (knowledge of

students’ understanding of science) and develops critical thinking and conceptual understanding.

After the lesson, in the context of slow learners, assessment follows, which is through giving
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extra work or remedial class (knowledge of assessment). While the three teachers (Ace, Ces, and
Des) start with a motivational activity, Teacher Bes starts the lesson with another approach.
Results also identified emergent themes of the PCK components. For knowledge of content, the
identified theme was clear discussion of the basic concepts of cell division and Mendelian
genetics. The identified emergent themes for knowledge of instructional strategies were use of
cooperative learning, starting a lesson with motivational activities, use of models and multimedia
materials, and use of a variety of activities. The identified emergent themes for knowledge of
students’ understanding of science were developing or stimulating students’ critical thinking by
asking questions, use of multi-assessment tools, teaching to develop conceptual understanding,
critical or analytical thinking skills, and problem-solving skills, and correction/prevention of
misconceptions. Finally, for knowledge of assessment, the identified theme was giving extra
work or remedial class to slow learners.

In general, there were four (4) approaches that the teachers used to develop their PCK,
namely, institution-initiated trainings, self-study, consultation with colleagues or peer
consultation, and self-reflection. Meanwhile, all the teachers expressed all the PCK elements
with the active prevalence of knowledge of instructional strategies and knowledge of students’
understanding of science because it was in these components where there were observations of
many active student interactions. Results also reveal the teachers’ mental constructs of IBA,
namely, inquiry approach is a paradigm shift, student-centered, and motivational, and promotes
higher order thinking skills. However, they also viewed the approach as resource and time
consuming and requires good prior knowledge and skills of students. Two teachers (Ace and
Des) followed the 4As: Activity, Analysis, Abstraction, and Application in teaching cell division

and Mendelian genetics as they discussed completely the concepts based on the DepEd’s
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learning competencies. Teacher Ces discussed almost completely the concepts of cell division
and Mendelian genetics while Teacher Bes discussed the concepts incompletely. Finally, the
teachers followed the four (4) models of the decision-making process in different instances.
Teacher Ace’s decision-making process followed the Incremental model in a specific instance
and Rational Comprehensive Model in another instance. Teacher Bes followed the Incremental
Model, Bounded Rationality Model, and Rational Comprehensive Model in different instances.
Both Teachers Ces and Des followed the Incremental Model and Bounded Rationality Model in
different instances, too.

Results also reveal that based on their educational background, Teachers Ace and Des
consistently had a high level of PCK as they discussed the different topics of cell division and
Mendelian genetics completely. On the other hand, the number of years of teaching and
professional development programs attendance did not influence the teachers’ PCK level.
Nevertheless, as the teachers have individual differences (educational background, number of
years of teaching/teaching experience, number of professional development programs), they
were able to make the necessary decision making when they used IBA in teaching cell division
and Mendelian genetics.

Based on the results, it can be concluded that the relationship between PCK and the
inquiry approach holds true not only for pre-service teachers and experienced teachers but also
for beginning teachers. It can also be concluded that the teachers decide to implement the inquiry
approach because of its useful effects to the teacher and students despite the presence of some
limitations. After an in-depth analysis of the teachers in terms of their PCK and inquiry
instruction, it can be concluded that the number of years of teaching/teaching experience does

not guarantee expertise. Moreover, it was found out that there is a relationship between PCK and



the decision-making process of the teachers. With regards to the PCK components, the teachers
were observed to show specific decision-making process/es in specific instances to implement
the inquiry approach. Only the educational background influenced teachers’ PCK level. The four
(4) knowledge bases according to a combined model of PCK of Chick et al.(2006); Cochran et
al. (1991), Sothayapetch et al. (2013), and Magnusson (1999) were useful in studying about the
teachers’ PCK and decision making. Finally, the result shows a relationship between the
teacher’s mental construct of IBA and practice. How the teachers formed their mental constructs
relied on how they discussed the topics.

A continuous professional development program is suggested but the professional
development program to be undertaken (in terms of taking-up a higher degree) should exactly
match with what the teacher is teaching so that content knowledge is completely taught to the
students. Professional development programs may also involve short courses on teaching through
the inquiry approach. It is also recommended that the findings be used to design assessment
instruments to measure teachers’ inquiry-based science teaching competencies. This will help in
setting up professional development inquiry-based science teaching programs for teachers.

Instructional designers may use the results in revising the module in Grade 8 science in
terms of content, illustrations, and activities. Moreover, it is also recommended that a list of
competencies for effective teaching using the inquiry approach be compiled based on the
findings of the study. With peer consultation as observed to be one of the factors that contributes
to teachers’ decision to adopt IBA, it is recommended that collaboration among teachers be
strengthened in this time of pandemic. It is also recommended that IBA activities be integrated
into the modules that are distributed to the students. Constant comparative analysis is a powerful

tool that can be used for large amounts of data focusing on comparisons between interviews and
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observations. It is then recommended for other teachers to use it apart from the available
qualitative and quantitative tools. It is also recommended that a detailed memo-writing during
the entire analysis process be used to write down ideas, assume associations, and make
theoretical reflections related to each of the emerging categories.

Recommendations for future research are in line with the K-12 implementation that will

investigate PCK and decision making in teaching using the inquiry approach across grade levels.
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Chapter 1
INTRODUCTION
Background of the Study

The implementation of the K-12 curriculum by the Department of Education (DepEd) in
2016 seeks to improve the quality of education throughout the Philippine education system. It
produces globally competitive graduates, answers the need for a 12-year education system with
international standards, aims for graduates with increased competency and better global
opportunities, and presents a holistic view of 21st century teaching and learning. Known as
Republic Act 10533, the Act focuses on a teaching and learning reform through an
implementation of a variety of approaches. One important approach is the inquiry approach. The
inquiry approach is learning that is driven more by a learner's questions than by a teacher's
lessons (Morino Institute, 2012). In the K-12 curriculum, teachers have to use the inquiry
approach by following the 4As - Activity, Analysis, Abstraction, and Application. These 4As
are incorporated in the teacher’s lesson plan. In the lesson plan, teachers use the first A for any
activity that may introduce the lesson or may enrich the lesson, the second A is for analysis of
the lesson in the activity wherein the content is discussed, the third A is for abstraction of the
general idea about the lesson and the last A is for application of the concepts grounding the
lesson or activity.

Their incorporation however requires teachers to have a good grasp and better
understanding of the pedagogy and content knowledge of the subject matter (Bueno et al.,2011),
This is necessary because pedagogical content knowledge (PCK ) helps teachers create inquiry
classrooms, which could enhance students’ understanding of science or students’ scientific

reasoning (Magnusson et al., 1999). According to Kartal et al. (2012), the teachers’ PCK helps



them to blend the scientific content knowledge, the concepts of inquiry, and pedagogical skills
while taking into account the students’ abilities and interests. The authors added that with PCK,
teachers could easily develop a learning environment where inquiry approach is one important
core of learning.

The development of PCK is of utmost importance because teachers are expected to
combine or apply diverse teaching strategies in teaching science. It means that they should have
a better understanding of the content, teaching strategies, and students’ learning process to be
able to achieve the teaching and learning goals of science. This has been expected from all
science teachers, even before the implementation of the K-12 curriculum. When the K-12
curriculum was implemented in 2016, there was more focus on the use of the inquiry approach.
Since the implementation indicates a change in teaching methodology (such as from lecture
method to inquiry approach), it is possible for teachers to experience difficulty in adopting the
change, especially if their preparation is insufficient to implement the new strategy. This could
be aggravated by the challenges associated with inquiry approach implementation. According to
Agron et al. (2010), most inquiry-based activities require more time to prepare and teach, and
teachers will not be able to do these easily considering the tight schedule for the day. Moore
(2014) added that support in terms of funding, supplies, resources and even support to undergo
training for professional development may be lacking. Variation in the belief system of teachers
is also a challenge for inquiry approach implementation (Chan, 2010). The teacher’s foreseen
difficulty and these challenges may affect the teachers’ decision to use the inquiry approach in
the K-12 curriculum implementation. This is critical because there are already inquiry-based
learning materials developed in support of the curriculum. On the other hand, teachers’ PCK may

influence their decision to use the inquiry approach in teaching science. A few authors reported



indications of a positive correlation between PCK and teaching decisions. According to Jones
and Moreland (2003), good teacher knowledge of subject content was found to have a positive
effect on decision making related to changing pedagogical strategies for creating better learning
opportunities. Harlen and James (1997) support this statement as they commented that teachers
cannot provide experiences and activities that guide student progress toward the understanding of
ideas if they themselves do not know what the ideas are. They added that if teachers have
generally sound pedagogical skills, they will rely on these to carry them through difficult aspects
of the subjects they teach, but this can limit student learning in the area. Similarly, Corcoran and
Goertz (1995) also report that teachers often lack the subject matter knowledge needed to
incorporate appropriate pedagogical decisions. In the review of a past research, Gess-Newsome
and Lederman (1993) noted that teachers with well-developed pedagogical skills still experience
difficulty in responding appropriately to student ideas when they move outside their area of
content expertise.

Although these studies and those of a few others (e.g., McNergney et al., 1988;Wasson,
1998; Saad et al., 2002; Carpenter et al., 1998) indicate a positive relationship between PCK and
the teacher’s decision, there is lack of information and in-depth analysis on how teachers decide
to use the inquiry approach in teaching science, given a specific pattern of PCK. The studies
mentioned focused their analysis on the PCK and decision making in mathematics at the grade
school level. There is still a paucity of information as to what dimension or component of the
teachers’ PCK is active when employing the inquiry approach in their classrooms. In addition,
information on how teachers perceive or construct the inquiry approach as a teaching strategy,

and what specific inquiry approach they use given their PCK as well as the mental construct of



the inquiry-based approach (IBA) are limiting. These information gaps led to the
conceptualization of the study.
Statement of the Problem
PCK is important in teaching science as inquiry. The teachers’ subject matter
knowledge, knowledge of student understanding, knowledge of instructional strategies ,as well
as knowledge and beliefs about teaching and their learners all influence their decision-making
ability during pre-lesson planning, which subsequently influence their communicative approach
in the classroom (Shannon, 2006). An in-depth analysis on how PCK influences teachers’
decision making in adopting a specific strategy is wanting. The study was therefore
conceptualized to answer the following research questions:
1. What is the general pattern of the PCK of the participating biology teachers who use the
inquiry approach in teaching cell division and Mendelian genetics?
2. How did they develop their PCK?
3. What components of their PCK are more active when using the inquiry approach in teaching
Cell division and Mendelian genetics?
4. What is their mental construct of the inquiry approach?
5. How do they practice the inquiry approach in teaching cell division and Mendelian genetics?
6. What is the general pattern of the decision-making process of the biology teachers in using
the inquiry approach?
Significance of the Study
The proposed study contributes to the understanding of the educational theories of social
constructivism, prospect, and bounded rationality, where the teacher's rational decision to use the

inquiry approach is bound within the realm of relevant information, PCK, prior knowledge and



experiences. The inquiry approach is grounded on the constructivist’s point of view and, thus,
the information on why and how teachers implement it in teaching Science could add to the
existing knowledge on the inquiry approach as a social constructivist approach. The use of the
inquiry approach as a social constructivist approach holds that learning occurs by integrating
experiences with current knowledge, and in the process of implementing it, new knowledge and
understanding develop. The teacher’s decision to adopt the inquiry approach in the teaching of
science could contribute to the Prospect Theory, which holds the assumption that the valuation of
attributes and the employment of different decision-making skills yields a functional concept of
choice behavior pattern. The teacher’s reasons for deciding the implementation of the inquiry
approach could add to the existing knowledge on bounded rationality, which holds the
assumption of making a rational choice to use the inquiry approach in the teaching of science
under time constraints and other pressures or factors.

For teachers, curriculum designers and/or developers

Knowledge on the teachers' decision to use the inquiry approach given their PCK could
guide other teachers to evaluate their own conception and practice of the inquiry approach vis-a-
vis their PCK. This way, they would be able to determine and understand what they have and do
not have, which could further improve their handling of the subjects they teach.

Instructional designers and/or developers could also integrate such information in the
development and/or revision of the curriculum. Teachers’ mental constructs and applications of
the inquiry approach could be used as a guide to how the curriculum should be implemented in
various teaching and learning set ups or environments. Otherwise, they could provide insights on
how the specific inquiry approach can be used to address students’ difficulties in learning

specific biology concepts given the teacher’s conception of the approach.



For school administrators

The results of the study would also guide school administrators in determining the kind of
professional development programs for the teachers. For instance, a PCK pattern toward
pedagogy may help school administrators plan for activities that could enhance content
knowledge of the teachers. This way, the teachers will not only understand and know how to use
a variety of teaching strategies but also improve their content knowledge. In addition, they would

be able to guide the teachers on what to improve in the way they practice the inquiry approach.

For pre-service teacher education

The results of the study may serve as a basis for teacher education institutions (TEIs) to
update their pre-service education curricula, where development of knowledge of content will be
given emphasis. As the study indicates, teachers’ knowledge of content plays a vital role in IBA
adoption and implementation. Further, TEIs may strengthen provision of support along this line
through mentoring.
For other stakeholders

The study could provide information to non-inquiry approach practitioners on what to
consider if they decide to adopt the inquiry approach as a teaching strategy. Likewise,
administrators of non-inquiry approach adopting schools would be guided in identifying the
enabling mechanisms so that their teachers might be motivated to use the approach in teaching
Science.
Scope and Limitations of the Study

The study used a qualitative multi-case study in determining and analyzing the PCK,
decision making, and practice of the inquiry approach of four (4) Grade 8 science teachers from

two (2) selected public secondary schools in Laguna. Both schools are recognized by DepEd to



offer Engineering and Science Education Program (ESEP), which started in 2010.The teachers
were selected based on the number of years of teaching and practice of the inquiry approach.
Data was collected through interviews, classroom observations, and analysis of artifacts
such as lesson plans and tests. Data collected included the teacher’s PCK, conception and
practice of the inquiry approach, and their process of decision making in relation to the inquiry
approach used. Using the theories of social constructivism, prospect, and bounded rationality, the

data was analyzed through constant comparative analysis..



Chapter 2
REVIEW OF RELATED LITERATURE
The first section of the review of literature provides an overview of the inquiry approach
and the K-12 curriculum. The second section gives an overview of the nature and development
of PCK, including its taxonomies, various models, methods in capturing it and its relationship
with the inquiry approach. The last section provides information on decision making including
factors, methods and ways to assess it, and its possible relationship with the inquiry approach.
Constant comparative analysis as used in this multi-case study is also discussed. A synthesis of
the literature review is likewise presented. All this information serve as a background for
understanding and appreciating the context of this multi-case study on biology teachers, with
different lengths of teaching experience, in terms of their PCK and decision making in the
inquiry approach implementation. The large amount of literature aimed to establish the
framework of the study.
The Inquiry Approach and the Philippine K-12 Curriculum
It was Joseph Schwab (1960; 1966) who had an influential voice in establishing the view
of science education through inquiry. He emphasized that teachers should present science as
inquiry and that students should use inquiry to learn science subject matter. He added that the
application of the inquiry approach involves the use of innovative activities such as laboratory
activities or experiments to lead rather than to follow the classroom phase of science teaching.
This means that students should “be inquisitive or curious first” before being introduced to the
formal explanation of scientific concepts and principles. The importance of doing a laboratory
work as an inquiry-based activity was demonstrated in the study of McDermott (2006) among

physics teachers who recognized it as one that develops student’s critical thinking and reasoning,.



With such result, inquiry could be defined as “a pedagogical method that combines hands-on
activities with student-centered discussion and discovery of concepts™ (Uno, 1990).

Waters and White (2015) define the inquiry approach as a teaching method that combines
the curiosity of students and the scientific method. This combination enhances the development
of critical thinking skills while learning a subject such as science. As curious critical thinkers,
when learners encounter problems they do not understand, they formulate questions, explore
problems, observe, and apply new information. The learners follow the generally accepted
scientific method when they seek answers and obtain a deeper understanding about the new
information.

Inquiry instruction was also born out of the long-standing dialogue about the nature of
learning and teaching. In particular, the work of Jean Piaget, Lev Vygotsky, and David Ausubel
was blended into the philosophy of learning known as constructivism, which was then used to
shape instructional materials (Minner et al., 2009). These constructivism-based materials are
commonly classified under the inquiry approach. Such materials include hands-on activities as a
way to motivate and engage students while concretizing science concepts. According to the
constructivist approach, there is emphasis that knowledge is constructed by an individual through
active thinking. Active thinking is defined as selective attention, organization of information, and
integration with or replacement of existing knowledge. Moreover, social interaction is necessary
to create shared meaning. Therefore, an individual needs to be actively engaged both
behaviorally and mentally in the learning process so that learning will take place. As
constructivist approaches permeated much of the educational practice in the 1970s, it became
particularly prominent in science education through the focus on inquiry. The term inquiry has

figured prominently in science education, yet it refers to at least three distinct categories of



activities - what scientists do (e.g., conducting investigations using scientific methods), how
students learn (e.g., actively inquiring through thinking and doing into a phenomenon or
problem, often mirroring the processes used by scientists), and a pedagogical approach that
teachers employ (e.g., designing or using curricula that allow for extended investigations).
However, whether it is the scientist, student, or teacher who is doing or supporting inquiry, the
act itself has some core components. These core components, as *‘essential features of classroom
inquiry’’ (Brunsell, 2010), include the following:

(1) Learners are engaged by scientifically-oriented questions.

(2) Learners give priority to evidence, which allows them to develop and evaluate
explanations that address scientifically-oriented questions.

(3) Learners formulate explanations from evidence to address scientifically oriented
questions.

(4) Learners evaluate their explanations in light of alternative explanations, particularly those
reflecting scientific understanding.

(5) Learners communicate and justify their proposed explanations.

In relation to this, Seif (2011) summarized the highlights of inquiry instruction in Table 1:

Table 1. Highlights of the Inquiry Approach (Source: Seif, 2011)

Teacher’s Role Classroom Processes Student Outcomes
Identify and clarify issues and Question census, engaging Student involvement and
questions with students activities to introduce key questions _engagement, ownership of question
Help students find and process Conduct inquiry, use search Learn inquiry skills, note taking
information engines, read text as an inquiry skills and reading for understanding
document and finding key information
Help students to think deeply and Use activities that support Learn to be more creative, think
flexibly interpretation, analysis, compare outside the box, think logically,
and contrast, think creatively effective writing
Help students draw Use activities that help students Learn to synthesize and summarize,
conclusions/apply learning to new synthesize info, write summaries, write and organize information, use
situations solve new problems problem-solving skills
Help students communicate with Use activities that support making Learn to make presentations,
schools presentation, communicating orally, communicate results orally,
writing papers Write and organize information

Colburn (2000) points out that students engaged in science inquiry will demonstrate the

following behaviors:
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= "Describe objects and events."

= "Ask questions."”

= Construct explanations."

= "Test explanations against current scientific knowledge."
» "Communicate their ideas to others."

= "Identify their assumptions."

» "Use critical and logical thinking."

= "Consider alternative explanations."

Elementary education has not been lengthened under the K-12 program unlike secondary
education. However, the medium of instruction has changed significantly (Okabe, 2013). It is
now ‘Mother Tongue-Based Multilingual Education” for Grades 1-3, since Tagalog is not the
only language spoken in the Philippines and there are more than 170 languages. Along with
Tagalog and English, eleven other languages will be used. With this reform in the elementary,
younger children will be able to follow the classroom instruction. Two studies in the United
States (Ramirez, Yuen, & Ramey, 1991; Thomas & Collier, 1997) and one in the Philippines
(Walter & Dekker, 2011) concluded that minority language students who gained literacy in their
first language experienced higher academic achievement than students who learned in a second
or third language. Also, from Grades 4 — 6, the language will shift to Tagalog. The recent
development, which is a big change in the Philippine educational system under the K-12
program, is in secondary education. The change in structure involves the lengthening of the years
of education, adding two years to make it six years and having the junior and senior high
schools.

Based on the DepEd’s basic curriculum guide, it is in Grade 3 where the practice of
inquiry method of teaching starts. In the classroom, the teachers follow the general principle of

providing materials and setting the environment for the children to experiment, discover, ask
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questions, give answers and receive positive feedback from the teacher. In so doing, the students
learn to design and conduct investigations, use different strategies to obtain information, and
communicate results. Further, students learn the skill of properly collecting and organizing data,
formulating explanations or models based on their investigations, analyzing and evaluating
information, and making decisions based on sound judgment and logical reasoning. However,
science typically receives very little time in primary classrooms, with teachers often lacking the
confidence to engage in inquiry-based teaching because they do not have a sound understanding
of science or its associated pedagogical approaches (DepEd, 2003). Moreover, students become
less prone to ask questions as they move through the grade levels, listening instead and repeating
the answers. However, this did not stop some government and private institutions from
considering the inquiry approach as an important reform in the basic education. In fact, the use of
the inquiry approach as a method developed toward 2006 when the Science Education Institute
of the Department of Science and Technology (DOST-SEI), together with the University of the
Philippines’ National Institute for Science and Mathematics Education Development (UP
NISMED) and the Philippine Council of Mathematics Teachers and Educators (MATHTED)
published the frameworks of science and mathematics education in the country (Marchadesch,
2012). As indicated in its publication, there is still an emphasis on the development of inquiry
skills. Toward the implementation of the K to 12 curriculum in 2012, the inquiry-based
approach was retained as a new reform in understanding and applying scientific knowledge,
performing scientific processes and skills, and developing and demonstrating scientific attitudés

and values.
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Kinds of Inquiry Approaches
The common classroom setting in the Philippines may demonstrate the use of different
inquiry approaches as teachers expose the students to inquiry-based activities such as open-
ended, student-centered, hands-on activities (Martin-Hansen, 2002; Colburn, 2000). The
authors enumerate four (4) approaches to inquiry-based instruction, namely, Structured Inquiry,
Guided Inquiry, Open Inquiry, and Learning Cycle.
Structured Inquiry. Sometimes this is referred to as direct inquiry. It is a guided inquiry
mainly directed by the teacher. In this approach, the teacher establishes parameters and
procedures for inquiry by providing the students with a hands-on problem to investigate.
The teacher also provides the students with the procedures and materials necessary to
complete the investigation. As the problem is investigated, students discover relationships
between variables and make generalizations from the data collected leading to the
discovery of expected outcomes. The advantage in using this approach is that it allows
the teacher to teach students the basics of investigation. Further, the teacher also teaches
the techniques in using various equipment and procedures that can be used in more
complicated investigations. In short, structured inquiries provide students with common
learning experiences that can be used in guided or open inquiry. For example, in a
biology lesson about the cell, students examine the parts of a cell using a model or
through experimentation and later on, compare and contrast plant cells with animal cells.
From this activity, the students will understand how cells are organized to form specific
structures.
Guided Inquiry. In this approach, the teacher helps students develop inquiry

investigations in the classroom. Usually, the teacher chooses the question for
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investigation, as well as the necessary materials. Students are expected to devise their
own procedure to solve the problem. For example, in the lesson, Cell Structures, the
students are asked to demonstrate their understanding of the basic structures of cells and
the essential functions in cells. As an input, the students build a model of a factory where
each factory part is compared to a specific cell part in terms of functions.

Open or full inquiry. This has been defined as student-driven or student-centered or
student-initiated approach. Students formulate their own problem and procedures to
solve. Open Inquiry is analogous to doing science. It begins with a student’s question,
followed by the student (or groups of students) designing and conducting an investigation
or experiment and communicating results. This approach most closely mirrors scientists’
actual work. Science fair projects are often examples of Open Inquiry in which the
teacher announces “The Science Fair”, an opportunity for the students to conduct their
personal investigations into basic science.

Learning Cycle. In this approach, students follow guided inquiry procedures followed by
teacher-led discussion of their findings. For example, the concept of photosynthesis is
introduced. The idea is that students are exposed to the concept prior to its introduction.
The students eventually return to the inquiry setting and apply the newly acquired
knowledge to a new situation. For example, they could be given materials to observe the
rate of photosynthesis and be asked to analyze the factors that influence the
photosynthetic reaction. In short, in this approach, the students are involved in an activity
that introduces a new concept. Afterwards, the teacher informs the students of the formal
name of the concept. Students transfer knowledge of the concept through application in a

different context.
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French and Russell (2002) included several abilities for inquiring in this paragraph:

Although there are variations of inquiry-based instruction (e.g., open-ended, guided, structured), they share
all or most of the following characteristics: inquiry-based instruction places more emphasis on the students
as scientists. It places the responsibility on the student to pose hypotheses, design experiments, make
predictions, choose the independent and dependent variables, decide how to analyze the result, identify
underlying assumptions, and so on. Students are expected to communicate their results and support their
conclusions with the data they collected. In inquiry-based labs, the concepts behind the experiments are
deduced during the lab; the results are unknown beforehand, although predictable, because the students
designed the experiments. Results that do not support the students’ hypotheses are not viewed as a failure
but as an opportunity for the students to rethink any misconceptions in their understanding of concepis.

According to Khan (2007), there are several processes associated with inquiry in science:

(1) Identifying a problem and gathe;ing information;

(2) Making predictions;

(3) Making sense of observations and finding patterns in information;
(4) Using analogies and physical intuition to conceptualize phenomena;
(5) Analyzing and representing data;

(6) Postulating potential causal factors,

(7) Working with evidence to develop and revise explanations;

(8) Generating hypothetical relationships between variables;

(9) Evaluating the empirical consistency of information;

(10) Formulating and manipulating mental or physical models (modeling);
(11) Coordinating theoretical models with information; and

(12) Sharing what has been learned from the inquiry with others.

Based on their study, Espinosa-Bueno et al. (2011) selected seven pedagogical activities
related with the inquiry process, which are presented in Table 2.

Table 2.Pedagogical Activities Associated With the Inquiry Process

Identify and consider questions that can be answered through inquiry.

Define and analyze properly the question to be solved and identify its relevant aspects.
Gather bibliographic information to be used as evidence.

Form evidence, to develop explanations to the posed question.

Think about everyday problems and display relevant historical aspects.

Design and conduct a scientific investigation through a set of actions.

Communicate by means of argumentation what has been learned through inquiry

o|m|mlo|n|w|>
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The Department of Education enumerates the three domains of learning science (i.¢.,
understanding and applying scientific knowledge, performing scientific processes and skills, and
developing and demonstrating scientific attitudes and values), from which the design of the K-12
curriculum is based. These domains are generally acquired through multi/interdisciplinary
approach, science-technology society approach, contextual learning, problem/issue-based
learning, and inquiry-based approach. Science content and science processes are intertwined in
the K to 12 curriculum and it follows that without the content, learners will have difficulty
utilizing science process skills since these processes are best learned in context. The new
curriculum is organized around situations and problems that challenge and arouse students’
curiosity in order to motivate them to learn and appreciate science as relevant and useful. Rather
than relying solely on textbooks, varied hands-on, minds-on, and hearts-on activities will be used
to develop students’ interests and let them become active learners. In general, the K to 12 science
curriculum is learner-centered and inquiry-based, emphasizing the use of evidence in
constructing explanations. This is the conceptual framework indicated in Fig. 1, as followed by
DepEd in its implementation of the K-12 curriculum in 2016 where the inquiry approach is

emphasized.
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Figure 1. The DepEd’s Conceptual Framework of Science Education

Implementing the Inquiry Approach in the Classroom

It is not enough that the inquiry approach as a new reform in science teaching was
implemented in the K-12 curriculum in 2012, What is more important to know is the teacher’s
practice inside the classroom. Implementing inquiry should be a natural process of teaching that
supports the nature of science and employs the natural curiosity of students. According to
Colburn (2000), teachers implement inquiry as a continuum, beginning with structured inquiry
and progressing through guided inquiry to finally encouraging open inquiry. Davis (2002)
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reported that there are four phases within each of the inquiry approaches. Each phase is

characterized by questions that guide students to make their own discoveries. The phases of

inquiry are summarized in Table 3.

Table 3. Summary of the phases of inquiry

Phase

Characteristics

Examples of questions asked

Initiation °
[ ]

first phase in all levels of inquiry
designed to stimulate and motivate
students' curiosity through questioning
provides students with an opportunity to
experience a phenomenon or something
new that challenges a previous belief or
assumption

e Have you ever seen...?
e Did you notice...?
e What did you observe...?

Exploration Phase

second phase of inquiry

What happened when...?

® questions are eliminated or narrowed e What did you...?
down to those types of questions students e What could we do to find
can actually physically answer through out...?
experimentation or research e What questions do you
have...?
Experimentation e third phase of inquiry e What did you find out
Phase e students form into groups to conduct an about...?
experiment e How is it the same as or
e students collect data and information, and different from...?

then formulate a method of presentation.

What do you know about the
charactenistics of... ?

Presentation Phase °

last phase of inquiry

groups or individuals take the information
gathered in the experiment and put it into
some form of presentation

(PowerPoint or project display boards)
the group or individual will share the data
with an audience and allow time for
questions concerning procedures, data,
information, etc.

Can you explain why...?
Why do you think...?
What other factors may be
included in...?

Can you find a way to...?
How did you arrive at a
solution to...?

Challenges to the Implementation of the Inquiry Approach in the K-12 Program

The inquiry approach as a new reform may improve the educational system of any

school. According to Adelman and Walking-Eagle (1997), in order for a reform to be successful,

practitioners must establish a culture of change. In the implementation of the inquiry approach in

teaching science, there are challenges to be considered in measuring its success.

School culture. As the inquiry approach is introduced as a new strategy, a school culture

should be maintained among the staff members by interacting with each other, the
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students, and the community at large (Hargreaves, 1997). The culture also involves
teachers having time to learn about, implementing, and reflecting on the new reform. In
order to change teacher thinking and behavior, training is required and this takes time.
Not only is some sort of professional development necessary for teachers to understand
the introduced new reform, but they also need time to understand what is expected of
them and reflect on it. The school culture also considers quality leadership of the
principal in order to make collaboration with respected teacher leaders regarding the new
reform.

Support. Problems associated with support include inadequate funding, lack of
administrative support, and system or school policies. Any system or organizational
policy to be implemented should be funded. For example, the fund should be spent for
holding trainings and workshops for the familiarity of teachers with the inquiry approach.
However, even if funding is adequate, it is possible that other support barriers may exist.
Moore (2014) expressed concern, stating that administrators should not only support the
change with supplies and resources, but also by providing time for collaboration about
the implementation of the inquiry approach. The role of the administration was
emphasized in the study of Berge and Clark (2006). The authors said that although
administration plays an active role in new reforms in schools, educators need time to
process the changes so that continued modifications are made.

Time. Time is an important factor to consider in teaching using the inquiry approach. As
observed in classes (Agron et al., 2010; Marshall et al., 2009), it is difficult to shorten the
time to discuss the required concepts in an inquiry-based manner. Likewise, it takes more

time to allow students to do inquiry-based activities such as creating experiments,
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discussing and then analyzing data. Moreover, due to the tight schedules of the teachers
during the school day, most of the activities involved with inquiry-based methods take up
a great deal of time to develop and/or prepare for use the next day. This preparation
requires more of the teacher‘s personal time, apart from the teacher’s other duties such as
being a class adviser or club adviser, leading to more stress (Johnson, 2005). Additional
time is also needed for teacher collaboration with other teachers when implementing the
inquiry approach (Glickman et al., 2009; Johnson, 2005).

Time is also needed for professional development of teachers. Learning the
inquiry approach for science teaching is not easy. It takes time for teachers to adopt it.
For instance, Johnson (2005) emphasized that time to undergo training for the
implementation of the new curriculum or methodology is necessary because teachers
with a strong content and pedagogical background tend to be more successful in adopting
a new reform. The importance of time for teachers to be trained was also pointed out by
Marshall et al. (2009) adding that the inquiry process is complex, requiring much training
for teachers to fully engage students with inquiry.

Belief System. The teacher’s belief system may take different forms. For instance, a
teacher’s attendance and participation in professional trainings, support and collaboration
can all be connected to what teachers believe is most effective in the classroom.
Similarly, Haney and McArthur (2002) said that the teacher’s beliefs may affect the
atmosphere of the classroom in terms of adopting a new reform. According to the
authors, these beliefs of teaching and learning tend to be self-perpetuated. This is the
reason why belief systems are difficult to change the earlier they are formed. For Chin-

Chung and Ching-Sing (2012), the teacher’s belief is paramount to the willingness to
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adopt a change in the reform. In the case of Chan (2010), case studies of eight primary
school teachers were investigated regarding their beliefs in the inquiry approach
implementation and it was found out that different teachers held diverse beliefs about the
inquiry approach. Such variation in teachers’ beliefs was found to affect teachers’
implementation of the inquiry approach.
Self-efficacy. This explains how people develop and maintain certain behaviors such as
the behavior in adopting a change in the curriculum. It is classified into two dimensions--
personal self-efficacy, which measures one‘s beliefs by one‘s ability to perform a certain
task (Bandura, 1997) and, outcome expectancy, which measures one‘s belief that the task
will produce a specific result. It is important to increase self-efficacy because it is
correlated to skills needed to attain certain goals and motivation to reach desired goals
(Bandura, 1997, Pajares, 2002). A relationship exists between self-efficacy and teacher
behavior (Lakshmanan et al.,2011; Powell-Moman & Brown-Schild, 2011) as indicated
in their study, which aimed to reveal how self-efficacy may have influenced
implementation of the inquiry appfoach. Results show that higher levels of teacher self-
efficacy translate into desired teacher behaviors in using the inquiry approach that led to
the improvement in student achievement in terms of performing inquiry-based activities.

Factors for Adoption of IBA

Professional Development

Maintain a continuous professional learning on IBA. Continuous professional

development for pre- and in-service teachers should be maintained in order to sustain the
adoption of IBA. Lunsford et al. (2007) reported that by providing pre-service teachers

with basic to complex levels of inquiry, teachers could progressively develop scientific
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and critical thinking, as well as the production skills of complex inscriptions. Riegle-
Crumb et al. (2015) revealed that after participating in Hands on Science (HoS) courses,
the prospective teachers’ attitudes became positive toward inquiry, while the comparison
group indicated a decline in favorable attitudes to science. In addition, recent research
and projects related with continuous professional development have aimed to develop
teachers’ cooperation and collaboration by establishing links within and between school
networks as well as other local and regional stakeholders (Bolte, Holbrook, Mamlok-
Naaman, & Rauch, 2014: Smith, 2014; Snow-Gerono, 2004). In so doing, the teachers
could be given the chance to work together, share ideas and resources, and reflect on
innovative teaching practice in the classes (Loucks-Horsley et al., 2009).

There are teacher trainings that have been suggested as an effective way to
increase teachers’ motivation and readiness to adopt new approaches, such as inquiry into
their teaching. Different authors have brought out several aspects to be considered by the
teacher educators that would make the teacher trainings most effective. Capps and
Crawford (2013) stress the importance of teachers engaging in authentic scientific
investigation, supporting teachers in using the inquiry approach, and supporting the
reflection of teachers. Based on their study results, Voet and De Wever (2017) argue that
to achieve positive effects on students, teachers’ attitudes toward the inquiry approach
and perceived competence to teach IBA, trainings should focus on (1) stimulating active
learning, (2) changing beliefs, and (3) providing a practical guide. There is evidence that
positive effects can be achieved through specially-designed teacher training courses. For
example, Ertikanto et al. (2017) report success with a teacher training program

implemented in Indonesia that was designed to follow Bandura’s stages of social learning
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(learning by observing) - attention, retention, production, and motivation. The effect was
observed in the teachers’ inquiry skills. Perez and Furman (2016) found that a 10-month
professional development course in Peru, which engaged teachers in designing inquiry-
based lessons, had a positive impact on the teachers’ practice of inquiry. The authors
concluded that the factors that counted for the change were the teachers’ revised views,
engaging in inquiry activities themselves and trying out the inquiry approach within their
classroom.

Build a culture of inquiry through collaboration. Many teachers may think that inquiry

1s for science only. Inquiry is not exclusive to science or science teaching. Teachers from
the secondary level and from the elementary level can and often use inquiry-like
strategies. They need and want the moral and collegial support of working with other
teachers on innovative and, what they consider, risky projects. They also need the sense
that inquiry has its counterparts in other disciplines aside from science. A culture of
inquiry in schools, where teachers work collaboratively, can contribute to the quality of
inquiry-based education (Verhoef et al., 2020). According to the authors, self-efficacy in
collaboration with colleagues in inquiry-based working in the school facilitates the
contribution teachers can make to a culture of inquiry. Self-efficacy in teacher
competencies concerns the teacher’s feeling that she/he is capable of teaching well.
Butler et al. (2015) support that the vast majority of teachers increases in efficacy, which
could be associated with their engagement in collaborative inquiry, and which, in turn,
had potential to fuel on-going change efforts. Thus, a culture of inquiry in which there is
inquiry-based collaboration is necessary (Snow-Gerono, 2004, Katz and Dack, 2013,

Godfrey and Brow, 2019). Collaboration with teachers involves participation in a
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research group, involvement in a research project or communication on inquiry-based
approach. When the majority of teachers in a school are working on a common goal, the
level and amount of professional talk goes up (Deluca et al., 2017) and teachers begin to
support each other in a common effort to change the way they teach and how their
students learn.

School Support

Update the available school resources. An important impediment to implement IBA is

lack of appropriate teaching resources. An important resource is a textbook. Traditional
textbooks are often not conducive to inquiry-based teaching. Yang et al. (2019) reported
that current textbooks do not present balanced dispositions to use inquiry process skills,
and inquiry-based tasks in current textbooks do not reflect a proper understanding about
scientific inquiry. These findings call for revisions of inquiry-based tasks in textbooks
and indicate the ambiguous understanding about inquiry that may be held by the textbook
authors. High-quality inquiry-based tasks in textbooks are actually paradigms and
practical guides for inquiry-based instruction. Thus, administrators need to upgrade the
textbook to use by making an effort to check if it is a good IBA textbook (Pingel, 2010).
Administrators should emphasize inquiry-oriented materials when approving textbooks
and instructional materials as they have an opportunity, an obligation, and often the
authority to influence the procedures and criteria used.

Administrators also need to ensure that teachers have appropriate equipment to
manipulate, supplies, and consumable supplies that are replaced regularly. For example,
it is not enough that there is the microscope that can be used to examine cells, often to

observe the difference between plant and animal cells and where students may be
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instructed to prepare wet mounts and do simple staining. All of these are important skills
to have in order to use the microscope correctly, but it does not give students the chance
to do science. More than using the microscope, teachers should teach the students to
collect evidence through experimentation using the microscope in which they ask a
question, design a procedure to answer that question, record data, analyze the data, and
draw conclusions (Styer, 2012). For the other supplies like chemical solutions, there is a
need to update them by checking on their expiry date. For instance, in using a staining
solution for observation of mitosis and meiosis stages, teachers should check if the
staining solution still works, otherwise there will be no scientific inquiry on the
differences between mitosis and meiosis in terms of chromosome behavior. Even simple
and small supplies along with models should be checked for implementation of any
inquiry-based activity. Fitzgerald et al. (2019) found out in their study that the lack of
good models and the lack of good resources enabling the capacity for change are

important barriers for inhibiting IBA use.

Use more technology tools to extend learning opportunities. The different technology
resources such as computers, mobile devices like smartphones and tablets, digital
cameras, social media platforms and networks, software applications, the Internet, etc. are
used in daily classroom practices to facilitate the teaching-learning process. Likewise,
modules are used to facilitate the discussion (especially during this pandemic time).
However, more technology tools can be used to extend learning opportunities. The
presence of a dedicated online space to share, questions, ideas and thoughts available
both during and after class time makes it possible for teachers to foster a community of

learners. Apart from the usual video conferencing such as Zoom and Google classroom as
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LMS (Learning Management System), South (2017) suggests using other web-based
tools such as BB Collaborate, Microsoft Teams or Google Meet, or an improved LMS as
a platform where students can ask questions, seek responses, inquire on something and
have conversations about content, both in and out of school. The constant use of message
boards and digital communication can get the entire class involved in group conversation
and collaboration at a level that each student is comfortable with. In incorporating these
types of tools and strategies to drive learning through inquiry, teachers should never
again have to “call on” students to participate. Moving toward student-centered learning
design provides many opportunities for students to be involved in ways that feel good to
them.

Whitman (2018) remarks that with the digital era taking over, 1t is important to
include digital and online tools into the learning process, where students rely on smart
devices and internet more than on conventional learning methods. Keeping up with this
trend is what allows the teacher to better understand students and their needs. Moreover,
these tools make the learning process in an inquiry environment more interactive and
allow easier flow of information, which makes the teacher's job more meaningful and
much easier. In addition, Murali (2020) states that the use of technology in education has
improved students’ academic performance drastically. Although traditional classroom
teaching may still be prevalent, many educational institutions are coming forward in
embracing technologies such as digital whiteboards, flipped classrooms and chromebooks

replacing textbooks.
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Evaluation Measure
Measure inquiry instruction using a standard protocol. To ensure that inquiry
instruction is maintained in the classroom, one mechanism that can help support teachers
in improving the quality of inquiry-based learning facilitated in the classroom is the
Electronic Quality of Inquiry Protocol (EQUIP) (Marshall et al., 2008). This protocol
provides a reliable, valid measure of the quality of inquiry being facilitated and is focused
on four major pedagogical constructs - instruction, curriculum, discourse, and assessment
(Marshall et al., 2010). The descriptive rubric associated with EQUIP allows teachers,
instructional coaches, administrators, and researchers alike to measure and discuss what
occurred or has been occurring and then allows individuals to chart tangible, intentional
steps that can be undertaken to improve the overall quality of instruction (Marshall et
al.,2010). Each of the 19 indicators, that comprise EQUIP’s four constructs, is designed
to measure a critical aspect associated with the quality of inquiry that occurs during a
lesson; each details four possible levels of performance (Pre-inquiry—Level 1,
Developing Inquiry—Level 2, Proficient Inquiry— Level 3, and Exemplary Inquiry—
Level 4). EQUIP was written and validated so that Level 3 is the target for high quality
inquiry. Further, preliminary data suggest that the quality of inquiry (measured by
EQUIP) is an excellent predictor of both student science content and process knowledge
(measured by Measures of Academic Progress test; NEA, 2004). In helping teachers to
transform their practice to higher quality inquiry-based teaching, Cassie Quigley et al.,
(2011) found that it is most helpful when teachers target 2-3 indicators (e.g., Order of
Instruction or Questioning Level) at a time to improve. This allows them to be more

focused and intentional about the improvements until the new skills become automated in
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their practice. As one begins using EQUIP, it is helpful initially to establish a baseline of
teaching performance. This can be done by videotaping and then scoring the lesson later,
by having a peer teacher or head of the department observe a lesson and then score the
performance, or by working with a team of teachers to analyze and score the lesson
(similar to a lesson study with EQUIP used to focus the discussion). The scores, when
used in conjunction with the rubric, help articulate what occurred during the lesson. For
teachers, EQUIP provides a framework to make their instructional practice more
intentional as they strive to increase the quantity and quality of inquiry instruction. For
researchers, EQUIP provides an instrument to analyze the quantity and quality of inquiry
being implemented, which can be beneficial in evaluating professional development
projects.

Benefits of the Inquiry Approach Use to Teachers and Students
Teachers are challenged to adopt the inquiry approach as a new reform in basic

education. The challenge may entail positive effects that benefit the teachers and the students as

well. Some of these effects are presented.
School-wide understanding of the inquiry approach. According to Schagen (2011),
good orientation on the use of the inquiry approach promotes a shared school-wide
understanding of a new reform. The author found that effective school-wide involvement
usually leads to a better shared understanding of the school’s curriculum at the classroom
level. The initiatives of DepEd in holding trainings and seminar-workshops about the
inquiry approach are what teachers need in order to be equipped with the details of its

implementation.
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Improvement of student academic achievement. The implementation of K-12 in 2012
has challenged the teachers to do the inquiry approach and for this, the teachers have
become more accountable for student academic achievement (DepEd, 2003). There 1s
motivation for the teachers to increase student performance in formal assessment. For
many teachers, the traditional ways of teaching are not producing the desired resuits,
hence the new approach is considered. DepEd emphasizes that science teaching must
involve students in inquiry-oriented investigations wherein they interact with their
teachers and peers. Likewise, active science learning means shifting emphasis away from
teacher’s presenting information and covering science topics.

Improvement of student’s understanding, thinking and skills. Learning from inquiry
allows better understanding of concepts (Gardner, 1999). For example, specific content
such as photosynthesis has much more relevance for the learner if set in a larger context
of understanding the interrelationship of the components of photosynthesis - sun, green
plants, and the role of carbon dioxide and water. Industrial development as a social
studies content set in the context of interrelating changes in the human-designed world
can add new perspectives to this important natural process. Because of inquiry learning,
the students can still learn both science and social studies contents, but through a series of
well-planned experiences, they will grasp the larger conceptual context and gain greater
understanding. Some skills are also developed in inquiry learning. Within a conceptual
framework, inquiry learning and active learner involvement can lead to important
outcomes in the classroom. Students who actively make observations, collect, analyze,
and synthesize information, and draw conclusions are developing useful problem-solving

skills. These skills can be applied to future "need to know" situations that students will
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encounter both at school and at work. Another benefit that inquiry-based learning offers
is the development of habits of mind that can last a lifetime and guide learning and
creative thinking. Thus student’s thinking is improved and developed.

Paradigm shift challenge. The adoption of the inquiry approach is a challenge among
teachers. Doing this approach means getting away with traditional approaches. The
inquiry approach pays particular attention to the standards that describe what students
should know and be able to do with respect to scientific inquiry (Fuchs, 2005). In this
approach, the real-life context of the classroom lessons is engaging, and the knowledge
gained can be applied immediately to students’ lives. In this paradigm shift, the teachers
are able to design and sequence specific learning experiences. Further, there is also focus
on different inquiry-based and hands-on activities where students are empowered to
become more active in the learning process (Goodwin & Adkins, 1997).

Means for professional development. Teaching through the inquiry approach is
considered a means for professional development (Schagen, 2011). This is because the
teachers can engage in new and different teaching practices. Doing inquiry-based
activities offers a new window through which teachers get a glimpse of what new
teaching strategies look like in action. In addition, by using the inquiry approach, teachers
can change how they think about teaching and embrace new approaches that stimulate
students to solve problems, reason, investigate, and construct their own meaning for the
content. Finally, teaching inquiry-based activities can encourage reflection that will

stimulate teachers to improve their practices by focusing on student learning through

inquiry.
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Status of the Inquiry Approach Adoption
Some initiatives from the private sector may have been done regarding the adoption of
the inquiry approach in basic education, however, there is no available document to account for
this. What is presented is the initiative from the French government regarding the
implementation of the inquiry approach that aims for possible adoption across the globe. There is
also the presentation on the adoption of the inquiry approach in the Philippines. The presentation
will give an overview of the status of inquiry approach adoption.
Global Adoption. What is considered to be adopted globally is La main a la pdte
(Lamap), which is learning by doing, an inquiry-based science teaching program
launched in 1996 by Georges Charpak, winner of the Nobel Prize for Physics in 1992. It
started in 2000 when the French Ministry of Education decided to implement a 3-year
ambitious “national plan of renewal of science teaching” at the primary level, inspired by
La main a la pdte. Since then, Lamap continues to innovate, support teachers and
contribute to the elaboration of new national standards and best practices for science
education in France, moving in 2006 from primary to middle school (Grades 6 & 7)
(Saltiel & Delclaux, 2010). This Lamap story is an example of how the initiatives of a
group of scientists and many partners were able to contribute to the transformation of
science education in a highly centralized educational system and to rapidly collaborate at
international level with many countries. The program was later launched by the French
Ministry of Education in primary schools and since then, the number of schools adopting
this approach has multiplied.
Through the LAMAP approach in science learning, students are led to discover

and learn science spontaneously and naturally, as they construct knowledge by being
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exposed to situations that arouse their curiosity toward natural phenomena. Moreover, the
students are stimulated to ask questions and discover the answers as they move through
the process of scientific investigations. The LAMAP program not only encourages active
participation in science lessons, but also develops the spirit of teamwork among children.
By introducing students to argumentation, LAMAP purports to give a better
understanding of words that are spoken, written and read. Through encouraging students
to debate among themselves when they solve problems, LAMAP also encourages
constructive citizenship.

A typical La main a la pdte lesson follows the inquiry principles. It starts with a
question inviting the students to advance their own hypotheses. Investigation, free
expression, argumentation in groups, and experiments are then used to develop reasoning
and curiosity (Sarmant et al., 2010). Moreover, the students acquire a new awareness of
the utility and explanatory powers of scientific principles and the logic of science.
Further, they discover the value of teamwork and acquire the skills needed to prepare and
carry out an experiment. Since the end of the national priority given to science in 2003,
progress has been constant although slow. In 2010, it was estimated that about 50% of
primary schools followed more or less the new science curriculum, but only 10% of
teachers were able to apply inquiry teaching, with a continuum of classroom practices
existing between full practice and really inadequate ones (Saltiel & Delclaux 2010).

For many years, La main a la pdte has been widely implemented abroad and its
expertise is regularly solicited in order to inform and train foreign delegations, to
organize training sessions abroad, to contribute to the renewal of science teaching in

many countries and to make its resources available to its partners. This action falls within
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the framework of the many relationships maintained by the Academy of Sciences with a
number of other academies throughout the world. Since 2010, the French government
with the help of some international agencies, has been offering seminar-workshops on
inquiry-based science education (IBSE) catering to teachers/educators in some parts of
the globe. For example, in 2012, the Southeast Asian Ministers of Education
Organization (SEAMEOQ), an inter-governmental organization established in 1965 among
the governments of Southeast Asién countries to promote cooperation in education,
science, and culture in the region organized a seminar-workshop about the inquiry
approach. Among the participants were those from Brunei Darussalam, Cambodia,
Indonesia, Lao PDR, Malaysia, Myanmar, Philippines, Singapore, Timor Leste, Thailand,
and Vietnam. Likewise, in the last five years, the French government has been offering
the same workshop which the government opens to educators under DepEd and its
counterpart in some parts of the globe.

Local Adoption. In the Philippines, the inquiry approach is adopted as a teaching
strategy across disciplines. This means that it is applicable to any particular subject area
by integrating it in specific topics. Learning through inquiry is a universal human
phenomenon. As such, the general guidelines for the inquiry approach are expected to
hold for any discipline (Ibafiez & Ocampo, 2010). However, it is expected that
differences emerge from variations in the nature of inquiry across disciplines.
Teachers and experts in different fields often vary in how they frame their inquiries, in
the tools and methods they use to investigate their questions, in the resources they
explore, and in their perception of what constitutes good evidence. Based on the DepEd’s

conceptual framework of science education, the inquiry approach is highly recognized
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and recommended as one important teaching strategy. For this, it is expected the inquiry

approach will be used in the teaching of a particular topic in science.
Concepts and Processes of Inquiry

There are specific tools used by the teachers in their practice of the inquiry approach,
which include observation, experimentation, and communication for observing and explaining
natural phenomena. Teachers follow a logical order, starting with observations, identifying
questions, implementing a set of procedures, and usually, finishing with formulating conclusions.
Colburn (2000) points out that inquiry means dealing with concepts and concerns that affect
humans every day. These concepts are not independent but are intertwined and multidisciplinary,
providing students with a multitude of opportunities to become involved with science. Each
concept includes one or more processes that teachers must consider in the development of an
effective science curriculum. These concepts and their accompanying processes are presented in
Table 4.

Table 4. Concepts and Processes of Inquiry

Concept Processes
A. Discovering Observing; Classifying; Measuring; Inferring
B. Valuing Communicating
C. Exploring Predicting; Experimenting

In order to be effective, science teachers must incorporate each of the three concepts into
every aspect of the curriculum. Thus, it requires attention to the processes that promote these
concepts. These processes ensure that any science lesson or unit taught by the teachers using the
inquiry approach appeals to the curiosity of students and addresses the goals of inquiry

instruction.
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Inquiry is "hands-on" and "minds-on." In the classroom, science instruction must involve
students in inquiry-based investigations where students collaboratively interact with peers, and
teachers through the concepts and processes of inquiry. As the inquiry approach is used in
science teaching, students are able to make connections between prior knowledge and new
information gained from a variety of sources and past experiences. Based on this, Colburn (2000)
emphasized that the inquiry-based approach is recognized as a highly effective method for
learning so that teachers must be able to select strategies and activities that consider the learning
styles and needs of students, as well as the content of instruction. With the inquiry approach,
teachers make the students engage in problem solving, planning, decision making, discussions,
and questioning.

The Concept of PCK

PCK was originally introduced by Shulman (1987) as the blending of content and
pedagogy into an understanding of how particular topics, problems, or issues are organized,
represented, and adapted to the diverse interests and abilities of learners. PCK is also the
knowledge of the transformation of several types of knowledge for teaching (including subject
matter knowledge), and that as such, it represents a unique domain of teacher knowledge
(Magnusson et al.,1999). This finds support to what some authors (Baxter & Lederman,1999;
Park et al., 2011) have pointed out, whereby PCK is a unique knowledge processed only by
individuals within the profession of teaching. Consequently the concept of PCK is useful to help
the teachers’ understanding of what teachers know, what teachers should know, and how they
might develop it.

The concept of PCK focuses on two crucial points in teaching, namely, understanding

and representation (Shulman, 1987). PCK is very significant to teaching practice because it
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provides teachers with pedagogical reasoning based on specific content, specific learners and
context. Based on content knowledge and general pedagogical knowledge, PCK carries some
traits of these two categories of knowledge. Several researchers have defined and perceived PCK
in different ways when examining the concept from different perspectives. While some
researchers (Gudmundsdottir, 1987b; Shulman, 1987) stressed the central role of content
knowledge in PCK, others emphasized its pedagogical nature (Cochran, DeRuiter & King, 1993;
Cochran, King, & DeRuiter, 1991). Generally, PCK is defined as a construct of several
components associated with transforming content knowledge into pedagogically powerful
strategies, but PCK components need to be identified in a specific subject. Documentation of a
number of studies has been made to identify PCK components in different subjects like English
(Grossman, 1990), Mathematics (Lee & Luft, 2008), Science (Magnusson et al., 1999) and
Physical Education (You, 2011). These researches contributed to the conceptualization of PCK,
which consists of a domain. According to the authors, domain refers to the general components
of the effective transmission of knowledge from teachers to students regardless of the
knowledge area. In this regard, PCK contains some components that apply to all content areas.
The Taxonomies of PCK

Woolfolk (1993 in Veal, 1999) defined taxonomy in the field of education, as a
‘classification system’. One PCK taxonomy of Cochran et al. (1991) involves the incorporation
of four components: knowledge of subject matter, knowledge of students, knowledge of
environmental contexts, and knowledge of pedagogy. These are presented using two Venn
diagrams that show how the four components overlap, and how PCK is centralized within the

overlaps (Fig. 2).
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Novice teacher Expcricnccd teacher

Figure 2. PCK Taxonomy using a Venn Diagram

All the four components are integrated in each diagram. The first diagram 1s for a novice
teacher while the second and larger diagraim is for an experienced teacher, symbolizing the ‘extra
knowledge” gained from years of experience as seen in a greater overlap, symbolizing increased
integration of the four components; thus greater PCK development.

Veal and MaKinster (1999) presented two taxonomies that offer a relatively
comprehensive categorization scheme about PCK development in teacher education. The general
taxonomy of PCK addresses the distinctions within and between the knowledge bases of various
disciplines, science subjects and science topics (Figure 3). The foundation of this taxonomy
describes the general teaching skills or pedagogy that should be developed by all teachers, which
include planning, teaching methods, evaluation, group work, questioning, wait time, feedback,
individual instruction, lecture, demonstration, and reinforcement. Such strategies are not related
to any specific content area, and can be used across content areas. The details of levels within

this taxonomy are summarized in Table 5.
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Figure 3. The General Taxonomy of PCK

Table 5. The Levels of the General Taxonomy of PCK and Characteristics

Level Characteristic
General PCK ® More specific than pedagogy, because the concepts and strategies
employed are specific to the disciplines of science, art, history,
math, or English.
® The same as what Magnusson, Krajcik, and Borko (in press) called
subject-specific PCK strategies, where subject meant the content
area of science
® General PCK orientations might be applied to other disciplines, but
the processes, purpose, and content or subject-matter would not be
the same
Domain-specific ® More distinct than general PCK, because it focuses on one of the
PCK different domains or subject matters within a particular discipline
® Positioned between disciplines and domains of science to represent
a different level and specificity of subject-matter and pedagogy
Topic-specific PCK e Most specific and novel level
® A teacher who has knowledge in this level of PCK could have a solid

repertoire of skills and abilities in the previous levels

The taxonomy of PCK attributes (bird’s eye view and side view) (Figure 4a & Figure 4b)

details a hierarchical structure for pedagogical content knowledge and its attributes. The central

location of pedagogical content knowledge signifies its importance. The surrounding attributes
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(assessment, context, environment, nature of science, classroom management, curriculum,
pedagogy and socio-culturalism) are all connected, representing an integrated nature of the

epistemological components.

KNOWLEDGE OF STUDENTS

__—] Asscssment [T———_

Contcext Socioculturalism
! ~_ |
Envl\ronmcm PCK Pcdagogy
t - 1
Nature of Science T Curriculum ¢

\‘ /
Classroom management

Figure 4a. Taxonomy of PCK Attributes, bird’s eye view

PCK
| "Content Assessment Curmriculum
Environment Pedagogy Socioculturalism
Nature of Science Classroom Management

l
_____ CONTENT KNOWLEDGE \

Figure 4b. Taxonomy of PCK Attributes, side view

In this taxonomy, the hierarchical structure suggests that a strong content background is
essential to the development of PCK. The attribute a science teacher needs in developing PCK is
a strong and thorough knowledge of their students because only after a teacher understands or
realizes the importance of the student component of teaching, can the other attributes of
pedagogical content knowledge be learned or developed. The knowledge of the students’

component, which includes understanding possible student errors and misconceptions, has more
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significance compared with pedagogical knowledge (Figure 4b), which portrays content
knowledge and knowledge of students as embedded in one another. It is because student errors
and misconceptions are more easily recognized when a teacher knows the content topics and
concepts. Finally, only after a teacher develops a solid understanding of his/her students can
he/she apply any of the other eight attributes appropriate to the students. This does not imply
that a prospective teacher does not already possess some of the other eight attributes; rather, the
teacher develops and integrates the eight attributes into a coherent manner more readily when
content knowledge and knowledge of students have been developed. The eight embedded PCK
attributes are not arranged in a hierarchical manner because they can be developed and
understood by the teacher at any time during their teaching career. The attributes are inter-
related; thus, the development of one can simultaneously trigger the development of others.
The PCK Model

The concept of PCK utilized by Chick, Baker, Pham and Cheng (2006) involves aims for
learning, student thinking, student misconception, procedural knowledge, resources, classroom
technique, purpose of content knowledge, evaluation of student learning and representations. The
PCK model of Sothayapetch et al. (2013) emphasizes student thinking, student’s misconceptions,
the understanding of procedural knowledge, knowledge of resources, aims for learning,
classroom technique, the purpose of content knowledge, evaluation of student learning,
representations and student understanding of conceptual knowledge. The model of Cochran et al.
(1991) can be incorporated to involve knowledge of subject matter, knowledge of students,
knowledge of environmental contexts, and knowledge of pedagogy. The Magnusson et al. (1999)
model has been the most common in usage because the components of the model are easy to use

at all steps of education. Based on these models, the PCK model used in the study includes four
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(4) knowledge bases: (1) knowledge about content knowledge, (2) knowledge about students’

understanding of science, (3) knowledge about assessment in science, and (4) knowledge about

instructional strategies for teaching science. Table 6 summarizes the PCK Model with

corresponding knowledge bases given specific PCK categories according to Chick, Baker, Pham

and Cheng (2006), Sothayapetch et al. (2013), Cochran et al. (1991) and Magnusson et al.

(1999).

Table 6. The Model of PCK used in the Study

PCK Category

Knowledge of

Definition: A Teacher

Aims for learning
Student thinking

Student’s misconceptions
Procedural knowledge

Resources
Classroom technique

Purpose of content
knowledge

Evaluation of student
learning of conceptual
knowledge

Representations of
concepts

Student’s abilities and
learning strategies,
learning styles,
attitudes and
motivations

Content Knowledge
Students’ Understanding
of Science

Students’ Understanding
of Science

Instructional Strategies

Instructional Strategies

Instructional Strategies

Content Knowledge

Assessment

Content Knowledge

Students’ Understanding
of Science

Describes a goal for students’ learning

Discusses or addresses students’ ways of
thinking about a concept or
recognizes typical levels of
understanding

Discusses or addresses the way to prevent
misconceptions about a concept

Displays skills used for solving scientific
problems

Discusses or uses the resources available
to support teaching

Discusses or uses generic classroom
practices

Discusses reasons for content being
included in the curriculum or how it
might be used

Assesses student’s understanding of a
scientific concept

Discusses materials, pictures, or diagrams
used to introduce a scientific concept

Discusses other student attributes related
to learning

41



Inquiry Approaches for PCK Development
The examples of inquiry-based teaching methods that may enhance PCK development
include project work, experiments or laboratory activities, demonstration, modelling,
simulations, reflective discussion and problem-based methods. These methods are categorized as
inductive strategies. The inductive strategy is based on the constructivist theory, which holds that
individuals construct meaning and understanding through their prior knowledge and then apply
this knowledge in new current situations (Chen, 2001). |
Several specific inquiry-based activities are presented to demonstrate their significance in
PCK development.
Project Work. Some authors have pointed out that an example of an inquiry-based
activity in science classes is project work (Keenan & Wood, 2004; Rabago, 2011; Mehta,
2015). Doing a project work provides an opportunity for a student to define a problem,
to plan his/her work, search appropriate resources, carry out plans, and draw conclusions.
Some of the projects can be completely theoretical and may involve only library work.
According to Shamsudin et al. (2013), the project approach in inquiry-based science
education focuses on the work given by the teacher for the students to carry out in
groups. Ideally, there should not be more than three students to a group and the group is
required to invent a project for their discovery content purpose (Hiang, 2005). Previous
studies reveal that project work benefits students in a number of ways - it allows for more
meaningful understanding of science concepts amongst students, enhances students’
academic performance (Ojo, 2007), and enables leamers to engage in the processes of
evaluating science content to be learned, anticipating how that knowledge could be used,

as well as applying the science content in authentic situations (Kanter, 2010). Further,
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project work also helps teachers in the development of their science content knowledge
(CK), as well as their science pedagogical content knowledge (PCK) as they prepare and
facilitate students’ work (Kanter & Konstanntopoulos, 2010).

Experimentation. Experiment is the core of doing investigation in the science
classroom. Teachers carry out an experiment to encourage students’ interest in learning
science. In doing an experiment, students often find the opportunities to manipulate
objects, test hypothesis, and work together to solve or prove something. Moreover,
through experiments, students are usually able to ‘see’ or ‘relate’ concepts better, hence
contributing to sound science conceptions. An example is a study of Olympiou (2011)
who found that through an experiment, the use of a blended combination of physical
manipulative (PM) and virtual manipulative (VM) enhanced students’ conceptual
understanding about the topics on light and colour. In addition, Demeo (2005) also noted
that through experiments, the teacher’s use of manipulative skills helped produce more
“mature” type of science education than using traditional laboratory instruction. Doing an
investigatory project is also an experimental work, which is a part of science teaching.
According to Mehta (2015), investigatory project making involves the inquiry approach,
which allows the students to demonstrate the mental and physical behaviors of scientists.
The students also learn more science concepts and skills. Further, they learn a practical,
useful approach to solving problems and answering questions. The inquiry process in an
experiment involves observing a process or event, formulating questions based on
observations, developing a workable hypothesis, devising a strategy for testing it,
analyzing and drawing conclusions from collected data, and communicating findings to

others. Thus, doing an experiment develops the teacher’s content knowledge and PCK.
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Demonstration. McFarland (2005) noted that demonstration is very helpful in promoting
students” learning via proving the existence or the truth of something through evidence.
Although teachers need to put in a lot of work to design, set up and think of the best
possible way to carry out a demonstration, the end result can be extremely positive.
Moreover, lecture demonstration can become an important component of overall teaching
strategy to provide a concrete, visual way to help explain a topic. The author also found
out that through demonstration, the nature of classroom interaction tends to be less
unidirectional. It is because the students become more actively involved in asking
questions about the science content. Miller (1993) noticed that, when using
demonstration, he spends more time looking at students’ expressions compared to the
time he spent on writing on the chalkboard. Through using demonstration as a teaching
method, Miller discovered that the method replaces teachers as source of knowledge.
Further, when using demonstration, the teacher becomes more creative, while students
learn to respect diversity and work collaboratively.

Modelling. Gilbert (2004) opined that aside from learning skills and techniques to help
the students, the teachers develop good teaching models as part of their PCK. Through
well-designed learning activities, they can help the students to construct a merital model
of concepts consistent with the scientific models being studied. Studying a teacher’s
teaching models is a good place to investigate their PCK. Some researchers (Carney &
[Levin, 2002; Gilbert, 1991; Harrison & Treagust, 2000) believe that models are essential
to the production, dissemination, and acceptance, of scientific knowledge. In biology,
models serve as representations of abstractions and entities that are created so that they

can be treated as objects (e.g., flows of energy as lines). Models also include
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representations both of abstractions and of the material objects on which they act at the
same time (e.g., of energy flows in the Krebs cycle). Models can be of a system or a
series of entities in a fixed relation to each other (e.g., of the organs of the human body).
Models can also be of an event, a time-limited segment of behavior of a system (e.g., of
the migration of an ion across a semi-permeable membrane, of human gestation and
birth).

Gilbert (2004) added that models can be simplified depictions of a reality-as-
observed, produced for specific purposes, to which the abstractions of theory are then
applied. They can also be idealizations of a possible reality, based on the abstractions of
theory, which are produced so that comparisons with reality-as-observed can be made.
Moreover, models can be used to: make abstract entities visible, provide descriptions
and/or simplifications of complex phenomena, be the basis for both scientific
explanations of and predictions about phenomena. Models used to acquire knowledge in

Biology serve a lot of purpose.
e Models provide an environment for interactive student engagement.
e Working with models can enhance thinking abilities.

e Models and model development are useful for helping students learn

quantitative skills such as graphing, graphical analysis, and visualization.

e The knowledge gained while using models and the understanding of model

development and implementation are transferable to other disciplines.

Simulations. Simulation activities provide students the opportunity to visualize and

model what they have learned. Thus, any simulation activity improves their chances of
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understanding, and especially makes students’ modeling dynamic. Simulations allow
learners the opportunity to model, explore, and try out a variety of strategies. Games and
modeling activities can elicit curiosity, create a demand for knowledge, and enable
students to discover knowledge through exploration (Edelson, 1998). Simulations provide
powerful new opportunities for learning. Role playing is an example of a simulation. This
teaching method was designed by Shaftel (1970) in order to help students study their
social values and reflect on them. It helps students collect and organize information about
social issues, develop empathy with others, and attempt to improve their social skills. As
the method asks students to "act out" conflicts, to learn to take on the roles of others, and
to observe social behavior, the students learn to synthesize and summarize, write and
organize information, and use problem- solving skills, which are important aspects of
inquiry (Seif, 2011). With appropriate adaptation, this teaching method can be used for
students of all ages.

Reflective discussion. Reflection, including personal beliefs/perceptions and personal
practical experience, is part of PCK (Morine-Dershimer & Kent, 1999). It is a teaching
method that encourages students to think and talk about what they have observed, heard
or read. Weeks (2015) supports the fact that it is an inquiry approach where the teacher or
student initiates the discussion by asking a question that requires students to reflect upon
and interpret films, experiences, or illustrations. As students question and recreate
information, they clarify their thoughts and feelings. The questions posed during
reflective discussion encourage students to relate story content to life experiences and to

other stories that will elicit personal interpretations and feelings.
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Problem-based Method. This is an approach to learning that focuses on the process of
solving a problem and acquiring knowledge. The approach is also inquiry-based when
students are active in solving the problem (Martin-Hansen, 2002). It is a student-centered
pedagogy in which students learn more about a lesson through the experience of solving
an open-ended problem. In this approach, students learn both thinking strategies and
knowledge. Working in groups or individually, students identify what they already know,
what they need to know, and how to access new information that may lead to the
resolution of the problem. The teacher’s role is to facilitate learning by supporting,
guiding, and monitoring the learning process. Moreover, the teacher must build students'
confidence to take on the problem, and encourage them while also stretching their

understanding.

Teaching of Core Ideas in Biology Education

Because the inquiry approach may be related to PCK, teachers need to be informed about

the core ideas (as content knowledge) that need to be taught through a particular teaching method

(as pedagogy). Campbell and Reece (2001) enumerates the core ideas that represent overarching

principles in the biology curriculum as follows.

The cell is the basic unit of life in living organisms.

All cells come from other cells.

Biological systems utilize free energy and molecular building blocks to grow, to
reproduce, and to maintain dynamic homeostasis.

Homeostasis is an organism's ability to remain stable and stay alive by making changes to

maintain a dynamic equilibrium.
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e All life grows and changes over long periods of time through the processes of evolution
and natural selection.

e Biological systems interact, and these systems and their interactions possess complex
properties.

e The interaction of living and nonliving elements of nature constitutes an ecosystem, and
each one of the interactions is important to maintaining the balance of the ecosystem.

e Living systems store, retrieve, transmit, and respond to information essential to life
processes.

e DNA is a chemical code that makes up the hereditary material that is used to pass traits
on from parent to offspring.

e The process of evolution drives the diversity and unity of life.

Gilbert and Treagust (2009) pointed out that all these core ideas require the use of
representations to mentally engage the learners with the phenomenon to which the representation
relates to. Representations are very significant in understanding the core ideas. According to
Shulman (1987), PCK includes the most useful forms of representation of topics, the most
powerful analogies (through experimentation), illustrations (through modelling), examples
(through project work), explanations (through simulations and experimentations), and
demonstrations. These are the ways of representing and formulating the subject that make it
comprehensible to the students. In addition, PCK also includes an understanding of what makes
the learning of specific topics easy or difficult involving the conceptions and preconceptions that
students of different ages and backgrounds bring with them to the learning of those most

frequently taught topics and lessons.

48



Stump (2001) suggested that science pedagogy may be viewed as a repertoire of
instructional representations. This implies that by shifting the emphasis from methods or
strategies of teaching to instructional representations, the focus of teaching science moves from
the teacher to the science, and the connection between what the teacher knows and what the
teacher does is tightened. To develop appropriate instructional representations, teachers must
understand the content they are representing, the ways of thinking associated with the content,
and the students they are teaching. An example of teaching a biology core idea using an inquiry
approach is presented in Table 7.

Table 7. An Example of Teaching Core Ideas in Biology Using the Inquiry Approach

Core idea Specific Idea to Possible.
Discuss Representation

DNA is a chemical code that makes up  Concept of the DNA Illustration by Making

the hereditary material that is used to a DNA model

pass traits on from parent to offspring.  Concept of Cell Explanation using
Division Simulation
Concept of Mendelian  Explanation through an
genetics Experimentation

How Humans Make Decisions

The implementation of the inquiry approach as a new reform is an important decision to
make among educators, particularly the administrators and teachers. Presented are the
foundations of decision making.

Decision making is a daily activity for any human being. However, decision making may
be different from one person to another. According to Hackett and Taylor (2013), children are
wholly ill-equipped for decision making because they lack knowledge, experience and
perspective. Moreover, children are impulsive and easily persuaded. It doesn't get much better
during adolescence, when teenagers are driven by raging hormones, underdeveloped self-

identities, peer and cultural pressure. The authors added that it is possible that the biggest
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obstacle is neurological, where the prefrontal cortex, the part of the brain associated with
executive functioning, does not fully develop until the early 20s. Thus, the process of decision
making is case-dependent. Executive functioning directly influences decision making because it
regulates, controls and manages our thoughts, emotions and behavior. It also influences our
reactions to new, ambiguous and difficult situations. It helps us weigh risks and rewards and
short- and long-term consequences. Moreover, executive functioning assists people in planning,
organizing and executing decisions, and, importantly, it can prevent people from making rash
and potentially harmful decisions.

Von Scheve (2012) has demonstrated that adults are often affected by psychological,
emotional, social and situational influences in making decisions. He also demonstrated the
powerful effect that cognitive biases have on one’s decision making. Cognitive biases involve
the tendency to draw conclusions and make decisions based on limited information or self-
interest. Such biases can lead to irrational decisions at every level of society.

A man’s decision making is also influenced by emotional states. For instance, feeling
stressed or rushed alters one’s decisions. This means that the decisions made are affected by
one’s mood. Different decisions are made based on whether one feels happy, contemplative or
disgusted. Decisions are also significantly influenced by social forces, such as friends, family,
cultural messages or societal norms. Decision making is also associated with the emotionally
laden information (i.e., information that is threatening in some way) that goes directly to the
emotional center of the brain (amygdala and related structures). As this suddenly happens, one
needs to receive and act on threatening information right away, otherwise, something bad may

happen.
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Unfortunately, the rapid decision making associated with triggering the fight-or-flight
reaction that served humans well during primitive times is generally ineffective at helping one to
make good decisions about complex issues in modern times. There are no direct neurological
pathways to the prefrontal cortex and this implies that all emotional information goes through the
primitive emotional brain. Thus, the prefrontal cortex is at a severe disadvantage in contributing
to decision making, because the information it receives is "old news," secondhand and tainted by
emotions.

According to Eraut (1994), people decide in three (3) ways. Intuitive decision making is
often backed as describing a hunch, going with the flow, or adopting the first plausible options
that come to mind. This type is made very quickly or in a flash of insight after mulling over the
problem. Although it sometimes appears random, it is often based on a great deal of accumulated
experience, and the ability to rapidly draw on the experience of a previous situation is an
acknowledged aspect of expertise. The more complex or pressured the situation, the more likely
that decisions will be made in an intuitive mode. However, its main weakness is lack of critical
control over the decision-making process. The second type is analytical decision making, which
requires time to think, a reliable information base and knowledge base to organize the decision-
making domain through the use of theoretical principles. Its greatest advantage comes when it is
strongly backed by research-based knowledge. In between the intuitive and analytical ideal types
is deliberative decision making, which involves conscious, critical thinking at varying degrees,
depending on the time available and the extent of the relevant knowledge bases of the decision
makers. The mental processes involved in this mode include recognizing and organizing relevant

ideas, subjecting them to critical scrutiny, and integrating them into decision approaches or
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options, and there is only a limited amount of formal logical processing of unquestioned
evidence and theory.
Models of Teachers’ Decision Making

As decision making is a component of the inquiry approach implementation, there is the
need to understand how the process is done. Decision making is a process of making a choice
from a number of alternatives to achieve a desired result (Eisenfuhr, 2011). This definition has
three key elements. First, decision making involves making a choice from a number of options.

Second, decision making is a process that involves, more than simply, a final choice from
among alternatives. Finally, the "desired result" mentioned in the definition involves a purpose
or target resulting from the mental activity that the decision maker engages in to reach a final
decision. Decision making is one of the most important activities in which school administrators
and teachers engage in daily. The success of a school is critically linked to effective decisions
(Lunenburg, 2010).

Decisions are very significant to move on with a certain situation or to carry out a
particular action. Carr-Hill et al. (2015) said that people make decisions on just about anything
that has something to do with their life — political choices, personal choices, career decisions,
financial decisions, medical decisions, and relationship decisions, among others. Decision
making is a process involving choices. The process generally consists of several steps -
identifying problems, generating alternatives, evaluating alternatives, choosing an alternative,
implementing the decision, and evaluating decision effectiveness. In basic education, the
implementation of the K-12 curriculum that incorporates the inquiry approach is considered a

new reform that challenges the teachers to make a decision in the teaching of science.
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There are models of the decision- making process that may be observed among teachers
as they adopt a new reform. Gelder (2009) enumerates two as rational comprehensive and
incremental models while Lunenburg (2010) includes the bounded rationality model. The
rational comprehensive model characterizes decision makers as completely rational — searching
through perfect information to make optimal decisions. This model assumes that the decision
maker can identify the problem, that the decision maker’s goals, values, and objectives are clear
and ranked in accordance with their importance, that alternative ways of addressing the problem
are considered, that the cost and benefits or advantages and disadvantages of each alternative are
investigated, that alternatives and their consequences can be compared with other alternatives,
and that the decision maker will choose the alternative that maximizes the attainment of his or
her goals, values, and objectives. However, problems are not always clearly defined; problems
have to be formulated in a way that enables people to make decisions about them. To define the
problems, decision makers must have vast amounts of information. Further, there is the need for
the ability to predict the future consequences of decisions made. Although this model of decision
making assumes that there is one (unitary) decision maker, many people, interests and
institutions are usually involved. As applied in the present study, the adoption of the inquiry
approach in science teaching may not only be the decision of the teachers but also the decision of
DepEd authorities as evidenced by the availability of inquiry-based learning materials in support
to the K-12 curriculum.

The incremental model assumes that the selection of goals and objectives is intertwined
with the scientific analysis of the problem. In this model, decision makers only consider
alternatives for dealing with a problem that differs marginally (incrementally) from existing

policies. This suggests that they do not completely remake policy every time they make a policy
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decision, but instead, refashion existing policy. In this model, problems confronting the decision
maker are continually redefined and constant ends-means and, means-ends adjustments are made
to better manage policy. Incremental decision making is remedial, not holistically-devised or
future-oriented. The inherent imperfections of decision makers and the social and organizational
systems in which they are imbedded impose limitations. One limitation is their ability to process
information needed to make complex decisions (bounded rationality), which restricts them from
finding solutions that are less than optimal. This minimum criterion is clear. In bounded
rationality, you do not have or you are not willing to invest much time to make the decision.
Table 8 summarizes the three (3) models of decision making.

Table 8. Decision Making Models

Type of Decision Making Model Use/Function/Application
Rational Comprehensive Model e Consists of a structured four-step sequence
- Identifying the problem

Generating alternative solutions
Selecting a solution
Implementing and evaluating the solution
e You are trying to maximize your outcome
Incremental Model e Confined to small changes from existing policies
and procedures
e Emphasis is on correcting or improving existing
policies and actions

e Remedial
Bounded rationality e Based on premise that decision making is not
rational

e Decision making is characterized by
- Limited information processing
- Use of rules of thumb or shortcuts
- Satisficing

Factors Influencing Teacher’s Decision Making
The influence of DepEd authorities is considered a factor in the decision of teachers to

implement the inquiry approach in the classroom, but there are also other factors that may affect
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a teacher’s decision making. The factors that impact decision making include past experiences, a
variety of cognitive biases, an escalation of commitment and sunk outcomes, individual
differences, including age, educational background, cognitive abilities and socioeconomic status,
and a belief in personal relevance.
Past experiences. A teacher’s past experiences can impact future decision making
(Julisson et al., 2005). A past experience is any skill or field of knowledge acquired or
learned previously. This implies that past decisions influence the decisions made in the
future. If the past decision has turned out to be positive and beneficial, it will follow that
individuals are bound to make similar decisions in a similar situation. However, teachers
tend to avoid repeating past mistakes (Sagi & Friedland, 2007), since future decisions
made based on past experiences are not necessarily the best decisions. Thus, past
mistakes serve as learning experiences, so people tend not to repeat the same decision
that turned out to be a failure. For example in teaching, if lecture method seemed to be a
failure in one classroom discussion, then the teacher may decide to shift to another
teaching method.
Cognitive biases. There are several cognitive biases that influence the decision making of
teachers. Cognitive biases are thinking patterns based on observations and generalizations
that may lead to memory errors, inaccurate or wrong judgments, faulty logic or reasoning
(Evans et al., 1983; West et al., 2008), and false assumptions. Cognitive biases include,
but are not limited to: (a) belief bias, which is the making of decisions based on stock
knowledge; (b) hindsight bias, which is the tendency to see events as inevitable once it
occurs; (c) omission bias, in which, generally, the teachers have a propensity to omit

information perceived as risky; and (d) confirmation bias, in which teachers observe what
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they expect from observations (Marsh & Hanlon, 2007; Nestler & von Collani, 2008;
Stanovich & West, 2008). In decision making, the influence of cognitive biases on
teachers causes them to over rely or lend more credibility to expected observations and
previous knowledge, while dismissing information or observations perceived as
uncertain, without looking at the bigger picture. While this influence may lead to poor
decisions, sometimes, the cognitive biases enable individuals to make efficient decisions
with the assistance of heuristics (Shah & Oppenheimer, 2008). Heuristics are mental
shortcuts that ease the cognitive load of making a decision and examples include using a
rule of thumb, educated guess, an intuitive judgment, stereotyping or common sense. The
authors argued that heuristics reduce work in decision making in several ways. Heuristics
offer the user the ability to scrutinize a few signals and/or alternative choices in the
decision-making process. Further, heuristics diminish the work of retrieving and storing
information in memory, streamlining the decision- making process by reducing the
amount of integrated information necessary in making the choice or passing judgment.
Social pressures, individual motivations, emotions, and limits on the mind's ability to
process information can also contribute to cognitive bias. Giinter and Cuyckens (2003)
reported that cognitive biases are also related to the persistence of superstition, to large
social issues such as prejudice, and they also work as a hindrance to the acceptance of
scientific non-intuitive knowledge. Thus, the teacher’s decision to use a teaching strategy
may also be hindered.

Individual differences. Research has indicated that some individual differences such as
age, socioeconomic status, educational background and cognitive abilities may influence

the decision-making process of teachers (Bruine de Bruin et al., 2007). According to the
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authors, there is a significant difference in decision making across age; that is, as
cognitive functions decline as a result of age, decision-making performance may decline
as well. Further, the authors said that older people may be more overconfident regarding
their ability to make decisions, which inhibits their ability to apply strategies. In addition,
with respect to age, there is evidence to support the notion that older adults prefer fewer
choices than younger adults (Mikels et al., 2009). Moreover, Bruine de Bruin et al.
(2007) reported that people in lower socioeconomic status groups may have less access to
education and resources, which may make them more susceptible to experiencing
negative life events, often beyond their control; as a result, such individuals may make
poorer decisions.

The educational background of teachers is based on the teacher’s content
knowledge (Dietrich, 2010). Teacher’s knowledge in the areas of content, pedagogy and
knowledge of the learners and their characteristics is the foundation for teaching. It is the
essence of how teachers comprehend, reason, transform, and reflect on instructional
practices (Shulman, 1987). Thus, a teacher’s educational background influences his/her
decision to use a variety of teaching strategies, by being able to gain an understanding of
how particular topics or issues are organized, represented and adapted to the diverse
interests and abilities of learners. This is necessary to provide quality instruction for
students. Further, when teachers have a good understanding of what their students know
and can do as influenced by their educational background, they are able to identify
appropriate content, sequencing and pacing lessons, modify or extend activities for
students’ particular needs, and choose effective methodologies and representations. In

science, it was found that teachers with deeper content knowledge were more likely to
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pose questions, suggest alternative explanations, and propose additional inquiries than
those with weaker knowledge (Lloyd, 2002; Manouchehri & Goodman, 2000; Sherin &
Van Es, 2002).

Teachers’ experiences are also a significant part in the teacher’s educational
background. Bentley (2007) asserts that decision-making abilities can be influenced
based on the teacher’s variation and duration of teaching experiences. With teaching
experiences, ie., years of teaching, the teachers are able to decide on materials,
instructional approaches, and assessments to use in order to meet the instructional needs
of all students. According to Rice (2010), the impact of experience is strongest during the
first few years of teaching; after that, marginal returns diminish. Based on a number of
research studies that the author considered, it was confirmed that on average, brand-new
teachers are less effective than those with some experience. Further, teachers show the
greatest productivity gains during their first few years on the job, after which their
performance tends to level off. On one hand, on average, teachers with more than 20
years of experience are more effective than teachers with no experience, but are not much
more effective than those with 5 years of experience (Ladd 2008).

Pre-service and in-service experiences are aspects of professional development
that are still part of a teacher’s educational background (Crowther et al., 2000). Ganzer
(2000) includes professional workshops, field experiences and other formally-related
meetings as examples of the professional development experience. Professional
development generally refers to ongoing learning opportunities available to teachers and
other education personnel through their schools and districts, to enhance and build on

their instructional knowledge (Van Driel & Berry, 2012) Professional development also
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aims to gain increased experience in the teacher’s professional growth through
examination of their teaching ability (Glattenhorn, 1987). Mooler (2003) emphasized that
field experiences provide the pre-service teachers the opportunity to practice instructional
decision making and do reflections based on their own learning experiences. Further, pre-
service teaching field experiences provide more effective ways of integrating educational
learning theory with teaching practice. The author added that the practices of pre-service
and student-teachers often reflect the way in which they themselves learned. According
to Berg & Smith (2016), as teachers learn to reflect on their practice of teaching, they
enhance their learning about teaching, increase their ability to analyze and understand
classroom events, establish an inviting and thoughtful environment, become self-
monitoring, promote personal and professional development, develop self-awareness and
knowledge and improve coping strategies. The authors added that with pre-service and
in-service experiences, the decision making of teachers is through reflective learning and
teaching, where they decide to try new strategies and ideas and implement new activities
and approaches on the spot. Further, there is development of reflective skills such as the
ability to use self-directed critical thinking inquiry skills, apply contextualized knowledge
about teaching and learning that can be applied in similar situations (e.g., when to change
instructional strategies or lesson pacing), question, take risks in learning, reflect on one’s
own learning process, know how to ask questions that help students engage and think
deeply, value students as individuals capable of learning, reacting, responding, assessing,
and revising, while teaching. As the teacher’s content knowledge and reflective skills are
developed, for a while, the teacher would choose reflective learning probably because

they already experience its benefit. Being reflective is not permanent, because according
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to Berg & Smith (2016), teachers need to improve their ability to reflect on practice by
using a variety of methods such as portfolio development, journal writing and the like.
Moreover, teachers who reflect on their own practice employ a constructivist perspective.
They constantly review significant events that take place in the classroom and try to
clarify and improve their understanding of teaching and learning. In a study of beginning
teachers by McCombs in 2003, the teachers reported that the process of reflection and
self-assessment helped them identify areas for improvement and assisted them in
implementing practices to be more effective in reaching students.

Escalation of commitment and sunk outcomes. Another factor that influences decision
making is an escalation of commitment and sunk outcomes, which are unrecoverable
costs. According to Julisson et al. (2005), there are some individuals who invest large
amounts of time, money, and effort into a decision which they feel committed to. The
authors added that such individuals will tend to continue to make risky decisions when
they feel responsible for the sunk costs, time, money, and effort spent on a project. This
situation is also true for some teachers who value commitment. This means that a teacher
may decide to use a specific teaching strategy because she is committed to do such
especially if the teacher has already spent time and effort to prepare the said strategy.
Belief in personal relevance. This means that when people believe that what they decide
matters, they are more likely to make a decision. This is a practice among teachers who
make decisions on something that they strongly believe in (Dietrich, 2010). Thus,
teachers may decide to use or not to use a teaching strategy. Whatever choice is made by
the teacher, instructional decisions are reflected in lesson plans and in classroom

practices (Ibafiez & Ocampo, 2010). Understanding these instructional decisions entails
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an understanding of the teacher’s choices and the rationales behind those choices — for
they represent the beliefs the teachers hold.
Case Study Methods and Instruments in Assessing PCK and Decision Making
The why and how of PCK and decision making on the inquiry approach implementation,
not just the what, where, when, or "who" was investigated through the qualitative case study
method, to gather an in-depth understanding of human behavior and the reasons that govern such
behavior. The strategies in this qualitative method include structured and semi-structured
interviews, case studies, narrative study, classroom observations, informal conversations, focus
groups, open-ended survey questions, journal entries etc. The following information presents the
usefulness of the case study method in studying about PCK and decision making in relation to
the inquiry approach use.
PCK and Inquiry Approach. Some authors have indicated that the use of the inquiry
approach can help develop a teacher’s PCK. Thus, PCK has a direct relationship with the
said approach. Using a variety of qualitative methods, the findings from a study of
Nuangchalem (2012) about examining pre-service teachers’ PCK indicated that the
inquiry approach can enhance PCK and its result can be used also for teacher preparation
program. Similarly, Tas and Heywood (2012) said that the use of the inquiry approach is
important for teachers to link content and pedagogical knowledge and develop it. Further,
teachers use the inquiry approach to develop pedagogical content knowledge and embed
understanding of inquiry (Tambyah, 2008). The author added that the use of an inquiry-
based approach involves the planning of practical activities that show new, critical

understanding of science concepts.
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Other case studies were conducted to show that PCK and the inquiry approach are
related. For instance, Lehane et al. (2014) conducted a case study involving 12 pre-
service science teachers from Ireland to capture their PCK using Content Representation
(CoRe). The CoRe is a tool that proposes research questions on how the teacher selects
the contents reflecting strategies, methodologies and socio-economic and cultural aspects.
In this study, the CoRe was altered slightly to have a more inquiry focus in order to
develop inquiry orientations. Through multiple sources of data such as lesson plans,
reflections, observations and interviews used to evaluate the action of inquiry in the
classroom, the qualitative methods of data collected revealed the presence of inquiry in
the teachers’ thinking and approaches. When interviewed, the pre-service teachers
revealed that involvement in this study steered their thinking toward inquiry and
ultimately led to the decision of doing inquiry in the classroom. Further, pre-service
teachers shared their experiences of being involved in the development of the CoRes.
The study assumed that the experiences of the teachers in the study would help them
make a transition from being an expert student to a novice teacher. Although the
assessment of a case study is very subjective, this method was found effective in terms of
the overwhelming positive transition. Similarly, the use of the case study method was
effective in documenting and assessing the PCK of five (5) experienced high school and
college Mexican teachers (Bueno, et al., 2011) in relation to the use of the inquiry
approach. Just like the previous study, the CoRe was modified into “inquiry CoRe’ by
incorporating a set of seven inquiry activities. Through interviews, it was observed that
all teachers used inquiry to modify their students’ way of thinking, mainly through

question posing. The assumption in this study involved the teacher’s ability to
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demonstrate the given seven inquiry activities. Some of them employed research as their
main tool to promote scientific inquiry but others mentioned the lack of time to do it. In
this study, the method was only limited to interviews and no mention of documents being
analyzed was further made. This is one of the limitations of the case study method being
biased though a thick description on the teachers’ PCK in relation to the inquiry approach
was documented. Similarly, the biased nature of the case study method was demonstrated
in a study conducted by Chapoo et al. (2014), who investigated the understandings and
practices that comprise a biology teacher’s PCK. In this research, only a single
participant was evaluated in terms of her PCK through writing a content representation
(CoRe), teaching in the classroom, and discussion during the interview. Atlhough biased,
the case study method was able to determine the extent and nature of her PCK in relation
to the model of Magnusson et al. (1999). As the findings may not also be generalized
because of its very small size, the findings were able to expose the teacher’s
understanding and practice of PCK, which supported teaching and learning science based
on constructivism. The study assumed that being an experienced teacher, the participant
would be able to demonstrate her PCK in the teaching of Biology. The use of CoRe for
evaluating PCK of teachers involving a case study method was also effectively used in
other studies (Loughran,Berry, Mulhall, 2004, 2008, 2011; Loughran, Milroy, Berry,
Gunstone, & Mulhall, 2001).

Using triangulation of data sources (interview, PCK grids and PCK
discussion/feedback group discussion), Scheuch and Keller (2012) derived a PCK tool for
reflection in professional development of in-service and pre-service teachers based on the

hexagon PCK model of Park and Oliver (2008). The case study method involved in this
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study included the educational and emotional background of the teachers which are
considered unnecessary and inefficient by many specialists. Although the information
gathered maybe too thick and thus, difficult to analyze, the case study method used was
able to address the need for evaluating the PCK attributes of teachers involving (a)
orientation to teaching science; (b) knowledge of students’ understanding; (c) knowledge
of curriculum/structure; (d) knowledge of instructional strategies and methods; and (e)
knowledge of assessment; and teacher’s efficacy.

Another usefulness of the case study method is demonstrated in the study
conducted by Juttner and Neuhaus (2013) who measured 11 biology teachers® PCK by
analyzing (1) the teachers‘ knowledge about student understanding(or lack of
understanding) of several topics in Biology and (2) knowledge about instructional
strategies like the use of models or experiments. The results could not be generalized
since only two PCK components were evaluated. This is one weakness of the case study;
but through the think-aloud interviews with American and German biology teachers, the
results of the study demonstrate the scope for adapting the conceptual framework of these
items to measure biology teachers® PCK in other countries.

On PCK and Decision Making. As presented mostly in studies involving mathematics
instruction, there is also a relationship between PCK and decision making. There are
related studies that have been documented about this. For instance, in investigating a
correlation between K-8 teachers’ mathematical pedagogical content knowledge for
teaching and quality of instruction, Hill et al. (2008) concluded the existence of a
powerful relationship among the teacher’s PCK on mathematics and decision making

around the adoption of a teaching material. Similarly, Anthony and Walshaw (2009)
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found a relationship between secondary teachers” mathematical PCK in terms of the big
ideas that they need to teach and the decision to implement a mathematical learning
material. The relationship aims to have in-depth knowledge and clear ideas about how to
build procedural proficiency and how to extend and challenge student ideas. The authors
added that teachers with limited knowledge tend to structure teaching and learning
around discrete concepts instead of creating wider connections between facts, concepts,
structures, and practices. With limited knowledge, a sound decision making in the
implementation of a new learning material may be lacking and this may affect the
strengthening of conceptual understanding. On the other hand, teachers with good PCK
may produce a sound decision-making process.

However, the information is limiting in science education. Particularly, there is
paucity of information about the in-depth analysis on how teachers make a decision in the
adoption of the inquiry approach in teaching science. Eames et al. (2012) studied the
PCK of two science teachers in terms of instructional decision making, where
generalizations could not be made also, since only two teachers were involved in the
study. However, using a case study method through an interview, the authors were able to
identify curricular and instructional decisions (Hollon et al., 1991, p. 149) that teachers
make inside the classroom.

Thus, a qualitative researcher holds that understanding comes from exploring the
totality of the situation, which often has access to large reams of "hard data", and begins
with propositions proceeding in a scientific and empirical way throughout the research
process (e.g., Taylor et al. (2016). However, qualitative methods produce information

only in the particular cases studied, and other * general conclusions are considered
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propositions or informed assertions. Moreover, qualitative methodologies limit the size of
the population that can be investigated.

When qualitative methods cannot be used, quantitative methods can be done to
seek empirical support for a given set of research hypotheses. For example, the study of
Parmigiani in 2012 used a Likert questionnaire that was administered to teachers (N=411)
of Italian basic schools (pupils aged between 3 and 14 years old). The study aimed at
highlighting the individual and group decision making of the teachers. Using Cronbach
alpha (a) for reliability of the instrument, the findings indicate the main modalities for
teachers’ decisions when they work individually or in groups. For group decisions, there
was emphasis on the level of teachers’ involvement during meetings and how the
participants process the information; while for an individual’s decision, there was
emphasis on the main features of instructional decisions and types of heuristics and
biases teachers use during instructional activities. Another study by Olorunsola and
Olayemi (2011) was conducted to examine teachers' involvement in the decision-making
process and its relation to their personal characteristics in secondary schools in Ekiti
state. A teacher’s decision-making questionnaire (TDMQ) was administered in five local
government areas of the state, which were randomly selected through the multistage
technique. Through the descriptive analysis of the data using frequencies, percentage; t-
test, ANOVA, Scheffe post hoc for data analysis, results reveal that secondary school
teachers in Ekiti State are significantly involved in decision-making processes.

Other Techniques Used. In the other studies of PCK, the multimethod assessments that
include a variety of techniques such as concept maps and portfolio are used. Concept

maps have been used to measure knowledge of structures represented by key concepts
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and the relationships between terms. The use of concept maps has been criticized for
being too restrictive, because only particular ideas are used. However, concepts are very
useful for the initial analysis of data. On the other hand, a portfolio is an authentic tool
for assessing PCK and decision making. Khan and Begum (2012) said that in the
portfolio, teachers provide their learning evidence, which demonstrate their progress and
attainment of knowledge from their experiences. Shulman (1987) believes that portfolio
is a structure document where teachers record their learning as well as the students’ work
samples. According to Campo (2012), portfolios are developed through reflective
writing, thoughtfulness and serious conversations. In addition, a portfolio is a container
of documents that provides evidence of someone’s knowledge, skills and/or disposition.
It is also a good way of collecting or recording one’s learning. Moreover, a portfolio is a
source where a teacher can judge his/her own performance and how much he/she has
done or learnt. In a portfolio, a teacher may record his/her pedagogical knowledge and
professional activities for a certain period of time. It also demonstrates and evaluates a
teacher’s understanding, achievements and successes, and displays professional growth in
the field of teaching. Through the portfolio, a teacher may reflect on his/her past and
present practices, which may help the teacher learn from mistakes through reflection.
Thus, a portfolio not only provides evidence of knowledge and skills, but also represents
someone’s beliefs and values of teaching and learning through critical reflection.
Constant Comparative Analysis as a Qualitative Methodology
As identified in the literature, making constant comparisons and applying theoretical
sampling are necessary strategies used for developing grounded theory. Kolb (2012) reported

that the constant comparative analysis is used to develop concepts from the data by coding and
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analyzing at the same time. The author added that this method “combines systematic data
collection, coding, and analysis with theoretical sampling in order to generate theory that is
integrated, close to the data, and expressed in a form clear enough for further testing. Constant
comparative methodology incorporates four stages: “(1) comparing incidents applicable to each
category, (2) integrating categories and their properties, (3) delimiting the theory, and (4) writing
the theory” (Glaser & Strauss, 1967, p. 105). Throughout these stages, the researcher continually
sorts through the data collection, analyzes and codes the information, and reinforces theory
generation through the process of theoretical sampling. The benefit of using this method is that
the research begins with raw data; through constant comparisons, a substantive theory will
emerge (Glaser & Strauss, 1967).

Boeijie (2002) proved the usefulness of constant comparative analysis as he identified the
criteria for a systematic analysis process among multiple sclerosis patients and their spousal care
providers. The criteria included (1) the data involved and the overall analysis activities; (2) the
aim; (3) the results and (4) the questions asked. Similarly, Hewitt-Taylor (2001) described the
application of constant comparative analysis by exploring on the use of self-directed learning
(SDL) in pediatric intensive care nurse education. The study involved a six-month case study of
a pediatric intensive care course (ENB 415) using documentary analysis, repeated interviews
with teachers and students, observation of course processes and selected lessons and student
learning diaries. The study also included the survey of seven centers offering the same course. A
field study was used to record additional data and personal reflections.

In another study, Mercan (2015) used the constant comparative analysis in the study of
secondary Physics, Chemistry, and Biology (PCB) teachers’ views about in-service training

related to curricular change through semi-structured interviews. The results indicate that in-
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service training was insufficient - the new curricula were not introduced to them adequately.
Some teachers expressed positive views toward the in-service training and few were concerned
about the incompetence of the trainers and the low quality of the training programs. Few teachers
also felt that they need to be up-to-date with the new curricula and establish ways of cooperation
among teachers.

Teaching Experience as a Factor in Decision Making

Many factors may be used to see the variation among the teacher’s PCK, decision making
and the inquiry approach implementation, which will provide opportunities for deeper analysis.
One factor is teaching experience. Its use is based on findings that teaching experiences may
influence decision - making abilities of teachers (Bentley, 2007). According to Ladd (2008), on
average, teachers with more than 20 years of experience are effective in making quality decisions
about science instructional practices. Finucane and Lees (2005) opined that there is a significant
difference in decision making across age. As such, it is very interesting to study the teachers’
approaches to teaching science, along with different attitudes toward curriculum reform (Luft &
Roehrig, 2007; Wallace & Kang, 2004). Meanwhile, the grouping consisting of beginning
teachers and of experienced teachers is patterned on previous studies about the relationship
between the number of years of teaching and teacher competencies (Layfield & Dobbins, 2002;
Talbert & McLaughlin 1993; Veeman, 1984). This selection is significant because the teachers
having different teaching experiences and working in different types of schools may tend to hold
different decision- making processes and to have variation in their PCK in terms of

implementing the inquiry approach.
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Differences Between Beginning and Experienced Teachers

There are specific differences between these groups of teachers.

Beginning Teachers. Novice teachers are those with little or no classroom experience.
They are often student teachers or teachers who have less than 2 years of teaching experience
(Gatbonton, 2008). Novice, beginning or new teachers may be interchangeably used. These
teachers are often limited in their repertoire of instructional strategies. As Magnusson et al.
(1999) emphasized, knowledge of instructional strategies is an important domain in the
transformative model of PCK. Thus, it implies that use of good instructional strategies in
teaching a science concept is very important for developing PCK.

Many teachers enter the teaching field directly from university or college teacher
preparation programs, where they mastered minimal pedagogical knowledge or skills. As an
observation, the teachers are not often taught how to establish the positive, organized learning
environment necessary for them to teach and for students to learn. Some teachers enter the field
with almost no formal teacher training, or even alternative certificate programs. In the
Philippines, a requirement for a graduate of the basic education program (Bachelor of Science in
Secondary education or Bachelor of Elementary Education) is passing a Teacher’s Licensure
Exam to be able to teach in the classroom. Therefore, it is assumed that not all who have passed
the Licensure Examination for Teachers (LET) have had initial teacher education programs. This
means that through trial and error, new teachers may develop a repertoire of teaching strategies.
This haphazard process of strategy development may take several years, by which time, many
struggling, unprepared new teachers have already left the classroom. Further, without high-
quality preparation to ready them for the challenges of the classroom, new teachers will either

teach as they have been taught, or be given current teacher attrition trends, or, they will not teach
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at all. Keeping quality teachers means giving them the necessary support system of pedagogical
knowledge needed to succeed in the classroom.

Professional development for new teachers should be built on a framework of research-
based instructional strategies (Freiberg, 2002). These skills help new teachers bridge theory and
practice and create high-quality learning environments in their classrooms. The strategies fall into
three categories: organizing, instructing, and assessing (Table 9).

Table 9. Strategies for Professional Development of New Teachers (Freiberg, 2002)

Type of Strategy Characteristics

Organizing Strategies Include planning, lesson design, time use (time management,
time on task, and pacing, for example), advance work, and
classroom management

Instructing Strategies  Student-centered strategies such as lecture, demonstration,
questioning, discussion, guided practice, independent
practice, grouping, role play, simulation, and reflective
inquiry

Assessing Strategies  Strategies to assess both student learning and their own
professional learning

Freiberg (2002) points out that new teachers usually find organizing strategies the
most difficult to master. From planning to classroom management, organizing strategies
are hidden from most classroom observations. Consequently, the student teacher, intern,
or new teacher who observes a master teacher's classroom in the middle of the year often
misses the advance work and classroom management strategies that the master teacher
used during the first few days of school to set the tone for a positive learning
environment. The novice teacher observing a veteran teacher's classroom sees the
outcome of effective planning - a smoothly functioning lesson; but is not privy to the
veteran teacher's lesson planning processes. Organizing strategies help create the

necessary conditions for learning and teachers can acquire these skills systematically
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rather than depend on trial and error. The discussion of the three most important
organizing strategies, namely, planning, advance work and classroom management
follows.

During planning, new teachers spend much more time than their veteran
counterparts do, often staying up late at night to plan the next day's lesson (Hobson et al.,
2009). In this case, mentors can help new teachers with instructional planning -
particularly unit planning, which allows the novice to see the bigger picture and plan
backward from the end of the unit. In addition, during instructional planning, veteran
teachers make decisions on the basis of learner, content, and context, addressing the
questions: Who are my learners? What information, ideas, and concepts do [ want my
students to grasp? Under what conditions will instruction occur?

A complete lesson planning consists of the four components: initial, active, in-
flight, and follow-up planning. During initial planning, teachers visualize the lesson,; that
is, they think through the lesson, anticipating their teaching and the students' responses.
Active planning involves pulling together materials and resources for the lesson.

While initial and active planning occur before teachers present the lesson, in-
flight planning occurs during the lesson and usually reflects changes in the day, such as a
fire drill or a last-minute adjustment in the school schedule. In-flight planning also
involves being able to change the lesson on the spot for more substantive reasons -- when
students are not engaged in the activity, for example. Compared to new teachers,
experienced teachers recognize the need for in-flight lesson corrections and can draw
immediately from a repertoire of strategies to make such modifications. During follow-up

planning, they may reflect on the lesson and write down what went well and what
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changes they need to make. For new teachers, follow-up planning is crucial to build an
instructional repertoire for future lessons.

Good classroom management is a requirement for a quality teaching. When
classes are poorly managed, disorder and chaos steal time from learning. Poor
management can lead to student discipline problems. Sustained student misbehavior often
inhibits teachers from using the engaging, interactive instructional approaches that foster
student achievement and active learning, including cooperative grouping, learning
centers, projects, experiments, and the use of manipulatives (Brophy, 1999; Cohen, 1994;
Freiberg, Connell, & Lorentz, 2001). These authors claim that classroom management is
more than discipline. It involves, among other things, the development of classroom rules
and rational consequences for breaking them. Classroom management can also be
measured by a teacher's ability to share control and promote student self-discipline.

Assessing strategies involve effective teachers’ assessment of both student
learning and their own professional learning. New teachers struggle with both types of
assessment. Most new teachers have a limited repertoire of assessing strategies and few
prior experiences with alternative assessment. Even maintaining student grades (in a
gradebook or with grading software) is an unknown quantity to first-year teachers and is
rarely taught in college methods courses or new teacher in-service training. Thus, novice
teachers must explore formal and informal measures of learning and practice constructing
various assessments. Most new teachers only have experience with the assessment
measures that their teachers used when they were students - multiple choice, true/false,
and short-answer essay tests. Assessing strategies, like instructing strategies, require a

range of options to reflect students' diverse learning abilities - from rubrics that provide
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standards against which students can measure their work to portfolios that include pre-
and post-activity student writing.

Experienced Teachers. Experienced teachers are likely to need professional development
that affirms the knowledge, experience, and intuitive judgment they have cultivated
during their careers. At the same time, teaching experience does not necessarily result in
expertise (Tsui, 2003, 2005) since some experienced teachers are not as receptive to
professional development as are new teachers, even though they might benefit from
opportunities to reflect on and enhance their knowledge and refresh their enthusiasm for.

School administrators and other teachers might define experienced teachers as
those who have taught for many years, are able to motivate students and hold their
attention, know how to manage their classroom effectively, and can change course in the
middle of a lesson to take advantage of unforeseen opportunities to enhance student
learning. However, literature tells that the definition of experienced teachers seems to
hinge principally on the number of years taught; time-related criteria can range from 2
years or 3 years (Bastick, 2002) to 9 years or more (Atay, 2008; Bivona, 2002). Most
commonly, studies identify experienced teachers as those who have approximately 5
years or more of classroom experience (Gatbonton, 1999; Martin, Yin, & Mayall, 2006;
Richards, Li, & Tang, 1998; Tsui, 2003, 2005).

As mentioned previously, the number of years of teaching does not guarantee
expertise as a teacher. Some experienced teachers may be considered expert, while others
remain “experienced non-experts” (Tsui, 2003, p. 3). In practice, the consideration that an
experienced teacher is an expert may be subjective and arbitrary, and not all stakeholders

may share this view. Further, teachers’ beliefs about expert instruction do not always
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match their own instructional practices. For instance, Farrell and Lim (2005) examined
the beliefs of two experienced teachers and discovered some discrepancy between what
the teachers said they did in the classroom and what they actually did. Both teachers were
observed to be using a teacher-centered, traditional approach in the classroom, although
both reported employing student-centered strategies.

There are other studies indicating that experienced teachers share many attributes
that distinguish them from novice teachers. Bastick (2002) found that experienced
teachers in Jamaica were less extrinsically motivated (e.g., motivated by salary) and
significantly more intrinsically motivated (e.g., motivated by the emotional rewards of
working with children) than were novice teacher trainees. Similarly, the study of K-12
teachers’ attitudes by Bivona in 2002 found that teachers with more than 10 years of
experience had more positive attitudes toward teaching than did less experienced
teachers. Moreover, Martin, Yin, and Mayall (2006) found that experienced teachers
managed their classrooms more effectively than less-experienced teachers. They took
more control than did novice teachers in establishing classroom routines and monitoring
group work and were less controlling and reactive in dealing with individual student
behavior. Likewise, Gatbonton (2008) found that novice ESL teachers in the K-12
programs were more preoccupied with student behavior and reactions than with
pedagogy and student outcomes. It was also noted that experienced ESL teachers were
more concerned with ensuring that learning was taking place and less concerned about
students’ negative reactions to class activities or to the learning process.

There are studies that have looked at experienced teachers’ skills, knowledge, and

confidence. For example, Akyel’s (1997) study comparing experienced ESL teachers
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with student ESL teachers found that experienced teachers considered a wider and more
varied range of instructional options in response to student cues. They welcomed student
initiations (i.e., student questions or comments that prompt a change in the direction or
topic of a lesson) because they believed this would lead to meaningful communication in
the class. They were less likely than student teachers to be concerned when students’
initiations caused a divergence from their lesson plan. Another example is the study of
Walls, Nardi, von Minden, and Hoffman in 2002 who found that expert teachers rely
more on procedural knowledge (their own practical knowledge of what steps and
techniques have worked well in the past), whereas novice teachers rely more on
declarative knowledge (the theoretical knowledge they have gleaned from teacher
training programs). Akyel (1997) concluded that experienced teachers are not as
concerned as student teachers about adherence to rules and models in their teaching or
about approval from external sources. On the other hand, novice teachers, see learner
ideas and errors as possible obstacles and focus principally on maintaining the flow of
their lesson plans. Much more than experienced teachers, they worry about the
appropriateness of their instructional strategies. Mullock (2006), said that novice teachers
are also more likely to engage in self-criticism. Finally, Gatbonton (2008) found that
experienced teachers may be less concerned with promoting learners’ acquisition of
specific language items, such as using "s" with third person singular verbs in the simple
present tense, than with ensuring that genuine and meaningful communication occurs.
Richards and Farrell (2005, p. 7), point out that expert teachers tend to share the
following characteristics, setting them apart from novice teachers:

¢ A rich and elaborate knowledge base

e Ability to integrate and use different kinds of knowledge
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Ability to make intuitive judgments based on past experience
Desire to investigate and solve a wide range of teaching problems
Deeper understanding of students’ needs and student learning
Awareness of instructional objectives to support teaching

Better understanding and use of language learning strategies
Greater awareness of the learning context

Greater fluidity and automaticity in teaching

Greater efficiency and effectiveness in lesson planning

Based on the previous literatures, it has been established that experienced teachers

differ from novice teachers in their knowledge, skills, and beliefs. Thus, it may be

inferred that they also differ from novice teachers in their professional development

needs. Teachers continue to evolve as they remain in the teaching profession (Tsui,

2005), and several researchers (e.g., Zeichner & Noffke, 2001) have emphasized the

importance of lifelong professional learning for teachers in all fields. Providing

meaningful professional development for experienced teachers may be considered central

to this goal. Challenging, role-changing, experimental activities may increase teachers’

satisfaction and help them learn and grow. According to Richards and Farrell (2005),

reflective and collaborative professional development activities can be particularly

beneficial for experienced teachers. Moreover, Wallace (1991) argues that effective

professional development includes mentoring and coaching, reflection, and opportunities

to apply theory and research to practice.

Summary of the Literature Review

Research results show that PCK helps the creation of an inquiry classroom. However,

there are also arguments on the strength and effectiveness of the inquiry approach, in both
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theories and classroom practice. Within the practical challenges, difficulties arise from pedagogy
requirements and other contextual constraints. Such have become the major obstacles teachers
face and the major concern for the success of implementation of the inquiry approach.

On the other hand, many studies indicate the usefulness in the adoption of the inquiry
approach (Abd-el-halick, et al., 2004; Callison & Barker, 2014; Kitota, et al., 2010; & Fuchs,
2005) in teaching science. Through this approach, the students are able to pose difficult questions
and foster the desire and skills to acquire knowledge about the world. Moreover, students are
given opportunities to take ownership of their own learning, a skill necessary for one to succeed
in college and in most professional settings. Further, an inquiry approach allows students to draw
connections between academic content and their own lives, which can be particularly important
for culturally and linguistically diverse learners. Evidence shows that with a good grasp of
understanding the concepts, inquiry develops, indicating that there is a direct relationship
between PCK and the inquiry approach.

Evidence shows that there is also a relationship between PCK and decision making. This
relationship was demonstrated in previous studies among science teachers (Eames et al., 2012)
and among mathematics teachers (Hill, et al., 2008; Anthony & Walshaw, 2009) Decision
making is considered as one important variable for making specific educational actions.
Specifically for science, it is assumed that given a pattern of PCK, a teacher’s decision making
may play a crucial role in the implementation of the inquiry approach as one new method for
teaching science. However, a problem becomes even more complicated as there are also pieces
of evidence indicating that, teachers’ decision making and the inquiry approach are not
necessarily linked because the teacher’s decision to adopt the inquiry approach may totally be

influenced by the mediation of authorities in the basic education. Other than this factor, it is also
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important to do an in-depth analysis of teacher’s PCK in relation to the existence of other
possible factors that may influence the teacher’s decision to adopt the inquiry approach. Thus,
this information confirms the prerequisite of further investigation of this study.
Conceptual Framework of the Study

Given the PCK with the four (4) components, there are important theories that are
associated with how the teachers use it. To introduce a lesson, the teachers use motivational
activities (Knowledge of Instructional Strategies) in the form of personal experiences. The basis
is constructivism wherein the teachers act as more of a guide to helping students create their own
learning and understanding. The teachers help them create their own process and reality based on
their own past. The constructivism learning theory is generally based on the idea that students
actually create their own learning based on their previous experience. This learning theory
focuses on learning as an active process, personal and unique for each student (Hackathorna et
al., 2011). The teachers teach the content (Knowledge of Content) as supported by different
strategies (Knowledge of Instructional Strategies) which also facilitates student learning
(Knowledge of Students” Understanding of Science). Students’ learning of content through these
two (2) knowledge bases is based on cognitive learning theory which impacts students because
their understanding of their thought process can help them learn. In this theory, teachers give
students opportunities to ask questions and think out loud. These strategies help students
understand how their thought process works, and utilize this knowledge to construct better
learning opportunities (Tennyson & Volk, 2015). Where the students interact with the teacher
through discussions or interact with the other students is based on connectivism learning theory.
This theory focuses on the idea that people learn and grow when they form connections.

Teachers utilize connectivism in their classroom to help students make connections to things that
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excite them, helping them learn. Teachers use instructional materials to make good, positive
connections to learning. During discussion, the teachers help create connections and
relationships with their students through interaction. Likewise, the teachers also create
connections of students with their peer groups to help them feel motivated about learning.
Student learning is evaluated through an assessment (Knowledge of Assessment) which serves as
a reinforcement (for the slow learners) to help students better learn a concept. Students who
receive such reinforcement are more likely to retain information moving forward, a direct result
of the behaviorism theory. The behaviorism learning theory is the idea that how a student

behaves is based on their interaction with their environment (Phillips, 2012).

Teaching science effectively depends on the content knowledge employed by the
teachers. The teachers must be well versed with the biology content knowledge, as to ensure that
correct concepts are taught to the students. Moreover, it is crucial that the teachers understand
the purpose of teaching a certain content and the ways it should be developed (Lam, Kaur, &
Lee, 2014). Teachers’ KC (Knowledge of Content) may be influenced by individual differences,
namely, educational background, number of years of teaching, and professional development
programs attended (Rodrigues et al., 2003; van Dijk and Kattmann, 2007). Individual
differences are personal characteristics that distinguish teachers from each other in
the teaching process. According to Narayan (2016), education level/background, years of
teaching experience and professional development training influence teacher effectiveness.
Harris and Sass (2008) revealed that an advanced degree would improve the teachers’ ability to
assist their students’ achievement by teaching the content effectively. According to Kosgei et al.

(2013), education level and years of teaching experience influence the effectiveness of the
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teacher. Moreover, prior professional development training has an effect on the productivity of

the teachers (Harris & Sass, 2008).

Teachers find the transition from traditional method to IBA challenging. IBA is a student-
centered instructional method that fosters the development of critical thinking. IBA is about the
rigorous construction of knowledge and ideas rather than just the passive transmission of
knowledge that is typified by traditional lecture pedagogy. Among teachers, there is resistance in
the sustainable use of IBA because it is time-consuming and IBA activities are too difficult to
implement. The teacher’s decision may be mandated by DepEd or maybe influenced by
individual differences. Whatever reason is available for the teachers to decide on the sustainable
use of IBA is based on the theory of heuristic. According to Kendra (2021), heuristic theory is a
mental shortcut that allows people to solve problems and make judgments quickly and
efficiently. The application of heuristic theory is an ecologically rational strategy that makes best
use of the limited information available to the teachers.

With the teachers’ PCK components and specifically KC as may be affected by
individual differences, a decision, (which may be also affected or not affected by the mentioned
individual differences), is made for teachers’ sustainable use of IBA. This is the conceptual

framework of the study as indicated in Figure 5.
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Figure 5. Conceptual Framework of the Study

Definition of Terms

Decision making is regarded as the cognitive process resulting in the selection of a belief or a
course of action among several alternative possibilities. In the study, it refers to the
decision of the cases in using inquiry approach in science in the classroom.

Past experiences involve a skill or field of knowledge acquired over months or years of actual
practice and which, presumably, has resulted in superior understanding or mastery. In the
study, past experiences involve the teachers’ participation to previous seminars and
workshops on inquiry-based strategies as well as the teaching experience in the previous
school.

Individual differences include age, socioeconomic status, educational background and cognitive

abilities that may influence decision making of teachers. In the study, educational
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background, years of teaching and professional development program attendance are
considered factors that may influence the PCK and decision-making process of the
teachers.

Inquiry- based approach is a teaching method using inquiry and it is the teaching strategy used
by the respondents. In the study, the teaching method involves the use of the 4A’s-
Activity, Analysis, Abstraction and Application.

Inquiry-based learning is the kind of learning expected of an inquiry approach. As inquiry
approach is used by the cases inside the classroom, it is expected that all the students
obtain an inquiry-based learning.

Teaching practice is the use of a particular teaching method or strategy in the classroom. In the
study, the teaching practice of the cases is the use of inquiry approach.

Teaching experience refers to the number of years or length of service a teacher teaches in a
particular school.

Beginning teachers are novice or new teachers who have less than 5 years of teaching
experience.

Experienced teachers are teachers who have taught for more than five (5) years.

Mental construct is something solely born and existing only in the mind. Examples are things
that do not reflect what actually exists in the world such as abstract concepts; abstract
images (i.e. do not correspond to what is concrete, merely a representation). It is a view, a
way of viewing, a viewpoint, or an association; and a belief system. In this study, the
mental construct of a teacher involves views on the inquiry approach, limitations on its

use, benefits and decisions to use the inquiry approach.
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Levels of PCK consist of high level, which indicates a complete discussion of the content,
moderate level, few components of the content are missing in the discussion, and low

level where many components of the content are missing.
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Chapter 3
METHODOLOGY

This section contains a discussion of the general methodology used in the study.
Specifically, it contains the discussion on the design of the study and the process of selecting the
participating schools and teachers, data collection and analysis procedures.
Design of the Study and Case Selection

This research used a multi-case study design (Figure 6) to gain multiple perspectives of
teachers’ perceptions and decision making with regard to the use of the inquiry approach. Itis a
multi-case design in which four (4) cases were selected to develop a more in-depth
understanding of the said phenomenon. Then, an empirical investigation on each of the cases was
conducted through interviews, classroom observations and document analysis. After the
thorough investigation, individual case reports were then prepared. Cross-case comparison
(comparing one case to another case) was done to come up with conclusions and develop

theories based on the observed cases. Finally, the summary of the report was prepared.

Teacher 1 Teacher 2 Teacher 3 Teacher 4

Empirical Investigation by Interview, Observation and Document
Individual Case Report
Cross-Case Comparison
Theory Development

Summary of the Report

Figure 6. Multi-case Research Design of the Study
85



The study involved four (4) Grade 8 Science teachers from two public high schools in
Laguna. The cases were selected based on the following criteria: (a) the school (or at least some
of its teachers) has implemented the inquiry approach as a teaching approach; (b) the school has
been offering the Engineering and Science Education Program (ESEP); (c) some of its teachers
have been teaching the investigatory project making in which the inquiry approach is applied,
and (d) it has participated in Regional and National Science Fairs, and has been consistent in
winning these competitions.

The participants were identified through the help of the science coordinator of the
selected school. Each teacher was selected based on the length of teaching. In particular, two (2)
teachers were observed from each of the two selected target schools. One was from the group of
teachers with 0-5 years of teaching while the other one was from the group of teachers with more
than 5 years of teaching. This multi-case study involved beginning and experienced teachers for
variation of ideas and opinions on PCK, decision making and inquiry approach implementation
in order to obtain more meaningful conclusions.

Another framework for classifying the respondents of the study was also considered. This
is based on the DepEd’s Philippine Standards for Teachers (PPST) which classifies teachers into
four (4) career stages — Career Stage 1 (Beginning Teachers), Career Stage 2 (Proficient
Teachers), Career Stage 3 (Highly Proficient Teachers) and Career Stage 4 (Distinguished
Teachers). Based on PPST, Teacher Ace and Teacher Des are Career Stage 1/ Beginning

Teachers with the characteristics shown in Table 10.
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Table 10. Career Stage 1/ Beginning Teachers Based on PPST

Characteristics Which Teachers?

e have gained the Teacher Ace is a graduate of BS degree in Mathematics
qualifications recognized for and Science Teaching (BSMST), major in Biology.
entry into the teaching
profession. Teacher Des is a graduate of BS degree in Secondary

Education specializing on Biological Sciences.
e have a strong understanding  Both have an expertise in Biology as it is their
of the subjects/areas in specialization/major.
which they are trained in
terms of content knowledge

and pedagogy.
e seek advice from Both make consultation with colleagues. Teacher Bes
experienced colleagues to always seeks advice with colleagues.
consolidate their teaching
practice

On the other hand, Teacher Bes and Teacher Ces are Career Stage 2/ Proficient Teachers

(Experienced) with the following characteristics:

Table 11: Career Stage 2/ Proficient Teachers Based on PPST

Characteristics Which Teachers?

e professionally Teacher Ces has the ability to teach using authentic activities or
independent in the teaching strategies.
application of skills
vital to the teaching and  Teacher Bes manages to apply skills in teaching using technology
learning process (Smart TV).

o reflective practitioners Teacher Ces as the Head practices this.
who continually
consolidate the
knowledge, skills and
practices of Career
Stage 1 teachers.

Data Collection Procedures

Data were collected through interviews, classroom observations, collection of artifacts
and other relevant documents, and reflective journaling. Prior to data collection, a consent to

conduct the study was sought from the Schools Division Superintendent, Department of
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Education, participating schools, and teachers. A letter of consent was sent to the Department of
Education’s Schools Division Superintendent in Sta. Cruz, Laguna (Appendix A) requesting a
permission to conduct the study in two public high schools in the province. Upon approval, the
letter was presented to the Division Science Supervisor (Appendix B), and principals (Appendix
C and Appendix D) of the target schools. The researcher sought the help of the science
coordinator in identifying the teachers.

Prior consent of the selected teachers was likewise sought. The teachers were invited to
participate in the research and when they agreed, the dates of the interview, classroom
observations, and other data collection procedures were identified. All cases were handled with
complete anonymity and confidentiality.

The data collected are described below:
1. Semi- Structured Interview/ Interview Guide

Teachers were interviewed separately. The interview was done prior to and after the
classroom observation. In the first meeting/interview, data was collected on the teachers’ PCK,
decision making, and inquiry approach implementation. In the second meeting/interview, the
information collected during the first meeting was validated. The time and place of the interview
was arranged according to the convenience of the participants. The language used in the
interview was also based on the participants’ preference. The consent of the teachers to audio-
record the interview was sought.

2. Non-Participant Classroom Observation
The non-participant classroom observation was done to observe how the teachers

implemented the inquiry approach in teaching cell division and Mendelian genetics in the
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classroom setting. The researcher did not, in any way participate, in the classroom activities or
interact with either the students or teacher during content delivery. Observations were done for
10 days and class sessions were video-recorded. The researcher sought the téachers’ consent
before the video-recording of the classroom teaching. Since the teachers had the same teaching
schedule (1:10-2:00 p.m. and 2:00-2:50 p.m.), the observations were done simultaneously in the
two (2) schools. Two (2) groups of videographers and classroom observers were hired and
trained to get as much data as possible. During the observation, the researcher and the other
classroom observers also took down notes.
3. Collection of Artifacts and Documents

The teachers’ lesson plans, copies of their tests, and models were requested from the
participating teachers and these served as additional sources of data. The main sources of data
were obtained from the interviews, classroom observations and instructional materials. These
documents were photocopied with the consent of the teachers. Any information on the document
that could lead to the identification of the participant was concealed or erased.
4. Reflective Journaling

Reflective journaling involved the writing down of the researcher’s reflections,

impressions, and feelings on the processes done in the study, in particular in the conduct of the
study as a whole. The researcher maintained a journal where information and the various notes
during the classroom observation were recorded. According to Morrow and Smith (2000), the
use of a reflective journal adds rigor to qualitative inquiry, as the investigator is able to record

reactions, assumptions, expectations, and biases about the research process.
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Instruments and Data Collected

To facilitéte data collection, the researcher developed the following instruments:.
1.Semi- Structured Interview Guide

Two interview guides were developed depending on the time that they were implemented.
One interview guide was developed for the interview scheduled prior to classroom observation
while the other guide was for the interview scheduled after the classroom observation.

a. Prior to Classroom Observation. The interview guide before the classroom
observation consisted of two parts. The first part involved the collection of
information on teacher’s perceptions. The questions were focused on collecting data
on teachers’ strategies in teaching cell division and Mendelian Genetics, planning
the lesson, student characteristics to consider, forms and mode of assessments, etc..
On the other hand, the second part was composed of questions on the teacher’s
implementation of the inquiry approach. Specifically, it collected the following
data:

i. Teacher’s idea/perception/views on the use of inquiry approach
i.ii. Teacher’s idea on the benefits or usefulness of inquiry approach

b. After the Classroom Observation. The interview guide used after the classroom

observation validated the observations before and during classroom observations.

Follow-up questions were also prepared.
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2. Classroom Observation

The general classroom observation guide (Appendix G) focused on the researcher’s
observations and impressions on the teacher’s use of the inquiry approach in the classroom. It
was a narrative of the teacher’s actual teaching performance in her use of the inquiry approach.
This narrative was also used in identifying the type of inquiry (as open/full inquiry, guided
inquiry, structured/direct inquiry and learning cycle) as demonstrated by the teachers. To
facilitate the classification, a guide made by Marin-Hansen (2002) and Colburn (2000) was used
as reference.

3. Chechklist of the Teacher’s Artifacts and other Documents

All artifacts used by the teachers were collected (e.g. lesson plans, tests and the like).
These were analyzed to check if the output demonstrates the use of the inquiry approach.
4.Summary of Reflective Journal Entries Form

The journal entries, as well as the checklist of general data and analysis procedures done
during the semi-structured interviews and classroom observations were summarized in a matrix.
Data Analysis Procedure

The interview data were subjected to triangulation (with non-participant classroom
observations and document/artifact analysis) and analyzed using Constant Comparative Analysis
(Glaser &Strauss, 1967).

Constant Comparative Analysis was used to identify underlying themes in the data. The
analysis was undertaken inductively, involving explicit coding and analytic procedures, resulting
in the generation of a theory.

In using the Constant Comparative Analysis, certain conditions had to be in place. This

analytic tool could not be arbitrarily used, but a specific set of conditions had to be met for the
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tool to be deemed appropriate and meaningful. For the study, the following assumptions were
made:

1. It can be applied in a small number of cases. The study involved four (4) cases. Given
scarcity of time, energy and financial resources, this intensive analysis of a few cases
may be more promising than the superficial analysis of many cases.

2. An interview with each of the four (4) teachers is one piece of data, which can be
compared with all the other pieces of data for similarities and differences.

3. It analyzes data collected even in one round or single-round of interview. The study
involved a single-round of interview.

4. The data to be analyzed critically to draw new meaning can be either from previous data
or newly collected data. In the study, the interview served as the newly collected data.

5. Intensive analysis of the four (4) teachers in terms of characteristics, opinions,
perceptions, behaviors through comparison predicts theory development.

Given these assumptions, the following procedures involving the Constant Comparative
Analysis were done.

1. Transcribing the interviews. After transcription, the researcher read through the entire set
of data per teacher. The set of data per teacher was color-coded.

2. Chunking of each teachers’ data. For each teacher, the researcher chunked the data into
smaller meaningful parts.

3. Coding of each chunked data: The researcher labeled each chunk with a descriptive title
or a “code” category using Atlasti, a software coding program.

4. Subcategorizing of the coded chunked data: The code category was divided into

subcategories to represent the research questions. At this point, the researcher used
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different colors (red for T. Ace, green for T. Bes, violet for T. Ces and blue for T. Des)
corresponding to the subcategories to mark text in the interview transcripts, classroom
observations and document analysis.

5. Comparing of data: The researcher compared the data of the second teachers (then, of the
third and fourth cases) with the previous data so that similar chunks were labeled with the
same code. The previous data was checked to see if there was an existing similar code.

6. Grouping of similar data: After all the data were coded, the codes were grouped by
similarity and a theme was identified and documented.

7. Documenting the coded information: All coded information was documented.

The evaluation of the teachers’ PCK was based on the DepEd’s learning competencies for
Cell division and Mendelian genetics in Grade 8 Science (Table 12) for the fourth quarter.

Table 12. DepEd’s Specific Topics and Learning Competencies for Grade 8 Science
Topic Learning Competencies
Organelle of the cell involved Identifies organelles that are involved in cell division
in cell division

Stages of mitosis Describes and compares the processes of mitosis and meiosis and
their role in the cell division cycle

Stages of meiosis Compares the number of chromosomes of the daughter cells
resulting from mitosis and meiosis

Mendelian genetics Explains the significance of meiosis in maintaining the

chromosome number
Describes how the union of egg and sperm cells results in

variation
Identifies phenotypes as the expression of inherited
characteristics

The researcher’s daily impressions and reflections on the data collected, the
methodology, and interactions with the case participants were written down in the reflective

Journal. The videos were viewed daily and were edited for at least 1 month to improve sound

quality and remove unnecessary footage as needed.
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The units of analysis were pedagogical content knowledge and decision making of the
selected teachers, i.e., Grade 8 teachers in two public schools where a case-by-case basis analysis
was applied. Participatory interest of the teachers was sought and established through mutual
understanding. The teachers were informed of the importance of their responses to the study, and
as much openness, fairness and precision as possible were requested and appreciated. Teachers
were informed that they could obtain a copy of the research results, should they so wish.

Data Validation

Two strategies were employed to validate the data, namely,

(a) Member checking. First, the verbatim transcripts of the interviews and the

interpretations in the form of assertions and supporting quotes were provided to all the

cases for member check. This allowed the researcher to be corrected by the participants.

In this strategy, the teachers were asked to read their typed transcripts to determine if the

researcher had “accurately described their experience”. Any discrepancy that a teacher

reported to the researcher was noted and corrected in the final transcript.

(b) Peer Examination. Second, the findings were subjected to peer examination, in

which the findings were given to a second reader for comments. Selected previously, the

second reader verified the themes that emerged from the study. The reader has had

previous experience in case studies and was familiar with the research methodology.
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Chapter 4
RESULTS AND DISCUSSION
The Context of the Study
The Participating Schools

The two (2) participating schools, indicated in this study as School A and School B (to
maintain confidentiality of their identities), are public high schools in Region IVA
(CALABARZON). Both schools offer two (2) shifts, one in the morning and one in the
afternoon. The morning session starts at 6:15 A.M. and ends at 12:30 P.M., while the afternoon
session starts at 1;10 P.M and ends at 6:30 P.M. Both schools have two (2) pilot sections, which
are under the Science, Technology and Engineering (STE) program while the rest of the sections
are under the basic curriculum. The average class size in each school is 45. School A has nine (9)
Grade 8 Science faculty members while School B has eight (8) Grade 8 Science faculty
members.

Apart from the Department of Education Order s. 2014 on the writing of lesson plans or
Instructional Plans (IP-weekly basis) following the format provided by DepEd, DepEd also
released Department of Education Order No. 42, s. 2016 that aims to guide the teachers in
preparing lessons through the Daily Lesson Log (DLL) or Detailed Lesson Plan (DLP). It is the
choice of the teachers (in the NCR) to write either the Instructional Plan (IP) or the DLL/DLP
(Dr. Isidro C. Aguilar, Chief, Curriculum Implementation Division, personal
communication). All the teachers in the study opted to write their Instructional Plans which they

always submit to their Science Head a week before the lesson proper. This Instructional Plan

should contain the following components:

1. Learning objectives, which are specific objectives on knowledge, skills, and attitudes
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2. Resources Needed, which pertain to the materials needed to achieve the learning
objectives, e.g. reference materials, teacher’s materials, learner’s materials

3. Elements of the Plan, which include the activity, analysis, abstraction, and application of
the lessons with specific teacher’s action and learner’s response

4. Assessment, which could be of any type that measures students’ knowledge, process
skills, understanding, and/or performance; and

5. Assignment, which could be either individual or group.

Although the participating schools need to use the materials provided by the Department
of Education, there are some cases where teachers have to provide their own materials in
teaching certain topics in Biology. Apart from the materials provided by DepEd, the teachers are
likewise encouraged to use other resources to supplement the learning process (Dr. Isidro C.
Aguilar, Chief, Curriculum Implementation Division, personal communication). For instance, in
the cases investigated in the study, teachers have to look for learning materials for teaching

Mendelian genetics, as well as cell division aside from the materials on cell division (Appendix
M) provided by DepEd. The Department of Education Order No. 13, s. 2012 provides funds for

the centrally-procured learning activity packages (LAPs), modules and other instructional
materials (OIMs) to support the initial implementation of the K to 12 curriculum. This includes
the release of the models and the Learner’s Module (LM), the module for teaching science across
all grade levels. The LM, which was designed following the inquiry approach, is the main
textbook for Grade 8 Science (Appendix N). The material is composed of four (4) units. Each
unit is composed of three (3) to six (6) modules with specific inquiry-based activity or activities

per module. It is in Unit 4 (Living Things and Their Environment) where the Module on Cellular
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Reproduction and Genetics is discussed. These topics are usually taught toward the end of the
school year or during the fourth quarter.

All the teachers in these schools use the same module and each school has its own
departmentalized examination in the form of a long test/summative test (Appendix O and
Appendix P). The DepEd Chief said that the type of departmentalized examination depends on
the discretion of the school principal, while the giving of short quizzes depends on the discretion
of the teachers. Likewise, as imposed by the DepEd, the teachers have to use the LM for Grade 8
Science, however, the DepEd Chief pointed out that there is no prescribed list of teaching

strategies that the teachers need to follow since differentiated strategies are always favored. As
stipulated in DepEd Order No. 42, “recognizing the diversity of learners inside the classroom,
DepEd allows the use of varied instructional and formative assessment strategies including the
use of information and communications technologies (ICTs)” in teaching the basic concepts of
science giving the teachers freedom to choose a specific teaching strategy so that quality
instruction is carried out.

The Participating Teachers

From School A, the participants were named Teacher Ace and Teacher Bes, while from

School B, the participants were named Teacher Ces and Teacher Des.

Teacher Ace

Teacher Ace is a female science teacher who has been teaching Science 8 for three (3)
years. In school year 2015-2016, she handled four (4) sections of Science for Grade 8. Her
official designation is Teacher I. In 2008, Teacher Ace graduated with a BS degree in
Mathematics and Science Teaching (BSMST), major in Biology. She has already taught for three

(3) years in another school. When she started teaching in 2013 in School A, she only attended
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one seminar on K-12 curriculum preparation and approaches, in which she remembered one
session focusing on the inquiry approach in teaching science. Teacher Ace, with a modulated
voice, discusses cell division and Mendelian genetics using representations in the form of
models, pictures, personal illustrations and visual aids in textual form. Moreover, Teacher Ace
usually employs cooperative learning or small group discussion (sometimes coupled with
technology) in her classes and uses a variety of activities such as project work and problem-
solving activities about genetics. During the interviews, she was approachable and was always
relaxed. When there were things that needed to be clarified by the researcher, she was always
available and so easy to deal with. She was very accommodating as the researcher talked with
her on her vacant periods.

Teacher Bes

Teacher Bes is a female science teacher who has been teaching Science 7 and 8 for 19
years. In school year 2015-2016, she handled four (4) sections of Science 8 and one section of
Science 7. Her official designation is Teacher I. According to the Science Head, with her 19
years in the service and her designation, she is considered as one of the science mentors of the
school. In 1994, she graduated with a BS degree in Agricultural Education, major in Animal
Science. She taught for one year in another school. She has earned some units in MA Education,
major in Educational Management. From 2010-2015, she attended trainings and seminars on
science teaching enrichment such as a seminar on secondary education curriculum focusing on
science teaching approaches and a series of seminars in preparation for the K-12 curriculum
implementation with emphasis on the inquiry-based approach. She keeps on updating herself on
the inquiry approach, as she recently attended a series of seminar-workshops on enhancing

Biology teaching in Genetics, Physiology, Ecology and Biodiversity for Grades 7, 8 and 9 with
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focus on experiments, modelling, and hands-on activities. This was sponsored by the Biology
Teachers Association of the Philippines (BIOTA) Chapter in the region.

Teacher Bes uses representations in the form of pictures, models, and visual aids in
textual form. In addition, Teacher Bes usually employs the lecture style method and cooperative
learning or small group discussion in her classes. She also prepares problem-solving activities for
the students. In most of her discussions, she uses the lecture style method coupled with the use
of the Smart TV. Teacher Bes has a soft speaking voice. Her soft voice is heard as she greets the
students and checks the attendance as well as the seat plan of the students. Teacher Bes is also
patient in noisy environments. Where there are noisy and passive students, as well as those with
unnecessary behaviors, she waits for complete silence before she proceeds with the discussion.
Teacher Bes shows too much dependence on the textbook/LM as she always tells her students to
refer to the LM for the discussion of some specific topics. She always wants to collaborate with
her colleagues about specific topics in biology. She has to consult them because she admits that
if she does not do so, she will be at a loss, because teaching biology is not her expertise. She
admits that she is not a graduate of a BS Biology course and so she believes she lacks the content
knowledge about the said topics. She always collaborates and consults with colleagues especially
if an activity from the LM is difficult to conduct or perform. In most of her dispussions, Teacher
Bes prefers to stay in front so that she will easily see the students at the back. Teacher Bes was
not always approachable, as many times, she was not available for the researcher’s consultation
with her.

Teacher Ces
Teacher Ces is a female science teacher who has been teaching Science 8 for 10 years.

She taught for one year in another school. In school year 2015-2016, she handled five (5)
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sections of Science for Grade 8. Her official designation is Master Teacher I. In 2002, she

| graduated with a BS degree in Secondary Education, major in General Science. She finished MA
| in Administration and Supervision in 2014. She has attended a number of trainings and seminars
in preparation for the K-12 curriculum implementation in order to enrich science teaching. With
focus on the inquiry-based approach, some seminars she attended included Teaching Strategies,
Seminar on Innovative Way of Teaching Science, Seminar-Workshop series on Enhancing
Biology Teaching on Genetics, Physiology, Ecology and Biodiversity for Grades 7, 8, 9
Teachers, The joy of Teaching: Teaching from the Heart, Teaching Strategy Seminar for High
School Teachers 2014, Innovative Teaching —Learning in the 21« Century: Trends, Tools and
Tips.

Teacher Ces is the head teacher of Grade 8 Science. She always teaches with a smile,
enthusiasm and a loud voice. She makes it a point that with her loud voice, all the students are
attentive during discussions. She is very enthusiastic as she enters the room and greets the
students with a loud voice. Similarly, after checking on the cleanliness of the room and the
attendance for the day, her voice is always loud for the students to hear her easily. For students’
learning, Teacher Ces uses a variety of activities such as story-telling activity, role playing
activity and problem-solving activities on genetics. She usually employs cooperative learning or
small group discussion with video presentation. Just like Teacher Ace, Teacher Ces uses
representations in the form of personal illustrations, pictures, models and visual aids in textual
form. Just like Teacher Bes, Teacher Ces shows ways to avoid too much class noise. To pacify
the noisy students, Teacher Ces plays a video or makes her voice a little louder. She has a loud
voice, is approachable, jolly and very easy to deal with. Thé students like her very much because

of her happy face. She is always ready to give time when somebody wants to talk with her. Not

100



only the students, but also her colleagues in the Science department like her so much as revealed
in one of the informal conversations of the researcher with three (3) of her colleagues.
Teacher Des

Teacher Des is a female science teacher who has been handling Science 8 for almost
three (3) years. She is Teacher 1 and handles four (4) sections of Grade 8 Science. She graduated
with a BS degree in Secondary Education specializing on Biological Sciences. In her almost
three (3) years in School B, she has attended seminars on science teaching involving the inquiry
approach such as seminars on Teaching Strategies in Science, Encouraging Children’s
Discoveries, Developing Critical Thinking Skills through the Art of Questioning and
Differentiated Instruction in a Differentiated Classroom.

Teacher Des has a very soft voice as she greets her students at the start of her class,
checks the attendance and asks the students to fix the chairs. She always starts the discussion
with a prayer which is led by the students. Just like Teachers Ace and Ces, she uses pictures,
personal illustrations, models and visual aids in textual form as forms of representation.
Meanwhile, Teacher Des usually employs cooperative learning or small group discussion
coupled with video presentation. She also prepares problem-solving activities for the students.
Teacher Des has a happy face when she stays in front during discussions. She was very
approachable and was easy to deal with.

General Pattern of PCK Among Teacher Cases Who Use the Inquiry Approach in
Teaching Cell Division and Mendelian Genetics

Table 13a shows the emergent themes of PCK from interviews while Table 13b shows

the emergent themes of PCK from classroom observations based on the Constant Comparative

Analysis of the four teachers. It is in these tables where the common themes were obtained for
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the discussion on the general pattern of the teachers’ PCK in teaching cell division and

Mendelian Genetics.

Table 13a. Emergent PCK Themes from Interviews Based on the Constant Comparative

Analysis of the Four (4) Teachers (Note: Color Coding of the Teachers — Teacher

Ace,

Teacher B, Teacher C and | cacher D).
K Theme Extracted  Description Sample Response/Entry
main Code
itent Clear Clear Discussing ~ Of course..... they learn to understand why cells need to
owledge discussion practical clearly with  divide: for mitosis, body cells, need to divide for growth,
of basic application of emphasis survival and replenish old tissues. Somehow when students
concepts the role of the role of  understand the basic concepts of genetics, they will at least be
of cell cell division mitosis and  able to explain why this particular trait (for example, presence
division and meiosis as  of dimples) runs in the family
and Mendelian well as For sure. they learn to understand that cells need to divide for
Mendelian genetics basic survival. growth and development and repair. Learning
genetics concepts of  genetics 1s understanding heredity. passing of traits from
genetics parent to offspring, and variation
For mitosis, students learn to understand that it is growth and
repair. .. The students will be able to explain how traits are
inherited from the parents to offspring.
For mitosis students will be able to explain why we grow. ..
Students will understand inheritance of traits upon learning
genetics
Complete Discussing  Students will understand that the union of sex cells explains
understanding clearly the ~ why we humans are not alike. Meiosis maintains reduced
of cell basic chromosome number that’s why sex cells are haploid.
division and  concepts of Somehow when students understand the basic concepts of’
Mendelian cell division genetics, they will at least be able to explain why this
genetics and particular trait (for example, presence of dimples) runs in the
Mendelian  family.
genetics Of course the students will become knowledgeable about the

concepts of cell d1v151011 and Mendelian ;_.,enettcs

RN ll:

\s long as ther the sperm and ceo cells i male ane
cmale which unite \tl:.m:ﬁ metosis. we humans will be on
carth. And students know how to explain how this trang 1s
inherited through leaming genetics
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Table 13a. Emergent PCK Themes from Interviews Based on the Constant Comparative
Analysis of the Four (4) Teachers (Note' Color Coding of the Teachers — Teacher Ace,
| Teacher B, Teacher C and |

her D).

Hmain Theme Extracted Code Description Sample Response/Entry
tional Use Cooperative Employing group I also do the discussion through a group work/exercise
gies cooperative learning is the  discussion to convey [ think a group activity/exercise seems to work best in a
learning best strategy knowledge among the specific group of leamers especially for analy zing stages of
students mitosis and meiosis, and problem-solving activities in genetics
. I give them a group work as practice exercise.
Start a Motivational Using motivational “[ start the discussion by giving the students a motivational
lesson with activities for activities to introduce a activity (sharing of personal activities).

motivational  starting a lesson
activities

topic

I start the discussion on cell division with a story-telling activity
about cell organelles

I A
c N A

Use models ~ Teaching using

Using a variety of

Ok I discuss cell division using models, pictures/cut-outs and

and modelling, representations in videos
multimedia representations,  teaching When I discuss cell division, I discuss the stages (PMAT) using
materials media (as models which are available in the school.
individual/group For example, for the group activity, after I discuss about the basic
activity) differences between mitosis and metosis, 1 divide the class into 4
or S groups .. I give them cartolina or Manila paper and pentel
pen, and the members discuss among themselves the stages of
mitosts and merosis
[ use models in discussing cell division. I always use the models
provided by the school. At this point, I will have to use visuals
(pictures) to discuss 1t
O W
3 K |
1o ( Ie I u \
ustrat I LN
Cl1
Use of a Additional Asking students to submit  The doy botore Tt ih n
variety of school a small poster on the | ctures On the day ol th ML uSIn
activities requirements to  actual cut-outs of the wht, Lwaill hen | g
enhance learning  stages of mitosis and ] ' Can vou explam what makes vour characier

family picture as
instructional strategies to
enhance learning

For example, in the small group discussion, | may use posters

Use of additional
activities

Using various activities as
instructional strategies

For an additional activity which is a check-up activity, I use
pneumonics, a hand activity about the stages of mitosis. |
definitely do problem-solving activities on genetics either by
group or as an individual activity -
Sometimes, I ask my students to do role playing on Gregor
Mendel for appreciation of Mendel’s work

Acquisition of
additional
reading materials

Giving the students a
printed copy of a STORY
about cell organelles as an
instructional strategy to
facilitate learning

Let me recall. I start the discussion on cell division with a story-
telling activity about cell organelles.
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Table 13a. Emergent PCK Themes from Interviews Based on the Constant Comparative

~ Analysis of the Four (4) Teachers (Note Color Coding of the Teachers — Teacher Ace,
|  Teacher B, Teacher C and | ).
main Theme Extracted Code Description Sample Response/Entry
ading  Develop or Asking Students’ understanding  How? I encourage them to ask questions and do critical
nce stimulate questions of science involves thinking
students’ develop critical ~ development of their I tell them to always ask questions
critical thinking critical thinking as they I encourage them to ask questions based on their observations.
thinking by ask questions during the
asking discussion
questions
Asking
questions
stimulate
student thinking
Use of media Students’ understanding [ use media (film clip, video, TV) to stimulate student
for student of science involves thinking, you could see the eagerness of the students.
thinking development of critical [ always use Smart TV because I observe using colored
thinking as media is visuals. students are motivated to think
used [ use a lot of video clips, film clips and sometimes movies, 1
know the students are always excited to watch a film or a
video. and they are stimulated to think
Use of media,  Students’ understanding I always make use of pictures or cut-outs of pictures, personal
models, of science involves drawing or illustration, from the textbook I summarize the
representations  development of critical content in a visual aid, I always use models
for student thinking as media, ' [ net to down
thinking models and forms of to und
representations are used .
I discuss cell division using models. pictures/cutouts and
videos
Use of Knowing that  Students’ understanding  It’s simple. . Through the test and activities done If the
multi- students learn  of science involves scores are okay, | know they understand the lesson
assessment  through atest or  student learning as the Compared with the old curriculum where exercises are given
tools activities teacher uses a test or before and after the lesson, in today’s curriculum, it is
activity performance-based so I know they understand if they can
perform an experiment or they can solve problems during a
test.
Knowing that  Students’ understanding ~ Let me see. . first, it is based on the reaction of the students.
students learn  of science involves Through an agtmty, I know they understand the lesson if their
through their ~ student learning as the output is ok.
reaction and teacher uses a test or
activity activity
Knowing that Students’ understanding I'hi 5 [ .

the students
learn by active
participation
and through an
activity

of science involves
student learning through
participation and activity

participate and while | talk thev histen, | ki

Learning
through
experiment and

problem-solving

Students’ understanding
of science involves
student learning through
an experiment

I am sure students learn to experiment on plant and animal
cells. Students learn to solve problems in Mendelian genetics
using the Punnett square.
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Table 13a. Emergent PCK Themes from Interviews Based on the Constant Comparative
Analysis of the Four (4) Teachers (Note: Color Coding of the Teachers — Teacher Ace,

' Teacher B, Teacher C and | cacher D).
Jomain Theme Extracted Code Description Sample Response/Entry
tanding Use of multi- Learning through  Students’ learning Students Icarn about cell division stages and solving problems in
;ience assessment knowledge on cell measured through Mendehan geneties
tools division and knowledge of basic
problem-solving  concepts, representations
and problem-solving
Lcamning through  Students’ understanding of ~ Students learn about cell division diagrams. at least for mitosis
representations science involves student which 1s basic. any kind of related diagrams. illustrations or
and problem- learning through forms of  drawing on cell division
solving representations and '
problem-solving
Assignments and  Students’ lcarning I also give assignments and a lot of activities
more activities for measured through For the remedial class. it1s a different make-up:
slow learners assignments and additional [ check assignments and a lot of activities.
activities especially for 100 -
slow Icarners
Objective test and ~ Students’ understanding of ~ When | give a test. it is a combination of simple recall and
an activity science involves student application
learning as the teacher : :
validates through exams .
and activities eive them a test of recall and analy sis
The test that [ give is always a combination of objective and
problem solving questions
Teach to Use modelsand  Students™ understanding of  Lecarning about cell division and Mendehan genetics will make
develop multimedia science involves student’s  students understand the concept of evtokinesis, crossing over,
conceptual materials development of conceptual  homologous chromosomes, Law of independent segregation, Law
understanding, understanding and critical of independent assortment and all the other concepts
critical or thinking and other skills as  (domunant/recessive trait, phenotvpe/genotype ele).
analytical teachers use models and I think students will have a verv clear understanding of the
lhinkh{g skills, multimedia materials concepts of cell division and Mendcelian genetics
and problem- Of course the students will become knowledgeable about the
solving skills concc.plq ofccll d1\ ision and Mcndt,ll'm gmchcs
| division and |
mderstand basie concepts [ mnd meios
1 C 1ee furrow \‘l | 0l OUS
vnapsts, Law of Dommance. Law of Independent S
Law ol Independent Assortment. et
Learning for Students’ understanding of [ think some skills are also learned by students to analvze the
developmentof  science involves teacher’s  events that occur in cach of the stages of mitosis and meiosis.
skills teaching the basic concepts  There arc also many skills used learn to ml\ ¢ gcnclms problems.
in order to develop In terms ol shall. Students [eam  the proper shills canalyvsis, ¢
conceptual understanding hinking. problem-sohme) in understanding about cell
and critical thinking as reproduction and Nendelian venetic
well as other skills
Correct/Prevent Misconception Students’ understanding of ~ Yes, [ always make a summary of concepts based on the textbook
misconceptions  prevented through  scicnce involves everytime I make a discussion. | also prevent misconception
a textbook or correction/prevention of through n activity.
activity misconceplions Sometimes | check the textbook for the summary of concept

Sometimes 1 forget. | also do an activity
After the experiment, we use the textbook to determine the correct
concepts involved in the activity. So [ both do an activ ity and the
le \lhook to prcvcm mlsmnccpimm

) | | i ‘.]i & Bl I mal
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Table 13a. Emergent PCK Themes from Interviews Based on the Constant Comparative
Analysis of the Four (4) Teachers (Note: Color Coding of the Teachers — Teacher Ace,

Teacher B, Teacher C and |

- D),

concepts of
cell division
and
Mendelian

homologous chromosomes, chromosome,
etc.

'K Theme Extracted Description Sample Response/Entry
12in Code
sment Give extra Extra work for Assessment involves [ know they understand the lesson if their output is ok. For
work or slow learners teacher’s giving of an those whose scores are low, I tell them that I will give an
remedial extra work for slow extra work
class to learners
slow Patience to wait Assessment involves Of course, I have to wait for the output of the slow leamers
learners for output of teacher’s patience
slow learners
Remedial Assessment involves For the remedial class, it is a different make-up. 1 give the
class/Reteaching teacher’s giving of a students extra activities since we do not have a common
for slow learners  remedial class or schedule
reteaching for slow For the slow learners, to make sure they understand before
learners moving to another topic, I have to reteach the concepts. I also
do remedial classes for the slow learners
Table 13b. Emergent PCK Themes from Classroom Observations based on Constant
Comparative Analysis of the Four (4) Teachers (Note. Color Coding of the Teachers —
Teacher A, Teacher B, Teacher C and cher D),
K Theme Extracted Code Description Sample Response/Entry
ain
ant Clear Instruction/Institution  Discussing clearly chromatid, centromere, Chromatid is one of the paired
edge discussion of content euchromatin, heterochromatin, role of DNA,  strands of the duplicated chromosome
of basic human sex chromosomes, prophase, The chromosome is very important in

cell division which is found 1n the
nucleus of the cell

genetics Emphasis on more

important topics

Discussing clearly with emphasis the role of
mitosis and meiosis as well as basic
concepts of genetics

Emphasis on more
important topics

Discussing clearly with emphasis the role of
mitosis and meiosis as well as basic
concepts of genetics

Inheritance of traits due
to genetics

Discussing clearly the concept behind inheritance
of traits

We got the good traits from our parents

Explanation of jargons
Mitosis is for the
increase in size and

Discussing clearly the basic genetics terms
Discussing clearly the role of mitosis

Applying the genetics terms in an activity
Mitosis is for growth and development
Mitosis is for growth and repair.

repair
Synthesis of the lesson  Discussing clearly the differences between After summarizing. she said “Goodbye
was given mitosis and meiosis as well as the cell organelles  class™

and functions of each organelle

She ended the discussion by summanzing
the cell organelles and functions of cach
organelle using a Venn diagram
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Table 13b. Emergent PCK Themes from Classroom Observations based on Constant
Comparative Analysis of the Four (4) Teachers (Note: Color Coding of the Teachers —

Teacher A, Teacher B, Teacher C and | er D).
K Theme Extracted Code Description Sample Response/Entry
12in
tional Use Cooperative Employing group discussion to convey  All did group
igies  cooperative  learning 1s the best  knowledge among the students work/exercise/discussion
learning strategy
Start a Motivational Using a motivational activity to introduce a  Started with a motivational
lesson with  activities for starting  topic activity (personal experience)
moti‘..fa.ti‘ona] a lesson Did not use a motivational
activities activity, instead. lecture
Started with a motivational
activity (story-telling, role-
playing)
Motivational activity  Start the lesson by reviewing the She had a review about the previous
through review of ~ previous/past lesson as a motivational lesson She used the Smart TV for the
previous lessons activity review on the stages of mitosis
She had to make a review of the past
lesson (story-telling activity) as she
asked “Whar do you think is the
Sfunction of the nucleus?”
12 I aae g !
Motivational activity ~ Start the lesson by using visual aids and All used visual aids
through visual video presentation as a motivational activity ~ Teacher Ces played a video on
materials mitosis
Motivational activity ~ Start the lesson by asking for an ice-breaker Eve1ybody was Inppy and got
through an activity ~ or bringing a family tree as a motivational energized after the presentanon
activity Which of y raits ilar 1
Use models  Utilization of visual ~ Using illustrations/pictures, visual aids in All used models and forms of
and materials/models for  textual form, video presentation as well as representations.
multimedia better teaching models for better teaching of cell division The cell cycle (picture) is composed
materials and Mendelian genetics of Gl, S, G2 and Mitosis.

She then asked evervbody to look at
the Smart TV with pi\_'illl“\.‘

Students match each picture with the
specific stage

Pointing to the m
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Table 13b. Emergent PCK Themes from Classroom Observations based on Constant

| Comparative Analysis of the Four (4) Teachers (Note: Color Coding of the Teachers —

Teacher A, Teacher B, Teacher C and | cacher D).
'K Theme Extracted Code Description Sample Response/Entry
131N
itional Use of a Use of additional Using various activities as instructional I will teach you a hand activity on the
sgies variety of  activities strategies stages of mitosis '
activities The teacher taught them the hand

activity about the stages of mitosis.

I'he teacher had 1o check on how the
students were solving so she had 1o
go from one student to another

Now, I would like to introduce to
you, our guest for today, Gregor
Mendel (role playing)

“to do the exercise for 10 minutes
only” (Bikini Bottom genetics)

Additional school
requirements to
enhance learning

Asking students to submit a small poster on
the actual cut-outs of the stages of mitosis
and family picture as instructional strategies
to enhance learning

The project is a small poster on the
actual cut-outs of the stages of
mitosis which should be taken from
previous studies

f

More students are
willing to participate
in activities

Asking of student-volunteers to answer in
the activity as an instructional strategy to
validate learning

Do you follow what we are doing?

Did you understand how to determine
the phenotype? (asking volunteers to
answer orally)

Utilization of hand-
on activities

Giving students hands- on exercise as an
instructional strategy to facilitate learning

Posting of the exercise on the board

Let us discuss the answers now

Acquisition of
additional reading
materials

Giving the students a printed copy of a
STORY about cell organelles as an
instructional strategy to facilitate learning

For you to reflect on how to answer
question numbers 3 and 4, we will do

Use of trivia to
encourage students to
listen

Explaining the biological significance of
cell division using a trivia as an instructional
strategy to motivate learning

an activity

Preliminary activities
are more helpful
before discussion

Using preliminary activity in the form of
drills as an instructional strategy to facilitate
learning

Additional meetings
for slow learners

Using an additional meeting as an
instructional strategy to facilitate learning of
slow learners

Look at the picture and identify each
stage one by one, first, second,

third. .. (After knowing that in
previous quiz that most students got
1/5, the teacher had to review using
metacards)
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Table 13b. Emergent PCK Themes from Classroom Observations based on Constant
Comparative Analysis of the Four (4) Teachers (Note: Color Coding of the Teachers —

Teacher A, Teacher B, Teacher C and | her D).
Jomain Theme Extracted Code Description Sample Response/Entry
tanding  Develop or Critical thinking Students’ understanding  Among the cell parts that you know, which do you
ience stimulate during discussion  of science involves think is mvolved in mitosis”?
students’ development of their Can vou describe the centromere? sister chromatids?
critical critical thinking as they  heterochromatin? euchromaun?”
thinking by ask questions during the  How do the cells start dividing?
asking discussion | wil ‘ :
questions
Students learn Students’ understanding  Listen class, you will also express the dominant trait
through critical of science mnvolves even 1f there is the recessive trait which is always
thinking learning through critical  hidden or not expressed
thinking
Use of media, Students’ understanding  Look for the picture of a chromosome as she asked,
models, forms of  of science involves can anybody describe a chromosom?; What do you
representations to  development of critical ~ think is the importance of the chromosome?Used
develop critical thinking as media, models of mitois and meiosis, used visual aids in
thinking models and forms of textual form, made personal illustration
representations are used  She made a recall first by showmng a picture of the
chromosome in the Smart TV and asked can vou
describe the centromere; used models of mitosts and
meiosis: used visual aids in textual form
Showed a picture of the chromosome as illustrated
in the LM; As she was moving sideways n front, she
asked, “how do the cells start dividing”? showed the
picture of the cell cycle; used the model; visual aids
in textual form, personal illustration
1ISCUSsed aboul 1he Cnromi i
Pretuare, us sed models. visual ards i text
personal llustration
Use of Validation from Students’ understanding  Yes as answered by the students
multi- students’ reactions  of science involves Yes as answered by the students
assessment student learning as the ~ Yes as answered by the students
tools teacher validates Yes as answered by the studen
through students’
reactions

Validation through
exams and activities

Students’ understanding
of science involves
student learning as the
teacher validates
through exams and
activities

She also reminded them about the first
Summative/Long Test the next meeting

She also announced the Summative Test the
following meetig as she said “( 1oodbyve cluss, this
is all for today” “Ahvays study the [N

The first Long Test will be on the 6" meeting while
the second Long Test will be on the 10”‘ meeting,
(On our sixth meetin W AWV \

nd on our 10™ meetine
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. Table 13b. Emergent PCK Themes from Classroom Observations based on Constant

i Comparative Analysis of the Four (4) Teachers (Note: Color Coding of the Teachers —

! Teacher A, Teacher B, Teacher C and | ier D).
main Theme Extracted Code Description Sample Response/Entry
ading  Correct/Prevent  Patience for Students’ Study more (After making a roll call and finding out that
nce misconceptions  teaching slow understanding of 5 students failed in the quiz)
learners to prevent science involves She s
misconception correction/prevention
of misconceptions
Misconception Students’ one student mistakenly answered that the “chromosome
prevented through a  understanding of is for the transfer of traits.” confirmed the correction
textbook or activity ~ science involves corrected to the class that “i7 is the ribosome not the
correction/prevention  nucleus that functions for protein synthesis”
of misconceptions ' tend
alter summartzing the correct coneepts on the reasons
why garden peas were used by Mendel in his experniment,
she elaborated 1t by giving the students an actuviiy
Students are Students’ While the students were answering, the teacher went
assisted in understanding of from one student to another to assist.
answering science involves Teacher Ces went from one group to another to check on
assistance to students  what the students were doing.
when \s the groups wet
doing/answering an R he
exercise/activity
Commending Students’ After the presentation, Teacher Ace said, “very good, all
students who understanding of of you have an idea about the stages of mitosis, let us
participated in the science involves give everybody a round of applause
discussion student learning as One student shared that based on the picture, “i 15 (7,7
the teacher The teacher said . “ves very good
commends them for ~ One student raised her hand and said, “in prophase, the
active participation cell membrane is still intact.” Then the teacher said,
during the discussion  “very good
) stuaent ransec na ( N
! Ihet s
5 1wl ery Crood
1ent Give extra Encouragement to Assessment involves  After making a roll call and finding out that 5 students
work or study harder for teacher’s giving of failed in the quiz; For those who failed, Teacher Ace told

remedial class
to slow learners

slow leamners

an extra work for
slow leamers

them, “to study more”

When she checked on the scores. half of the class passed
while the rest tailed. Nevertheless, she reminded those
who failed to catch up by reading the module and the
notes. (Encouraging students who failed in the quiz)

Remedial
class/Reteaching for
slow learners

Assessment involves
teacher’s giving of a
remedial class or
reteaching for slow
learners

Teacher Ace’s remedial class - Dropping the genes
Teacher Bes' remedial class- Human Heredity

She further said, “amyway for those who still do not
understand, aitend the remedial class on Friday, 11:30-
!7 307 (Modellmg, Menosns) '

\'».

nedal \
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The general PCK pattern of the teachers is reported in Figure 7. For the three (3) teachers
(Ace, Ces and Des), the observed pattern was that before the lesson, they usually start with a
motivational activity (Knowledge of Instructional Strategy). Although Teacher Bes does not use a
motivational activity before the lesson, she, instead, uses a different approach (lecture style
method) to discuss background information. The teachers proceed to the lesson (during the lesson)
where they teach content (Knowledge of Content /KC), which is supported by both or either by
the use of models and multimedia materials, cooperative learning or a variety of activities
(Knowledge of Instructional Strategies/KIS). Teaching of content also facilitates student learning
(Knowledge of Students’ Understanding of Science/KSUS). After the lesson, all the teachers

assess student learning (Knowledge of Assessment) as they give extra work or remedial class to

slow learners.

There is interconnectedness between KC and KIS, KC and KSUS and KIS and KSUS,
which means that they are integrated. The numbers illustrate the frequency with which the PCK
components were used and integrated during the 10-day observation period. One similarity among
the four case teachers is that none of them depended solely on a single PCK component during
their teaching, and were likely to use two. Of all the combinations, the highest frequency of
integration was for the two components, “knowledge of instructional strategies” and “knowledge
of students’ understanding of science”, which occurred 16, 10, 13 and 21 times for Teachers A, B,
C and D respectively. While previous studies have focused on one specific PCK component in
guiding teaching practice (Wu & Badger, 2009), this study illustrates the integration of some of

the PCK components and reveals the dynamic and complex nature of their functions in this inquiry-

based teaching context.
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Figure 7. General PCK Pattern of the Four Teachers (T. Ace, Ces and Des start the lesson
with a motivational activity while T. Bes (with broken lines) starts with a different approach)

On the other hand, the lowest frequency of integration was for the two components, “knowledge
of content” and “knowledge of students’ understanding of science”, which occurred 9, 2, 7 and 4
times only for teachers A, B, C and D respectively. It seems that it is not enough to teach the
students the content to develop students’ understanding; what is more important is the teacher’s
appropriate instructional strategies in teaching. According to Persaud (2018), instructional

strategies serve as backbone for teaching, and, when applied correctly, can help students gain

Knowledge of




deeper understanding and can encourage critical thinking beyond basic retention and surface
understanding. Knowledge of Assessment did not play an active role in classroom teaching, and

showed no integration with other PCK components.

The themes involved in the PCK pattern of the teachers were the following:

a. Before the Lesson
Start a lesson with motivational activities

Teachers Ace, Ces and Des reported that before the lesson, they start with motivational
activities that serve as the starting point in the discussion of specific topics. The teachers” use of
motivational activities has been reflected in their interviews, to wit:

I start the discussion by giving the students a motivational activity (sharing of personal
activities). Before I discuss, 1 ask them, “Afier taking your breakfast, what do you do as
you prepare to go to the school”? Most of the students will answer, “I take a bath”. And
then I will ask them to think critically why taking a bath is important. The students will give
a variety of answers. Then 1 tell them that taking a bath is a way of removing dead cells/dirt
from our body. From this motivation, I introduce cell division but I start with the cell cycle.

[Teacher Ace]

Also as a motivation and it is here where I will mention about cell division. I will ask them,

“How did you grow? Is your height today the same as before? What about when you take
a bath? What is it that you take off from your body when you use a scrubbing pad? " Most
of them will laugh. Then during the discussion proper, I will ask volunteers to show their
pictures in front. Then I will ask, “What physical features did you get from your
mother/father?” Then I will also ask, “What about features which are not physical, but
you got from your mother/father?” They answer actively. And from these questions, I will
arrive at the principle of Genetics.. The day before the discussion of this topic, I will give
them an assignment, “bring picture of your parents. I assume that their answers will lead
to the science of Genetics, and it is here when 1 start the lesson. [Teacher Ces]

The day before I start the lesson, I ask my students to bring family pictures. On the day of
the discussion, using the pictures they brought, I ask them, “How similar are you to your
father? Mother? Can you explain what makes your characteristics similar to your

parents?” [Teacher Des]

As indicated in their responses, the teachers reported that they start the discussion on cell

division and Mendelian genetics using practical examples. For instance, Teacher Ace reported
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that, “/ start the discussion by giving the students a motivational activity (sharing of personal
activities) while Teacher Ces (also referring to the taking a bath sharing) similarly said, “A/so as
a motivation... and it is here where I will mention about cell division.” Meanwhile, Teachers Ces
and Des reported a similar motivational activity in introducing genetics, where the activity
involves all the students to “bring picture of your parentsfamily picture.” The teachers believe
that in doing this motivational activity, the students will increase their engagement because there
will be an active classroom atmosphere. This is consistent with what Alstad (2019) had reported

that incorporating a real-life connection into lessons will dramatically reduce classroom

management challenges because engagement will increase.

Interestingly, Teacher Ces seemed to be very innovative, as she shared other motivational
activities such as the story-telling activity and role playing activity. The teacher claimed that, “ir
is in my list which for the past years | have been keeping so that if needed and time permits, |

have it ready to implement.” Being knowledgeable on the story-telling activity and role playing,

the teacher narrated:

Let me recall. 1 start the discussion on cell division with a story-telling activity about cell
organelles. It is an activity about the functions of the parts of the cell as if the organelles
are quarrelling because while some parts are busy with their work, a few do not work at
all. This is how I start the activity. | divide the class into five groups, give them a printed
copy of the “cell functions” story and a list of guide questions. It is a group activity
wherein the members do a discussion on cell functions. I follow a general rubric for
evaluating the group's work. After about 15 minutes, I ask a group representative to report
their work. Then I summarize and discuss about the most important cell part in cell
division. I tell them it is the nucleus which contains the chromosomes. 1 tell them that the
nucleus is not always found at the center. I emphasize that it is the nucleus that is involved
in cell division. It is here where I start the discussion about cell division.

Sometimes, I ask my students to do role playing on Gregor Mendel for appreciation of
Mendel's work. It is funny because one student becomes Mendel for one day only. Sorry

my answer is t0o long. Is it ok?

It is in my list which for the past years I have been keeping so that if needed and time
permits, I have it ready to implement. | want the students practice critical thinking skills,
especially good decision-making skills here but of, course, it is for transferring knowledge
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and information at it is my springboard for discussing cell division. For the role playing, |

can arouse the interest of the students and we enjoy this a lot; it's a good learning

experience.

As indicated in her responses, the story-telling activity is “a group activity wherein the
members do a discussion on cell functions.” Teacher Ces wanted to have this activity done in the
class for reflective discussion because “I want the students to practice critical thinking skills,
especially good decision-making skills here but of, course, it is for transferring knowledge and
information at it is my springboard for discussing cell division.” This is consistent with what
McKillop (2005) had reported, that storytelling enables the students to make their own decisions,
which can be used as an effective tool for reflective discussion that calls for use of important
critical thinking skills. Cerdan (2017) supports that motivational activities allow students to be
competent and promote skills like explaining, synthesizing, and making connections to other
materials. The teacher describes the activity as a group discussion with guide questions, after
which, a group representative reports. She added that she makes a summary focusing on the
nucleus, as it is involved in cell division. For the role playing activity, Teacher Ces wanted to
implement this so that “/ can arouse the interest of the students and we enjoy this a lot; it’s a
good learning experience”. This is supported by Simpson (2017), who considered that role-play
is an effective technique to animate the teaching and learning atmosphere and arouse the interests
of learners. The author also said that role play is really a worthwhile learning experience for both
the students and the teacher. In addition, Omrod (2008) said that a motivation (such as a role
play) is something that energizes, directs, and sustains behavior; it gets students moving, points
them in a particular direction, and keeps them going.

Teachers Ace’s and Des’ motivational activities were consistently observed as their

actual teaching activity. However, in the case of Teacher Ces, only the story-telling and role

playing activities, as well as another short role-playing activity were implemented. Teacher Ces
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prepared this short role-playing activity to visualize what happens in a cross of traits involving
family members, who made use of colored visors (pre-made by T. Ces) placed on their head to
show what will happen in a given cross. The activity clarified how the genotypes and phenotypes
are obtained, as explained by Teacher Ace. Regarding the story-telling activity, Teacher Ces
explained that the students paid attention to the story, as they made their decision when they
answered the guide questions. According to Barker and Gower (2010), storytelling does not just
allow the students to pay more attention but it also gives them the ability to make a better
informed decision. NetlKX (2016) added that “stories are used to transfer knowledge and
information, help make decisions about how to act, make decisions about what to believe in and
make sense of complex situations for better decision making.” In addition, as a motivational
activity to start the next lesson in the next meeting, Teacher Ces had to make a review of the past
lesson (story-telling activity) as she asked “What do you think is the function of the nucleus?”
Further, as a motivational activity before the introduction of the next lesson, Teacher Ces asked
for an ice-breaker (a presentation about “Sponge Bob” from Group 2), where everybody got
energized. Similarly, Teacher Des had a review of the past lesson as she emphasized that “the
chromosome is of two types - XY for males and XX for females.” In addition, as a motivational
activity, Teacher Des used a visual material in the form of a short video clip about the DNA.

Specifically, Teacher Des reported that she blended her discussion of DNA with a video as she

narrated:

Yes. I start discussing cell division by showing them a short video clip about the DNA for
the students to see that the nucleus is where we find the DNA and it is involved in cell
division. It is also through the video clip that I review about other important cell organelles.

Further, as indicated in Teacher Des’ responses, she is so fond of using video animations

as “I start discussing cell division by showing them a short video clip about the DNA for the
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students to see that the nucleus is where we find the DNA and it is involved in cell division.” The
teacher explained that her use of video is not only to facilitate her discussion of content but also
to arouse students’ interest to learn. This is consistent with what Kosterelioglu (2016) had
reported - the use of videos in the classroom environment will have potential effects such as:
arousing student interest, facilitating student concentration, developing imagination, supporting
creativity and increasing comprehension. Mayer (2001) had also indicated that videos used in
learning environments contribute to increase student interest and motivation. Moreover, the
teacher pointed out that video effects help her interact with the students, as well as motivate her
to recall and transfer knowledge to the students because “It is also through the video clip that |
review about other important cell organelles.” According to Greenberg and Zanetis (2012),
videos have also educational effects such as providing interaction with the content, allowing

transfer of knowledge in the mind and facilitating recall.

The teachers’ use of motivational activities was patterned from the Experiential Learning
Cycle, which is a method of educating through first-hand experience in which skills, knowledge,
and experience are acquired outside of the traditional academic classroom setting (Firestone,
2017). The concept of experiential learning was first explored by John Dewey and Jean Piaget,
among others. It was made popular by education theorist David A. Kolb, (1984) who, along with
Ron Fry, developed the theory, which is based on the idea that learning is a process whereby
knowledge is created through transformation of experience. The sharing/reflective observation
stage (S) involves the students’ sharing of the experience or reflecting on the activity (taking a
bath, story-telling, bringing a family picture, video clip on DNA); the processing stage (P)
involves the teacher’s discussion about the activity or experience (significance of taking a bath,

cell parts working together, inheritance of traits, DNA as the genetic material); the
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conceptualizing stage (C) involves the formation of new skills or knowledge based on the
experience or activity (realization that taking a bath is related to cell division, cell parts must do
their functions well, traits are inherited from parents, DNA is involved in cell division); and, the
applying stage (A), in which the new learing (skills or knowledge) is implemented (observation
of cell division in an experiment, applying inheritance through problem-solving exercises). An
experience is a direct observation or a particular activity as a basis of knowledge.

On the other hand, Teacher Bes reported that she starts a lesson with the lecture style

method as she emphasized:

Ok. I start the discussion on cell division by giving a lecture on the chromosome. 1 tell
them about the parts and function of each part. Then I discuss now cell division. Ahh...1

start discussing Mendelian genetics through Mendel's experiment.

Teacher Bes seemed to be very comfortable with lecture style method as “/ start the
discussion on cell division by giving a lecture on the chromosome.” Thinking that the lecture
method is a good teaching strategy, the teacher claimed that in most of her discussions, she uses
the lecture method more often than other teaching strategies, which is consistent with what was
observed in her actual teaching. According to the teacher, the lecture method is easier to employ
and this is supported by Kaur (2011) who had indicated that the use of the lecture style method
as a popular teaching method is easier to learn than most other instructional strategies. The
teacher also shared that when the lecture method is used in her discussion, she believed that she
is able to impart important knowledge as, “/ tell them about the parts and function of each part
(of the chromosome). Realizing that the lecture method is an effective method, Teacher Bes used
this when 7 discuss cell division” and “I start discussing Mendelian genetics through
Mendel’s experiment.” For instance, when she had an actual lecture on cell organelles, she was

able to impart the knowledge on the DNA as the genetic material. According to Ibrahim et al.
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(2018), the lecture method, although teacher-centered, can be used in constructing a teacher’s
PCK since the lecture method imparts information and knowledge. While it might be argued that
such method creates a passive environment, it is employed to maximize the time and explain the
points that are too technical for the students to understand on their own. In addition, as a
motivational activity during her actual teaching, before starting a new lesson, Teacher Bes had to

review the previous lesson (mitosis stages) using the Smart TV and a visual aid.

b. During the Lesson

During the lesson, the teachers taught the content (Knowledge of Content) using models
and multimedia materials, cooperative learning and a variety of activities (Knowledge of
Instructional Strategies). A combination of strategies were used (i.e. cooperative learning and
model; model and video, an activity and video, etc.) As the teachers used these strategies, they
were able to discuss clearly the basic concepts of cell division and Mendelian genetics
(Knowledge of Content). The teachers’ discussion of content also indicated students’
understanding of basic concepts (Knowledge of Students’ Understanding of Science).

Use of models and multimedia materials
Models. The teachers used models in the teaching of cell division and Mendelian genetics.
This means teaching content using modelling. The teachers’ use of models has been

reflected in their interviews, to wit:

[Teacher Acej: I always use models which are available in the school. The models
are very useful because I can ask a variety of questions, from simple to complex
questions so that they will be able to think critically.

[Teacher Bes]... use models (provided by school) ...

[Teacher Cesj:I use models in discussing cell division. I always use the models
provided by the school.

[Teacher Des]: In the previous school, I already used models. | show them ... models.
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As indicated in their responses, all the teachers use models of mitosis and meiosis
provided by DepEd. Teacher Ace expressed the usefulness of models as she said, “/
always use models which are available in the school. The models are very useful because
[ can ask a variety of questions, from simple to complex questions so that they will be
able to think critically.” This is consistent with the finding of Baranowska-Piasek
(2002). According to the author, models are a useful resource for teaching that enable the
development of a wide range of thinking skills (i.e. describing skill, enumerating skill,
analyzing skill, critical thinking skill, reflective thinking skill and creative thinking skill)
because teachers are motivated to ask questions about what the students think on the
representation they are viewing. Gilbert (2004) supports that working with models can
also improve content knowledge and facilitate student’s learning and understanding of
concepts. For instance, along with the information in the textbook, the models of mitosis
and meiosis were useful as supplementary materials in Teacher Ces’ actual discussion.
Moreover, after the video presentation, Teacher Des’ discussion was further supported by
the models. When Teacher Bes used the models, the students were observed to have a
deeper understanding as they listened very carefully to the teacher’s discussion.

For all the cases cited, their use of the models had helped them teach the content
more efficiently, making complex concepts easier to understand. This is consistent with
what Gilbert (2004) had indicated, that the use of models in teaching content includes
providing descriptions and/or simplifications of complex phenomena (mitosis and
meiosis). In addition, Harrison and Treagust (2000) opined that after students’ viewing of

a model, they create a picturistic view in their mind and hence can explore it better. The
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authors added that “it's scientific that one can understand the concept only after he/she
gets the chance to observe it and that chance is provided by models.”

The usefulness of models was also explored by Eilam and Gilbert (2014), who
made key findings, namely, (1) visual representations are important in teaching and
learning science content; (2) a diverse range of visual representations are important
within the STEM education; (3) much learning with visual representations involves
multiple representations; (4) some visual representations are seen as more central in
STEM education than others; (5) visual representations can shape engagement and
motivation, and (6) certain questions are more often associated with particular forms of
representations.

Forms of representations. The teachers reported that they use different forms of
representations when they teach content. Gilbert (2004) supports that representations are
important tools in science investigations. They are valuable means of expressing and
understanding a process and constructing knowledge. Specifically, the teachers use
pictures, visual aids in textual form and personal illustrations, which have been reflected

in their interviews, to wit.

For the representations I use, I always make use of pictures or cut-outs of
pictures, personal drawing or illustration. [Teacher Ace]

Ok. 1 discuss cell division using models, pictures/cut-outs and videos. FFor example,

for the group activity, after I discuss about the basic differences between mitosis
and  meiosis, I divide the class into 4 or 5 groups... I give them cartolina or
Manila paper and pentel pen, and the members discuss among themselves the
stages of mitosis and meiosis. [Teacher Bes]

[ use models in discussing cell division. I always use the models provided by the
school. At this point, I will have to use visuals (pictures) to discuss it. [Teacher

Ces]
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You know biology is very abstract so we, science teachers need to use a lot of
representations. I use models, pictures, illustrations, visual aids based on the LM,
film/video clips. [Teacher Des]

As indicated in their responses, all the teachers reported that they use different
forms of representation. This was consistent in their actual teaching in order to
facilitate the students’ learning of content. The teachers were so innovative in coming
up with very clear presentations of visual materials. They knew very well that it was
difficult for the students to understand some concepts so they had to prepare forms of
representation to support their discussion. When pictures, visual aids in textual form
and personal illustrations were used, the discussion was interactive so that skills are
developed in evaluating facts and evidences which are presented in the visual tools.
Moreover, working with visual tools allowed for the students’ increasing clarity in
observations and interpretations of what they see in the classroom. A past study
suggests that giving students pertinent visual information, such as diagrams, will lead
to better understanding of that lesson. The study, by Mark A. McDaniel, a professor
of psychology at Washington University in St. Louis, found that college students who
had visual aids given to them before a science lecture were better able to understand
and remember the lecture. Students given illustrative diagrams likely engage in
deeper levels of processing while listening to the lecture (Brenneman, 2015).
Specifically, the following forms of representation were used by the teachers in their
actual teaching.

1. Picture. The pictures used by the teachers were either taken from the textbook

or from another source. There were also instances that the use of pictures was

combined with other forms of representation or sometimes with a specific
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teaching strategy. For example, three (3) teachers (Ace, Bes and Ces) used a
picture of the chromosome based on the textbook, while Teacher Des used a
chromosome picture based on the textbook and on another source combined with
visual aids in textual form. Through this representation, the teachers were able to
provide information about the characteristics of the chromosome. In another
instance, as picture of the cell cycle was used, Teacher Ace combined it with
visual aids in textual form while Teacher Bes had it shown in the Smart TV.
Moreover, Teacher Ces used a picture of the cell cycle after the video presentation
after which, in small group discussion, she asked the students to draw the stages
of mitosis. Further, Teacher Des was very resourceful, as she printed a picture of
the cell cycle from another source since the cell cycle in the LM was blurred and
the students would not appreciate it. Meanwhile, two teachers (Bes and Ces) used
a picture of mitosis stages. While Teacher Bes asked the students to describe the
stages in small group discussion, Teacher Ces asked the students to match each
picture with a specific stage of mitosis. In terms of understanding the concept of
homologous chromosomes, both Teachers Ace and Des used a picture based on
the textbook. To explain the pairing of homologous chromosomes, which is
difficult to comprehend, showing a picture of the process made it easier for most
students to remember. In addition, Teacher Des used a picture of gamete
formation which was also based on the textbook.

This usefulness of pictures in teaching the basic concepts of cell division
and Mendelian genetics is consistent with what Lynch (2006) had indicated, that

teachers can observe a science phenomenon (i.e. cell division) and represent it
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visually using a picture. A picture is a description so vivid or graphic and is used
to give an accurate idea of something (e.g. cell division stages and chromosome
parts). Pictures also bring images familiar to students into the classroom to make
the instruction more realistic. As it has been shown, they give a detailed picture of
what is happening (stages of mitosis) as well as help create a clearer picture of
what is to be understood (Caron, 2014). The author added that pictures or
photographs are considered "proof." Likewise, Chitman-Booker & Koop (2013)
said that an effective strategy to help students internalize information leading to
true understanding is by using a picture in an inquiry-based science environment.
2 Visual aids in textual form. All the teachers used this material in their
discussion as the only visual material or in combination with other visual forms or
with a specific strategy. For example, in Teacher Ace’s discussion of the cell
cycle, she prepared this material to facilitate her discussion as well as to ask her
students some questions. Similarly, in Teacher Des’ discussion, using the
information from this material, along with a picture taken from another source,
the students were made to understand the concept of the cell cycle. Moreover, in
discussing the complex stages of meiosis, the same teachers found the material
very helpful. Specifically, in a small group discussion, Teacher Ace prepared the
material to discuss the characteristics of the stages of meiosis. Meiosis is more
difficult to discuss than mitosis but the visual material made the teacher’s
discussion very comprehensive, as Teacher Ace was able to ask questions.
Likewise, when Teacher Des introduced the lesson on meiosis, she posted this

material to emphasize distinct characteristics of each stage. Meanwhile, in
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discussing Mendel’s experiments, most of the teachers used this material to make
the discussion much easier to understand. For instance, Teacher Ace used it to
facilitate her discussion on the experiment’s procedure, results and conclusions.
True enough, the visual material was effective in Teacher Ace’s explanation of
the experiment, leading to the understanding of the basic genetics concepts.
Moreover, the use of the visual material facilitated Teacher Ace’s asking of
questions, such as the question on why the garden pea was used by Mendel.
Similarly, for the lecture on Mendel’s experiment, Teacher Bes prepared this
material for the students to understand its details including the reasons why pea
plant was used by Mendel to explain the inheritance of traits (just like T. Ace).
Specifically, one material (with blank information on a Manila paper) used by the
two (2) teachers was about Mendel’s first and second experiments, which served
as an exercise about the seven (7) characteristics used by Mendel in his
experiments. In this material, the students were asked to provide the correct
symbols for the genotype and phenotype of the given traits, as well as determine
whether the traits were dominant or recessive. Teacher Des found the material
very useful in defining genetics terms. Teacher Ces used a variety of the material
to discuss the Law of Segregation, Law of Dominance and Law of Independent
Assortment. Moreover, both teachers (Ace and Bes) prepared this visual material
when they asked the students to solve some genetics problems.

Inglis (2007) supports that visual aids in textual form help clarify an idea
(e.g. cell division series of events and genetics terms) and reinforce a concept as

well as help students understand concepts more easily because the content is
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presented in a summarized format (Ryan, 2017). As observed, this visual material
is made to display complex information on cell division and Mendelian genetics
clearly and help students make sense of difficult concepts.

3. Personal illustration. Three (3) teachers (Ace, Ces and Des) made personal
illustrations in their actual teaching. For example, Teacher Ace provided a
personal illustration of cytokinesis, which made the students understand the
differences between animal cytokinesis and plant cytokinesis very clearly. As
Teacher Ace drew cytokinesis personally, she was also able to ask inquiry-based
questions. Similarly, as Teacher Des noted that cytokinesis is not illustrated in the
LM, she had to emphasize this concept clearly by illustrating it on the board. Such
importance of this material is consistent with what Ramirez-Garcia (2013) had
claimed that personal illustrations help students understand and remember
concepts more easily, clearly and smoothly. Ilustrations also help teachers
explain the meaning behind various vocabularies and structures without
explanation, as in the case of cytokinesis. The author added that teachers can ask
prompting questions about this form of representation to boost student thinking
skills. Likewise, resourcefulness was observed when Teacher Des made her
personal illustration of Mendel’s experiment, which was based on another
reference. Just like Teacher Ace, she found the presentation of Mendel’s
experiment in the LM incomplete, so she made a modified illustration of this. The
students were very eager to listen to her and as observed, this presentation was
easy to understand. Further, Teacher Des illustrated personally the Punnett Square

in order to show the probabilities of outcomes for a given cross.
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Meanwhile, a quiz was given in the form of a personal illustration of the
stages of mitosis where Teacher Ces asked the students to analyze what happens
in each stage by writing two characteristics of each stage. Moreover, as Teacher
Ces asked for the similarities and differences of mitosis and meiosis, the use of an
illustration in the form of a Venn diagram was used in her discussion to facilitate
teaching and student learning. Mannan (2005) supports that this form of
representation ‘helps the teacher to clarify, establish, correlate and coordinate
accurate concepts, interpretations and appreciations, and enable the teacher to
make learning more concrete, effective, interesting, inspirational, meaningful and
vivid’ (p.108).

This usefulness of personal illustration is also supported by Leung (2017),
who used personal illustrations or drawings to teach abstract ideas or concepts. As
a personal illustration was done, the author was able to arouse the students’
interest, as well as promote thinking. Moreover, with the personal illustration, the
students were able to find it easier to reflect and think “out of the picture/box”.
Further, the hand-drawn illustration also aroused students’ imagination.
According to the author, a teacher does not have to be a talented illustrator to
utilize illustrations/drawings in the classroom; the key success factor is to get
students involved and engaged with the drawings, to encourage them to imagine
and visualize what is in the drawing and, most importantly, what is not.

Multimedia Materials. The teachers’ use of multimedia as they reported is in the form of
video presentation and powerpoint presentation. While most of the teachers use the LCD

projector, Teacher Bes prefers to use the Smart TV. Moreover, the teachers supplement
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the video presentation with either a powerpoint presentation or other forms of
representations. Such use of multimedia has been reflected in the teachers’ interview
responses, to wit:

| have to make some supplementary materials, If the Smart TV is not available, |

make my own illustrations, which I pattern from the net. I make use of multimedia

presentation but it is not just showing about the slides, but in specific slides, I will
ask them some questions. Students do small group discussion or group exercise.

But 1 do not always do this because some students become dependent on others so

what 1 do is I require them to perform an individual activity. [Teacher Bes]

..supplement my discussion with video clips and the other materials

(representations) mentioned. After showing videos on the stages, I supplement this

with multimedia presentation. In film showing, I pause then ask inquiry-based

questions. | download supplementary video clips from the net. [Teacher Des]

[ use video film clips. I make it a point I pause the video and ask the students about

important points. Some questions I ask are how do you describe the chromosomes

in the stages of mitosis and meiosis? and how is mitosis different from meiosis? If I

do not use video film clips, it will be difficult 10 explain about cell division. The

students will find it very difficult to understand. [Teacher Ces]

Teacher Bes seemed to know what adjustment to make when she faces problems
in the classroom like, “If the Smart TV is not available | have to make some
supplementary materials, I make my own illustrations which I pattern from the net.” The
teacher added an additional adjustment as “/ make use of multimedia presentation” but
she wanted to make the discussion more meaningful as she explained that “i is not just
showing about the slides, but in specific slides, 1 will ask them some questions.”
Consistent in her actual teaching in using the TV for her PowerPoint presentation,
Teacher Bes was able to ask questions about the cell cycle although her questions were
just simple. According to Jones (2003), aside from the fact that PowerPoint presentation

can enhance the teaching and learning experience, it may be useful for simple question

and answer sessions. This is consistent with the finding of Luf who Bang (2013), who

129



claimed that the use of PowerPoint in science classrooms involves “redefining,” as a lot
of questions are asked during its presentation. Similarly, Teachers Ces and Des reported
that they are also able to ask questions when they present video clips. The latter pointed
out as an evidence that “/ download supplementary video clips from the net. As indicated
in their responses, both cases use the same process in asking questions. While the video is
played, both teachers reported that they pause, discuss and ask questions promoting an
active interaction between them and the students. For instance, Teacher Des considered
that “/n film showing, I pause then ask inquiry-based questions.” In her actual teaching,
Teacher Des’ video presentation was supplemented with a PowerPoint presentation,
which she redefined by asking questions such as, “Which do you think is involved in cell
division?” or “Based on the short video clip, where do you find the DNA, what about the
chromosome and the genes?” On the other hand, Teacher Ces reported that “/ make it a
point I pause the video and ask the students about important points. Some questions I ask
are “How do you describe the chromosomes in the stages of mitosis and meiosis? " and
“How is mitosis different from meiosisT” Asking many questions is consistent in her
actual teaching when the teacher showed video clips of the cell cycle, mitosis and
meiosis. According to Koc (2005), video showing promotes higher-order thinking skills
for the students, as questions are asked. The similar questioning process done by the two
(2) teachers follows the APC (Ask, Pause and Call) pattern by Clark (2006), where the
teacher asks a question, then pauses to allow the students to think and calls on someone
to answer the question. This process is supported by Jenkins and Johnson (2010) who

confirmed that when showing the video, teachers should pause and ask questions about

what students see or how the students might be thinking about what they see in the video.
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Teacher Ces further pointed out the importance of showing videos because, “If/ do not
use video film clips, it will be difficult to explain cell division. The students will find it
very difficult to understand.” According to Koc (2005), video showing is also used as a
tool for academic learning.

While most of the teachers reported using models and multimedia materials in the
teaching of cell division and Mendelian genetics in small group discussions, Teacher Bes
commented that, “/ do not always do this because some students become dependent on
others so what I do is I require them to do an individual activity.” True enough, as
observed in her actual teaching, she opted to ask the students to work on Activity 4 and a
genetics exercise as an individual activity. She wanted some activities done individually
for quick completion. This is consistent with what Reddy (2020) had indicated that in
working individually, “you become very efficient, things get completed quickly and you

become independent.” But Teacher Bes also considered that at times, “Students do small

group discussion or group exercise.”

Use cooperative learning

The teachers use cooperative learning or small group discussion (SGD) and consider it as
the best strategy in discussing the stages of mitosis and meiosis and in doing problem-solving

activities in genetics. Such use of cooperative learning in teaching has been reflected in the

teachers’ interview responses, to wit;

] also do the discussion through a group work/exercise. The method which seems to
work best in a specific group of learners is cooperative learning especially for problem-
solving activities. 1 think, group work is the best method. In cooperative learning, the
members of the group help one another in learning the concept. In cooperative lear:nin

there is exchange of ideas among the students and they can always make good decisionf

[Teacher Ace]
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1 .. I think a group activity/exercise seems to work best in a specific group of learners
especially for analyzing stages of mitosis and meiosis, and problem-solving activities in
| genetics.[Teacher Bes]
.. 1 give them a group work as practice exercise. The best method is cooperative learning.
[ can always ask my students to discuss about science concepts and they like to be working
| in groups... where the students sort of do a small group discussion about cell division and
Mendelian genetics involving-problem solving activities.[Teacher Ces]
. in group work as an effective method to teach cell division and Mendelian genetics, ...1
have been using group work. ... I think the strategy that seems to work best in a specific
group of learners is a group activity or exercise on cell division and Mendelian genetics ...

Because in a group activity the grouping is heterogeneous so everybody is encouraged to
participate in the discussion.” [ Teacher Des]

As indicated in their responses, all the teachers reported that they always employ
cooperative learning, which they regarded as a “groupwork/exercise or group activity.” They
also thought of considering it as the best method. For Teacher Ace, “The method which seems to
work best in a specific group of learners is cooperalive learning especially for problem-solving
activities.” Teacher Ace explained further that “/n cooperative learning, the members of the
group help one another in learning the concept” and “In cooperative learning there is exchange
of ideas among the students and they can always make good decisions.” Such exchange of
student ideas and making good decisions where the students help one another in learning
concepts was observed in her actual teaching, as she asked the students to discuss the events that
take place in each stage of mitosis. Sitting on the floor, the students in each group exchanged
ideas about mitosis, while the teacher acted as the facilitator as she went back and forth to check
on each group. The students’ discussion helped the group to make a decision on what they would
submit as an output. Helping one another, the students came up with a good output based on the

concepts they learned from the group discussion. This is consistent with what Hamann et al.

(2010) had reported, that students in a group can go on to learn new things from others. Sravani
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... I think a group activity/exercise seems to work best in a specific group of learners
especially for analyzing stages of mitosis and meiosis, and problem-solving activities in
genetics.[Teacher Bes]

.. 1 give them a group work as practice exercise. 1 he best method is cooperative learning.

I can always ask my students to discuss about science concepls and they like to be working
in groups ... where the students sort of do a small group discussion about cell division and
Mendelian genetics involving-problem solving activities.[Teacher Ces]

... in group work as an effective method to teach cell division and Mendelian genetics, ...1
have been using group work. ... I think the strategy that seems to work best in a specific
group of learners is a group activity or exercise on cell division and Mendelian genetics..

Because in a group activity the grouping is heterogeneous so everybody is encouraged to
participate in the discussion.” [Teacher Des]

As indicated in their responses, all the teachers reported that they always employ
cooperative learning, which they regarded as a “groupwork/exercise or group activity.” They
also thought of considering it as the best method. For Teacher Ace, “The method which seems to
work best in a specific group of learners is cooperative learning especially for problem-solving
activities.” Teacher Ace explained further that “/n cooperative learning, the members of the
group help one another in learning the concept " and “In cooperative learning there is exchange
of ideas among the students and they can always make good decisions.” Such exchange of
student ideas and making good decisions where the students help one another in learning
concepts was observed in her actual teaching, as she asked the students to discuss the events that
take place in each stage of mitosis. Sitting on the floor, the students in each group exchanged
ideas about mitosis, while the teacher acted as the facilitator as she went back and forth to check
on each group. The students’ discussion helped the group to make a decision on what they would
submit as an output. Helping one another, the students came up with a good output based on the
concepts they learned from the group discussion. This is consistent with what Hamann et al.

(2010) had reported, that students in a group can go on to learn new things from others. Sravani
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(2017) supports that working in a group helps the students become more productive, being able
to raise a complete output. If working in a group, everyone works together making use of the
best of his/her skills to make sure of quality output. Moreover, when working in a group, each
member gets the opportunity to come out with own ideas and suggestions, thus paving way for

new methods on how to complete the task properly (Jaques, 2003).

Teacher Des seemed to be familiar with the use of cooperative learning - “/ have been
using group work” and this must be the reason why she also thinks that “in group work, as an

effective method to teach cell division and Mendelian genetics, I think the strategy that seems to

work best in a specific group of learners is a group activity or exercise on cell division and

Mendelian genetics.” With her continuous practice of cooperative learning, she has mastered

dealing with the students as she believed that “Because in a group activity the grouping is

heterogeneous so everybody is encouraged to participate in the discussion.” This is illustrated

with what Teacher Des had experienced in her actual teaching, where student participation was

observed when a questionnaire on genetics was given to the students as a group activity. As they

worked as a group, the students participated actively in the discussion and talked freely about

their ideas. According to Webb (2009), groups can be heterogeneous and mixing students can

encourage participation as students become exposed to varied perspectives and work with people

different from themselves.

Teacher Bes considered, too, a group activity “for problem-solving activities” in genetics

as well as “for analyzing stages of mitosis and meiosis " as she reasoned that, “a group

activity/exercise seems to work best in a specific group of learners.” As for Teacher Ces, she
also considered cooperative learning as the method where “I can always ask my students to

discuss science concepts and they like to be working in group” as well as “where the students
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sort of do a small group discussion about cell division and Mendelian genetics involving-
problem solving activities. This teaching strategy was spontaneously employed by the two (2)
cases in their actual teaching. For instance, Teacher Bes employed it in the students’ description
and analysis of the stages of mitosis using cut-outs. As the facilitator, the students were able to
finish answering the guide questions. According to Bakhtiyar et al. (2003), in cooperative
learning, which is supervised by the teacher as the facilitator, the students discuss and analyze
concepts. The authors opined that the students get actively involved in the learning process and
take responsibility for their own learning. In another instance, Teacher Ces prepared a number of
activities for the students to work in small discussion groups. Some of these activities were a
story-telling activity, drawing of the stages of mitosis based on the video clip, conduct of
Activities 1, 2, 4 and 5 and solving Bikini Bottom Genetics. It seemed that the teacher was
highly encouraged to use cooperative learning in her classes, as she is supported by Millis (2002)
who said, “I am encouraged to take this approach because cooperative learning is a highly
structured form of group work that focuses on problem-solving that when directed by a good
teacher can deepen students’ learning.”

Cooperative learning is a suitable student-oriented teaching method, as well as an avenue
for asking inquiry-based questions. It is student-centered, which can help motivate students and
help them realize their potential. In this classroom technique, students discuss issues, as
supervised by the teacher; thus, the teacher plays the role of facilitator (Bakhtiyar et al., 2003).
This was observed in all the teachers when they assisted the students in describing the stages of
mitosis and they got actively involved in the learning process and took responsibility for their

own learning. Sravani (2017) supports that working in a group helps the students become more

productive by being able to raise a complete output. When working in a group, everyone works
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together, making use of the best of his/her skills, to make sure of quality output. When working
j in a group, each member gets the opportunity to come up with his own ideas and suggestions,
thus paving way for new methods on how to complete the task properly (Jaques, 2003). This is
illustrated in all the classes of the teachers, where the students came up with outputs that they
presented based on their discussion as a group.

Cooperative learning also improves the ability to apply knowledge, solve problems,
develop critical thinking, and positive attitudes (McKeachie & Kulik, 1975). Specifically,
students’ conduct of the experiment, which was supervised by Teacher Ces, involved application
of knowledge of cell division and development of critical thinking, as the groups made an
investigation on the behavior of the chromosomes in the stages of mitosis as seen in the

microscope. Hamann et al. (2010) support that students in a group can go on to learn new things
from the others as they get the option to learn from each other. Moreover, all the students, while
working in groups, have their own ideas, from which another student can learn so many things.
For instance, as the students were asked to sit on the floor to discuss mitosis/meiosis (by all the
teachers) and cell organelle functions (by Teacher Ces), it was observed that there were
interactions as the students listened and learned from one another.

Moreover, cooperative learning also includes better communication skills and intellectual
development (Brown & Atkins, 1988). Grantham (2008) opined that while working in a group,
everyone gets the opportunity to communicate well with others within the group. Each idea or
suggestion is considered and thoroughly discussed before the group arrives at a conclusion.

Hence, the flow of conversation or communication is smooth and effortless within the members

of the group, as well, a correct exchange of information occurs. This contributes a lot to the

success of the task given. For example, the whole period (though it was planned to be for 20
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minutes only) was maximized for the story-telling group activity supervised by Teacher Ces. The

~ activity started with the reading of the printed material per group, after which, the guide

questions were given. Discussion in each group started, where each member was encouraged to

talk and communicate with one another as one member acted as the leader. With the leader, there
was a smooth discussion until they came up with their output.

Use of a Variety of Activities

As indicated in their responses, the teachers reported that they use a variety of activities

such as an additional school requirement, use of additional activities and acquisition of additional

reading materials in order to enhance learning

The additional school requirement is in the form of a small poster with the actual cut-outs

of the stages of mitosis, as well as a family picture. In the interview, Teachers Ace and Des

narrated:

For example, in the small group discussion, I may use posters. [Teacher Ace]

The day before I start the Jesson, I ask my students to bring family pictures. On the day of
the discussion, using the pictures they brought, I will ask them, how similar are you to
your father? Mother? Can you explain what makes your characteristics similar to your

parents [Teacher Des]

As indicated in her response, Teacher Ace appeared to be very sure of an activity to do as

she shared “For example, in the small group discussion, I may use posters.” In her actual

teaching, Teacher Ace assigned a project of the actual pictures of dividing cells posted in an

illustration board where the stages of mitosis are properly labeled. Submitted as a group work,
Teacher Ace used this tool for her review on the characteristics of the stages of mitosis. As the

project work was used, there was more meaningful understanding of the concept of mitosis; it

enhanced students’ academic performance (a quiz was given afterwards with fair scores) and it

helped Teacher Ace improve content knowledge (Kanter & Konstantopoulos, 2009). On the
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other hand, Teacher Des said, “The day before I start the lesson, I ask my students to bring
family pictures” as she would eagerly ask, “Can you explain what makes your characteristics
similar to your parents?.” As Teacher Des asked the students to “bring a family picture” in her
actual teaching, the students were very active to participate which is consistent with what Alstad
(2019) had indicated that this practical activity will increase engagement.

Consistent both in the interview and actual teaching, the teachers reported that they use
additional activities (i.e. pneumonics , role playing) as another form of instructional strategy. For
example, Teacher Ace expressed the importance of learning the concept while enjoying an
activity as she shared, “For an additional activity which is a check-up activity, I use pneumonics,
a hand activity about the stages of mitosis.” The teacher added, “/ definitely do problem-solving
activities on genetics either by group or as an individual activity.” Meanwhile, Teacher Ces was
excited to share that “Sometimes, I ask my students to do role-playing on Gregor Mendel for
appreciation of Mendel’s work.” According to Perry et al. (2009), simulation using role play is a
form of experiential learning; it is an instructional scenario where the learner is placed in a world
(Mendel’s world) made by the teacher to facilitate learning. As also indicated in her response,
Teacher Ces was very proud to say, “I1 start the discussion on cell division with a story-telling
organelles,” which is a reading material about cell organelles.” Teacher Ces

activity about cell
acquired this as an additional reading material as she told them, “For you to reflect on how to
answer question numbers 3 and 4, we will do an activity.” Although not mentioned in the
interview, Teachers Ces and Des did the hand activity/pneumonics;, they said that, sometimes,
additional activities like these are needed “7o make the students alive and become motivated to

listen.” Further, Teacher Bes did not mention any additional activity in the interview though she

was observed in her actual teaching that she prepared a problem-solving activity in genetics.
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Although not mentioned in the interview, the teachers prepared other activities to
enhance and facilitate learning in their actual teaching. An example was a genetics exercise
where students were observed to participate and willingly answer as Teacher Ace asked, “Did
you understand how to determine the phenotype?” Moreover, Teacher Ace prepared a hands-on
activity or exercise that she posted on the board. An additional activity prepared by Teacher Ces
was an additional meeting for slow learners, where the teacher had to review the previous lesson
using metacards before a quiz. According to the teacher, providing more time to review the slow
learners was very useful to facilitate learning. Teacher Des prepared a trivia to encourage the
students to listen as she explained the biological significance of cell division — “/f our body cells
will not divide, it means we are not living anymore so we take care of our body. As our body
cells divide, it means we are growing.” Likewise, Teacher Des prepared a preliminary activity in
the form of a drill as she asked, “Can anybody answer orally what is written on the board?”
(about identifying whether the given pair/s is/are homozygous or heterozygous). Additional
activities like these are very helpful to increase student engagement as supported by Naik (2018)
who claimed that such activities also improve academic performance.

Clear Discussion of the Basic Concepts of Cell Division and Mendelian Genetics

Because the teachers use models and multimedia materials, cooperative learning and a
variety of activities to teach content, they present a clear discussion of cell division and
etics as they relate the concepts to practical situations. As the teachers relate to

Mendelian gen

practical situations, they are able to discuss the important role of mitosis, meiosis and genetics.

On the role of mitosis, the following teachers narrated:

[Teacher Ace]: My opinion? Ahh ... After learning about mitosis, students will understand
why we increase in size and why a small cut in our body (if not diabetic) heals. Of

course..... they learn to understand why cells need to divide; for mitosis, body cells, need
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to divide for growth, survival and replenish old tissues. This is important to know so that
we take care of our body.

[Teacher Des]: For sure, they learn to understand that cells need to divide for survival,
growth and development and repair. If our body cells will not divide, it means we are not
living anymore so we take care of our body; we continuously grow. Oh yes... ok. For
mitosis, once students learn about it, they understand why from infancy there is a need to
grow; like now, everybody has grown and this is because of mitosis. We also get to

develop body parts because of mitosis..

[Teacher Ces]: For mitosis, students learn to understand that it is for growth and repair.

[Teacher Bes]:For mitosis, students will be able to explain why we grow.

As indicated in their responses, the teachers described the role of mitosis by relating it to
practical situations. For instance, Teacher Ace believed that mitosis involves growth and wound
healing as she explained that, “Affer learning about mitosis, students will understand why we
increase in size and why a small cut in our body (if not diabetic) heals.” Although wound
healing was not mentioned in her actual teaching, Teacher Ace related the concept of growth to
the practical activity of “taking a bath.” When she introduced cell division by asking the students
to share their experiences on taking a bath, the students realized that scrubbing the body during
their bath means removal of dead cells, indicating that the cells grow through cell division, and
not death of cells. In another instance, Teacher Des revealed a clearer explanation on the role of
mitosis, which she also discussed in her actual teaching. Because she was knowledgeable on
dently reported in the interview that cells divide to make us alive and “If our

mitosis, she confi
body cells will not divide, it means we are not living anymore so we take care of our body."”
Further, she reasoned out that “For mitosis, once students learn about it, they understand why
from infancy there is a need to grow.” The teacher also described that “/ike now, everybody has

grown and this is because of mitosis ” as she added “ We also get to develop body parts becayse

of mitosis.” Through the students’ sharing of personal experience as cited by the cases
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| mentioned, there was a deeper understanding of concepts, as the teachers established a common
concept on the role of mitosis, which is “for survival, growth, development and
repair/replenishment of tissue.” Meanwhile, with very short answers, both Teachers Ces and

Bes described the role of mitosis - for growth and repair.

Likewise, the teachers identified the role of genetics by relating it to practical situations
specifically, on sharing of traits inherited in the family or why a trait runs in the family, and
explaining why there is resemblance with parents. The teachers narrated:

[Teacher Ace]: Somehow when students understand the basic concepts of genetics, they

will at least be able to explain why this particular trait (for example, presence of dimples)
runs in the family. Students learn how traits are inherited so that they can explain why

they resemble their parents.

[Teacher Bes]: Students will understand inheritance of traits upon learning genetics.
] think students will have a very clear understanding of the concepts of Mendelian

genetics.

[Teacher Ces]: Of course the students will become knowledgeable about the concepts of
cell division and Mendelian genetics. The students will be able to explain how traits are

inherited from the parents to offspring.
[Teacher Des]: Learning genetics is understanding heredity, passing of traits from

parent to offspring, and variation. At least students may somehow explain the inheritance
of a specific trait in the family. And students know how to explain how this trait is

inherited through learning genetics

As indicated in their responses, the teachers shared the common belief that learning or
understanding genetics allows the students to explain the inheritance of traits. Teacher Des
emphasized the concepts involved as, “ Learning genetics is understanding heredity and
variation. For genetics to be understood better by relating it to practical examples, Teacher Ace
had to give specific examples as she commented that, “They will at least be able to explain why
this particular trait (for example, presence of dimples) runs in the family. The teacher further

explained that “Students learn how traits are inherited so that they can explain why they
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resemble their parents.” This is illustrated with what the teachers have experienced in their
actual teaching. For instance, Teacher Ace asked her students to look at each other and look for
the “good traits they see” and later answer a set of questions the teacher prepared. In another
instance, Teacher Des asked for three (3) volunteers to go to the front and share their answer to
the question, “Which of your traits are similar to your father? mother?” Meanwhile, with no
practical example, Teacher Bes assumed that “students will have a very clear understanding of
the concepts of Mendelian genetics which she further explained that “Students will understand
inheritance of traits upon learning genetics. " Likewise, Teacher Ces just mentioned that “7The
students will be able to explain how traits are inherited from the parents to offspring” even
though she did not mention it in her actual teaching.

According to Liu and Lin (2006), teachers often lead students to a deeper understanding
of concepts through the act of personal experience or practical situations. These practical
situations are important for the teachers’ effective teaching, as they are used to understand
concepts. Effective science teaching is characterized by the teachers’ ability to create learning
environments (an environment of personal sharing) that challenge learners to develop a deep
understanding of science concepts (Alshehry, 2014; Cone, 2012; Harrell & Subramaniam, 2015;
Oh & Kim, 2013) specifically, cell division and Mendelian genetics. Likewise, effective science
teaching requires that science lessons be contextualized to appeal to students’ interests and prior
experience (Fitzgerald et al., 2013; Fuentes, Blooms & Peace, 2014).

As for the role of meiosis, the two (2) teachers (Ace and Des) were also able to identify
it, which they discussed very clearly and completely, both in the interview and in their actual

teaching. The discussion on meiosis automatically took place right after the discussion on
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mitosis. The two teachers showed complete knowledge on the role of meiosis, while Teachers
Bes and Ces showed limited knowledge. The responses of the teachers were as follows:

[Teacher Ace]: Students will understand that the union of sex cells explains why we
humans are not alike. Meiosis maintains reduced chromosome number that’s why sex cells
are haploid. For meiosis, as long as there is the union of the sex cells, there is always
variation. Students will understand that meiosis will lead to genetic diseases if it does not
function normally. So they will know about genetic diseases. I'or meiosis, students will
understand why there should always be a male and female species so that the human
species does not become extinct as long as there is the union of sex cells; and this happens

only in meiosis.

[Teacher Des]: If they learn about the role of meiosis, students will understand that meiosis
avoids occurrence of genetic disorders because the chromosome number is maintained as
half of the chromosome comes from the father and the other half comes from the mother. .
For meiosis, students understand why the human species is still living. As long as there are
the sperm and egg cells from the male and female which unite during meiosis, we humans
will be on earth. This is another role of meiosis; chromosome number (sex cells) is always
reduced. But of course, meiosis makes all of us different from one another.

[Teacher Bes]. For meiosis, students learn to understand sexual reproduction through
union of reproductive cells.

[Teacher Ces]: 1t is for sex cell reproduction

Knowledge regarding pedagogical content of the subject based on Shulman’s (1986)
Subject Matter Knowledge, addresses knowledge of the broad content relating to the pedagogical
aspect of the subject. This aspect is aligned to the teachers’ ability to sequence, arrange, organize
and explain the subject matter to students in an effective and appropriate manner (Anderson &
Clark, 2012; Kleickmann et al., 2013; Shulman, 1986). As indicated in the responses of Teachers
Ace and Des , they seemed to know the role of meiosis very well. For instance, Teacher Ace
showed the ability to organize her thoughts and explain that the role of meiosis is associated with
“variation (that is why humans are not alike),” “development of genetic diseases” for abnormal
meiosis, “no extinction because of union of sex cells,” and “reduced chromosome number.”

Similarly, Teacher Des explained meiosis as associated with “avoidance of occurrence of genetic
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disorders,” “chromosome number that is maintained or reduced chromosome number” and

“non-extinction of species.” On the other hand, Teachers Bes and Ces seemed to have not been
able to organize their thoughts because they failed to explain the role of meiosis completely.
Very simply, Teacher Bes just mentioned, “For meiosis, students learn to understand sexual
reproduction through union of reproductive cells” and even mentioned meiosis I and II but did
not tell something about these processes. Likewise, Teacher Ces had an incomplete
understanding on meiosis having said that “It is for sex cell reproduction” only. Science teachers
should have pedagogical knowledge of the subject and have comprehensive knowledge of the
subject content. They should exude self-confidence in the teaching and learning environment
(Anderson & Clark, 2012; Cone, 2012; Fitzgerald et al., 2013; Lumpe, Czerniak, Haney &
Beltyukova, 2012). For teachers to be able to communicate adequate understanding of scientific
knowledge, they need to conceptualize the content knowledge from multiple perspectives and at
levels deeper than what needs to be presented to students (Ghazi, Shahzada, Shah & Shauib,
2013; Johnson et al., 2012). When teachers lack this depth, they might fail to challenge students’
understanding or misunderstanding of science content, which could result in superficial learning
(Alshehry, 2014; Anderson & Clark, 2012; Cone, 2012). Lack of science content knowledge
often limits teachers’ ability to plan effectively and deliver meaningful science lessons (Nowicki
et al., 2013; Oh & Kim, 2013). When science teachers possess superficial content knowledge,
they may deliver erroneous content, which can lead to some students developing misconceptions
(Ghazi et al., 2013). True enough, the two cases had shown some instances of misconceptions or

missed discussion of concepts in their actual teaching which might be due to limited content

knowledge.
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Further, in the teachers’ actual teaching, as they used models and multimedia materials,

- employed cooperative learning and used a variety of activities to teach content, they were able to
discuss clearly the basic concepts of cell division, namely, chromatid, centromere, euchromatin,
etc. On Mendelian genetics, they were able to understand the basic genetics terms such as

" phenotype, genotype, dominant trait, etc. For example, Teacher Ace defined the chromatid very
clearly while Teacher Bes described the chromosome’s location in the cell. Teacher Ces was able
to synthesize clearly the cell organelles and their functions while Teacher Ace was able to
differentiate between mitosis and meiosis.

Meanwhile, Teacher Bes was not able to relate mitosis to practical situations. Based on
the software used for data analysis, she is considered to have incomplete coding concepts since
what she shared on the role of mitosis is incomplete and she was not even sure, by saying* /
think students will have a very clear understanding of the concepts of cell division.” Deeming it
to be incomplete, the teacher still stated the idea that, “For mitosis, students will be able to
explain why we grow.” Moreover, although she mentioned that growth is associated with cell
division, Teacher Bes seemed to be confused with the process of mitosis when she said
incompletely that, “Students will also learn the basic concepts of mitosis like the chromatids

overlap” which appeared to have no meaning at all. Teacher Bes also showed an incomplete

understanding on cell division in her actual teaching when she mentioned only about body cells
that are involved in mitosis. Likewise, Teacher Ces, did not relate mitosis to practical situations
wed as she simply said, “For mitosis, students learn to understand that it is

when she was intervie

growth and repair” though she implemented a practical activity about it in her actual teaching.
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Develop or stimulate students’ critical thinking by asking questions
Asking questions to develop critical thinking. As the teachers teach content, they
facilitate students’ understanding of science. By doing so, teachers develop or stimulate
students’ critical thinking, by asking questions that are an integral part of meaningful

learning and scientific inquiry. The teachers narrated:

[Teacher Ace]: How? I encourage them to ask questions and do critical thinking.
I encourage them to react by asking questions during presentations of output. I tell
them they can ask any question that will require them to think critically. From the
visual aids, I ask questions that will require them to think critically and creatively
I use media (film clip, video, TV) to stimulate student thinking, you could see thé
eagerness of the students. I always make use of pictures or cut-out of pictures
personal drawing or illustration, from the textbook, I summarize the content in c;

visual aid; I always use models.

[Teacher Bes]:I remember .. I tell them to always ask questions. I tell them, there
is no harm in asking because asking questions makes one to be a critical thinker. |
always use Smart TV I observe using colored visuals, students are modified to think,
[ discuss cell division using models, pictures/cutouts and videos

[Teacher Ces]:I use a lot of videoclips, film clips and sometimes movies. I know the
students are always excited to waitch a film or a video and they are stimulated to
think. I encourage them to ask questions based on their observations. A simple to

complex question is okay.

[Teacher Des: I use the Internet to download film or videoclips and even movies;
they got to understand better and appreciate the concepts. I am a stimulator. 1
stimulate their minds to ask any kind of question. Why is it like that? What happens
next? What happens if we do like this? And so on. Using pictures and models, | tell

them to ask questions.

As indicated in their responses, the teachers reported that they encourage their
students to ask questions because they believed that asking questions develop thinking
skills. For instance, Teacher Ace associated asking questions to thinking skills and felt
she has to maintain it as she shared, “/ encourage them to ask questions and do critical

thinking. " With her goal of maintaining an inquiry atmosphere in the classroom, she
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added, “I encourage them to react by asking questions during presentations of output” as
well as “I tell them they can ask any question that will require them to think critically.”
According to Graesser and Olde (2003), asking questions has the potential to facilitate
productive thinking in students, enhance creativity and higher order thinking. In many
instances during her actual teaching, when Teacher Ace discussed the DNA, XX and XY
chromosomes of humans, Law of Independent Assortment, substages of the cell cycle
and Mendel’s experiment, the students had to think critically as they were encouraged to
ask a question about the concept/lesson presented. For example, when Teacher Ace
asked, “Among the cell parts that you know, which do you think is involved in mitosis?”,
the students were made to think critically. Similarly, her mention of the human
chromosomes made one student think curiously as she asked, “Does it mean Ma'am, our

chromosomes can't be beyond 467" This is a thinking skill of elaborating so that the
concept is better understood. As Cuccio-Schirripa and Steiner (2000) had reported,

asking questions helps students to elaborate on their knowledge. Likewise, Chin and
Osborne (2008) had indicated that the act of ‘composing questions’ focuses the

attention of students on content, main ideas, and checking if content is understood.
Moreover, after discussing Mendel’s experiment, another student was encouraged to ask,
“Ma 'am, based on advanced reading, I came across homozygous and heterozygous; what
are these Ma’am?” which was a question involving clarifying skill. Teacher Ace also
considered using “visual aids” where “I ask questions that will require them to think
critically and creatively. According to Cuccio-Schirripa and Steiner (2000), questioning

is one of the thinking processing skills that is structurally embedded in the thinking

operation, not only of critical thinking but also creative thinking, and problem solving.
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Another instance of students’ learning through critical thinking in her actual teaching
involved Teacher Ace’s instruction as she said, “Listen class, you will also express the
dominant trait even if there is the recessive trait which is always hidden or not
expressed.”

Similarly, Teacher Bes wanted the students to be confident in asking questions as
she emphasized, “/ tell them to always ask questions.” She reported that she always tries
to encourage them to ask questions because “there is no harm in asking, asking questions
makes one become a critical thinker.” As Stasiulionyte (2016) had indicated, “Asking
any question 1s helpful in discovering a person's individual way of thinking;” it is but
right that any student’s question is entertained, to move their minds to think more. In her
actual teaching, when Teacher Bes was about to introduce the concept of meiosis, one
student was encouraged to ask, “Is meiosis very much different from mitosis?” This is a
skill of differentiating concepts, which is an important way of thinking. In another
instance, when the students had a hard time in understanding the concept of determining
the ratios of the genotype and phenotype, one student was encouraged to ask, “Ma‘'am
how did you arrive at the ratios?” It seemed that the student’s question was procedure-
based and needed recall but the question made the student to think more as she asked
on, “Ma ‘am, what about the traits that we have, but our parents do not

another questi

have, how is it possible?” Another question Teacher Bes asked was “Can you describe

the centromere? Sister chromatids? Heterochromatin? Euchromatin?,” which required
the students to think critically. An instance when a simple question was asked involved
Teacher Bes’ short lecture on cell organelles where one student was encouraged to ask

“Ma'am what is the genelic material?” Although it was a question of recall, this seemed
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to be important, as it led to the discussion of the cell cycle where the students might have

asked more questions.

Teacher Ces preferred actual observations as the basis for the students’ asking of
questions as she said, “/ encourage them to ask questions based on their observations.”
According to the teacher, the actual observation happens during her discussion and it is
here where “A simple to complex question is okay.” As Vale and Kozminski (2013) have
reported, “The goal of asking and answering a question is not necessarily to probe a
completely untouched area of science rather, it should be a personal quest to resolve a
curiosity.” In her actual teaching, the simple questions asked by the students were
questions of recall such as “Ma‘am, is PMAT the correct order?” and “Ma'am, where are
homologous chromosomes found?” Although simple, the students were encouraged to
express what was in their minds when Teacher Ces discussed about mitosis. Other simple
questions asked by the students involved describing hemophilia and Cri-du-chat and
giving the meaning of random. According to House (2017),

“Practice at retrieving new knowledge or skill from memory is a potent tool for learning

and durable retention.” The author further said that retrieval of knowledge is an important

aspect of embedding knowledge. As a result, lower cognitive questions play an important
role in developing and embedding the core knowledge that students need to be able to

successfully engage with higher cognitive questions. ”

This implies that the simple question of recall is important because it supports
students to progress toward their thinking goals and to develop inquiring minds. On the
other hand, there were also complex questions asked by the students during Teacher Ces’
actual teaching. One question involved differentiating mitosis from meiosis when
Activity 2 was done. Other questions involved the use of “why” and “how” when the

students wanted to know the relationship between the nucleus and DNA and the reason
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for the color in the chromosomes. A specific question asked by Teacher Ces that required
the students to think critically was “How do the cells start dividing?” Meanwhile, a
complex question asked by one student involved evaluation of possibilities as he asked,
“Ma’am, what about if there are two (2) kinds of characteristics crossed?” According to
Chin and Osborne (2008), the ability to ask thinking questions is an important component
of scientific literacy, as it allows them to articulate their current understanding of a topic
(differentiating concepts).

Finally, Teacher Des reported that, “/ tell them to ask questions” by “Using
pictures and models” as she humbly confessed, “/ am a stimulator. I stimulate their
(students ') minds to ask any kind of question.” Akers (2010) reported that visual aids are
important in keeping students motivated and actively engaged in their classes. By using
visual stimuli, teachers are more likely to maintain student attention and encourage active
participation by asking any question.” For instance, in an actual teaching activity, as
Teacher Des was about to discuss the basic genetics terms using visual aids, one student
was stimulated to ask “will you teach us how to solve genetics problems?” This is a
“how” question which was important to consider in relation to understanding word
problems in genetics. Also, in Teacher Des’ use of models in the discussion on the
differences between mitosis and meiosis, the mention of unfamiliar term/s stimulated one
student to ask “Ma’am what is homologous pairing? " Although it was a simple question,
the students’ minds were stimulated to think more as visuals were used. Moreover,
Teacher Des stimulated students’ critical thinking as she instructed them, on the topic of

the stages of mitosis, “/ will give you 10 minutes to discuss among yourselves, then we

will discuss later”.
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Use of media, models, representations for student thinking. Teachers use a variety of
learning materials such as media, models, and forms of representations for student thinking.

Their use of such learning materials/resources for student thinking has been reflected in the

teachers’ responses, to wit:

I use media (film clip, video, TV) to stimulate student thinking, you could see the
eagerness of the students as their eyes are focused on understanding the concepts
presented in relation to meiosis. I always make use of pictures or cut-outs of pictures,
personal drawing or illustration, from the textbook [ summarize the content in a visual
aid, I always use models. I always make use of pictures or cut-outs of pictures. All these
representations are very useful for explaining content. In addition, 1 need to make
visuals so that the students will understand the lesson more easily. It takes time for me
{0 do the visual aids but it is all right as long as the students learn the topic very well.
] summarize the content in a visual aid. For the representations I use, ... personal
drawing or illustration personal drawing or illustration, from the textbook. [Teacher

Acef

| always use Smart TV because I observe using colored visuals, students are motivated
10 think. Ok I discuss cell division using models, pictures/cut-outs and videos. Ok.
discuss cell division using models... There are available models of mitosis and meiosis
provided by the school. I use these models. I follow the module but sometimes the
illustrations are blurred that's why I make some cut-outs of pictures so that the students

will understand better. [Teacher Bes]

] use a lot of video clips, film clips and sometimes movies, I know the students are
always excited to watch a film or a video. and they are stimulated to think. Then I
introduce Mendel’s experiment. At this point, I will have to use visuals (pictures) to
discuss it; 1 use models in discussing cell division; I always prepare visual aids in
Manila paper. 1 use models in discussing cell division. I always use the models provided
by the school. At this point, I will have to use visuals (pictures) to discuss it (cell
division). When I see colored pictures, 1 print them and paste in a bond paper or
cartolina and let be seen by the students. These will be passed around from one student
(o another. 1 always prepare visual aids in Manila paper based on the content in the
textbook. I ask somebody to draw or illustrate some pictures in the textbook to make it
larger and be appreciated by the students. [Teacher Ces]

e the internet {0 download film or videoclips and even movies. Watching this stuff
os the noise of the students. But more than that they get to understand better and
appreciate the concepls. I show them pictures and models; I supplement my discussion
with video clips 1 use models, pictures, illustrations, visual aids based on the LM
film/video clips. 1 show them ... models. I show them pictures, cut-outs of pictures. 1
show them my own illustrations in discussing about cell division. [Teacher Des]

{us
pacifi
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As indicated in their responses, the teachers reported that they use media, model
and representations for student thinking. Media can be used as an effective means to
promote a critical thinking attitude, while models and forms of representations such as
pictures, personal illustration, models, visual aids in textual form help develop student
thinking. For instance, Teacher Ace wanted her students to participate always in class
discussions by using forms of media as she said, “/ use media (film clip, video, TV) to
stimulate student thinking.” The teacher added that she feels very happy about it as “you
could see the eagerness of the students as their eyes are focused on understanding the
concepts presented in relation to meiosis. " According to the teacher, the use of media
offers immediate attractions. This is consistent with what Shenton (2014) had indicated
that material of this kind is highly visual, which helps gain attention and maintain student
interest in the theories and concepts under discussion. In her actual teaching, Teacher Ace
did not show a video due to time constraint. Nevertheless, a videoclip on fertilization was
shown outside her regular class. Teacher Ace recalled that after her video presentation,
the students were stimulated to think as they raised their hands to clarify their thoughts.
According to Wright et al. (2015), “learners become critical thinkers when they master
certain skills such as the ability to clarify.” Moreover, a representation in the form of a
picture was also used by Teacher Ace as she instructed the students to look for the picture
of a chromosome and asked “Can anybody describe a chromosome?” and “what do you
think is the importance of the chromosome?” which stimulated the students to think
deeply as one student tried to answer.

Teachers Bes and Ces reported that they show video clips on the cell cycle,

mitosis and meiosis. Both cases showed satisfaction when they presented video clips in
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their actual classes. Teacher Bes felt comfortable to say that “/ always use Smart TV
because I observe that in using colored visuals, students are motivated to think. I discuss
using videos.” For example, when the stages of mitosis were shown in the Smart TV, the
students sat together in one area, watched the video and analyzed each of the events of
mitosis. As instructions were made by the teacher, a small group discussion was formed,
for the students to discuss, reflect, analyze and evaluate the video shown. The students
were observed to be thinking hard as their heads went up and down until they prepared
their output. On the other hand, Teacher Ces felt happy to share that, “/ use a lot of video
clips, film clips and sometimes movies” because "I know the students are always excited
to watch a film or a video and they are stimulated to think.” For instance, in her actual
teaching, when the video animation of mitosis was shown, the students became engaged
as they were very excited and became a little noisy as they shouted “wow, excellent,
amazing” with eyes wide open. They were attracted to the colors and movement of the
chromosomes as they nodded their heads in deep thinking. The visual nature of the video
appealed to the students, allowing them to process information. Student thinking
continued to get activated as the students were asked to work by group wherein they
discussed, reflected and analyzed the stages of mitosis. Using critical thinking and
reflective thinking, the students came up with an output in the form of an illustration of
the stages of mitosis based on their understanding of the video. According to
Buckingham (2009), media create excellent opportunities for students to think as they
discuss, reflect, analyze, evaluate different perspectives and construct their own meanings
through the discussion with groupmates in a small discussionA group. Very importantly,

students can hone their thinking skills by analyzing media using the theories and concepts
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they are studying (Lauri et al., 2015). This is consistent with what Kaltura (2015) had
indicated, that the use of video clips allows for more efficient processing and increases
student thinking. Brame (2016) also reported that videos have particular value to the
students because they find it more engaging and it can be well-suited to illuminating the
abstract or hard-to-visualize phenomena (e.g. cell division).

Meanwhile, Teacher Des must be always prepared and ready to navigate the
internet for the students as she shared, “/ use the internet to download film or videoclips
and even movies.”’ She knew the positive effect of videos on the students as she
commented, “ Watching this stuff pacifies the noise of the students. But more than that
they get to understand better and appreciate the concepts.” For example, in one classroom
activity, the students were observed to be very silent at first but when the teacher
announced that a short videoclip on the DNA would be shown, the students started to
think aloud and talk with their seatmates. Although short, the video created a more
engaging sensory experience as the students saw the colored animation of the DNA that
made them understand the concepts more easily. In another instance, when Teacher Des
discussed the nucleus based on the video presentation, student thinking was also activated.
As observed, the students became very eager to view the video and went to the front to
discuss what they know about what was to be shown until one student asked, “Ma ‘am,
how important are the chromosomes?” They continued talking with their seatmates as the
video was being played with the students’ head nodding repeatedly implying that they
were thinking very hard about what they see. F urthermore, the students were observed
thinking deeply and uttering words silently about the video. Then, they participated

actively in the discussion that followed after the short video presentation, where the
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teacher asked questions to check their understanding of the concepts presented in the
video. According to System Admin (2017), animated video can make virtually any
concept come to life and is great for portraying abstract ideas. As observed, the short
video was useful for discussing the next lesson on cell division, which was consistent with
what Lynch (2019) had indicated, that video clips which may be often short and

immersive, help students quickly grasp an abstract concept so everyone can move on to

the next lesson.

Aside from the use of videos, all the teachers reported that they use models in
teaching cell division. For example, Teacher Ace candidly said, “/ always use models”
when she discussed the stages of mitosis and meiosis in the classroom. As observed in her
class, student thinking was activated when a student raised her hand and sought for a
reason to her questions, “Why does meiosis have to be very long?; Why does it have many
stages?” Like Teacher Ace, Teacher Bes had to explain why she had to use the models - «
] discuss cell division using models... There are available models of mitosis and meiosis
provided by the school. I use these models.” In the classroom, when she used the model of
mitosis, the students were very eager to listen as they focused their eyes on the models.
Thinking silently, the students were observed to nod while others showed a “thumbs up”
after understanding the concepts. Likewise, Teacher Ces reiterated that, “/ use models in
discussing cell division. 1 always use the models provided by the school.” In her actual
teaching, when the teacher showed the model of meiosis, student thinking was activated as
some students leaned forward, focused on viewing the video and closed their eyes while

thinking while one student asked , “dre these really happening in cells?” Very simply,

Teacher Des reported, “ I show them ... models.” When she used a model to discuss the
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stages of meiosis in her class, the students were stimulated to think - they became silent,
closed and opened their eyes very fast while nodding until one student asked, “Ma’am,
why are there 4 haploid cells in meiosis?” and “Ma'am, what is crossing-over?”
According to Gilbert (2004), working with representations such as models can promote
thinking skills such as critical thinking and other thinking skills, improve content
knowledge and facilitate student’s learning and understanding of concepts. This is because
students are motivated to ask questions about what they think about the representations
they are viewing. The author emphasized that the use of models provides an environment
for interactive student engagement and enhances thinking abilities/skills. This is also
consistent with what Wright et al. (2015) had reported that “learners become critical when
they seek reasons and evidence, infer wisely and analyze information.”

All the teachers also reported that they use cut-outs/pictures in their teaching of
cell division and Mendelian genetics. Teachers Ace and Bes expressed their reasons why
they opted to use pictures in their discussion. Being a resourceful teacher, Teacher Ace
shared, I always make use of pictures or cut-outs of pictures, personal drawing or
illustration, from the textbook I summarize the content in a visual aid” and she had to
emphasize that, “All these representations are very useful for explaining content.” As
observed consistently in her actual teaching, for example, Teacher Ace used pictures of
the cell cycle and chromosome to clarify concepts and stimulate student thinking. As she
showed the picture of the chromosome, the students got excited and overwhelmed with the
many concepts she explained as they listened carefully. Thinking deeply about what they
heard stimulated a student’s thinking as she asked about the meaning when the

chromosomes cannot be more than 46. In another instance, Teacher Ace used a diagram
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(as picture) when she discussed the law of segregation. Student thinking was activated as
one student immediately asked about the meaning of the dominant trait preventing the
expression of the recessive trait. On the other hand, Teacher Bes pointed out a problem in
the module as she remarked, “/ follow the module but sometimes the illustrations are
blurred that’s why I make some cut-outs of pictures so that the students will understand
petter.” To elaborate the concepts discussed in the classroom, Teacher Bes used pictures
of the cell cycle and stages of mitosis shown in the Smart TV. The teacher’s use of the
pictures stimulated student thinking as a student immediately raised his hand and inquired

about the longest phase of the cell cycle.

With no mention of the reasons why the two cases use pictures and resourcefulness

to provide for the students, they narrated:

[Teacher Ces]: At this point, 1 will have to use visuals (pictures) to discuss it (cell
division). When I see colored pictures, 1 print them and paste in a bond paper or
cartolina and let be seen by the students. These will be passed around from one student

to another.

[Teacher Des]: I show them pictures, cut-ouls of pictures.

In her actual teaching, Teacher Ces did not do what she described in the
interview. She instead used pictures or colored metacards of the stages of mitosis along
with pictures of the chromosome to facilitate the discussion as well as to stimulate
student thinking. In addition, Teacher Ces used a picture of the cell cycle to discuss its
substages. Student thinking was stimulated when many students shouted “Ma’am” while
raising their hands until one student asked about the shortest stage in the cell cycle. When

she compared mitosis with meiosis, she posted a Venn diagram, which stimulated student

thinking as the students looked up, thinking about something until one student
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immediately asked, “Can you explore the similarities? On the other hand, Teacher Des
just simply said, “/ showed them pictures, cut-outs of pictures.” As observed in the
classroom, she also used pictures of a chromosome, cell cycle and homologous
chromosome, which she found useful for understanding the concepts because they are
attractive and colorful. When shown, the students were very eager and excited. Student
thinking was activated as many students discussed noisily with one another and analyzed
the information presented about the chromosome. Immediately, one student raised his
hand and asked “Ma’am, does it mean it can never be XXY or XYY?” In another
instance, as Teacher Des used a picture to discuss the cell cycle, student thinking was
stimulated as one student was so eager to know something about the picture, raised her
hand first and asked about the longest and shortest stages of the cell cycle. Mannan
(2005) supports that forms of representation such as pictures help clarify (Which is the
longest stage in the cell cycle ), establish (Is mitosis very much different from meiosis?)
and correlate and coordinate accurate concepts (Does it mean that it can never be XXY or
XYY?). According to Evagorou et al. (2015), the use of photographs or pictures makes it
possible for teachers to interact with and represent complex phenomena (complex stages
of cell division). This has been illustrated in the cited cases. This is consistent with what
Sadiq (2020) had reported, that pictures make it possible for students to absorb large
amounts of data quickly and using photographs for explaining complex phenomena is one
of the teaching aids of modern education system all over the world. Specifically, one
appropriate picture can be catalyst that gives rise to the production of thousands of

words and a multitude of creative and analytical thinking.
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Not only models and pictures, but the teachers also reported making visual aids in
textual form to facilitate their discussion and stimulate student thinking. The teachers
always seemed to be ready with other forms of representation to supplement their
discussion. For instance, Teacher Ces wanted to make sure that the content in the
textbook was understood. This must be the reason why, “/ always prepare visual aids on
Manila paper based on the content in the textbook.” This was a similar reason for
Teacher Ace who narrated, “In addition, I need to make visuals so that the students will
understand the lesson more easily” but she was worried during its preparation as she
commented, “If takes time for me to do the visual aids but it is all right as long as the
students learn the topic very well. 1 summarize the content in a visual aid.” Teacher Des
also knew the importance of preparing visuals - “I supplement my discussion with visual
aids based on the LM.” According to Khan et al. (2015), visual aids in textual form are
effective tools for making teaching effective, to facilitate the student’s learning and
understanding of concepts. This is illustrated with what the teachers had experienced in
their actual teaching. For example, Teacher Ace used visual aids in textual form to
facilitate learning about the cell cycle and Mendel’s experiment, as well as to answer an
exercise about Mendel’s experiment. As the students saw the exercise on the board,
student thinking was stimulated as most of the students (as volunteers) raised their hands
to answer on the board. Although Teacher Bes failed to mention it in the interview, she
prepared visual aids in Manila paper for the discussion of Mendelian genetics, which
stimulated student thinking as one student approached her and asked, “What is the
meaning of pure-breed?” Likewise, the teacher used visual aids in textual form to discuss

the details in the stages of meiosis, which stimulated student thinking, as one student
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raised both hands, paused for a while to reflect on the question, then said, “Ma‘'am I am
ready” as she asked, “Ma‘am, is sex cell the same as reproductive cell?” Teacher Ces
also prepared visual aids in textual form to summarize the complex stages of meiosis and
to discuss the laws of segregation and independent assortment. For instance, after
discussing the laws, student thinking was stimulated as some of the students were excited
to see how genetics problems are solved on the board. As they went to the front to listen
to the teacher closely; one student asked, “Ma'am, what about if there are two (2) kinds
of characteristics crossed? Is it possible? and another student also asked, “so does it
mean Ma’am if the recessive gene is masked, we only express the physical appearance if
both genes are recessivel” Finally, when Teacher Des discussed mitosis, as she posted a
visual aid in textual form on the board, student thinking was activated, as one student
raised her hand and asked, “Where does mitosis take place?” Similarly, student thinking
was activated as two students raised their hands simultaneously, but where one
immediately asked , “Is mitosis very much different from meiosis? Moreover, when the
teacher discussed genetics, one student was so interested with the lesson that she went to
the front so that she could easily ask, “Ma‘am when is the recessive trait expressed?” As
observed, the teachers encouraged students’ questions, which stimulated complex
thinking. This is consistent with what Baranowska-Piasek (2002) had reported - forms of
representations such as visual aids in textual form are a useful resource for teaching; they
enable the development of critical thinking skill and reflective thinking skill, among
others as students ask questions. This has been illustrated by the above cited cases.

The teachers added the use of personal illustrations in teaching cell division and

Mendelian genetics. Teacher Ces wanted the creativity of her students in the making of
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any visual aids by saying, “/ ask somebody to draw or illustrate some pictures in the
textbook to make it larger and be appreciated. On the other hand, two teacher cases
(Teachers Ace and Des) wanted to show their own creativity. While Teacher Ace
expressed that the content would still be based on the textbook as she said, “/ use
personal drawing or illustration personal drawing or illustration, from the textbook,
Teacher Des felt proud by saying, “/ show them my own illustrations while discussing
cell division.” In their actual teaching, both cases clarified the concept of cytokinesis by
making a personal illustration of the process on the board. According to Eilam and
Gilbert (2014), visual representations such as personal illustrations are important in
teaching and learning science because these can shape engagement (interaction in the
illustration) and motivation (interest to learn about an unfamiliar concept, for example,
cytokinesis). Teacher Ces was not able to ask somebody to illustrate the process as she
claimed that “the time was just enough and there's no chance to do these things.”
Interestingly, Teacher Ces reported the use of printed pages that she reproduces for
student use as she narrated, “Most of the time, I print important pages from a material,
reproduce these and be given to all the students to supplement our discussion. These are
very useful to facilitate imparting of knowledge to the students.” Printing of colored
pictures for students’ use was done outside the class period, where copies were given to

the students in one afternoon. Moreover, the teacher made a personal illustration of the

stages of mitosis shown in a quiz.
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l’ each to develop conceptual understanding, critical or analytical thinking skills and problem -

| s:olving skills

The teachers teach the students to develop conceptual understanding as the students learn

|
to form the correct concepts about cell division and Mendelian genetics. Students’ understanding
qf science involves students’ development of conceptual understanding and critical thinking and

cher skills as the teachers use models and multimedia materials. This has been reflected in the

teachers’ interviews, to wit:

Learning about cell division and Mendelian genetics will make students understand the
concept of cytokinesis, crossing over, homologous chromosomes, Law of independent
segregation, Law of independent assortment and all the other concepts

(dominant/recessive trait, phenotype/genotype etc). [Teacher Ace]

Learning about cell division and Mendelian genetics makes the students understand basic
concepts of mitosis and meiosis (chromatid, cleavage furrow, cell plate, homologous
chromosomes, synapsis, Law of Dominance, Law of Independent Segregation, Law of

Independent Assortment, etc.) [ Teacher Des/

| think students will have a very clear understanding of the concepts of cell division and
Mendelian genetics. Students will also learn the basic concepts of mitosis like the

chromatids overlap. Students will understand inheritance of traits upon learning genetics.

[Teacher Bes]

Of course the students will become knowledgeable about the concepts of cell division and
Mendelian genetics. The students will be able to explain how traits are inherited from the

parents to offspring. [Teacher Ces]

As indicated in their responses, Teachers Ace and Des wanted the students to learn and
understand “cytokinesis, crossing over, homologous chromosomes, chromatid, cleavage furrow,
cell plate, synapsis,” €iC. On the other hand, the concepts of Mendelian genetics that the teachers
wanted the students to learn and understand are dominant/recessive traits, phenotype/genotype,
Law of Dominance, Law of Independent Segregation and Law of Independent Assortment, etc.
entioned teaching the students to have conceptual understanding on

Teacher Bes simply m

chromatids and inheritance of traits. Teacher Ces did not mention specific concepts but
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generally, she wanted to teach her students the concepts involved in cell division and Mendelian
genetics.

In their actual teaching, when Teachers Ace and Des mentioned the terms/concepts in cell
division and Mendelian genetics, it was about defining or describing the terms so that the
students would understand them easily. As the students understand the concepts, the teachers
believed that they also learn to organize facts and ideas into a meaningful concept in science. As
observed, they defined/described the cited concepts above as they used visuals such as models,
pictures and other forms of representations. In so doing, the teachers helped the students to

understand the concepts better. For example, using the model of mitosis, Teacher Ace described

the chromosomes as she asked, “How do you describe the chromosomes in mitosis?” Similarly,

Teacher Ces asked, “How are the stages different from one another?’ As for Teacher Bes, she
summarized the characteristics of each of the stages of mitosis. In the case of Teacher Des,

using her visual aids with pictures and the model of mitosis, she discussed mitosis. According to

Tang and Intai (2017), teachers help their students build understanding of scientific concepts by

requiring the teachers to present visuals, resource materials, pictorial representations or problem

of some sort. The teachers were also observed giving the students genetics problems to solve
which also helped the development of the students’ conceptual understanding in genetics. This is
consistent with what O’Dwyer et al. (2015) had reported that the ways for teachers to help

students develop conceptual understanding include providing opportunities to apply learning and

solve unique problems, spending time on conceptual activities such as word problems and having

students discuss the reasons behind their answers to questions. The authors added that the

benefits of teaching to develop conceptual understanding include students’ understanding where
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| the students can answer questions (answering questions in discussions) and ability to make
" explanations (explaining output in group discussions).

Aside from conceptual understanding, students’ understanding of science involves

teachers’ teaching the basic concepts to develop critical thinking as well as other skills. The

teachers narrated:

[Teacher Acej:I think some skills are also learned by students to analyze the events that
occur in each of the stages of mitosis and meiosis. There are also many skills used learn
to solve genetics problems. Problem-solving skills may be useful for practical situations.

[Teacher Des]: In terms of skill, students learn the proper skills (analysis, critical
thinking, problem-solving) in understanding about cell reproduction and Mendelian
genetics. Yes. Since these concepts relate to their lives, then the skills learned may be

applied.

As indicated in their responses, the teachers reported that they teach their students to
develop thinking skills such as critical or analytical thinking skills and problem - solving skills.
According to Kitota (2010), inquiry teaching can be used as an approach that can ignite thinking
skills. For example, Teacher Ace always wanted to have an inquiry environment with critical

students learning many skills when she gives them something they can work on as she shared, “/

think some skills are also learned by students to analyze the events that occur in each of the

stages of mitosis and meiosis. » Because genetics involves problem-solving, the teacher also

believed that “There are also many skills used to learn to solve genetics problems,” which the

teacher opined that «problem-solving skills may be useful for practical situations.” Similarly,

Teacher Des thought of considering both analytical and problem-solving skills that the students

develop when they learn about cell division and Mendelian genetics because, “In terms of skill,

students learn the proper skills (analysis, critical thinking, problem-solving) in understanding

cell reproduction and Mendelian genetics.” The teacher further realized that “Since these

concepts relate to their lives, then the skills learned may be applied.” Although Teachers Beg
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and Ces did not completely mention the development of skills, they otherwise demonstrated
%ese skills in their actual teaching along with the other teachers. Specifically, Teacher Ace
aeveloped the analytical skills of the students as they answered a blank table about the seven
éharacten’stics used by Gregor Mendel. As Teacher Bes pointed to the picture of the cell cycle
after answering a student’s question, she helped the students think critically as she said, “yes
very good but you can also consider finding the shortest stage.” In Teacher Ces’ discussion of
the story about cell organelles, she helped the students develop analyzing and evaluating skills as
she asked, “why are the organelles complaining?” Finally, Teacher Des helped the students to
analyze critically Mendel’s experiment as she discussed the experiment using an illustration.
According to McNeill and Krajcik (2008), engaging the students in an inquiry environment can
1elp them develop 21 century skills. The authors also emphasized that thinking skills should
1lways be developed among the students so that the students will not rely on memorization.
When teachers teach for understanding and not memorization, they are equipping students with
he skills to succeed in the future (Omari & Chen, 2016). The ability to transfer skills and
nowledge will be much more advantageous than information, which might become irrelevant.
leachers’ teaching for the development of skills will relieve the burden on students to try to
nemorize information separate from how it can be utilized in a real world setting. Inquiry

eaching plays an important role in solving problems in teaching and learning. In fact, it also

slays an important role in developing students’ thinking, to achieve success.

Torrect/ Prevent Misconceptions

Students’ understanding of science involves correction/prevention of misconceptions as

he teachers teach the correct content by using a textbook or doing an activity. The teachers
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Jdevelop the students’ conceptual understanding as the students learn to form the correct concepts

|

about cell division and Mendelian genetics.

textbo
misc
away
the experi

However, Te

Using a textbook. The teachers reported that they make a summary of concepts with
correct definitions/descriptions based on the textbook after their discussion. Such way of

correcting misconceptions based on the textbook has been reflected in the teachers’

interview, to wit:

Yes, I always make a summary of concepts based on the textbook every time I make a
discussion. If the time is not enough to clarify, I give a handout. All teachers must
assume the role of learning facilitator and encourage students to be active learners

[Teacher Ace]

Ahh... sometimes I check the textbook for the summary of concept. Sometimes I forget.
if this does not happen (discussion of the summary of concepts on the next meeting)
maybe due to some reasons — limited time or a school activity, I need to adjust by giving
a one page hand-out.. Even a simple misconception has to be corrected, because
sometimes the students are unaware that what they are thinking are incorrect. [Teacher

Bes]

Oh yes... After the experiment, we use the textbook to determine the correct concepts
involved in the activity. Post-interview: Since the students do not have yet a formal
education about the cell, (since it is only in Grade 8 where this is completely discussed)
it is expected that the students are always confused. [Teacher Ces]

As new concepls are introduced, I make it a point to summarize based on the textbook
and available resources. Post-interview.. As early as during the class discussion, I have
fo correct the misconceplion so that there will be no pattern of errors; it is corrected

already. Otherwise, understanding stages of meiosis will be difficult and
misconceptions will be hard to identify. [Teacher Des]

As indicated in their responses, the teachers recognize the importance of the
ok because they make a summary of concepts in correcting and preventing
onceptions. For instance, Teacher Ace wanted to do the summary of concepts right
«every time | make a discussion ”, while Teacher Ces indicated doing it right “affer

ment” in order “to determine the correct concepts involved in the activity.”

achers Ace and Bes gave possible reasons why they sometimes fail to make
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a summary of concepts with corresponding adjustment to make. Teacher Ace believed
that “If the time is not enough for clarification, I give a handout.” Aside from limited
time, Teacher Bes recognized that “a school activity” as another reason why “
Sometimes [ forget” to make the summary of concepts but “/ need to adjust by giving a
one page hand-out.” Teacher Bes expressed her concern that “Even a simple
misconception has to be corrected, because sometimes the students are unaware that
what they are thinking are incorrect.” This is illustrated with what Teacher Bes has
experienced in her actual teaching where she corrected a simple misconception of one
student on “popularity” as the reason for Mendel’s use of garden peas in his experiment.

The teacher summarized that the plants are easily propagated by self-pollination or cross-

pollination, are readily available and have seven contrasting characteristics. This is
consistent with what Lucariello and Naff (2020) had indicated, that alternative
conceptions or misconceptions can really impede learning for several reasons - students
generally are unaware that the knowledge they have is wrong, and misconceptions can be
very entrenched in student thinking. As this may always be true, teachers should be aware
that every misconception must be identified and corrected immediately. Teacher Des
does not want to use only the textbook, but also other resources because “As new

concepts are introduced, 1 make it a point to summarize based on available resources.”
In their actual teaching, it was observed that all the teachers corrected right away
the misconceptions they identified during the discussion. According to the teachers, the
correct concepts that they teach are based on what they read from the textbook. For
example, when Teacher Ace asked about the importance of the chromosome and one

student mistakenly answered that the “chromosome is for the transfer of traits,” she
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corrected the misconception as she answered that it is the DNA that performs that role
and explained further that “the number of chromosomes in a cell is characteristic of the
species where it belongs.” It was interesting to note that some students were also active
in correcting misconceptions such as the wrong meaning of “homozygous” which was
corrected by one student. Teacher Ace explained that she encourages the students to be
active learners by participating in correcting misconceptions because she believes that
“All teachers must assume the role of a learning facilitator and encourage students to be
active learners.” According to Sothayapetch et al. (2013), as a facilitator, a teacher

facilitates learning when misconceptions are corrected. Likewise, Teacher Ces corrected

to the class that “it is the ribosome, not the nucleus that functions for protein synthesis”
and she had to repeatedly ask to make sure that the students have learned the correct
concept. Teacher Ces must be very concerned with the students “since the students do not
have yet a formal education about the cell, (since it is only in Grade 8 where this is
completely discussed) it is expected that the students are always confused.” According to
Savion (2009), initial beliefs prior to any formal education are called naive theories,
which are incredibly hard to extinguish. Thus, it is but right that teachers are always able
to find ways in order to avoid students’ naive theories. Meanwhile, Teacher Ces
explained that in cases where there are many identified misconceptions during her
discussion, she always makes it a point to make an adjustment. According to the teacher,
in previous years, she would prepare a visual aid (in textual form) with the list of the

misconceptions corrected based on the textbook and have it copied by the students,

However, this school year, there were only few misconceptions identified, which Teacher

Ces corrected right away in the class.
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Teacher Des was observed to be the only teacher to use the textbook inside the
room when she corrected a misconception. When one student asked for the type of cells
where mitosis occurs, it was incorrectly answered by another student as “sex cells. ”
Using the textbook under the teacher’s table, the teacher confirmed that “he sex cells are

for meiosis while body cells are for mitosis” which enlightened the student thanking her
for the correct information. As noted, she was very spontaneous to correct the
misconception with a soft voice telling the students about it. Another misconception
involved a video presentation on mitosis where the teacher asked the students to describe
what happens to the chromosomes at the second stage. This was incorrectly answered by
one student as she said “they tend to disappear.” Looking at everybody, Teacher Des
slowly explained and answered correctly that “if the chromosomes disappear, then there
is no more cell division; what really happens is that the chromosomes move to the

» Right after her class, when asked about the immediate correction of the

cenler.

misconception, Teacher Des explained that “as early as during the class discussion, I had

(0 correct the misconception so that there will be no pattern of errors; it was corrected

already. Otherwise, understanding the stages of meiosis would be difficult and
misconceptions would be hard to identify.” This is consistent with what Bensley and
Lilienfeld (2015) had reported, that misconceptions can result in systematic patterns of
error. Moreover, according to Hughes and Kaplan (2013), misconceptions can impede the

learning of new knowledge and are often difficult to identify, strongly held, and highly

resistant to correction through standard instruction. This is the reason why Teacher Des

corrected the misconception immediately.
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Doing an activity. Misconceptions can also be confronted through activities such as
hands-on and minds-on activities or inquiry-based activities. Treating misconceptions
may be done by structuring activities that will produce the needed conceptual change. As

indicated in their responses, all the teachers consider doing an activity to correct

misconceptions, to wit:
[ also prevent misconception through an activity. [Teacher Ace]

I also do an activity. Post-interview: While some groups maybe fast to finish an activity,
a few maybe very slow. I am sure the students got to understand about the garden pea’s
characteristics as used by Mendel. Since the activity is simple, I know both the fast and

slow learners were able to follow. [Teacher Bes]

So I both do an activity and the textbook to prevent misconceptions. Post-interview:
We were excited to view the stages of mitosis under the microscope; I was moving from
one group to another so I really forgot; but prior to the long test, I had a review outside
the regular class and | mentioned about it. | am aware that I had to correct it though a

little late. [Teacher Ces]

| also use an activity 1o correct misconceplion. Post-interview: I always set a special
schedule for a remedial class [Teacher Des]

As indicated in their responses, all the teachers reported that they do an activity
when correcting and preventing misconceptions. Although the teachers did not mention
in the interview the other details about doing an activity to correct and prevent
misconceptions, they showed these otherwise in their actual teaching. For instance, when
“homozygous trait” was incorrectly defined by two students, Teacher Ace corrected it by
discussing the Law of Segregation, gave an example and later asked the students to do a

short activity (solving simple genetics problems) where the concept of “homozygous”
was clearly discussed. Similarly, when Teacher Des corrected a student’s misconception
on chromosome movement, she corrected it initially through a discussion that

commenced in an activity in the form of a short quiz. As the teacher instructed, “based on
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the video, discuss and explain each of the stages of mitosis,” the students described the
movement of the chromosomes in each stage of mitosis, after which she summarized to
emphasize the correct concept about chromosome movement. Although correcting a
misconception through a simple quiz was done, Teacher Des did the right thing in
replacing the misconception with the correct concept. In one visit of the researcher, when
asked about the result of the quiz in terms of correcting the previous misconception on
the chromosomes, the teacher said that some of the students were able to describe it

correctly while a few were still confused. Realizing the need to reteach and reach out to
the other students, the teacher said, “/ always set a special schedule for a remedial class”,
which the teacher does prior to the long test. According to Santos (2020), a short activity

may be performed to provide the students a first- hand experience, so that their

misconceptions may be corrected. This is supported by Gooding and Metz (2011), who

suggested that “we must provide our students with such opportunities for conceptual

change. These may take the form of inquiry-based activities, or other minds-on

experiences, and should help students reconstruct and internalize their knowledge.” This

is also consistent with what Ates and Eryilmaz (2011) had reported that science activities
help students enhance their understanding and replace their misconceptions with the

scientific ones. Moreover, Smith (2020) suggested that having them do any activity can

be used as a tool to reconstruct thinking.

After summarizing the correct concepts on the reasons why garden peas were

used by Mendel in his experiment, Teacher Bes elaborated these by giving the students

an activity. The activity involved presenting a visual aid with blank information about the

cross of the seven (7) characteristics used by Gregor Mendel, where the volunteer-

170




students answered on the board. As observed, conceptual learning was successful because
when the items (crosses of the different traits of garden peas) were presented and
explained on the board, prior knowledge was revised and replaced with new, accurate
information. It was noted that the student who had the misconception before recognized
her lack of understanding about the garden peas and got satisfied (with a nod, implying
satisfaction) with the correct information presented in the activity. According to Verkade
et al. (2017), if prior conditions have been met and the students have recognized their
lack of understanding, they will be motivated to search for more information to rectify
their lack of knowledge. Teacher Bes further said that though this activity was performed
by the students toward the end of the class period, “I am sure the students got to
understand about the garden pea’s characteristics as used by Mendel.” The teacher
added that though the activity is simple, “I know both the fast and slow learners were

able to follow.” But she was always concerned with the students as she remarked, “While

some groups maybe fast 1o finish an activity, a few maybe very slow.”

Meanwhile, in Teacher Ces’ case, although an experiment was performed by the

students with her plan to correct a misconception (i.e. it is the ribosome, not the nucleus,

functions in protein synthesis, correcting the misconception was done differently. When
the students performed Activity 1, Teacher Ces recalled that one student asked her about
the “chromosomes that are colored. ” The teacher said that this would have been the

chance to discuss about the nucleus which was part of what was stained. Upon discussing
the nucleus, the teacher should have emphasized that while the nucleus is the control
center of the cell (the structure found usually at the center), the ribosomes are the protein

factories of the cell. However, the teacher was not able to do it this way because, “we
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were excited to view the stages of mitosis under the microscope; I was moving from one
group to another so [ really forgot. With Teacher Ces’ too much concern for the students,
she still had her ways to be able to help as she shared, “but prior to the long test, I had a
review outside the regular class and | mentioned about it. I am aware that I had to
correct it though a little late.” Although the correction was not done in the actual
performance of the activity, Teacher Ces has shown the awareness in correcting the
misconception. This is consistent with what Bamer (2010) claimed, that teachers should

be aware of their students’ misconceptions in order to successfully facilitate conceptual

progression.

Although not indicated in the interview, there were some instances in the

teachers’ actual teaching that involved correcting/preventing misconceptions. For
instance, the patience of Teachers Ace and Des for teaching slow learners to prevent

misconceptions was observed. While Teacher Ace told the students to “study more”,

after finding that five (5) students failed in a quiz, Teacher Des spent much time in

{3y

ocedure of Activity 3 as she kept on asking, “ “can you do it at home?,

explaining the pr

any questions?” A good teacher patiently waits and may even give clues to prompt the

stuck student, to encourage a free and fair classroom environment (“Patience is a trait

every teacher should possess, * Times Reporter, 2017). Moreover, the students’

understanding of science involves assistance to students when doing/answering an
exercise /activity. Three (3) teachers, (Ace, Ces and Des) assisted their students in

answering an activity/exercise so as to prevent misconceptions, as all of them went from

one student/group to another and checked on what the students were doing or how the

students were answering. Osewalt (2020) supports this, as she claimed that teachers uge
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various methods to meet the needs of all students, including those who struggle.
Meanwhile, students’ understanding of science also involves student learning as the
teacher commended them for active participation during the discussion. Specifically, after
the students’ presentation on the stages of mitosis, Teacher Ace was observed to say
“very good, all of you have an idea about the stages of mitosis, let us give everybody a
round of applause.” Very simply, Teacher Bes said, “yes, very good” as one student
answered that based on the picture, “it is G1.” Likewise, Teachers Ces and Des said “very
good” as one studentin T. Ces’ class raised her hand and said, “in prophase, the cell
membrane is still intact” while one student in Teacher Des’ class raised his hand and
confidently said, “it is in the nucleus.” As observed, the students smiled and showed

happy faces in all these instances. According to Morin (2020), praise, which seems to be

synonymous to commending, is described as follows:

«prgise is one of the simplest and most powerful tools to engage and
motivate your students. When used effectively, praise can turn around
behavior challenges and improve students’ attitudes about learning.
Students who learn and think differently ofien receive negative feedback as
a result of their struggles. That makes meaningful and appropriate praise

even more important.”

Ise of multi-assessment tools

Test or activity, students’ reaction, and participation. Students’ understanding of science

involves student learning through the teacher’s use of multi-assessment tools such as a

test or an activity, students’ reaction, and participation. Such tools can be used by every

educator to increase student engagement. All the teachers consider such multi-assessment

tools, to wit:

based on the reaction of the students. If 1 see that they agree or approve

.. first, itis
en | know they understand the discussion. Second, through q test

what I discuss, th
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or an activity. If their score in test is okay, then I know they understand the concept.
Through an activity, I know they understand the lesson if their output is ok. For
those whose scores are low, [ tell them that I will give an extra work [Teacher Ace].

It’s simple....Through the test and activities done. If the scores are okay, I know
they understand the lesson. [Teacher Bes]

....compared with the old curriculum where exercises are given before and after
the lesson, in today's curriculum, it is performance-based so I know they
understand if they can perform an experiment or they can solve problems during a

test [Teacher Ces].

Through an assessment. If the activity is interactive they participate and while I
talk they listen, I know the understand the lesson [Teacher Des]

As indicated in their responses, the teachers reported different ways of assessing
student learning. Teacher Ace shared that “it is based on the reaction of the students.”

She believed that “If I see that they agree or approve what [ discuss, then I know they

understand the discussion.” Similarly, Teacher Des emphasized that “If the activity is
interactive, they participate and while I talk, they listen, [ know they understand the
Jesson.” Teachers Ace and Bes considered both a test and an activity as tools for
determining student learning. While Teacher Ace shared that “If their score in test is
okay, then I know they understand the concept " and added that “through an activity, I
know they understand the lesson if their output is ok”, Teacher Bes felt “it’s simple... if
the scores are okay , 1 know they understand the lesson.” Interestingly, Teacher Ace
slow learners as she said, “For those whose scores are low, I tell

showed concern for the

them that ] will give an extra work.” Teacher Ces seemed to be authentic with the kind of

assessment tool she considered in determining student learning, as she pointed out that i

is performance-based so 1 know they understand if they can perform an experiment or

they can solve problems during a test.”
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In their actual teaching, the students’ general reaction when the teachers validated
their learning after doing an activity was “Yes or Yes Ma'am.” Moreover, Teacher Ace
had to ask in one activity, “How do you write the genotype of a person with normal
digits?” to validate if they already knew what to do. Specifically, after knowing in a quiz
that 10 got a perfect score of 20, 15 got from the range of 15-19 and the rest of the
students failed, Teacher Ace realized that student learning had to be reinforced as she
said, “For those who failed, practice to answer more genelics problems at home.”
Meanwhile, Teacher Bes had to ask “How do you determine the genotype in the following
crosses?” to make sure that the students learned the basics of solving genetics problems
as she asked volunteers to write their answers on the board. As for Teacher Ces’ class, the
students had an actual performance of an experiment, which was a performance-based
activity while Teacher Des had many instances of students’ active participation. In fact,

Teacher Des had to enrich student learning as she added more items in the activity that

compared mitosis with meiosis. According to Darling-Hammond (2015), “Teachers are

allowed to immediately intervene, (instead of a quiz, a performance-based activity was
done; reinforcing to practice more problems at home), or to offer new challenges for

students who've mastered a concept or skill” (challenging the students to answer more

items on differences between mitosis and meiosis).

Experiment, representations and problem-solving activities. Students’ understanding of

science involves student learning through an experiment, representations and problem-

solving activities. All the teachers consider such multi-assessment tools, to wit:

1 am sure students learn to experiment on plant and animal cells. Students learn to
solve problems in Mendelian genetics using the Punnett square. [Teacher Ces]
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Students learn about cell division stages and solving problems in Mendelian
genetics [Teacher Bes]

Students learn about cell division diagrams, at least for mitosis which is basic, any
kind of related diagrams, illustrations or drawing on cell division. For Mendelian
genetics, students learn about the Punnett square [Teacher Ace]

Students learn about cell division representations like drawings or pictures. For
Mendelian genetics, students learn to solve word problems. [Teacher Des]

As indicated in their responses, the teachers reported other ways of assessing

student learning. Teacher Ces must be prepared enough to conduct an experiment

because “/ am sure students learn to experiment on plant and animal cells” while the

rest of the teachers (Ace, Bes and Des) felt sure that “students learn about cell division

stages using diagrams, drawings or pictures or any kind of related diagrams.” In
addition, all the teachers expressed that “students learn solving problems in Mendelian

genetics using the Punnell square.” The teachers’ use of these multi-assessment tools is

consistent in their actual teaching. For example, in the conduct of the experiment,

Teacher Ces observed the students’ learning about the mitosis stages as the students were

abl

division while conducting the experiment, one student initially asked, “Ma'am is it

e to manipulate the microscope as well as identify mitosis stages. Learning about cell

possible to see the stages of mitosis in the activity?” This is consistent with what Darling-

Hammond (2015) had indicated about incorporating performance-based assessments (i.e.)

as additional measure of student understanding. The author added that this kind of

activity requires students to apply what they are learning to real world tasks, as well as

apply their knowledge and skills. Moreover, the rest of the teachers (Ace, Bes and Des)

used different forms of representations to assess student learning. For example, Teacher

Ace made an illustration on the board using arrows to show the separation of genes. With
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Teacher Bes, she prepared visual aids in Manila paper to discuss Mendelian genetics. In
the case of Teacher Ces, she prepared a visual aid in textual form to summarize the
characteristics of each stage of meiosis. Finally, Teacher Des had to use a picture to
discuss the characteristics of the chromosome. According to Carolan et al. (2008), to
develop understanding of science, students are introduced to, and expected to use, diverse
representations such as models, tables, graphs, diagrams, science journals, multi-modal
reports, and appropriate vocabulary and measurement for specific topics. This takes the
role of the teacher to facilitate the use of representations for student learning. Further, all

the teachers conducted problem-solving activities to enrich the students’ understanding of

the concepts in genetics.

Assignments and activities. Students’ understanding of science involves student learning

through assignments and a variety of activities. According to Suskie (2009), many
activities can be used for assessment and any tangible output from a learning activity can
be assessed. Aside from the common assignment, quiz and long test, group presentation

and boardwork done by the teachers are also considered important assessment tools. All

the teachers considered such multi-assessment tool as they narrated:

[Teacher Ace]: | also give assignments and a lot of activities. The module has
limited activities so I prepare some. Based on experience, I do not give a qui;-
everyday due 10 time. Anyway, I have many activities for the students to work on
In the 5 activities in the LM, though I am not able (o ask the students to perforn;

iput based on group presentation. I use a rubric for grading

all, I assess their out,
(time management = Spis; creativity-5pts; cleanliness-5 pts; accuracy-Spts for a

total of 20 pts. )

[Teacher Bes]: I also give assignments and a lot of activities. I seldom give a quiz
due to limited time. Anyway, I can substitute an activity or assignment for a qui-}
rk after the presentation (o the class. I use the same rubric vimi;ar

assess group wo
to Teacher Ace since we need to have the same system of assessment.
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[Teacher Ces]: I check assignments and a lot of activities . But I also give a quiz
but it is only one or two quizzes You know we have only 10 days to finish the lesson
so I opt to give minimal number of quizzes. Aside from the five (5) activities in the
LM and from the list of activities I add, the assessment is always through group
presentation. We in the science department follow one rubric, organization, subject
knowledge, graphics/visuals, mechanics, eye contact and elocution (skill of

expressive speech).

[Teacher Des]: I also give assignments, minimal quiz and many activities . As I
said previously, the LM has very limited activities, so need to add or improvise. If
] do not do this, the students will not appreciate understanding genetics. As I believe
in group work as an effective method to teach cell division and Mendelian genetics,

[ assess group output after presentation of results.

1.Assignments. As indicated in their responses, all the teachers reported that they
give assignments. All of the teachers shared a common answer about assignments,
which was, “ also give/check assignments.” Assignments are tasks requiring student
engagement and a final tangible product that enables teachers to assess what the
students know and don’t know. Williams (2020) supports that assignments form a
crucial part among the other assessment tools to measure progress and capabilities of
a student. In the study, in some cases where time was not enough to discuss a topic,
the topic intended to be discussed for the day was given as an assignment. On the
other hand, where the element of time was the problem, most of the assignments
given to the students were problem-solving tasks. Assignments are one of the most
common ways to assess student learning. In their actual teaching , both Teachers Ace
and Bes gave Activity 4 as an assignment, which they checked the following day.
Other assignments both teachers checked involved problem-solving activities about
monohybrid cross and dihybrid cross. In addition, Teacher Ace prepared an

assignment about the stages of mitosis while Teacher Bes gave an assignment about

researching on gametogenesis. Meanwhile, Teacher Ces prepared an assignment on
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genetic disorders, while Teacher Des asked for a family picture. Moreover, Teacher
Ces considered Activity 3 as an assignment, which she also checked and discussed
the following day. In all these efforts of the teacﬁer, giving a well-crafted assignment
is to teach the pupils how to study. According to Dougherty (2012), well-crafted
assignments hold the potential to make learning and teaching more focused and

relevant because in the crafting process, teachers must be deliberate and highly aware

of the context and content involved in an assignment.

2.Quiz In the context of an assessment tool, a quiz may be considered a kind of
activity. Due to time constraint, Teacher Ace was honest to say that “Based on
experience, [ do not give a quiz everyday due to time,” which is similar to what
Teacher Bes had to say, “/ seldom give a quiz due to limited time.” Teacher Ces had

the same reason although she elaborated further as she said, “But [ also give a quiz

but it is only one or two quizzes You know we have only 10 days to finish the lesson so

I opt to give minimal number of quizzes.” As for Teacher Des, she simply said, “/

also give minimal quizzes.” In her actual teaching, Teacher Ace gave three (3) quizzes

consisting of two (2) inquiry-based quizzes and one spelling quiz. The first inquiry-

based quiz was about comparing mitosis with meiosis based on the daughter cells

produced and occurrence of homologous pairing. The other quiz was on

differentiating between dominant and recessive traits, and, homozygous and recessive

traits. Teacher Bes did not give any quiz but she had additional activities which she

substituted for the quiz and for the activities in the textbook that were not performed

by the students. In the case of Teachers Ces and Des, they assessed student learning

through two (2) quizzes. The two quizzes prepared by Teacher Ces were both about
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the stages of mitosis. Similarly, one of Teacher Des’ quiz was about the video clip on
mitosis, particularly, the one that compared mitosis with meiosis. According to
Teacher Des, the quiz was actually Activity 2 of the LM and she had to consider it a
quiz that day because there was a limited time for giving it as a quiz on another day.
She added that the students did not have any quiz about genetics, but there were
additional activities done by the students. Most of the quizzes given by the teachers

were fast assessments as soon as an activity (i.e. after video presentation, discussion

on mitosis stages) ended. This is consistent with what Best (2020) had indicated that

quizzes are often a go-to for teachers because they are fast, easy, efficient, and can

cover a lot of content.

3.Group presentation. All the teachers considered group presentation as an important
form of assessment. While Teacher Ace stated, “In the 5 activities in the LM,

although I am not able to ask the students to perform all, I assess their output based

on group presentation, » Teacher Bes shared, “/ assess group work after the

presentation [0 the class.” Coming from the same school, both Teachers Ace and Bes

reported that they follow the same rubric for assessment, which is composed of “fime

management — SpIs; creativity-Spts; cleanliness-5 pts; accuracy-5pts for a total of 20

pts.” Meanwhile, Teacher Ces considered that “the assessment is always through

group presentation » while Teacher Des emphasized that “As I believe in group work

as an effective method to teach cell division and Mendelian genetics, I assess group

output after presentation of results.” Moreover, Teacher Des reiterated that “/n the

science department, wé follow one rubric - organization, subject knowledge

graphics/v isuals, mechanics, eye contact and elocution (skill of expressive speech ). ”
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In their actual teaching, all the teachers considered group presentations in discussing
mitosis and solving genetics problems. Specifically, for Teacher Ace, group
presentations were evaluated through listening to their output. For example, in the
small group discussion on describing the stages of mitosis, Teacher Ace gave the
groups ample time to discuss the groups’ answers and later the groups presented their
output to the class, for the teacher’s evaluation. Another group presentation Teacher
Ace evaluated was Activity 2, where the groups made a comparison between mitosis
and meiosis. During the evaluation, Teacher Ace was able to emphasize that
homologous chromosomes are identical in structure. Teacher Bes evaluated a group
presentation about the characteristics of the assigned picture of a stage of mitosis. As
20 minutes was given to complete the groups’ discussion, Teacher Bes evaluated the
groups’ output as the presenters arranged themselves based on the correct order of the
stages of mitosis (the basis was the assigned picture of a stage of mitosis per group).
There was no definite score for the presentations although there were two (2) groups
d the question completely. Teacher Ces evaluated quite a number of

who answere

group presentations. For instance, the group presentation about the story-telling
activity involved the groups’ answers to the guide questions. Another group

presentation Teacher Ces evaluated was a video presentation on mitosis where the
groups illustrated the stages of mitosis. While one group got a good mark for a

complete illustration, the rest of the groups got an incomplete mark for their

illustrations. Likewise, Teacher Ces evaluated a group presentation on Activity 2 in

which the groups worked on comparing mitosis and meiosis; only two (2) groups did

not get all the correct answers. The presentation about a problem-solving activity
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(Bikini Bottom Genetics), as well as Activity 4, was also evaluated as a group work.
Finally, Teacher Des evaluated a group presentation involving a video presentation
about the stages of mitosis and a problem-solving activity about dihybrid cross. All
the presentations of the students were about the knowledge of a topic discussed for
the day (i.e. stages of cell division and genetics problems). In all the presentations
made by the students, it was observed that whether the students got perfect or
imperfect scores in their presentations, the teachers assessed the students’ output
based on their knowledge of the topic. This was consistent with what Chivers (2007)
had indicated that as a form of assessment, presentations are made by students to
show their deeper understanding of a topic or text and to explain a process. Thus, it
follows that all presentations should have some elements of teaching and learning as
part of their purpose.

4.Boardwork. Teacher Ace prepared some boardwork for evaluation of students’
learning. For instance, as some students did exercises on the board, Teacher Ace had
to remind the students sitting in class to watch someone solve a problem on the board,
they should follow the work of the person at the board, closely making sure they
understand every step completely and double-check their work. In addition, Teacher
Ace had to tell the students that if they had questions, or think they have spotted an
error, they had to speak up immediately in a helpful way. Specifically, Teacher Ace
prepared a blank table about the seven characteristics used by Gregor Mendel to
explain the inheritance of traits. As she posted the visual aid on the board, many
students volunteered to write the symbols. While the students were writing the

answers on the board, Teacher Ace kept on asking “do you follow what we are
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doing?” When one of the students wrote the wrong symbols, some students reacted
and this made Teacher Ace call for another volunteer to change the answers. Another
example was the boardwork about Activity 4, where the students were made to write
and explain their answers on the board. Teacher Bes had a boardwork about Activity
4, where she asked for five volunteers to answer the activity on the board. As two
volunteers had a hard time answering on the board, they got the wrong answers and
for this, Teacher Bes had to call for another volunteer to change the previous answer.
Another boardwork Teacher Bes prepared involved six (6) crosses wherein the
students had to provide the genotypes using their own choice of letters. In the case of
Teacher Ces, she prepared pictures of the stages of mitosis, which she posted on the
board for a matching activity. As one student matched the pictures with the correct
label, some students reacted to the answers and this made Teacher Ces call for
another two (2) volunteers to correct the previous answers. After a quiz where most
of the students had a low score, Teacher Ces prepared another boardwork involving
the use of metacards to match the stages of mitosis to the correct label. While the
students posted the cards, Teacher Ces had to go back and forth to check whether or
not the students were looking at the board. As the answers were checked correctly,
Teacher Ces called for volunteers to explain what happens to the chromosomes in
each stage of mitosis. This boardwork provided an active interaction between Teacher
Ces and the students. Likewise, Teacher Des also prepared a boardwork on
identifying whether the given pair/s is/are homozygous or heterozygous. As the drill

was written on the board, Teacher Des asked for an oral recitation of the answers.

Another boardwork involved students’ writing of their answers about Activity 3, in
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which an active interaction between Teacher Des and the volunteers was observed as
Teacher Des asked inquiry-based questions. In addition, Teacher Des checked
Activity 3 and Activity 5 as assignments. The teachers prepared boardwork on these
activities in order to check on students’ understanding of concepts, as well as serve as
an avenue for exercises and other activities. This is consistent with what Zakime
(2021) had claimed that as in any other classroom resource or material, boardwork
serves as a routine device that can be used to display relevant information (boardwork
on Mendel’s experiment) and to project exercises and activities (boardwork on the
solution to genetics problem exercises). The author added that maintaining good
boardwork practice is a simple way teachers can help the students learn. Creating a
clear board during the lesson provides a clear record of the lesson, which will help
students study and remember the language of the lesson.

Meanwhile, three teachers (Ace, Ces, Des) believe the need to modify the list
of activities in the LM as they thought of adding more to the list. For example,
Teacher Ace commented that “The module has limited activities so I prepare some.
Anyway, I have many activities for the students to work on.” Similarly, Teacher Ces
shared that, “Aside from the five (5) activities in the LM and from the list of activities,
Jadd.” As for Teacher Des, she had to emphasize that, “As [ said previously, the LM
has very Jimited activities, so I need to add or improvise. If I do not do this, the
students will not appreciate understanding genetics.” In the case of Teacher Bes, she
had to make a different modification as she remarked “/ can substitute an activity or
assignment for a quiz. ” In their actual teaching, there were instances where

modification was made by the teachers. For example, Teacher Des had to modify the
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items (basis of comparison) for differentiating mitosis with meiosis. Teacher Ces had
to modify the list of activities in the LM by adding the activity about cell organelles
and the activity, “Bikini Bottom Genetics”. Both Teachers Ace and Bes had to add
problem-solving activities in genetics. This behavior of the teachers of “changing
something” may be called innovation. According to Moreno (2000), innovation is an
intentional process of change carried out by a teacher or a group of teachers who
modifies contents, attitudes, ideas, cultures, models and introduces new
methodologies Or uses new resources and technologies in the process of teaching and
learning. Similarly, Torres et al. (2017) supports that innovation generates changes in
educational processes, teaching practice and results where the teacher must be

involved and predisposed to change since he is the one who puts it into practice in its

teaching management.

5. Objective test. Students’ understanding of science involves student learning as the

teachers validate through exams and activities. All the teachers reported that they give

the students a summative test as they narrated:

[Teacher Ace]: When 1 give a lest, il is a combination of simple recall and

application.

[Teacher Bes]: 1 give them a test of recall and analysis.

[Teacher Ces];The test that I give is always a combination of objective and
problem-solving questions.

[Teacher Des]: I give a test which is a combination of objective and practical

questions.

As indicated in their responses, all of the teachers preferred a non- objective
type of test. The test, as the teachers described it is “a combination of simple recall
or

objective type and app! icatiow/analysis/problem-solving or practical questions.” Thj
: 1S
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was consistent in the actual administration of Summative/Long Test 1 and 2, where
the items were patterned on how the teachers described it in the interview. As itisa
DepEd order to use/apply the inquiry approach in teaching science, it is then a must
that the Summative Test should also contain items that require the students to use
many thinking skills. As Bhagat (2017) had emphasized, science is not simply a body
of knowledge to be learned in an inquiry environment, but a way of thinking and
problem-solving. Wilhelm (2014) supports that teachers should learn and teach how
to ask essential questions to their students to encourage critical thinking and

innovation. True enough, some of the test items in the Summative Test contained

questions (multiple choice, table completion, matching type, situational analysis

problem-solving) that required the students to use critical thinking along with other

thinking skills.
¢. After the Lesson

Give extra work or remedial class to slow learners

After the discussion of the lesson, assessment follows. In the context of slow learners,

assessment involves teacher’s giving an extra work, a remedial class or reteaching, as well as

extending patience. This has been reflected in the interview as the teachers narrated:

[ know they understand the lesson if their output is ok. For those
whose scores areé Jow, I tell them that [ will give an extra work. If more than 50%
fails, I repeat the discussion by adding additional meetings. Sometimes, if the score
is too low, 1 do not record it anymore. I give exira work for them to catch up. For

the slow learners, if 1 think 1 need additional meetings for the problem solving
jew, I do it, just s0 the students will understand well. I need to assist

activity as a revie
they solve problems. I am concerned with the students because

the slow learners as ms
| know the topic is very abstract. This is the reason why I have to use a variety of

teaching strategies

Of course, ] have to wait for the output of the slow learners. While
be fast to finish an activity, a few will be very slow

[Teacher Acel:

[Teacher Bes]:.
some groups may
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Otherwise, the slow learners will have no record of performance and this will be
very unfair to them. If many fail, I do remedial classes. For the remedial class, it is
a different make-up; I give the students extra activities since we do not hc;ve a
common schedule. 1 give the students extra activities since we do not have a
common schedule. This is to improve their learning as well as low scores. But any
“ student can attend the remedial class. Sometimes, a remedial class is a performance
| of an activity. I really encourage the students to attend. The remedial class is done

on a vacant period or a few minutes of student’s lunch.

| [Teacher Ces]: For the slow learners, to make sure they understand before moving
| 10 another topic, 1 have  to reteach the concepts. I also do remedial classes for the
slow learners. I also do re-teaching, and conduct remedial classes especially if

scores in test

are low.

) [Teacher Desj: I also give assignments, minimal quiz and many activities...]
: reteach if more than 50% failed. This is actually through a review and a remedial

| class. But 1 also
' give make-up exercises. The topic is difficult and I need to make the discussion easy

for the slow learners to understand well. On Mendelian genetics, the topic is very

abstract and difficult, so 1 really need a lot of strategies to make this easy to the

slow learners

As indicated in their responses, all the teachers reported about their concern for slow
learners. For example, both T eachers Ace and Des felt that “if more than 50% fails,” they do

some adjustment. While Teacher Ace said, “ / repeat the discussion by adding additional
meetings " Teacher Des pointed out that “7] his is actually through a review and a remedial class..

and I reteach.” Teacher Ace indicated so much concern for the slow learners as she explained

that “For those whose scores are low, I tell them that I will give an extra work; Sometimes, if the

score is too low, I do not record it anymore; 1 give extra work for them to catch up.” Likewise
>

Teacher Ces elaborated that “For the slow learners, to make sure they understand before moving

to another topic, I have 1o reteach the concepts.” She added, “I also do remedial classes for the

slow learners. | also do re-teaching. » With also a big concern for the slow learners, she

emphasized the need to «conduct remedial classes especially if scores in test are low.” Teacher
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|
|
B,les also considered that “If many fail, I do remedial classes” but she explained further that “For

J
the remedial class, it is a different make-up; I give the students extra activities since we do not

r
have a common schedule.” The teacher added a reason for this make-up, which was “... to
improve their learning as well as low scores.” Teacher Bes continued that the remedial class is
nfot only for slow learners, “But any student can attend the remedial class; sometimes, a remedial

class is a performance of an activity.” With concern for all of the students, she emphasized that
|
“I really encourage the students to attend; the remedial class is done on a vacant period or a few

minutes of student’s lunch.” Meanwhile, both Teachers Ace and Des realized the need for

ddditional meetings and make-up exercises. While Teacher Ace emphasized “For the slow

learners, if I think I need additional meetings for the problem solving activity as a review, I do it,

Just so the students will understand well,” Teacher Des shared that “... ] also give make-up

exercises; the topic is difficult and I need to make the discussion easy for the slow learners to

understand well.” Because genetics is such a difficult topic especially in applying its principle

by solving problems, Teacher Ace had to say, “I need to assist the slow learners as they solve

problems; I am concerned with the students because I know the topic is very abstract; this is the

reason why I have to use a variety of teaching strategies.” On the other hand, Teacher Des

shared, “On Mendelian genetics, the topic is very abstract and difficult, so I really need a lot of

Strategies to make this easy to the slow Jearners.” Interestingly, Teacher Bes expressed her

special concern for the slow learners as she said, “Of course, I have to wait for the output of the

slow learners: while some groups may be fast to finish an activity, a few will be very slow

otherwise, the slow learners will have no record of performance and this will be very unfair to

them.” All these accounts focus on the importance of giving an extra work or a remedial class to

the students especially to the slow leamners.
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|

|
|
|
! The teachers showed specific instances where extra work and remedial classes were done
I

in their actual teaching. For instance, after making a roll call and finding out that five (5)

|

‘students failed in the quiz, Teacher Ace told them, “0 study more.” Moreover, Teacher Ace
;provided additional meetings for the problem-solving activity in genetics (extra work). Because

one student insisted on repeating Teacher Ace’s explanation of homologous chromosomes, the

teacher had to teach it again. Also, in her discussion on homozygous and heterozygous traits, she

had to repeat the statement of their difference as well as give specific examples. Likewise, when

many raised their hands to ask about the lesson on dihybrid cross, Teacher Ace repeated the

discussion as she gave another example. Specifically, she had two (2) sessions for the remedial
classes which she did after their last period in the afternoon. As observed in one session, she

concentrated on a one-on-one consultation with the slow learners particularly on how to solve

problems involving monohybrid and dihybrid crosses. In the second session of the remedial

classes, she asked the students to do the activity, “Dropping the genes,” where the students were

asked to be paired with the opposite gender in order to understand the concept of inheritance.

The group had only 12 pairs to perform the activity, while the rest of the students were asked to

be observers. After Teacher Ace explained how the activity would be done, all the pairs started

to do it. It was a noisy class where most of the students were laughing while others looked very

focused and serious. Then after about 45 minutes, Teacher Ace discussed the concepts involved

in the activity such as P, F /F2, dominant/recessive traits, genotype/phenotype, homozygous trait

and heterozygous trait. After the remedial class, one student remarked that he did understand

genetics. Teacher Ace said that the extra activity is not part of the textbook, rather, an activity

that she previously did in her teaching practicum. She had extra three (3) problem-solving

activities in genetics.

189



As for Teacher Bes, when she checked on the scores (quiz), half of the class passed while

%the rest failed. Nevertheless, she reminded those who failed to catch up by reading the module

j'and the notes. Specifically, in the solving of a genetics problem involving dihybrid cross, her
patience to wait was extended as she went from one student to another to check how the students
‘were answering the problem. One remedial class Teacher Bes arranged was on “Human

'Heredity,” where the students were given genetics problems to solve. As the others were about to

finish and submit the output, she had to understand the capacity of the other students so she

patiently waited for them to finish the activity. She said that the extra activity is not part of the

textbook, rather, an activity she took from her college laboratory manual. In the performance of

the activity, Teacher Bes had to assist the students as she went from one student to another to

check that they understood what they were doing. After about 15 minutes, Teacher Bes had to

review first the basic genetics principles and later discussed the answers to the genetics

problems. Teacher Bes explained that she had to do the extra activity either during lunch time or

after their last period in the afternoon because the time allotment for the regular meeting was just

enough for the planned topic. Teacher Bes shared that in all the extra activities that she has

previously done, she reported that only a few students attended. When asked why, she reported

that some students view this negatively; that the remedial class is intended only for the slow

learners. Despite this, Teacher Bes said that she still encouraged all her students to attend the
remedial class. Also Teacher Bes really showed her willingness to repeat the discussion

s. For example, while one group of students found it hard to

especially for the slow ]earners.
understand how the ratios of the genotype and phenotype were obtained in the given example,

one member of the group asked for Teacher Bes to repeat which the teacher actually did.
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. students showed understanding,

| Similarly, after dis

In her actual teaching, Teacher Ces had to make sure that the students understand the

stages of mitosis by reteaching. As she compared mitosis and meiosis using a Venn diagram, she

showed the concern for slow learners by asking if they understood the concept. When the

Teacher Ces was prompted to proceed to the next lesson.

cussing the Law of Segregation, Teacher Ces had to ask the class if they

understood the concept before proceeding since the next lesson would focus on problem solving

activities. Moreover, with a low score in a quiz, Teacher Ces had also to reteach about the stages

of mitosis using big metacards as pictures. Further, Teacher Ces also had to reteach the basic

genetics principles such as dominant and recessive traits, phenotype and genotype, etc. before

discussing how to solve genetics problems. Meanwhile, one remedial class Teacher Ces prepared

was the performance of the activity, «Modeling Meiosis”, in one vacant afternoon period as she
said “anyway for those who still do not understand, attend the remedial class on Friday, 11:30-
thread, broom sticks, the students were

12:30.” In this remedial class, using paper clips, clay,

osis. Guided by a set of pro
her Ces learned from 2 workshop. After about 30

asked to simulate mei cedure printed on bond paper, in groups, the

students performed the activity that Teac
Minutes. Teacher Ces had a discussion again of the basic concepts of cell division using the said

ass involved solving genetics problems where there was a

activity. Another remedial l

nts with her. Moreover, she said that only a few attended the remedial

consultation of the stude
class because some of the students were very shy. In this case, she called each of the students to

see her in the faculty room for a one-on-one remedial session which she did a number of times.
€

activity in mitosis as an extra activity.

Teacher Ces also prepared a0

es had to reteach the stages of mitosis, since the scores in the previous

Finally, Teacher D

r reteaching about the differences between mitosis and meiosis served ag

quiz were not good. He
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|
|

|
‘ the student preparation for a quiz. In addition, Teacher Des made a reteaching on the basic

" genetics terms and she even gave an exercise/extra activity involving identifying whether the
given pair/s is/are homozygous OT heterozygous. Teacher Des had to reteach the Law of

- Segregation and Law of Independent Assortment in preparation for the long test. Meanwhile, she

conducted a remedial class in the form of an activity, “Modeling Meiosis”, the same activity that

" Teacher Ces asked her students t0 perform in their remedial class. The activity was done in one

afternoon as Teacher Des used the period of one teacher who was absent that time. According to

Teacher Des, the activity was very useful and effective in students’ understanding of the basic

concepts of cell division. As she was teaching the lesson again, she had to ask the students if they

already understood the concept. Once Teacher Des had checked the students’ understanding, she

proceeded to the second part of the lesson. She said that she is always ready to discuss the

concepts again especially if these concepts are difficult to understand.

Delos Ama (2017) supports holding remedial classes as he reported that it is a tutorial

session given after a regular teaching to assist slow learners improve their learning or mastery of

a lesson (cell division and Mendelian genetics,) when there is weakness in understanding a
lesson and therefore needs an extra step to reinforce learning. As the students reinforce or enrich
their learning through the remedial classes, the students are expected to improve learning or
understanding of concepts- According to Khurshid and Bibi (2020), it is the basic requirement
for the teacher while teaching slow learner students-make all the information concrete, as overt
and explicit as possible n 2 remedial class. True enough, according to the teachers, most of the
genetics problems in the Summative Test and they attributed it

students were able to answer the

to the remedial classes.
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J

:Development of Teachers’ Pedagogical Content Knowledge

;
|
|
1

Institution-initiated Trainings. The participating teachers used four approaches in

developing their PCK. The approaches involve institution-initiated trainings, self-study

collaboration with peers/peer consultation and self-reflection. Common among the four

cases are the participation in institution-initiated trainings and collaboration with

peers/peer consultation. The teachers’ accounts on this approach are reflected in the

interview responses, to wit:

| attended some seminar-workshops when I was just a college student. Afier

the lecture of content by experts 10 update us, in the afternoon was the actual
teaching practice. dfter the lecture of content by experts to update us, in the
afiernoon was the actual teaching practice. Because of this, I get to know more
about cell division and Mendelian genetics and how these topics should be taught.
During the lecture, we were given hand-outs and I still use these materials toda)./
so that I can master content. I remember, I was assigned to have a demo-teaching
on using a model of mitosis using indigenous materials. I used broom sticks, thin
rope, and clay. | remember, when I was making the model, the teacher-participants
kept on asking me how 1 could show the movement of the chromosomes to the
opposite poles elc. I really appreciated that I was involved in the activity and I got
to experience 10 teach. Then I was able to observe the demonstration of other
by the other participants on inheritance of traits, human genetics

teaching practices . .
and pedigree through small group discussion, reflective discussion, simulation,
modeling etc. 1do these strategies in my class now and I hope I can perfect it.

Sometimes it depends on the situation. If it takes a longer time for a strategy to
employ, 1 settle for s simple strategy such as the lecture method. [Teacher Ace]

Based on some in-service training seminars I attended about concepts in
biology such as genelics, physiology and evolution, 1 develop mastery of content.
It’s very useful because I got to know new concepts and even correct my
misconceptions. 1 appreciate the various teaching strategies such as experiments,
modeling, simulations, prgélgm-§olv1ng etc. that were demonstrated. [ was
inspired to do the same actzv.mes in my class now. Doing such activities Jrequently
help me perfect discussing biology topics.[ Teacher Bes]

In my case, Yes, | got exposed to some teaching strategies due to my
attendance in in-service trainings and other trainings. It has helped me develop the
right pedagogy to teagh biology. As I do attenfizng these trainings, I become
familiar with the strategies and I always use these in the classroom. My attendance

rs has helped me a lot. I became very confident and comfortable 1o

to many semina ' ) )
teach bio topics. During seminars, hand-outs are given and I use these as my guide
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in teaching the correct concepts in biology using specific strategies such as
reflective discussion, small group discussion, simulations, experimentations, eic. ;
keep and study the hand-outs. I use specific strategies very frequently. | p):acti.ce
then if I fail, I practice again. For example, last year, I asked my class to make a
“gel model” of the cell. It was a disaster because the class was not able to produce
a good model, the gel was very difficult to manipulate. What happened was that
the model was messy and so with the room. So I need to perfect the procedure ,0'
try creating the better or modified model again, maybe, next year. [Teacher Ces]

My attendance to in-service trainings/workshops has helped me develop
correct knowledge and learn specific teaching strategies to use. I learn the content
by listening to the speakers of the workshop. As I learned the strategies from the
seminar/workshops, 1 use them right away in my class. I make a list of the
strategies, and then I choose from the list and use it when 1 start the discussion of
a topic in biology. I use a specific strategy, I use it again until I become used to it .
] use the major teaching methods such as lecture method, small group discussion
and discussion method. For the specific technique, I use, experiments, individual-
guided activity, demo-activities, simulations, etc. I have used the other techniques
previously but this year I will use the lecture and discussion methods, specifically,
small group discussion because I found these very effective [Teacher Des] '

Apparently, attendance in trainings or workshops had enhanced teachers’

understanding of biology or cell division and Mendelian Genetics. It also improved the

way they teach biological concepts in their classes by adopting the strategies presented

during trainings or workshops. As indicated in their responses, they applied these

strategies in their classrooms, and they did not stop until they perfected their-

implementation.
These observations had confirmed the findings of empirical studies, which

reported the effectiveness of informal or formal trainings in improving teachers’
performance. Hussain (2004), for instance, reported that teachers who were trained

through different in-service teacher training programmes were better performers than the
untrained teachers. In addition, Mahmood (1998) has observed that students taught by
teachers have greater achievements than those students taught by untrained

¢ teachers with in-service training were better in planning

trained

teachers. MoreoVver, scienc
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subject content competence than the science teachers without in-service training

(Shakoor, Ghumman, & Mahmood, 2013).

This improvement reflects the effectiveness of the trainings in developing
teachers’ pedagogical content knowledge. During trainings, teachers learn from the
lecture, make interactions with the resource persons and with their fellow participants

and use learning materials. For instance, Teacher Des reported that she clearly understood

the biological concepts by carefully listening to the lectures. On the other hand, Teacher

Ces reported that she learned more from the trainings when she interacted with the

resource speakers than just by simply listening to their lectures. Teacher Ace also

reported to have learned more teaching strategies by observing and interacting with the

other participants during trainings. She said that she learned such strategies as small

group discussion, reflective discussion, individual activity, simulation, modeling, and the

like, which she applied in her classes. Likewise, Teacher Bes got inspired to employ

these strategies in her classes.

In addition, the learning materials have been useful for teachers in reviewing

biological concepts and correcting misconceptions. Teachers Ace and Ces reported that

they use the materials or handouts distributed during trainings in reviewing their lessons

and correcting their students’ misconceptions.
Self-Study. There are approaches however that are unique to either one or two

investigated cases. Teachers Ace and Des reported using self-study in developing their

content knowledge while adopting their mentor’s teaching strategies in improving their

teaching strategy- They used the learning materials such as textbooks, journals, and other
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references they accumulated during their pre-service training for their self-study. These

are reflected in the following responses, to wit:

My course in college, made me very comfortable to discuss cell division and
Mendelian genetics using specific strategies. You know, it's good my college course
was science so [ 've got many science subjects. We had many materials to read, read
and read. We had the textbook, journals, other references. Reading these materials
very frequently developed mastery of science concepts. Of course, I got to improve
content. For the strategies, I learned these from my college teaching practicum.
You see, my cooperating teacher was always using a lot of teaching strategies. |
know some were inquiry-based when observed her. I got to observe her use a
project work such as a diorama which she used when she discussed about
volcanism. Most of the time, she had an experiment and what she did was just to
give the materials to the students, then the students would do their own experiment.
In one lesson, she demonstrated the use of the laboratory apparatus where more
discussion came from the students. Because her school had so many models, she
used these ﬁequently; she always stimulated the students to think. There were also
simulations in the form of role-playing and games. Games were different; these
were mind games where the students really have to think critically. She also showed
film clips and video clips for reflective discussion. For problems in basic chemistry
and physics, she had less discussion and more of problem-solving activities. |

imitate what my cooperating teacher did. As I do it frequently, I become used to
the teaching strategy but of course, | should also read and read for the

content.[Teacher Acel

materials I used in my practicum in college which I read

and use today. Reading and studying t/?ese materials help me master the concepts.
I have also some biology textbooks which I always use for confirmation of correct
concepts because you know, you can 't teqch zf you do not have the knowledge. |
should say, I am thankful that 1 majored in biology because I am comfortable to

teach cell division and Mendelian ‘genetics.'For the teaching strategies, I got the
idea from my mentor in the teaching practicum. My mentor was my cooperating
teacher. When she Just gives a Jecture, the class gets bored. And the class is passive
so the tendency is 10 end the class early. But whep she prepares an experiment, all
the students are active and they as'k a lot of questions. I remember, one strategy she
used was a debate on woythanasia” and 1 comme;?d my COOpgra{mg teacher for

¢ activity because the students did a lot of thinking skills. I also

j with tha :
:g;rsgr:nglelf other techniques she used such as small group discussion, film showing
and demonstration activities. | promised to myself that when [ teach biology, I will

o what my mentor did, and thi7 14 what I do now. As I use different strategies, |

di
also improve conten

| have kept some

t.[Te eacher Des]

Collaborate with Colleagues/Peer Consultation. All the teachers collaborate with
e lessons to be discussed. When they prepare what

colleagues regularly to prepare th
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content to discuss, the teachers reported that this is collaboration for professional

learning. Generally, collaboration with colleagues involves consultation with peers who

work together for mutual benefit. They narrated:

[Teacher Ace]: it is a must that we collaborate a week before the teaching of a
Jesson. 1 have been collaborating with my colleagues regarding the lessons to be

discussed.

[Teacher Bes]: We meel every week before teaching a lesson. to be honest with

you....before the discussion, I make it a point (o collaborate with my colleagues
¢ some discussions so that everybody will be guided on how

about the topic. We hav
the topics will be discussed. I do this because I am not very comfortable to discuss

some concepls.

hat | collaborate with them every week so that everybody

[Teacher Ces:| Iseetoitt
will be guided. Being the head science teacher, we always collaborate with one

another.

[Teacher Des]: We do it every week or should the need arise, we have to talk before
discussing a particular topic. It is an SOP as ordered by our head science teacher

that we collaborate with one another on the topics to be discussed.

As indicated in their responses, the teachers opted to maintain collaboration with

colleagues regarding topics t0 discuss. It is actually a common practice among teachers as

Teacher Des indicated, “We do it every week or should the need arise, we have to talk

before discussing @ particular topic » which was confirmed by Teacher Ces, being the

head science teacher as she required the teachers to do it by saying, “/ see to it that |

collaborate with them every week so that everybody will be guided.” Similarly, Teacher
Ace believes in the importance of collaboration as “jt is a must that we collaborate a

week before the teaching of a lesson » while Teacher Bes always remembered that “ e
meet every week before teaching a lesson. » Teacher Ace must be very proud about her
ollaboration with colleagues as she shared, “I have been collaborating with my

essons to be discussed.” According to De Jong et al (2019), ip

constant C

colleagues regarding thel

197



collaboration, teachers can meet regularly to be updated with particular pedagogical
knowledge and skills. This has been illustrated by the above cited cases.

Teacher Des has to be very obedient to her Head Science Teacher, who considers
the need for reflective discussion once they talk with one another because, “ Ir is an SOP
as ordered by our head science teacher that we collaborate with one another on the

topics to be discussed.” This is consistent with what Planche and Donohoo (2018) had
indicated, that teachers teaching inquiry as a collaborative learning design is a powerful
vehicle for professional learning through its opportunities for reflective conversation. In
the case of Teacher Bes, she was so honest about her need to collaborate for guidance as
she humbly said, “to be honest with you....before the discussion, I make it a point to
collaborate with my colleagues about the topic. We have some discussions so that
everybody will be guided on how the topics will be discussed. Recognizing her
discomfort in teaching a lesson, Teacher Bes pointed out, “/ do this because I am not very
comfortable to discuss some concepts.” Although the head science teacher, Teacher Ces,
also felt the need to collaborate for guidance as she reported, “Being the head science
teacher, we always collaborate with one another.” This is consistent with what Davis

(2003) had reported that an effective teacher collaboration is defined as engaging in

regular routines, where teachers communicate for guidance in an effort to strengthen

pedagogical expertise and push colleagues to try new things.

Regular collaboration is also a mandate from DepEd in terms of lesson planning

and giving of departmentalized test as the teachers narrated:

[Teacher Acef: It is actually a year level collaboration for lesson planning
departmentalized LP and test. ¢
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[Teacher Bes|:We collaborate with one another that is why we have common LP,
test, elc. '

[Teacher Des]: You must have observed that we have a common test and LP, that
is the product of our collaboration. Collaboration is a must. '

As indicated in their responses, the teachers recognized the need for collaboration

such as when Teacher Ace emphasized that “It is actually a year level collaboration for

lesson planning, departmentalized LP and test” which Teacher Bes similarly remarked

“We collaborate with one another that is why we have common LP, test, etc. As for

Teacher Des, when the researcher talked with her, she said that “You must have observed

that we have a common test and LP, which is the product of our collaboration.” As

illustrated in their actual teaching, the teachers were observed doing collaboration

regarding their LP, test and the like. For instance, Teacher Ace was seen holding her

lesson plan as she was about to submit it for checking. According to the teacher, the long

o been submitted and checked by
e consulted the head of the department for checking of

test has als the head of the department. Both Teachers

Bes and Des were observed to hav

lesson plans and assessment where Teacher Des emphasized, “collaboration is a must.”

Aside from collaborating to prepare the content to discuss, teachers collaborate in

ve teaching practice and method. According to Ribeiro (2020),

ovation, efficient processes, increased success, and

order to impro

ation leads t0 more inn

collabor
improved communication. The author added that through listening to and learning from
team members, you can help each other reach your goals. It takes hard work and a bit of

time. but collaboration is worth it, for the benefits your team will gain. For example, the
te for mentoring, especially when a specific teaching

ported to collabora

d in teaching. This is a kind of innovation that the teachers may

strategy will be considere

teachers re
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adopt. If the strategy is effective after some colleagues try it in their class, the strategy
will be adopted for use in their respective classes. Mentoring is also about borrowing of

materials and asking supplementary materials that can be exchanged among the teachers.

As Teacher Ces narrated:

My constant collaboration with science colleagues is also very helpful because I
get to be mentored. I can borrow materials from them and I can always ask them
on additional activities and supplementary materials. It's like a roundtable
discussion. One colleague will be asked to introduce one new or unique strategy
she’he employed in the classroom. Then the members of the department will have
to try the approach and if found effective, the teaching approach will be adopted to
their respective classes.

Teacher Bes has similarly emphasized:

But before I employ this (a teaching strategy), I need to ask help from colleagues if
this is all right to use. The final decision is always influenced by consultation.

Likewise, Teacher Des had a similar process of collaboration involving the use of lecture
style and technology as suggested by her colleagues. She said she is used to the lecture
style because of her previous teaching employment but collaboration with colleagues

made her use the combined strategies where learning process becomes more meaningful.

As Teacher Des shared:

Jt's true that at times, I tend to always employ the lecture style method. Because I
used to use this in the previous school where I worked before, I thought it is always
fine to employ this approach. But I appreciate the regular consultation with my
colleagues where my colleagues suggested to combine the lecture style method with
technology so that the learning process becomes more meaningful. My colleagues
told me to use any technology such as video animations from You Tube, multimedia
presentation which may be downloaded from a good website, or even a short film.

Teacher Ace also pointed out the importance of consulting with experts as

“Collaboration is a venue for professional learning because I get to consult with
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professional individuals with different expertise to share.” According to Kelchtermans

(2006); Vangrieken, Dochy, Raes, & Kyndt, (2015),

“Teacher collaboration is an important aspect of teachers’ professional lives, as a
means to continuously reflect on and improve the practice of teaching. In
collaboration, teachers can critically reflect on teaching practices, provide
collegial support or peer feedback, and collectively design teaching methods.”

In their actual teaching, the teachers showed constant collaboration with their
colleagues. For instance, when the researcher visited Teacher Ace, she was seen talking

with her colleagues in the department for consultation on the implementation of a project

work in the classroom. According to the teacher, she actually did the project work in one

of her classes because she found it more innovative and more authentic than the

previously used strategies. In another instance, during one of the researcher’s interactions

with Teacher Bes, the teacher revealed that her initial plan to introduce mitosis was to

employ group reporting. She said that she had already assigned one group to be ready for

the presentation of their output. However, as the day of the discussion was about to

happen, the teacher told the researcher that she consulted her colleagues regarding the use

of a more effective strategy for discussing cell division. She said that she was enlightened

by her colleagues that group discussion is a better strategy to use. Without constant

consultation, Teacher Bes would have settled with the group reporting which is more

passive than small group discussion. As the teacher found out that the small group

discussion is very effective in teaching content, she came to realize that she can use it in

the discussion of other topics in biology, too. As a modification, she said that when she

decides to incorporate multimedia presentation during her discussion and she mentioned

that she has to always seek the approval of her colleagues regarding this. She was honest

to admit that she is not2 graduate of biology, that is why she is not confident to teach
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some topics and this is the reason why she kept on emphasizing to always seek
consultation with colleagues, make personal reflection, decide to use a strategy as

suggested by colleagues and reflect afterwards whether to employ or not the suggested

strategy. In the case of Teacher Des, she said that at times, when she consults with

colleagues, it is about a specific strategy to use in teaching a specific lesson. She added

that her colleagues seem to influence her to decide what teaching strategy to be employed
in her class. According to Blanchard (2012), collaboration reinforces new styles of
teaching and innovative approaches; it also fosters more effective classroom practices.

This has been illustrated in the cited cases. Moreover, Teacher Des said that in one

meeting with other science teachers, they had a review on the stages of mitosis and

meiosis focusing on the main events that take place in each stage. According to the

teacher, this collaborative meeting was very helpful because content knowledge is being

checked and teachers can always improve their teaching of content. The teacher also

remembered working with colleagues (one colleague was the other respondent in the

study) on trying out Activity 1 in the laboratory room, which she perfected with patience.

She remarked that the activity is tedious because of the preparation. However, she was

not able to implement Activity 1 due to time constraint.

As the head of the department, Teacher Ces wanted to be mentored as observed in

one of the researcher’s visit at the faculty room where she was mentored by a colleague

with expertise in biology (the mentor is a biology major graduate). According to Teacher
ntoring always happens in the department regarding difficult lessons and teaching

Ces, me

practice problems in teaching, etc. In one instance, the teacher was seen in the laboratory

room with a colleague trying out Activity 1. With the interest to learn about the activity
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the teacher kept on asking her colleague if the slide she prepared was okay. When asked
the teacher said that she had to practice so that content will be delivered correctly to the

students. In another visit, after her last period in the afternoon (around 3pm), she met

with a colleague to teach her the technique in solving genetics problems. In her actual
teaching, she was observed confident enough in teaching the students how to solve

genetics problems. As part of her everyday routine, she said that she always meets with

her mentor regarding content of the lesson since she used to teach in Grade 7. As also

observed, the teacher values collaboration and so for the difficult concepts written in the

journal, she shared the list to the other science teachers for them to teach the concepts

slowly. According to Lofthouse (2017),

of the social glue between colleagues. It encourages open

Mentoring can form part
discussions and creates opportunities for conversations. The mentor and the
mentees work together 10 create a dynamic conversation in which there are

opportunities {0 share problems, to pose and respond to questions, and to build

solutions.

searcher saw Teacher Ces and other faculty

[n another mentoring session, the re

t in the school library as they listened to the sharing of

members of the science departmen

a colleague about one teaching strategy (project work) in a roundtable discussion. When

asked when to implement the strategy, the teacher said that she will try it some other time
since she has already prepared another strategy, a story-telling activity. True enough in

her actual teaching, she employed 2 story-telling activity to introduce cell division. As
the students enjoyed doing the discussion in small groups where there were

teraction. As the teacher found this effective, she said that she

observed,
active participation and in

will share this during one of their roundtable discussions.

203



Some teachers do the collaboration regarding answering genetics problems. For
example, the researcher found Teacher Ace and another colleague in the science
laboratory room where they worked together in answering genetics problems. To make
the preparation complete, before going to her class, she had to try to solve genetics
problems on her own. She revealed that every decision she makes is always influenced by
her constant consultation with her head and other members of the Science Department. In
another instance, Teacher Des described that when she consuited a colleague, they spent

more than an hour to practice solving together some genetics exercises as she narrated, “/

want to make sure I am teaching them correctly how to solve genetics problems.” She
recalled that she asked many questions during the collaboration. True enough, when the

class had to do Activity 4 and 5, she taught them the easy way to solve the exercises in

genetics.

Other teachers consider collaboration as a venue for discussing and resolving

issues and problems in teaching. For example, Teacher Des opined that when there is

collaboration, it allows the teachers to come together and work by thinking and

brainstorming on teaching issues and problems. The teacher reported that there was an

instance when some of the science teachers met to brainstorm on doing an activity about
the DNA. She claimed that they brainstormed whether or not this activity will be done

considering the cost and limited time. After the meeting, they decided to do this activity

at the latter part of the genetics topic. This is consistent with what Petrescu and

Draghicescu (2017) had indicated, that collaboration represents an interactive-

participative strategy, promoting team work, exchanging constructive idea by

brainstorming and personal active participation. Moreover, Lepore (2020) reported that

204



“collaboration stimulates people to brainstorm by finding different ways to define issues
and then come up with ideas by making connections. In another instance, Teacher Bes

was seen by the researcher talk with some science teachers. She said that she confirmed

some information about the fruitflies or “bangaw” that she mentioned in her class, which

was corrected to be not “bangaw” but small flies found in rotting bananas and other

fruits. Having known the correction, she accepted it positively. Synonymous to peer

consultation, collaboration is characterized by the "right to accept or reject the

suggestions of others” (Bernard & Goodyear, 1992). It can be used to describe

relationships in which collaborators have neither the power nor the purpose to evaluate

one another's performance. As peer consultation develops one’s professional sense of self

and the members do not have direct supervisory responsibility for one another’s cases,

the members simply offer suggestions, which members can accept or reject (Counselman,

2013).

Interestingly, Teacher Ace had also collaborated with her colleagues for some

reasons. For example, she was observed attending a short meeting in the school library

was for collaboration on how cell division and Mendelian genetics should be

which

taught. The head emphasized that the content should start with the chromosome and cell

cycle until the specific stages of mitosis and meiosis. For genetics, the head added that

Mendel’s experiment should be explained clearly so that this could be applied properly in
solving genetics word problems. In another instance, the researcher saw Teacher Ace talk

with a colleague on how t0 identify and explain easily the stages of meiosis using the

in the faculty room. Laughing together, the teacher had to do many trials to

model kept

identify and explain the complex stages correctly.
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Finally, Teacher Bes employed collaboration with peers to gain more confidence
in teaching the content of the subject matter and knowledge on how to teach it. It can be
noted that Teacher Bes is non-Biology major, hence she found it necessary to consult
with her colleagues about the concepts she will be teaching. Teacher Bes narrated:

“I am not comfortable with biology so I have to consult my colleagues always
before I start discussing a topic. Frequent consultation improves my content
knowledge as well as the right teaching strategy to be used for teaching the
concepts. As I do this frequently, I develop content as I teach it using a specific

strategy.”

Shulman (1987) explained that colleagues who are good teachers themselves are

an important source of information and encouragement for teaching development. They

usually have a grasp of what is involved in facilitating learning. If colleagues are teaching

in the same discipline as similar to one teacher, they are also the best judges of matters

concerning content accuracy, Currency and appropriateness (Shulman, 1987).

Self-Reflection. Though different in approaches used, these teachers have developed their

pedagogical content knowledge through reflecting on their prior experiences and existing

capacity. Oskarsson (2014) had indicated that “teachers both receive knowledge by

learning from others, and produce new knowledge, in that they reflect upon the received

knowledge in the light of their teaching practice and educational context.” As reflected in

the interview responses of the participating teachers, reflection has helped them produce

a kind of pedagogical content knowledge relevant for their specific context (Oskarsson,

2014). The teachers narrated:

[Teacher Acel’ Then I was able to observe the demonstration of other teaching
her participants on inheritance of traits, human genetics and

practices by the ol ( ' . )
pedigree through small group discussion, reflective discussion, simulation
modeling etc. ] do these strategies in my class now and I hope I can perfect it. If

the students Jack knowledge about the topic, they are not motivated to do inquiry-

pased activities.
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[Teacher Bes]: I appreciate the various teachi - ,
| modelling, simulations etc.that were demonstrc::lfdsia;eagsliissux‘iﬁdaf e;perlments,
| activities in my class now. Doing such activities frequenfl lzelo o the same
| discussing biology topics. 1 know the knowledge capacity O;m pt 'Ze perfect
1 collaborate with colleagues to make revision based on students’ mznfal; aeb’;;ftyso !

[Teacher Ces|: During seminars, hand-outs are given and I use these as j

in teaching the correct concepls in biology using specific strate o 5 guide
reflective discussion, small group discussion, simulations, experimeftlsf‘ such as
keep and study the hand-outs. 1 use specific strategies very frequentl Ilons, etg.]
then if 1 fail, I practice again. Even I always use it, I feel sad. Becausév ' 15 e
them with why or how questions, I observe that the students can’n:t o
themselves. I believe that it is due to the fact that the content is lacking spres

cher Des]: I also remember other techniques she (her mentor) used such as
small group discussion, film showing and demonstration activities. I promis :1“
myself that when I teach biology, I will do what my mentor did, and this is weh tt 3
do now. I know the activities in the Learner’s module are inquiry-based but | nZed
the experiment/activities for better understanding of

{0 have some modifications in
the students. I have to consider the background knowledge of the students. If the

student does not have the basic background, use of the inquiry approach is not

effective.

[Tea

In addition, teachers’ reflection and analysis of their practice result in self-study

According to Cole and Knowles (2000), through systematic reflection and analysis of

practice, teachers become responsible for their own professional development. Whitehead

(2000) reported that the use of reflective practice could encourage teachers to make

explicit links between their individual learning and teaching theory and classroom

practice.

Active PCK Components in Using the Inquiry Approach

Knowledge of [nstructional Strategies and Knowledge of Students’ Understanding of

Science were found to be the active PCK components as the students showed active

participation.
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Knowledge of Instructional Strategies. The data from interviews (pre and post) and
classroom observations confirm the ability of the teachers to select appropriate
instructional strategies in using IBA. Except for Teacher Bes, the rest of the teachers
started the lessons on cell division and Mendelian genetics with motivational activities,

where there was student engagement because the students were motivated to participate

actively and do critical thinking. This is consistent with what Tofade et al. (2013) had
indicated, that motivational activities done in a classroom stimulate the students’ recall of
prior knowledge, promote comprehension, and, most importantly, build critical thinking

skills. Where the lesson had to be continued the next day/s, the teachers also prepared

simple motivational activities through a short review of previous or past lessons, through

visual materials and through an activity. For instance, Teachers Ces and Des prepared an

ice-breaker and asked students to bring a family picture, respectively, as simple forms of

motivational activity where the students were energized and were observed to be so much

engaged. This is consistent with what Chin and Osborne (2008) had indicated, that

motivational activities create an inquiry environment that makes active learning very

evident.

The interview and classroom observations also highlight the teachers’ use of

cooperative learning, where interactive activities were done to deliver the content more

effectively as they could motivate students’ participation. For instance, the group

discussion on the stages of mitosis created an active environment, as the students

exchanged ideas and opinions, participated actively, asked questions and did critical

thinking to come up with an output. According to Alberta Learning (2002), cooperative

learning involves students working actively in small groups to complete tasks or projects
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As “ active participants,” cooperative learning activities play an important role in
encouraging the students to take responsibility for their leamning. As observed, there was

no instance of “laziness” or “inactive participation” of the students, as an activity was

done for a group discussion.

All the teachers used models and prepared various forms of representations such
as pictures, visual aids in textual form and personal illustrations along with a video
presentation to help the students understand the concepts more efficiently. As observed

in using modelling and various visual materials, there was student engagement as the

students participated actively when the teachers asked questions. Baranowska-Piasek
(2002) claimed that, in general, forms of representations are a useful resource for

teaching that enable the development of a wide range of thinking skills (i.e. describing

skill, enumerating skill, analyzing skill, critical thinking skill, reflective thinking skill and

creative thinking skill) because teachers are motivated to ask questions about what the

students think on the representation they are viewing. In the study, it was observed that

most of the questions asked by the teachers ranged from simple (what questions) to many

of inquiry-based types of questions (why, how, in what way, what do you think will

happen, €etc.). According to Kawalkar and Vijapurkar (2011), teachers’ questions are

important because they influence the nature of students’ thinking and they determine the

quality and level of students’ participation. In addition, they can be indices of quality

teaching. As observed, when the teachers asked questions, student thinking was

stimulated actively so that the students came up with ideas and opinions (i.e. defining

mitosis in own words; predicting ratios). Swan and Pead (2008) support that when a

teacher asks good questions (how and why questions), the students are encouraged to
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think critically and make reasoning. In addition, the students’ responses are followed
. up
in ways that encourage deeper thinking. Kawalkar and Vijapurkar (2011) also support
that teachers' questions in the inquiry classroom not only explore and make student

thinking explicit in the class but also serve to guide and scaffold it

A variety of activities prepared by the teachers also promote active students’

participation. Some of these activities include bringing a family picture, story-tellin
> ) g

activity, oral activity, hands-on exercise and a drill. The students’ bringing of a famil
y

picture in the classes of Teachers Ces and Des motivated the students to share the

characteristics they inherited from their parents. As the students looked at the picture

they described what they saw. They were involved actively as they volunteered to be the

first to share. On the other hand, the story-telling activity was a very effective approach

where active students’ participation was observed as the students exchanged ideas and
an

communicated with each other. The last three activities involved a problem-based method
- o

where the students were active in solving problems (Martin-Hansen, 2002). According t
] . 4]

Jones (2006), the problem-based method is an active process that stimulates students’

self-learning and increases students’ motivation. Guido (2016) supports problem-based

method as it promotes long-term knowledge retention by encouraging students to discu
Ss

and answer teacher’s questions about new concepts.

Knowledge of Students’ Understanding of Science. This domain is also an active PCK

component where the students are active and prefer to express their ideas by asking

questions.

Chin (2008) re
the ideas presented and have been trying to link them with other thin
gs

ported that questions from students indicate that they have been

thinking about
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they know as illustrated in the following instances. When Teacher Ace was implementing
the motivational activity on taking a bath, one student was motivated to ask a question,
“Js there a scientific explanation for taking a bath?” 1f this was not asked, the students
might just link taking a bath to personal hygiene. In another instance, after seeing a video
about the chromosome, one student of Teacher Des participated actively as he asked,
“Ma 'am, how important are the chromosomes?”, which the teacher discussed by showing
its picture. If this was not asked, the students might just possibly link chromosomes to
longitudinal structures of dividing cells as always seen in pictures in books. In Teacher
Ces’ class, one student was so engaged while examining the chromosomes under the
microscope that he asked, “Ma‘am, why are the chromosomes colored? What makes them

colored?” These are questions of inquiry, which made Teacher Ces explain that “it's due

"

(0 the staining solution used to color the chromosomes to make them visible and evident.

The student continued, “So Ma'am, we cannot use just any dye to color the

chromosomes?’ Teacher Ces said, “Yes, because there are specific staining solutions that

can only be absorbed by the chromosomes. These questions of inquiry might have

prevented the student from linking staining solution to just an ordinary commercial

staining solution that most students know.

Chin (2008) also pointed out that the source of students' questions is a gap or

discrepancy in the students' knowledge or a desire to extend their knowledge in some

direction as illustrated in the following instances. In the discussion of the cell cycle, as a

gap in her knowledge, one student of Teacher Ace was very active to ask “What is the

importance of the Interphase”, which Teacher Ace explained. If not asked, the gap in the

student’s knowledge would have possibly remained to be that the interphase is a process
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different from G1, S and G2. Another instance involved the student’s question about the
DNA as she asked Teacher Ace, “Ma’'am how important is the DNA?” Similarly, as
Teacher Bes used the Smart TV in teaching about the chromosome and cell parts, one
student was so participative in the discussion as she asked, “Ma'am what is the genetic
material?” If this was not asked, the student’s idea would have been limited only to the
DNA being a double helix (because this is always how it is described in books), so
Teacher Ace explained that “DNA is the genetic material passed across generations that

is organized as beads on strings (o form chromosomes”; however, Teacher Bes simply

said, “it's the DNA.” In another instance, when discussing about the cell cycle, one

student of Teacher Ces asked, “Ma’am, how is the nucleus related to DNA?” This
question extends student’s knowledge as Teacher Ces explained that “the nucleus

contains the DNA that is organized in chromosomes. "

Asking questions allows the students to articulate their current understanding of a
topic, to make connections with other ideas, and also to become aware of what they do or
do not know. In this regard, student-generated questions are also an important aspect of

self-assessment (Black, Harrison, Lee, & Marshall, 2002). This was illustrated in the

following instances. In one class of Teacher Ace, articulating her knowledge of the topic,

one student asked, “Ma ‘am, based on advanced reading, I came across about

homozygous and heterozygous, what are these Ma’am”? Teacher Ace emphasized that

“some pairs may be homozygous which can be either dominant (AA) or recessive (aa)

and heterozygous (4a).” One student who was not aware of the concept, further asked,

“Ma'am, what does it mean when the dominant trait prevents the expression of the

recessive trait”? Using the previous example to understand the principle, Teacher Ace
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said that in “T%, if T is dominant and t is recessive, then the trait is still dominant because
the presence of T prevents the expression of 1.” Further, when one student of Teacher
Des asked, “Ma ‘am when is the recessive trait expressed?” One student eagerly answered
that “it’s only when the trait is in homozygous condition; for example, Dd is still
dominant but dd is recessive.” Such questions of the students articulated what they do not

know about some basic genetics principles and the clarifications by the teacher made

facilitated students’ understanding of the concepts.

The questions may also stem from curiosity about the world around them, as well

as events and interactions with real-world issues (Chin, 2008) as illustrated in the

following instances. In one class of Teacher Ace, the students were actively involved by

participating in the discussion as they raised their hands, recited orally and performed the

solution on the board as one student asked curiously, “Does it mean Ma'am, our
chromosomes can't be beyond 46 ?” As the teacher said “yes,” she continued that,
«otherwise, we would be another organism.” Moreover, as Teacher Ace’s students were
very active in sharing about their family’s characteristics, one student said that “We got
the good traits from our parents,” which made one student to react curiously (since it is
true that there are also bad traits) by asking, “What about the bad traits?” Teacher Ace

explained that “Whether the traits are good or bad, these are actually the combined traits

we got from our parents.” She added that “The principle behind is genetics, because it is

the science of heredity and variation, and this is actually our lesson for the day. Heredity

is the passing of traits from parent to offspring while variation refers to differences in

characteristics.” Further, in Teacher Ace’s discussion about cytokinesis, one student was

very curious to know more about this concept as she asked, “How is cell plate different
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from cleavage furrow?” The difference was clearly described as Teacher Ace drew the
process on the board. With a curious mind, one student of Teacher Bes actively asked,
“Ma 'am, what does diploid mean?’ in which Teacher Bes explained, “it means 2n,
having a complete set of chromosomes.” Another instance of curiosity (thinking ahead of
possibilities) involved one student of Teacher Des who asked, “Ma’'am, does it mean it
can never be XXY or XYY?”, to which the teacher reacted that “if it is the case, then, these
must be specific disorders which we will discuss later.” Further, when showing the model
of meiosis, one student of Teacher Ace curiously asked “Why does meiosis have to be
very long?; why does it have many stages?”, to which answers were discussed as the
teacher used the model. Other questions asked based on curiosity that were clarified by

the teachers are as follows:

“Ma’am, where are homologous chromosomes Jfound?” “Can you describe what
hemophilia is? Cry of the cat? and, what is the importance of getting probabilities

in a cross?”[T. Ces’ student]
“Ma’am how did you arrive at the ratios?” [T. Bes’ student]
While students' questions serve useful functions for learners, they are also helpful

to teachers in prompting reflective thought and student engagement (Pizzini &

Shepardson,199l) as illustrated in the following instances. When one student of Teacher
Bes asked, “Is meiosis very much different from mitosis?”, this was answered by the

teacher’s mention of some of the differences between the two processes. This allowed for

further student engagement as other students asked related questions. One student asked,

“Aa'am, which is the longest phase?” while another student further asked, “Ma ‘am, is
sex cell the same as reproductive cell?” Likewise, on Mendelian genetics, when one

student of Teacher Ces asked, “Ma’am, what about if there are two (2) kinds of
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characteristics crossed? Is it possible?” This triggered another student to ask a question
too. The question asked was, “What does it mean when we see AAB_?", which the

teacher explained that “she blank means that it’s either dominant or recessive.”

Moreover, when Teacher Des mentioned the germ cells, one student eagerly asked,

“What's a germ cell?” while another student further asked “Where does mitosis take

place?” To this, one student answered “sex cells.” This conversation prompted in the

teacher a reflective thought as she clarified, “Isn't it that sex cells are in meiosis?”

Teacher Des further emphasized that “Meiosis involves sex cells or germ cells while

mitosis involves the somatic or body cells.” As another student asked, “Ma ‘am, why are

f there 4 haploid cells in meiosis?”, Teacher Des explained using a visual aid and that this

is due to the fact that meiosis has “two (2) stage types of division... ”

The Teachers’ Mental Construct of IBA

The teachers” mental construct involves views and perceptions on the inquiry approach.

Table]4a reveals teachers’ mental constructs of IBA from interviews, while Table 14b reveals

teachers’ mental constructs of IBA from classroom observations, which involve that concept that

the inquiry approach is 2 paradigm shift, student-centered, motivational, and promotes higher

order thinking skills. However, they also viewed the approach as resource- and time-consuming

and requires good prior knowledge and skills of students.

215



Table 14a. Emergent Themes on the Teachers’ Mental Construct of IBA from Interviews
based on Constant Comparative Analysis of the Four (4) Teachers (Note: Color Coding of
the Teachers — Teacher A, Teacher B, Teacher C and I cacher D). .
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Description of Theme
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IBA is a Paradigm Shift. Grade 8 Teachers considered IBA as a paradigm shift, where
they have to change the focus of the teaching-learning process from them, as the key
knowledge holders, to their students. They reported that currently they need to consider
inquiry in their teaching of science, as Teacher Bes had indicated in the interview.
According to her, IBA “is a paradigm shift because we consider the inquiry approach in
our science teaching which we have not done before.” The teacher reported that they
(colleagues in the department) integrated inquiry-based activities in their current
teaching-learning processes, which is by far, different from simply delivering a lecture as
their former teaching strategy. Previously, Teacher Bes was just using the lecture method
in teaching cell division and Mendelian Genetics. Under the new approach, she
implements small group discussion or cooperative learning more often, as well as use a
variety of learning materials in discussing about these topics. As she narrated:
“Unknowingly, I am doing the paradigm shift because I used to do lecture in all of
ussions; 1 want to change my practice that’s why I do group discussions

frequently; 1 preparea lot of learning materials which I did not do before; I just
used the textbook before, | seldom used learning materials; I want to think that the

Jearners understand more actively though the inquiry approach is hard to

implement.”

my disc

Teacher Ces also reported a similar change in her teaching approach, where she
allowed her students t0 discover the characteristics of chromosomes undergoing cell

division through a laboratory activity, instead of simply doing a lecture presentation. She

now allows her students to observe a specimen under a microscope to be able to answer

inquiry questions like “In what way is one stage of mitosis you observe different from the

other stage/s observed by the other groups?” With a limited number of microscopes in

their school, she divides her class into small groups to explore and discuss the answers to
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such a question. After her students reported their answers, she then supplements their

knowledge with a clarification and correction of their misconceptions using their

textbook. She narrates:

[Teacher Ces]: Afier the experiment, we use the textbook to determine the correct
concepts involved in the activity so I both do an activity and the textbook to prevent

misconceptions. It's not good that I only rely on myself.

In their actual teaching, while Teacher Bes showed a paradigm shift from lecture

to using pictures and using the Smart TV, Teacher Ces maintained the conduct of an

experiment about cell division. According to Blessigner et al. (2018), a paradigm shift is

a radical change in the core concepts and practices of a given domain, discipline or field
Paradigm shifts can occur at any of these levels and may cut across these levels. This

change has been precipitated by unprecedented demand for high quality and meaningful

education at all levels across the globe. As indicated in the teachers’ responses which are

consistent in their actual teaching, there has been a paradigm shift from traditional to

more innovative teaching practices.

IBA is student-centered. The teachers also considered IBA as student-centered, where it

allows students to explore the concepts of cell division and Mendelian genetics on their

own. Student-centered has been repeatedly mentioned in the interview and has been

associated with students’ self-exploration of the concepts, which allows them to become

inquisitive and reflective as narrated by Teachers Bes and Ces:

]: The students learn to explore more on their own and explore

[Teacher Bes .
through their [nitiative. 1 think students learn about cell division stages and solving

problems in Mendelian genetics.

[Teacher Ces]: The inquiry approach'makes the students become inquisitive and
curious, and they also learn reflective thinking. I am sure students learn (o

experiment on plant and animal cells.
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Dividing the class into small groups and providing them with guide questions in
studying the stages of mitosis through models and other forms of representations is a
common practice among the teachers and is perceived to be a student-centered learning
environment. In Teacher Bes’ actual teaching, student-centered environment was
established during small group discussion, like the group activity on mitosis where she
reported dividing her class into four (4) or five (5) groups, depending on the number of
students present to work on the images of the stages of mitosis. She then allowed her

students to work independently in answering the guide questions she prepared. She gave

them time to discuss among themselves their answers to the questions. The group then
chose a reporter who presented their answers to the whole class. At the end of the

presentation, she then synthesized the points raised by the reporters and corrected the

misconceptions presented. In another instance, she gave opportunity for the students to

help each other in answering board work during the conduct of the problem-solving

activities in genetics and Activity 4. Although aside from this circumstance, Teacher Bes

created rather a passive, teacher-centered environment even when she combined her

lecture with technology; passive, since students were silent during recitation but noisy

during discussion; and teacher-centered, since Teacher Bes opted to discuss the entire

lesson through the traditional lecture style method, because the class was not

participating of sharing any of their ideas. Nevertheless, classroom technique specifically,

cooperative Jearning, at least created a student-centered environment.

Teacher Ces believes that as the studepts learn to conduct an experiment that is

inquiry-based, the students become inquisitive, curious and reflective thinkers. In her
actual teaching, Teacher Ces was able to create and sustain a student-centered
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environment during the entire observation period. Her enthusiasm and apparent concern
for the well-being of her students influenced their rate of motivation to learn. Starting
from the recall part about cell organelles in Day 1, she already established rapport with
her students by asking questions they can easily understand and answer. She combined it
with fitting praises and enjoyable interaction with her modulated voice to capture the
attention of the students. A very good point went to Teacher Ces for actually performing
an experiment in her class — something that the other three (3) teachers were not able to
do. By preparing a slide of an onion root tip, the students were able to see a live
demonstration of mitosis in action. Thus, specific classroom techniques employed by
Teacher Ces created a student-centered environment. Her group activity about “Smart
Workers of the Company”, the story of the cell parts working in a factory got the students
engaged with the lesson, as they shared their own inputs and got into discussion with
their classmates. The only thing Teacher Ces did in this activity was to ask questions and
clarify the misconceptions of some students. Everything else - description, analysis, and
reflection- was done entirely by the class. Moreover, the small group discussion on the
stages of mitosis allowed the students to summarize main ideas and analyze the concepts.
In small groups, the role of each student is to help other students to develop their own
ideas. Sometimes coupled with videos, the cooperative leamning employed by Teacher
Ces allowed students to respond to what they have seen and to conduct a group analysis
on the main ideas of presentations.
Moreover, Teacher Ces used some forms of representation that made students’

learning student-centered. For example, in the discussion of the stages of mitosis where

she played a video, Teacher Ces constantly checked if the students understood what they
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are seeing and occasionally dropped facts. After the video, she asked the class to describe
each stage of mitosis, and dared other students who did not recite to react to the answers.
Further, she used other forms of representation, such as pictures, personal illustrations,
and visual aids in textual form about cell division and Mendelian genetics. As the
students discussed the specific topic on their own in small groups, learning became
student-centered. The problem-solving activities in Activity 2, 3,4 and 5, which the

students conducted, developed their problem solving skills where they integrated the

theory of inheritance with practice and applied knowledge to solve particular problems.

Such student-centered activities created a better learning experience among the students.

More problem-solving exercises in genetics were done by the students, which took a

student-centric approach. Her incorporation of a worksheet (“Bikini Bottom Genetics™),

which was not part of the LM, was student-centered as the students analyzed and solved

problems in genetics. The completion of problem-solving exercises allowed for a better

understanding of the processes involved as well as the outcomes obtained. Another

method she used was 2 role-playing activity as a springboard for the discussion of

genetics. In this activity, a selected student acted as Gregor Mendel as he answered

questions thrown by Teacher Ces during the presentation. Apparently, this had also been

her method of checking if the students were reading their learning modules or not.

Similarly, Teacher Des reported that she uses cooperative learning as a form of

student-centered Jearning approach. In her case, she allows her students to analyze

illustrations, diagrams, OT models of cell division, discuss them, and come up with

concepts that describe the stages of the process. She considered the approach as effective
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where students can talk about concepts and come up with good points or ideas. As she

reported:

| always want my students to do reflective discussion through analysis of
illustrations, diagrams, models. I think the group exercise is the best method to
teach cell division because the students can talk anything about a concept, or an
issue and they are able to come up with good points or ideas.

In her actual teaching, the student-centered environment was established as
Teacher Des asked the students to go to the front to explain inheritance of traits in their
family using a family picture. This motivational activity created a classroom where the

students shared opinions, insights, ideas and own interpretation. Teacher Des focused on

individual learning through this sharing, as she also acknowledged each student’s

insights, as she related them to the topic. This activity created a better learning experience

among the students. Cooperative learning was also used by Teacher Des to create a

student-centered environment. Coupled with a video presentation, the small group

discussion on the stages of mitosis involved Teacher Des’ asking “Why?” and “What do

you think? ", which were enough to encourage students to deepen their understanding of

the concept. Moreover, Teacher Des asked the students to perform in small group

discussion Activity 4 and 5, while Activity 3 was done individually. In these problem-

solving activities, learners get to think “out of the box”, looking for the correct solution,

which involved communicating with group members while discussing a particular

solution. This happened during the small group discussion when they discussed the

solution to the genetics exercise. More group problem-solving exercises were done by the

students, which made the student discuss and solve on their own. In one of the
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presentations, when someone answered wrongly, she gave the class the liberty to correct

him/ her or state their suggestions before giving the final answer.
Though Teacher Ace did not mention the student-centered nature of IBA in the

interview, this was observed in her actual teaching. In a discussion that was student-

centered, she never forgot to ask for questions or clarifications, solicit reactions or

feedbacks, and inquire on misunderstandings or confusions. The students were quite
comfortable with Teacher Ace; the only downside was them sometimes being too noisy
in class. By frequently doing group discussions and sharing, Teacher Ace promoted class

interaction and let the students take the limelight in presenting what they have learned

about the lesson. For example, she asked the class to divide themselves into five (5)

groups for a small group discussion on the stages of mitosis based on a model of mitosis.

After 20 minutes of discussing, exchanging thoughts, and sharing opinions, a presentation

took place with one student-representative in front. This student-centered activity allowed

the students to come up with their own description of the characteristics of each stage of

mitosis based on the given model. Another student-centered activity was Activity 2,

which the students conducted to discuss how they could compare mitosis with meiosis in

terms of four (4) characteristics. Just like the previous activity, the representative posted

and presented the group’s output on the board. This particular activity served as the

ation of the first activity that used a model where the students, on their own,

continu

worked on the differences between mitosis and meiosis. With a student-centered

environment, the students are able to work independently. Similarly, the student-centered

environment was evident as the students performed individually Activity 4 and Activity 5

of the LM. In these activities, guided by the knowledge created through the use of the
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model of mitosis, the students learned using thinking strategies. Likewise, more problem
solving activities involving monohybrid and dihybrid crosses created a student-centered
environment because the students analyzed the problems independently.

Teacher Ace’s construct of inquiry as student-centered must be because she made
use of forms of representations in her discussion. For example, when she discussed
mitosis, she used the model as she asked inquiry-based questions such as “how do you
describe the chromosomes in mitosis? and based on this model, in your own words, how
do you define mitosis?’ Asking these questions made the students think critically and

participate actively during the discussion, as the students were able to give their

description of the chromosome. A student-centered environment was also observed in

Teacher Ace’s discussion of Mendel’s experiment through a personal illustration. As she

asked some inquiry-based questions, the students did specific thinking skills such as

providing own examples to differentiate important genetic concepts. The focus of

instruction were the students because instead of Teacher Ace, they were the ones who

explained the answers t0 her questions. It could be noted, however, that the student-

centered nature of the discussion was made possible through Teacher Ace’s explanation

of the experiment.

All these accounts of the teachers are consistent with what Bransford et al.(2000)
had indicated, that by placing students at the center of instruction, there is a promotion of

a learning environment more amenable to the development necessary for students to

become independent and critical thinkers. The authors added that a student-centered

learning is an environment that moves students from passive receivers of information to

active participants in their own discovery process. Although such practice achieves
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certain levels of student-centeredness like student cooperation, interaction, and reflection
(Zeki & Sonyel, 2014), it fails to fully develop self-regulation and autonomy. The
teachers still have certain dominance over the learning process of the students. According
to Paris and Combs (2006), the teacher and students in a student-centered learning
environment are co-participants in the learning process, while the teacher strives toward

intense student engagement with the curriculum. Teacher’s dominance may forfeit the

student-centeredness in the learning process and reduce co-participation. Nonetheless, the

use of small group discussion has effectively exchanged ideas among the students, which

may have developed students’ academic and social skills as evidenced by their

participation and presentation (Zeki & Sonyel, 2014). Gorzycki (2010) supports that in

small group discussions, the students are engaged in analyses, evaluations, problem-

solving, and processing information. Moreover, the use of forms of representations and

problem-solving activities likewise create a student-centered environment. As the

teachers reported, while the students are able to talk in the small group discussion and are

able to come up with good points or ideas, the use of representations during discussion of

solving activities involve active learning, in which

concepts as well as doing problem-

students solve problems, answer questions, discuss, explain, debate, or brainstorm during

class (Dochy et al., 2003).

IBA promotes higher order thinking skills and focuses on art of questioning. IBA has
also been considered as an approach that develops higher order thinking skills of the

students. The teachers tooked at it as a teaching strategy that promotes the art of
questioning, which in turn, allows the development of students” critical, reflective,
as well as inquisitiveness and curiosity. As Teacher Ces had

problem-so]ving skills,
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indicated during the interview, the “focus of the inquiry approach is the art of
questioning; the inquiry approach makes the students become inquisitive and curious,
and they also learn reflective thinking.” According to her, it facilitates the asking of
questions in the classroom although it is usually the teacher who initiates the asking or
encouragement for them to ask questions; as Teacher Ace had also indicated, */

encourage them to react by asking questions during presentations of output. I tell them

they can ask any question that will require them to think critically.” Teacher Ces

considered characteristics of IBA as she narrated:

| believe I am always using the inquiry approach as a form of an .

t/ .
a) intellectual discussion among students about the {opic f any of the following:
b) enhancing the query of a topic by art-of-questioning

¢) assessing thinking ability of students HOTS. Inquiry is for the art of questioning.

d)understanding the mood of the students
e) compelling myself as I enter the room

In her classroom, Teacher Ces used a story-telling approach in discussing the

functions of the different cell organelles (Appendix T). The story is about the complaint

of a group of organelles as “company workers “ (mitochondria, lysosomes, ribosomes

Golgi bodies, and endoplasmic reticulum) who claimed that while their work is very

tiring and routinary, the work of the other group of organelles (cell membrane, cell wall

and chloroplast) is very light. To clarify the complaint, in an emergency meeting, the

nucleus as the “pead of the company” gives the workers a chance to defend their side

She divided her class into small groups where she distributed a copy of the story and a

list of guide questions. The group then identified the functions of these organelles based

on the story. They discussed among themselves what they have identified and later
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reported them before the class. Students could ask questions about their classmates’
presentations. Questions raised during the activity were as follows:

1. Why are the organelles in the story complaining?
2. Do you agree or disagree with the first group of organelles in the story? Why?
3. How important are these organelles in the company? Give their duties.

4. a. Why do you think the chloroplast agrees with the mitochondria?

b. In what way are they similar?
c. In what way are they different?

If you had the chance to be one organelle, which one would you like to be? Why?

As Teacher Ces had emphasized, these questions do not only gather information
about the story. They also process the creative, reflective, and critical thinking skills of

the students as well as inquisitiveness and curiosity (Minigan, 2017; Cuccio-Schirripa &

Steiner, 2000). She believes that as the students answer the questions, it develops their

thinking and reflective skills as they connect the story with the roles of the organelles in

cellular processes and even imagine themselves taking the roles of these organelles. It

allows them to analyze and make judgment about what has happened (Porntaweekul et

al., 2013) in the story vis-a-vis the functions of the organelles in the process of cell

division. Moreover, the questions allowed them to analyze if their understanding of the

story fs right or help them evaluate if what they learned about the roles of the organelles
is correct and consistent with what the literature is teaching. The story-telling activity
prepared by Teacher Ces seemed to be the best activity for making an inquiry
environment because of the way the questions were asked (why, how, in what way, if you
had a chance...)- The questions in the activity were open-ended, which were carefully

ropared in advance by Teacher Ces. According to Clayton (2012), when questioning,
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teachers should focus on posing open-ended questions of a consistent quality that allow
students time to reflect and respond. In order to engage students meaningfully, questions
should be prepared in advance. By doing so, teachers are able to wrestle with the

essential to know content and ensure that questions are purposeful and aligned with the

instructional goals for the lesson.”

On the other hand, Teacher Bes believes that IBA promotes the development of
students’ higher order thinking skills because it allows them to synthesize their ideas after

exploring independently and discussing among themselves the concepts of cell divisions

and Mendelian genetics. She narrates:
The students learn to explore more on their own and explore through their
initiative. I think students learn about cell division stages and solving problems in

Mendelian genetics.

In her actual teaching, Teacher Bes used cooperative learning as an approach in

teaching cell division and Mendelian genetics. She allowed her students to discuss the

answers to the inquiry questions that she gave them. After the discussion, she asked the

students to present their synthesis before the class and encouraged the other groups to ask

questions about the presentations of their classmates. Although she added some inputs

into the discussion and corrected their misconceptions, the entire activity has allowed

students to evaluate independently certain ideas from their peers and thereby initiating a

certain level of independence in the learning process. According to Leaders (2020), the

ability to initiate independent learning is an important higher order thinking skill, just like

flexibility, leadership, productivity, and social skills. Moreover, opportunities for testing

reflective skills among the students still arose in Teacher Bes’ discussion of the reasons

why the pea plant was used in Mendel’s experiment and her doing of problem-solving
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activities in small group discussions. Not only did this promote interaction, but it also
triggered the curiosity and inquisitiveness of the students. In addition, the students’
investigative skills were put into test when they were doing board work since they would
always be asked if they were rsure about their answers. As observed, problem-solving
activities and small group discussion employed by Teacher Bes promoted both the

reflective and investigative skills of the students because they were made to solve and

analyze problems in genetics.

Meanwhile, Teacher Ace considered IBA as an approach that supports the
development of students’ curiosity and inquisitiveness, which she believes could

contribute to the development of their higher order thinking skills. According to her,

«srudents learn to be very curious and inquisitive.” She observed that her students had

always something to ask during her classroom teaching transactions. Although she has no

available data to prove her claim during the interview, she believes that such behavior

indicates the development of students’ higher order thinking skills. In her actual teaching,

she believed that students were able to critically analyze the information presented to

them during the study session. According to Leaders (2020), where students start crafting

their own questions or strategizing their inquiry, higher order thinking skill is developing.

Yung (2020) had also purported that curiosity or being inquisitive is an important higher

order thinking skill that could lead to an active and meaningful learning. Through asking

11 the knowledge gaps during a study session. Some of the

questions, students could fi

questions the researcher was able to record during a classroom observation of Teacher

Ace’s class ar¢ presented.
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Is there a scientific explanation for taking a bath?

Ma'am how important is the DNA?

Does it mean Ma'am, our chromosomes can’t be beyond 46?

| heard about Interphase, what is the importance of the Interphase?
Why does meiosis have to be very long? why does it have many stages?
Ma’am, are there also similarities between mitosis and meiosis?

Ma 'am, what does it mean when the dominant trai
' it prevents the expressi
recessive trait? pression of the

Ma'am, does it mean there are always 16 possible outcomes i ihvbri
' ; . s in a dihybrid ?
What about in a monohybrid cross? yOrid Cross:

Ma'am what's the difference between monohybrid cross and dihybrid cross”?
Teacher Ace believed that asking these questions indicates that the approach has

aroused students’ curiosity and interest to learn. If this has not been the case, they would

not be able to ask questions with an open mind (Salmons, 2016). This is important

because curiosity could help them remember lessons that might have otherwise gone into

one ear and out the other (Stenger, 2014). Likewise, it could enhance their love for

learning (Mathis, 2015); hence, making their learning experience very pleasurable

(Stenger, 2014). Nonetheless, Teacher Ace had indicated that the teacher will remain the

facilitator for the development of students’ curiosity and learning as she narrated:
uiry approach, I think the teacher is the facilitator who should

In using the inq .
ions where students learn to be very curious and

always ask critical quest
inquisitive.
Moreover, asking the students about their own traits that could be related to their
parents’ traits promoted reflective and investigative skills. Likewise, asking of inquiry-
based questions using the model enhanced the skill of reflection and investigation since
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the students were stimulated to think as well as define mitosis in their own words. She
promoted critical thinking among her students by asking questions cateﬁng to the higher
order thinking skills, like the differences between mitosis and meiosis and the reasons
why pea plants were chosen by Mendel for his experiment. In every discussion, Teacher
Ace made it a point to ask the class about the relevance of studying mitosis and meiosis
and explain their application to our everyday lives. Problem-solving activities (Activity 2,
4, 5 and other activities) were also done frequently, either by group or individual.
Although not mentioned in the interview, in her actual teaching, Teacher Des

promoted reflective and investigative skills among her students in both individual and

group aspects. She focused on asking the “Hows” and the “Whys”, which really trigger

critical thinking. For example, the motivational activity on the identity of cell made the

students reflect and quietly express their thoughts. The challenge on the students on “Aow

traits are inherited” made them use their thinking skills. Teacher Des also had a

recitation activity on the board exercise about determining whether a trait is homozygous

or heterozygous; this made use of investigative skill. As Teacher Des showed a modified

illustration on the distribution of gametes, one student had the initiative to draw the same

illustration on the board. Higher order thinking skills were also promoted by Teacher

Des, through asking possible outcomes of error in meiosis and computing for the

probability and ratios in monohybrid and dihybrid crosses through the students’

performance of Activities 2,3, 4, 5 and even more problem-solving exercises in group

discussions. Thus, reflective thinking is a part of the critical thinking process referring

specifically to the processes of analyzing and making judgments on what has happened

(Pomtaweekul et al., 2013).
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IBA is motivational. Teachers also perceived IBA as an approach that motivates students
to learn, as Teacher Des reported “doing an inquiry-based activity in the classroom had
motivated my students to learn.” She believes that any inquiry-based activity that is
presented to the students makes them motivated to learn the concepts taught to them. For
instance, she observed that students had become more attentive and engaged when she
used the sharing of personal experience as part of her strategy in teaching heredity in
Mendelian Genetics. The activity was part of her inquiry-based teaching strategy, where
she asked the students tf) observe their family picture and identify the traits they and their
siblings have inherited from their parents. According to her, students’ attention was

aroused through the activity, and they became more interested to listen to their

classmates’ personal stories during the discussion. Bravo (2015) indicated that the use of
o

personal stories increases the students’ engagement in the learning process, and it avoid
) voids
making students feel inadequate or not knowing anything about the topic. Similarly, K
* Py ane

(2013) reported that motivating students in an inquiry-based learning could result in

increased student participation as well as student achievement and retention. Teacher D
. es

reported that her “students were motivated to solve word problem in Mendelian

Genetics” through the activity.

Teacher Des used media like educational videos as springboards for the
discussion. Since the answers to her questions can be found in the videos, the students
s n

were very attentive in watching. The motivational activities, showing a video clip about
> u

the DNA, identity of a cell and bringing a family picture, made the students participat
ate

and interact actively. In the case of video presentation, Lands (2011) supports the use of
€o

this in classroom discussion because it can engage students, spark a conversati d
, on an
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bring lessons to life. Communication through the use of video is also powerful and
exciting to discuss lessons in science. Her resourcefulness could be noted, as she added
more bases for comparing mitosis with meiosis. When nobody wanted to identify the
other characteristics ysed by Mendel, using the LM, one student was motivated to
answer. To add, Teacher Des really appeared comfortable when teaching, showing her
mastery of the content she was discussing. This must have been observed also by the
class which made them more eager to listen to what she was saying.

The rest of the teachers (Ace, Bes and Ces) did not mention about this construct
of IBA in the interview, but this construct was observed otherwise in their actual
teaching. For example, Teacher Ace used a similar approach, i.e. connecting the lesson
with her students’ realities, in discussing cell division and observing similar outcomes. In
her case, she connected cell division with the students taking a bath every morning,
where dead cells are peeled off and replaced with new ones through mitosis. She reported
that in so doing, students learn to connect mitotic cell division with how their body
and protection against external forces. According to her, the students

maintains its health

“ynderstand that body cells need to divide for growth, survival and replenish old tissues,

which are important in maintaining good body condition.” This could possibly support
what Napitupulu and Munanadar (2017) had observed that when lessons are connected to

students’ real-life situations, they could easily acquire the knowledge taught to them.

Hence, Teacher Ace is confident that her students obtained the “knowledge of cell

division and the various events that occur in each stage of the process.” The success of
the inquiry approach relies heavily on the inquirer. Thus, the teacher must have the ability

to catch the attention of her students and sustain it throughout the class period. Teacher
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Ace achieved this using vocalics, or the variation on the loudness and softness of her
voice while discussing. She also posed questions that were easily relatable to the
students, like when she asked them about the science behind regularly taking a bath or the
reason why we share a lot of similarities with our parents. It is also important to note that
Teacher Ace was very persistent in soliciting responses from her class- a characteristic
which is highly valued for the inquiry approach. It was also observed how reluctant the
students were at the beginning of the class, since this new method of inquiry is something
they were not quite used to. But through constant motivation, Teacher Ace was able to
make the students answer comfortably and correct them should there be any mistake or
misconception in their responses. For example, when the answers to Activity 2 were
solved on the board, two (2) groups were worried to go to the board but with motivation,
they posted their answers in front. Another example involved a board work on
determining the seven (7) contrasting traits used by Mendel; some volunteers were asked
to correct/check the groups’ answers posted on the board. The fill-in-the-blank visual aid
posted on the board containing questions about the dihybrid cross motivated the students
on. Although she did it too late, calling inactive students to

to participate in the discussi

recite and not only those who were raising their hands was a very good practice to keep

the energy alive inside the classroom. Representation in the form of interactive visual

aids in textual form and problem—solving exercises also motivated the students to

participate and learn.

Most often, during the recall part of her lesson, Teacher Bes always reminded the

students to refer to their LM since nobody was able to answer her questions. By

immediately giving the answer without motivating the class to think deeper, Teacher Bes
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managed to allot more time for her discussion. One possible factor why the students were
not able to answer her queries, aside from lack of knowledge about the content, might be
her soft voice, which did not help much to motivate her students to answer. Although
Teacher Bes followed an inquiry instruction that is structured inquiry, in which the
teacher provided the students with hands-on problem to solve, it is assumed she did not

have the complete passion at all to do the inquiry approach in her classroom. This was

apparently seen in the manner of her questioning, wherein instead of starting to ask the

students to describe the chromosomes, she proceeded right away in asking its function.
However, eventually, she managed to urge the students to answer and participate, like
when she asked for the difference between mitosis and meiosis and one student bravely

answered. Another instance was her motivation for the students to go to the board to

answer an exercise about the concept of the recessive trait, dominant trait, homozygous

trait, heterozygous trait, genotype, phenotype, P and F1 based on the cross of the seven (7)

characteristics used by Gregor. Though the observation of Teacher Bes’ teaching,

motivation was 100 minimal; these observations prove that the inquiry approach is
motivational.

Teacher Ces had a consistent level of energy and enthusiasm which evidently

influenced the vibe of the students, making them very receptive to the new lesson. It was

also noticeable how she used praises from time to time whenever somebody answered.

This indeed motivated other students to answer also. She was also very persistent in
encouraging the students to discuss in front, after group activities. There were also ice-

breaker acts from each group to serve as a breather from the technical lessons being

discussed. Although some were still shy and did not dare to recite, Teacher Ces made
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P\']:'.:

sure to ask if they are still following through the discussion and if not, repeats it before
shifting to another topic. The students’ performance in the two motivational activities on
cell division and Mendelian genetics motivated the students to do critical thinking, react,
participate and interact. Also, the students in small groups were motivated to illustrate the
stages of mitosis. There were spontaneous answers of the students with regard to the
characteristics of the stages of mitosis. With Teacher Ces’ motivational voice and

dynamic teaching, the students were motivated to recite and participate. All these

observations prove that the inquiry approach is motivational.

Motivation plays a crucial role in learning. Inquiry approach is a motivational
means that in an inquiry environment, the teacher is able to energize and direct the
behavior of the students toward specific goals. As the teacher motivates the students in

different ways, the students acquire knowledge, increase initiation, persist in activities

improve achievement, and develop a sense of discipline (Napitupulu & Munanadar.

2017).

IBA requires good prior knowledge of students. In the implementation of IBA, the

teachers observed that the approach requires students’ good prior knowledge and skills to
make it effective, and to create a productive learning experience. Teachers Des and Ace

for instance, indicated in the interview that they have difficulty implementing the

approach with students who lack a prior knowledge of the topic. Teacher Des commented

that </ have (0 consider the backgr ound knowledge of the students; if the student does not

have the basic backgr ound, use of the inquiry approach is not effective.” Thus, she

makes sure that she connect

on to real-life situations could somehow assure that students

always s her discussion to a real-life experience of the

students. Connecting the less
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have the prior experience needed for a productive use of the approach. For instance, when

introducing the concept of Mendelian genetics, she asks her students what traits they

inherited from their parents. As she reported:

The day before I start the lesson, 1 ask my students to bring family pictures. On the
day of the discussion, using the pictures they brought, I will ask them, how similar
are you to your father? Mother? Can you explain what makes your characteristics
similar to your parents? 1 assume that their answers will lead to the science of

Genetics, and it is here when [ start the lesson.

She believed that by doing this approach, she is able to initiate students’ interest
to learn. Likewise, to enhance students’ learning, she discusses with them human

reproduction, emphasizing the specific traits inherited from parents as a background

information for her discussion on Mendelian genetics. Both information, i.e. the observed

traits inherited by the students from their parents and the discussion on human

reproduction, now serve as the students’ prior knowledge, which she believed has

effectively facilitated students’ learning with IBA. She reported that when students' prior

knowledge is inappropriate or inaccurate, it hinders learning. But having the accurate and

appropriate background information, students become more interactive and the session

become more productive. Students learn more readily with IBA when provided with the
appropriate prior knowledge. Olagoke et al. (2014) reported similar observations and

concluded that inquiry-based teaching is more effective when the students already have a

strong knowledge of the subject matter at hand. Ambrose et al. (2010) had also indicated

that students learn more readily when they can connect what they are learning to what

they already know. According to Hailikari et al. (2008), the importance of prior

knowledge on IBA is to ensure that the teacher’s expectations of what students should
tudents' actual knowledge gained. Inaccurate knowledge

learn is consistent with the s
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usually leads to misconceptions (David, 2017) and distortion of the students’ view of the

new information presented to them (Via, 2016).

On the other hand, Teacher Ace reported that students’ motivation to engage in
IBA depends on the level of students’ knowledge of the topic. She commented that “one
limitation is characteristic of students; if the students lack knowledge about the topic,

they are not motivated to do inquiry-based activities.” With this observation, she also

connects her lesson in cell division with the students” real-life experiences, such as taking
a bath as earlier discussed. She believed that such reality readily presents the essence of

cell division as a process that replaces worn out tissues in the body. Doing it could arouse

the interest of her students to actively participate in the discussion. In fact, she reported

that when she asks questions related to taking a bath, her students actively engage in the

discussion and even provides a variety of answers based on their experiences while

taking a bath. It is here where she introduced the concepts of cell division. As she

narrated,

] ask them, “after taking your breakfast, what do you do as
you prepare 10 g0 10 the school’? Most of the students will answer, “I take a bath”
And then I will ask them (o think critically why taking a bath is important”. .

The students will give a variety of answers. Then I tell them that taking a bath
is a way of removing dead cells/dirt from our body. From here, I introduce the
process of cell division starting with the concept of cell cycle. The students can
easily analyze the activity which can be used as a springboard to discuss cell

division.”

Before I discuss,

As indicated also in her interview response, Teacher Ace uses the answers of her

students as her springboard for discussing cell division. She supplements the prior

knowledge of her students with the concepts that she needs to introduce to them. Diaz

(2017) had considered prior knowledge gained from an experience as “the mesh that
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would connect, link, relate, and associate to new information.” However, he indicated
that such knowledge should be “reconstructed into a new and improved knowledge.”
In her actual teaching, Teacher Ace made sure that prior to discussing a new
topic, she conducted a short review about the past lesson. This approach of making a
review activates the students’ prior knowledge. During the recall phase, majority of the

class participated, hence Teacher Ace was able to clarify ideas and answer questions from

the students. Yet, it was observed that when it was time to ask the students any idea about
the current lesson, the class went silent. Some had ideas but were afraid to raise their

hand because of uncertainty, while majority had no idea at all and did not raise their

hands simply because they did not know the answer, indicating the students’ lack of prior
knowledge. These situations not only consumed time, but tested Teacher Ace’s ability to

encourage her class to speak up. Over time, one by one, the students started to answer,

although there were responses the teacher wanted to have but could not get, since her

students lacked the background knowledge about some topics in cell division and

Mendelian genetics. Specifically, Teacher Ace had a review on cell parts so that the

nucleus’ function could be linked to the DNA and chromosome. Another example was a

review on the cell parts SO that this knowledge could be linked to the important role of the

nucleus. Moreover, Teacher Ace had a review on the stages of mitosis so that it could be

linked to the role of mitosis. In so doing, learning the new lesson was stimulated. The last

example was the review on the concept of homozygous and heterozygous traits, P, Fi/F2,

dominant/recessive traits, genotype/phenotype so that such knowledge could be linked to

monohybrid and dihybrid crosses.

240



Meanwhile, for the skills, Teacher Des meant it to be something about the skills
learned by the students in an inquiry environment, as she said, “/ do not want the spoon-
feeding mechanisms because the students will not become curious; this is the reason why
I still decide to use it because the students are motivated to learn.” Chhem (2000)
stressed the disadvantages of spoon-feeding that can do harm to the students. First,

spoon-feeding does not stimulate active participation from the students and only fosters

rote learning. Second, spoon-feeding does not promote independent learning and

creativity. Finally, students lack initiative and problem-solving skills because they have

not been trained to search for data by themselves. It was good that in Teacher Des’ actual

teaching, she asked the students to solve problems in genetics through cooperative

learning to overcome spoon-feeding (Samah, et al., 2009). It was also evident that

Teacher Des had a good grasp of the art of questioning, as she was able to ask questions

which motivated the students to anSwer. She checked if students could still follow her

discussion; asked the opinion of the class in certain issues, like the effect of errors during

meiosis; and guided students toward understanding by simple inquiries. Understanding

concepts through the inquiry approach requires a student’s prior knowledge.

Specifically, Teacher Des had to make sure that the chromosome and cell cycle were

completely understood so that she could link these to mitosis. In so doing, mitosis

properly discussed inquiries. Another example involved asking the students” background

knowledge on mitosis so that Teacher Des could link it to meiosis. Moreover, the

knowledge on gamete formation was linked to the Law of Segregation, which was further

understood because an illustration was made by Teacher Des on the board. Often, she

also repeated what she tackled, just to make sure that everybody understood the concept.
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The hand activity on the stages of mitosis was also used to activate the students’ prior
knowledge. All these observations prove that the inquiry approach requires a student’s
prior knowledge. To enhance students’ learning, she discussed with them human
reproduction, emphasizing the specific traits inherited from parents as a background
information for her discussion in Mendelian genetics.

Although not mentioned in the interview, Teachers Bes and Ces had demonstrated
the importance of prior knowledge in their actual teaching. What happened in Teacher
Bes’ actual teaching proved how dependent inquiry approach is significant to the
students. Despite her effort in doing a recall or short review at every beginning of the
lesson, the objective was not met, because the students were not answering. Furthermore,
one possible reason why her class could not answer her questions might be due to her
manner of asking questions. Instead of asking for a definition of a concept straight ahead,
a teacher must practice the art of inquiry to successfully engage the students with the
lesson. One way to exercise this method is by asking the class about things that they
usually do in everyday life (like what Teacher Ace did), in order for them to recognize
the connection between the technical terms they are studying and their everyday lives.
This approach is a way of activating the students’ prior knowledge. Often Teacher Bes
reminded her students to always refer to their LM, but she made use of additional
resources like videos and pictures flashed through the Smart TV. Nevertheless, Teacher
Bes had a review on the stages of mitosis using the Smart TV so that she could link this
concept to Meiosis. Another example involved reviewing the lesson on genetics terms

which Teacher Bes applied to solving problems involving monohybrid cross. Forms of

representation, like pictures and other resource such as videos used by Teacher Bes in the
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review, were effective in enhancing the prior knowledge of the students so that this
knowledge could always be linked to the new knowledge.

Meanwhile, most of the questions posted by Teacher Ces during recall and
abstraction were answered by the students; however, there were still instances when the
class would go silent. Despite her reminder to peruse the LM prior to class discussion,
most still did not have the initiative to read in advance. This led to the extension of the
time for recall and discussion, since Teacher Ces always tried to modify her questions

just to solicit a response. But when nobody really talked, she was pushed to give the

answer to her own question, which is something that must be avoided as much as

possible. However, over time, it was observed that the students became more comfortable

in answering Teacher Ces’ questions since most of these inquiries were based on

describing, comparing then defining the concepts. For example, Teacher Ces had to ask

the students about the chromosomes in each stage of mitosis so that the students’

knowledge on this could be applied to the topic in the new lesson (chromosome behavior

in each stage of mitosis). Reviewing about the Law of Segregation and Law of

Independent Assortment was necessary so that the knowledge learned can be applied in

solving genetics problems. The hand activity on the stages of mitosis was also used to

activate the students’ prior knowledge. True enough, the inquiry approach requires a

strong student’s knowledge.

According to Donovan and Bransford (2005), students come into the classroom

with preconceptions about how the world works. If their initial understanding is not
engaged, they may fail to grasp the new concept. Many of the students” everyday

experiences create misconceptions about specific concepts in science. Thus, the students’
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prior knowledge in the understanding of the concepts must be addressed in order to
a conceptual change. Olagoke et al. (2014) added that inquiry-based teaching is -
| m
effective when the students already have a strong knowledge on the subject matt .
hand. While this is true, teachers should not stop from using the inquiry method er:
those students who do not have prior knowledge or have not yet gained “intemalWl
guidance. Teachers activate the students’ prior knowledge by creating activities, such
motivational activities, interactive lecture, brainstorming and practical activities, t: i )
build relevant background knowledge (Keene & Zimmerman, 1997). Lewis et al ZO
opined that illustrations or drawings can also be used to activate prior knowledge; o
IBA is time- and resource-consuming. Although the teachers provided the abovc;
positive perceptions on IBA, they also reported some limitations of the approach, one of
which is time- and resource-consuming. All of them reported that they need to sl;end 0
more time preparing and implementing the inquiry lessons and activities. Some of th
teachers’ comments on IBA limitation are presented. e

and implementation are 100 long. [Teacher Ace]

Preparation
But I still find IBT useful but I do not do it fre
: : uently. ir i
longer time [0 finish long and difficult activitiefv]. tlg; ;,1'::11: li;ynljt I;S,ZZI zut needs
gh to make

the preparation. In the module there is one experiment in mitosis; |

with my class ?ecause we do not have the facilities; The mic;'osianOI o
; ' es

rly so I cannot motivate my students to do it. If there ai:e ag:ifr .;?OI

ities

working prope
that are not very clear, we look for other activities or we modify the acti
ctivities.

[Teacher Bes ]

A lot of preparation is needed to be able to L
[Teacher Ces] perform an inquiry-based activity.

es in the Learner’s module are inqui
: re inquiry-based but I n
; L eed
S 1;; the expertme;?t/.actzvzttes for better understandin to have
cult for me to facilitate the discussion if I am not pfe;;)f ”sf’
ared.

[ know the activiti
some modification
students. It is diffi

[Teacher Des]
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Aside from time constraint, IBA is also resource-deficit. Teachers need to be
innovative or creative to be able to develop inquiry-based activities as Teacher Bes had
indicated during the interview “If there are activities that are not very clear, we look for
other activities or we modify the activities.” Although the modules indicate the activities
to be done for the topics of cell division and Mendelian genetics, their school lacks the
resources for some of the activities. Teacher Bes pointed this out during the interview, to
wit: “In the module, there is one experiment in mitosis; I cannot do that with my class
because we do not have the facilities; The microscopes are not working properly so I

cannot motivate my students to do it.” Teacher Des also commented that “/ know the

activities in the Learner’s module are inquiry-based but I need to have some
modifications in the experiment/activities for better understanding of the students.”
Hence, they need to search for alternative activities to deliver the necessary learning to

the students. For instance, Teacher Ace had to search the net for a film on meiosis, for the

activity she planned for her regular class, since they do not have the microscopes needed

to observe the process. Aside from spending time to search for the right video clip, she

also needed the time to show it to her class. Unfortunately, they lack the necessary time

during class hours. Thus, she had it shown in one of the vacant periods of the students. As

such, she commented that “preparation and implementation are too long in using the

JBL.” As much as how inquiry approach sounds promising, it is really time-consuming.

There were also times that Teacher Ace did not finish her lesson. There were also

episodes on quite slow-paced discussion flow, since the teacher continuously asked

questions, which took a long time to be answered by the students, like her method of

questioning about mitosis, meiosis and dihybrid cross. The reluctance of the students to
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answer consumed more time than usual. Also, a lot of times, the students did not
comprehend the explanation behind the concepts (like in Independent Assortment), so
Teacher Ace often repeated her discussion. Furthermore, the time it took to solve
problems on the board during the discussion of the Principle of Dominance took longer
than expected, since the concept was not clearly understood by those who answered. The
same scenario happened also in doing the dihybrid cross, which was repeated numerous
times. It was also observed that out of the five (5) activities in the LM, only three (3)
activities were performed by the students. These observations prove that the inquiry
approach is time-consuming; longer time is needed for the preparation and
implementation. Teacher Ace really tried to do the inquiry approach throughout the 10
day discussion of cell division and Mendelian genetics, but the time was not enough to do
it completely. However, the number of instances where the time was found to be limited
does not imply poor teaching and poor PCK of Teacher Ace. The instances served as
evidences to prove that the inquiry approach is truly time-consuming.

In her actual teaching, Teacher Des also experienced the problem of lack of time
to actually ﬁﬁish the content scheduled to be discussed. Since soliciting answers from the
class took a longer time than usual, the range of content was narrowed down to fit into
the remaining time. It might be the reason why she often went straight to discussing the
main lesson instead of asking the students to define the terms or describe what happens in
and mitosis. Repeating certain parts of the lesson also took up

such processes like meiosis

a lot of time, sO Teacher Des made adjustments by resorting to teacher-centered

discussion. Lack of time was also the reason why she resorted to asking the students to

answer Activity 3 and Activity 5 as assignments though Activity 2 and Activity 4 were
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done in the classroom. The few observations on Teacher Des’ teaching show the lack of
time that may indicate that Teacher Des preferred to discuss everything on her own,
resulting in almost a complete discussion, although the content may suffer and students

would become less exposed to the inquiry approach. Nevertheless, these observations

prove that the inquiry approach is time-consuming.

Teacher Ces reported similar experiences during the interview. She narrated to

have done a lot of preparations to be able to come up with the story-telling activity for
cell division. She recalled the long hours allotted for the preparation of the materials and

developing the implementation strategy since the activity should be done within the

allotted time for the topic. She needed to time her discussion and the implementation of

the activity to ensure that everything will be done within the study session. There were

only few observations on T eacher Ces’ teaching showing lack of time. Every activity she

used took 20 minutes or longer, excluding analysis and synthesis. However, it can be said

that the time was well-consumed for each meeting. The time it took to actually engage

the students to the topic was short, so the bulk of the time was allotted to performing

Activity and Abstraction of the 4As. When she prepared visual aids to discuss meiosis,

since the visual aid was loaded with too much information, she decided to just read the

information without further explanation and clarification. There were also instances when

Teacher Ces was not able to wrap up the lesson and evaluate her students, so she

postponed it for the next meeting. The students were able to perform all the activities in

the LM in the classroom. Activity 3 and Activity 5 were given by Teacher Ces as an

assignment. Nonetheless, such instances on Teacher Ces’ teaching prove that the inquiry

approach is time-consuming.
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In the case of Teacher Bes, she had to cut out pictures of mitosis in doing an
activity related to cell division. She found this important to maintain her students’ interest
in learning about mitosis, albeit the tedious and time-consuming process that requires

several preparations (e.g. looking for the appropriate pictures, cutting them out, planning

how they would be implemented, etc.). Nonetheless, she did this so that “students will
have a very clear understanding of the concepts of cell division.” She believes that she

needs to scaffold the learning of the students with this activity to help and guide them

achieve their learning goals. Jamal and Shah (2015) had indicated that scaffolding is

helpful in guiding students interact with the lesson, materials, and their peers. Scaffolding

activities require teachers to restructure their learning activities or use alternative

activities. Teacher Bes discussed the lessons in a fast-paced manner, but still she often

did not finish the lesson before the class ended. This might be attributed to the time

allotment for the activities and discussions. A huge chunk of class time was dedicated for

doing the activities in the LM and combined with unnecessary noise and disorder; the

time got prolonged than necessary. There were also no closure or wrap-ups before

dismissal nor simple evaluation or synthesis. Although Activities 1-5 are all inquiry-

based activities, the students performed two (2) activities only - Activity 2 and Activity 4,

which could be due to lack of time and facility. It can be noted that Teacher Bes guided

the students on how to answer some problems in monohybrid cross and dihybrid cross to

maximize the time for the class. Time was also the element why Teacher Bes missed the

Activity and Analysis components of the 4As. Missing these components implies that

Teacher Bes also missed some important concepts of cell division and Mendelian

genetics. The effect would be shortchanging the content knowledge of the students.
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Hooley (2014) reported that inquiry-based learning is very time-consuming both
in the preparation and application/implementation and that any inquiry-based activity
does not occur automatically, or without much trial and error. Gutierrez (2014) supports
the difficulty and time consuming nature of inquiry approaches as an important challenge
in implementing inquiry-based teaching. Mike (2017) had also indicated that it takes time
and preparation to develop a full inquiry-based class. Dell’Olio and Donk (2007) added
that it takes a lot more effort for a teacher to scaffold a lesson than to simply give
students the required information. Nevertheless, the authors pointed out that by
scaffolding a lesson and then allowing student inquiry to guide it, teachers are offering
students a way of thinking that will last a lifetime and this is through using the inquiry-
ach in the classroom. The authors also highlighted the need for teachers to be

based appro

well-versed in inquiry and inquiry-based methods to use inquiry thoughtfully and

appropriately in their classrooms.

chers’ Practice of Inquiry Approach in Teaching Cell Division and Mendelian Genetics

As per order by DepEd, the instructional plan/lesson plan of all teachers following the
h should contain the 4As that teachers need to do in the classroom - Activity,

n. In general, for cell division and Mendelian genetics, the

son plans prepared by the teachers consisted of the following.
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Activity Motivational activity/ies
Analysis e Analysis of the activity in relation to cell division (cell cycle,
stages of mitosis and meiosis) and
e Mendelian genetics (Mendel's experiment, Law of
Segregation, Law of Independent Assortment)

Abstraction o Abstraction of the general idea about cell division and
Mendelian genetics (with emphasis on the dominant and
recessive traits that can be passed from parents to offspring,

! highlight that Law of Segregation involves monohybrid cross

i while Law of Independent Assortment involves dihybrid

cross, emphasis that a monohybrid cross involves one trait

while a dihybrid cross involves two (2) traits)

Application of cell division (cell division may be observed

! using the microscope; Importance of cell division is

- recognized as mitosis and meiosis are compared)

: o Application of Mendelian genetics (Punnett Square predicts

the outcome of a cross through problem-solving activities)

Application o

In the study, the observations on the teachers’ classroom teaching were analyzed by

* determinin g how they implemented the 4As in their discussion about cell division and Mendelian

genetics The number of meetings allotted for the discussion on cell division and Mendelian
‘ geneﬁcs was 10. Analysis of each of the teacher’s teaching is presented as looking into the

| elements of the 4As, and discussing how the teachers performed these elements in their teaching
‘ ents o >

activities.
Th cepts of cell division and Mendelian genetics were completely discussed by
e con
T hers Ace and Des based on the DepEd’s learning competencies. During the whole duration
leachers Ace
the 4As: Activity, Analysis, Abstraction and

. of the observations, the tWo teachers followed

: . ision and Mendelian genetics. While Teacher Ace followed an
Application in teaching cell divisio
ion that is structured inquiry in which the teacher provided the students with
Inquiry instruction
| 2) kinds of inquiry approaches -
| Teacher Des followed two (
- hands-on problems to solve,
o in the performance of Activity 3, the stud

, uiry. For example, in i ents

learning cycle and structured 1nq
i d by teacher-led discussion of the;
. i cedures in the LM, followed by of their
followed the guided-inquiry pro
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findings. This activity was given as an assignment and the findings were discussed by the

students along with Teacher Des. In her supervision of the students’ performance of the other

i}ctivities, she followed an inquiry instruction that is structured inquiry.
|

The concepts of cell division and Mendelian genetics were incompletely discussed by
eacher Bes based on the DepEd’s leaming competencies. Teacher Bes did not have the Activity

and the Analysis components, making the implementation of 4As incomplete. Teacher Bes

followed an inquiry instruction that is structured inquiry in which the teacher provided the

udents with hands-on problems to solve. On the other hand, Teacher Ces almost completely

discussed the concepts of cell division and Mendelian genetics based on the DepEd’s learning

0(1)mpetencies. She provided many inquiry-based activities for enrichment of student learning.

Depending on the activity, there was variation in the type of inquiry instruction that was
|

ﬁi,llowed by Teacher Ces. For example, in the performance of Activity 1, she followed the

learning cycle type of inquiry, which started with guided-inquiry procedures in the LM followed
!

by teacher-led discussion of their findings. On the other hand, the performance of problem-

|

S%)lving activities involved structured inquiry.

lemented the 4As in their discussion about cell division and

{

Mendelian genetics are indicated.
| the 4As. Except for Teacher Bes, the other teachers (Ace, Ces

i How the teachers imp
|

Activity Component of

and Des) used motivational activities when they introduced cell division and Mendelian

in Table 15 involve questions asked by the teachers.

genetics. The activities shown
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Table 15. Activity Component of the 4A’s

Cell Division

Mendelian Genetics

Activity: Sharing of Personal Experience
Do you always take a bath?
2. Do you scrub your body when you take a bath?

—

W -

Activity: Sharing of Personal Experience
Look at cach other and look for the “good traits” you see.
How did you get these good traits?

3. What is it that you remove from your body as you Did you find any bad traits?
use a scrubbing pad?
4. Can you explain what this removal of dead cells
means?
None None
Activity: Story-telling Activity: Role Playing

‘
e———

1. Why are the organelles complaining?
2. Do you agree or
organelles? Why?
3. How important are these organelles in
Give their duties. )
4. a Why do you think the chloroplast agrees with the
mitochondria?
b. In what way are they similar?

c. In what way are they different? '
5. Ifyou had the chance to be one organelle, which would

it be? Why?

the company?

LbhwN

© % N o

Now, I would like to introduce to you, our guest for today, Gregor

disagree with the first group of Mendel.
1.

Who is Gregor Mendel?
What is the work of Gregor Mendel?”
What is he fond of
Are you familiar with garden peas?
Ca;i ?;ou enumerate the 7 characteristics of peas that Mendel
used?
When do we say a trait is dominant? Or recessive?
But w!len will the recessive trait be expressed?
\BVha'lf if you cross white with white, will red be expressed?
ut if you cross pollinate (pure-breeding with contrasti trai
will red be expressed? ® rasting trai),

10. But if you consider the F2, will red be expressed?
11. Now, how do you differentiate between a phenotype and

genotype?

12. What about homozygous and heterozygous? Can you

differentiate?

13. Very good but remember that you can also use pure-bred for

homozygous and hybrid for heterozygous.

Activity: Sharing of Personal Experience

| Activity: Short video clip
Part 1
Let us have a short video clip about the DNA
mber the parts of the cell?

1 ’ D remc - . . .

2. W(:li}::ludo you think is involved in cell division?

3 Based on the short videoclip, where do you find t!;e
DNA ; what about the chromosome and the genes?

Part 2 bout the cell cycle?

eady to know a '
;- ?:veil}ll?li;w yﬁu a picture and yvl;at you need to do is
11 me what kind of cell this 1s.
3 t;’(:r::je},rou sure it is a plant cell? What about the othe;s?
4 How doyou classify a blood, is it a tissue or a cet]:c;d
Just like the blood, the cell has to undergo a cycle; can anybody

describe the cell cycle?

—

Did you bring a family picture?
Can I ask for three (3) volunteers in front to share by a i
: ¢ nswe

the question, which of your traits are similar to your father? e
Mother?”
What makes one’s traits similar to the parents?
Today we will discuss the history, basic terms and princi

_ s cipl
genetics. Are you ready for the discussion? principles of

Analysis Co

analysis of the activi
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Table 16. Analysis Component of the 4As

Cell Division

Mendelian Genetics

Sharing of Personal Experience

T. Ace Sharing of Personal Experience
The teacher analyzed the activity as The teacher analyzed the activity as
she explained that when taking a bath, very useful in students’ understanding
the presence of dead cells removed that the inheritance of traits is from
from the body means that the human parents to offspring.
cells divide. She emphasized the
scientific basis why people have to
take a bath.

T. Bes None None

T. Ces Story-telling Activity Role Playing Activity
The teacher analyzed the story-telling The teacher analyzed the role-playing
activity as she provided the students activities as she discussed about
with an understanding of the Gregor Mendel and his experiment in
important role of the nucleus in cell order to establish the concept of
division as well as value the important inheritance.
functions of the different cell parts.
The teacher analyzed the activity as a
springboard to introduce cell division.

T. Des Short video clip Sharing of Personal Experience

The teacher analyzed the activity as

Abstraction Component
ision and Mendelian genetics are the chromosome, cell cycle,

discussed under cell div
mitosis, meiosis an

In discus

discussion i

The teacher analyzed the af:tivity as
she paved the way in learning about
the DNA which introduced the
students to the cell cycle and cell

division. Realizing that the DNA is

found in the nucleus, the motivational

ivi i lete
activity prov1ded comp
information as t0 the un_portant role of
the nucleus in cell division. Though
not discussed at the start of the lesson,

Des’ discussion on the
Teache” blood cell and cell

logy of human '
;n; :]ggo significant in understanding
the need for every cell to undergo cell

division following specific cell

she explained inheritance of traits
across generations which was
significant in students’ understanding
that every trait of a child is inherited
from parents.

of the 4As. Based on the Grade 8 LM, the specific topics

d Mendelian genetics.

sing about the chr

n terms of its P
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distinction between XX and XY human chromosomes. On the other hand, Teachers Bes
and Ces had an incomplete discussion of the chromosome. While Teacher Ces used a
picture of the chromosome in discussing the nucleus only, Teacher Bes did not show any
picture and did not discuss any part of the chromosome although she discussed its general

characteristics. Nevertheless, all the teachers had a complete discussion of the cell cycle

specifically the substages and their characteristics using a picture. Likewise, all the

teachers had a complete discussion on the stages of mitosis and their characteristics. On

the role of mitosis, which is for growth, repair and development, except for Teacher Bes

the rest of the teachers (Ace, Ces and Des) discussed it. For meiosis stages and

characteristics, Teacher Des had the complete discussion as she described in detail the

events that happen in each stage. Teacher Ces had almost a complete discussion of

meiosis though she did not discuss the substages of prophase 1. Teacher Ace discussed

about the substages of Prophase 1 but did not describe the stages of Meiosis II. Teacher

Bes seemed to have the incomplete discussion as she only enumerated Meiosis II,

although she discussed the stages of Meiosis 1. In terms of the role of meiosis, both

Teachers (Ace and Des) had the complete list which they discussed thoroughly. Teacher
Bes did not discuss any role of meiosis while Teacher Ces, at least mentioned one role,

which is for genetic variation. While Teacher Bes mentioned one difference only
(meiosis is for seX cells; mitosis is for body cells), the rest of the teachers were able to
the differences between mitosis and meiosis. Finally on Mendelian

and Des had the complete discussion of Mendel’s experiment

discuss completely

genetics, Teachers Ace
er Ces and then, by Teacher Bes who had an incomplete discussion.

followed by Teach
s of heredity, Teachers Ace, Ces and Des had the

Similarly, in discussing the law.
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complete discussion as they distinguished between Law of Segregation and Law of

Independent Assortment, and, between monohybrid and dihybrid crosses. Teacher Bes

did not discuss about laws of heredity and the types of crosses.

Below are the abstraction components of the teachers:

The Case of Teacher Ace

L. The Chromosome

P anm

contromsie
hetarochromatin
N TEIPRUTIPYYRT ST

-auchromatin
Lo,

TEGPRONRI YR )

q ann

sister
chromatids

Figure 8. The Parts of the Chromosome Based on LM

chromatid - one of the paired strands of the duplicated chromosome
centromere - the region where the spindle attaches during cell division
euchromatin - the lightly staining region of the chromosome
heterochromatin - is the darkly staining region

SRS g

Characteristics of the chromosome:
e the number of chromosomes in a cell is characteristic of the species

where it belongs
there are some examples-humans have 46 chromosomes; dogs have

52: corn has 20. For us humans, we are diploid(2n) while sex

chromosomes are haploid (n)
the male chromosomes are XY while the female chromosomes are

XX

Chr.omosomes can’t be beyond 46, otherwise we could be another

organism
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II. The Cell Cycle
Y]
(mitosis)

G2 -
(Gap 2) (Gap 1)

yN
| CELLCYCLE

\_\_;‘\\ Ve Cells that
S phase . Seere
(DNA synthesis) SIS
Figure 9.The Cell Cycle

The events of the cell cycle are the following:

o G phase: cell attains optimal size
o S phase: DNA Replication occurs, chromosomes are formed

o Ga phase: assembly of microtubules

Interphase: during interphase, the cell mainly grows and m i
o it L atures in i
the M-phase or Mitosis. It 1 the non-dividing stage while cell divizirgga(r)?t;?;;?;

mitosis is the dividing stage.

I11. Mitosis
during mitosis, the chromosomes, which have already duplicated, condense

and attach to the spindle fibers that pull one copy of each chromosome to

opposite sides of the cell.
o The results are two daughter cells.

o The stages of mitosis:
a2 Prophase: The chromatin becomes chromosomes in prophase, the first

stage of mitosis. The chromatin coils tightly together to form int
separate chromosome strands during this phase. o
b. At metaphase, chromosomes align to form at the metaphase plat
During anaphase, the chromosomes split, condense, and ﬁbelrjsa ¢

shorten.
d. At telophase, chromosomes decondense and are surrounded by a new

membrane qf th_e nucl‘eus.‘
e e et
) ﬁfﬁfnlgs ;cs) ?ozgzt?(f:i]% ?‘;’zligglé?wlvmg prophase, metaphase and telophase
e Rt A A

pody and so W€ will not grow.
IV. Meiosis

e there arc
has two parts —

C.

many stages of meiosis than there are in mitosis because “meiosi
Meiosis I, composed of Prophase 1, Metaphase 1 Anaphasse 1
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and Telophase 1, and Meiosis 2
Anaphasy 2 and Telophase ;, , composed of Prophase 2, Metaphase 2,
there are specific stages of Prophase 1
The number of chromosomes remain ithi ies:
double or triple for every generation. * the same Within species; does not

° Meiosjs must take place to reduce the chromosome number in half. It tak
place in plants and animals during gamete formation or gametogeﬂesis *

e Maeiosis undergoes 2 rounds of division to produce 4 daughter cells ea.ch ith
half the chromosome number as the original parent cell and with a L’mi uert
of genetic material as a result of exchange of chromosome segments d?lrinze

crossing-over.
e Meiosis I consists of:
- Prophase I which has the following substages:

> Leptotene: each chromosome is made up of two long threads of sister
chromatids

> Zygotene: chromosome begin to pair off as homologues

» Pachytene: chromosomes contract, crossing-over takes place through
formation of a chiasma; after crossing-over, the sister chromatids may no
longer with identical with each other based on the genetic material they

contain
> Diplotene: paired chromosomes begin to uncoil

> Diakinesis: paired chromosomes disperse in the nucleus

- Metaphase I: the paired chromosomes arrange themselves al -
- Anaphasel: spindle fibers form and attach to the centromere(;?ﬁ;}:o?g;g:(;nal plate

chromosomes separate and move toward the poles through the spindle fibers
Telophase I chromosomes reach their respective poles; cytokinesis follows and 2
daughter cells are formed; each cell is haploid; followed by Interphase II; each
chromosome has 2 sister chromatids and therefore necessary to undergo further
division
Meiosis II is mitotic in nature and consists of:

- Prophase Il

- Metaphase I

- Anaphase II

- Telophase Il .
stages which are identical with mitotic stages; result to 4 daughter

Meiosis IT has these ch _
cells, 2 from each cell from Meiosis I, with one half the diploid chromosome number and
with only one sister chromatid for each chromosome

Meiosis is different from mitosis based on the information presented in Table 17.
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Table 17. Comparison of Mitosis and Meiosis

| Number of da el Mitdsis Meiosi
ughter cells produced 2 oS
_(number) 4
Number of chromosomes is halved or No
reduced (Yes/No) Yes
Pairing of homologous chromosomes take No
_place (Yes/No) Yes
Yes No

T he daughter cells produced are always
identical in terms of genetic material
(Yes/No)

e Homologous chromosomes aré chromosome segments that are identical in struct
: cture.
mes undergo crossing over where a segment of sister chromatid of

! Homologous chromoso
one chromosome is exchanged with the same segment of the sister chromatid

¢ Role of meiosis:
. meiosis is for the production of sex cells or gametes, specifically sperm cells and

egg cells which are needed for spermatogenesis (sperm cell production) and

! oogenesis (€88 cell production)
meiosis is for variability which means that as sex cells unite during fertilization

|

| new organisms are produced.

| . meiosis may not always proceed normally and accidents may happen. In hum

| . ans,
|

|

some accidents have been known to cause abnormal conditions such as Do
wn

syndrome. For exarr}p]e: Down syndrome is due to extra chromosome at
21 while Cat’s cry or cri-du-chat is due to loss of chromosome 5

chromosome
ng with meiosis, 1t may explain the occurrence of some

When something iS WIO
disease.
s reduced chromosome number that’s why sex cells are haploid

Meiosis maintain
or n. n refers to the symbol for chromosome number.”

Y. Mendelian Genetics
' e Gregor Mendel is the Father of Genetics
e Genetics is the science of heredity and variation. Heredity is the passing of traits from

parent to offspring while variation refers to differences in characteristics.

o Mendel’s experiment:
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Table 18. Mendel’s Two Experiments

e Mendel was a monk in a monastery in Briinn nin (now Czech Republic) who performed

experiments with the garden pea.
e Mendel made selective cross-breeding of common pea plants (Pisum sativum) over

many generations and he observed seven traits that only occur in one of two forms:

1. flower co]qr‘ is purplg or whitg: 5. seed color is yellow or green
2. flower position is axil or terminal 6. pod shape is inflated or constricted
3. stem length is long or short 7. pod color is yellow or green

4. seed shape is round or wrinkled

The experiment showed blending of traits in pea plants.

In hybridizing between_pea varieties;
1. removed stamens from a purple flower

P generation 2 transferred pollen from the stamens (male organ) of white flowers to
the carpel (female organ) of the purple flower
3. pollinated the carpel that matured into a pod
4. planted the seeds from the fruit (pod)
5. examined the offspring which were all purple flowers (the result is

F1 generation 1
same as reciprocated the cross by transferring the pollen from the

purple flowers to the white flowers)
6. allowed the purple offspring flowers to self-pollinate
lants that either produce yellow or green peas exclusively, Mendel found that
ation (F1) always has yellow peas. Then the following generation (F2)

F2 generation
e In cross-pollinating p

i the first offspring gener:
! consistently has a 3:1 ratio of yellow to green. Mendel realized that this was the key to
j understanding the basic mechanisms of inheritance.
5 Mendel’s first experiment
died Parents (P) First ﬁl.ial
Characters stuci¢ Dominant Recessive gen(e;a)tnon
1
| Seed shape Round Wrinkled Round
! Seed color Yellow Green Yellow
Seed coat color Colored White Colored
-' Pod shape Inflated Constricted Inflated
| Pod color Green Yellow Green
L Flower position Axial Terminal Axial
‘ Stem length Long Short Long
Mendel’s second experiment
ters Hybrid F2 Generation
Char:.c ; (F1) produced by self-
studi€ pollinating F1 hybrids

Round Round Wrinkled

~ Seedshape
Seed color Yellow Yellow Green
Seed coat color Colored Colored White
Inflated Inflated _ Constricted

~ Podshape =
Green Green Yellow

Pod color : .
_/Flﬂve,fmsﬁ%f Axial Axial Terminal
”&lﬂgﬂ‘ Long Long Short
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The Conclusions:

1. that the inheritance of each trait is determined by "units" or "factors" (genes) that are passed on

to offspring unchanged
2. that an individual inherits one such unit from each parent for each trait
3. that a trait may not show up in an individual but can still be passed on to the next generation

e In this experiment, the starting parent plants were homozygous (BB or bb) for pea color or having

two identical forms (or alleles) of the gene. The plants in the Fi i

. . generation
(Bb) or having two different alleles. The actual genetic makeup of the pea ;:nmtsa:i Iiltztegr::zgous
(BB,Bb or bb) while the phenotype (yellow or green Yrefers to observable physical type

characteristics.

With all of the seven pea plant traits that Mendel examined, one form appear: :
. edd
over the other, recessive (green). Both alleles can be passed on to the nlz))ct gener:t?lfﬁﬁz}fﬁg:}' )

The recessive did not appear in the Fi.

based on the results of his two experiments, Mendel hypothesized that there was a facto
ts which controlled the appearance of a trait, and this factor is the gene '
since two alternative expressions of a trait (e.g. round or wrinkled seed) were posgible
Mendel hypothesized that the traits were controlled by a pair of genes called allele. ’
Mendel noted that for each trait he studied, there is one trait that dominates the other, for
example, the trait for round seeds is dominant while the trait for wrinkled seed is ’
recessive, trait that did not appear inF1.
A dominant trait is represented by, for example R for round seed while r for wrinkled
seed is recessive and since genes 0ccur in pair, a pure-breeding wrinkled seed plant is RR
and a pure-breeding wrinkled seed plant is r.”

hich refer to the genetic make-up of an organism while RR as

RR and rr are genotypes W ] :
dominant round and T as recessIve wrinkled are phenotypes which refer to the physical

in the plan

appearance . o
RR and rr are homozygous (having same/identical alleles) and Rr as heterozygous

(having different alleles) .
Mendel used the garden pea 11 his experiment because of the following:

the pea is so €asy to propagate by pollination
asting traits, sO Mendel was motivated to use it in his experiment

_ it has seven contr

Monohybrid cross involves one type of trait only and the principle involved is Law of
Segregation.
Law of Segrega

tion states that each allele in a pair separates during meiosis or gamete
formation. Given S for smooth skin and s for wrinkled skin, if there is a heterozygous
pair Ss, each separates as S ands. Toselaborate the law, it is as follows:

/

— .

Figure 10. Law of Segregation

Ss
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Principle of dominance states that the dominant trai i
f})lcep;et;s;(::laﬁfi ;h; .?lac(:iessiye trait. For example, in thi,ltii(’i "(I)‘r?s“:i&g::ir?;ﬁr:;g?? the .
e e e il ognnant beca}use thfa presence of T prevents the expre;Ss onoft.
v gus.f ;z)llgs,k ack quy is dpmmant over white body. If two pigs blog of t.
homoz) gb .d?or ac and,whlte bodies are mated, (a) what would be th et

hy n 7 (b) If the F1’s are mated, what would be th LI o
offspring? e appearance (with ratios) of the
when BB is crossed with bb, the resulting F1is B
when the F1’s (Bb) are mated, Bb x Bb, Esing thebésgnzltztlzlglare the resulti

) ing

. offspring is 3 black: 1 white.
Dihybrid cross involves two traits and the principle involved is Law of Independ
ndent

Assortment.
Law of Independent Assortment states that pairs of alleles separate or segregat
gate

in@ependently from each other during gamete formation
It is explained as follows: .

AaBb diploid parent

l/

™~
B
MeiosisT | |
rﬂ-‘l\ielosls nl 69Th o @P |

AB AB th 3 Ab Ab B B
GAMETES

Figure 11. Chromosomal Basis of Law of Independent Assortment

An example is as follows:
d seed is dominant while constricted seed is recessive, and long stem i
> em is

Given that inflate
recessive, give the G.R. and P. R. of a cross between a

dominant while short stem 1S
heterozygous plant with a homozygous recessive plant. You are provided with the mal
male

and female gametes below:

Given: .
P — inflated seed; p—constrlcted seed
]-short stem

L — long stem,
p: ppLl x ppll

on using the Punnett Square:

Soluti
PL Pl pL pl
Male
Female
PpLl Ppll ppLl ppll

p!
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Genotypic Ratio (G.R.): 1PpLL: 1Ppll: 1ppLl: 1ppll

Phenotypic Ratio (P.R.): 1 plant with inflated seed and |
: _ ong stem: 1 plant with i
seed and short stem: 1 plant with constricted seed and long stem: 1 plzﬁxt wirﬁliﬁ?ﬁd

seed and short stem
The Case of Teacher Bes

I. The Chromosome
e The chromosome is very important in cell division which is found in the nucleus of the

cell.
The nucleus contains the genetic material which is the DNA (Deoxyribonucleic acid)

be diploid (2n) meaning it means 2n has complete set of

e Chromosomes may

chromosomes.
e Chromosomes, found in the cell’s nucleus, are very important in cell division

IL. The Cell Cycle
e Cell cycleis
dividing or dividing.
o Whenever the cell is not dividing,

is just cell division.
e The interphase 18 divided into G1or gap 1, S or synthesis and G2 or Gap 2. In G, growth

is happening, and protein synthesis is also happening but toward the end of G phase, the
cell is preparing for the S phase. In S phase, the cell makes copies of its chromosomes
through replication. This part of the Ct:-:ll cycle is called S phase because the cell is going
to synthesize new chromosomes. During G2 phase, a lot of protein synthesis and more

cell growth occur.
o Itis illustrated this way:

all the events that can occur during the lifetime of a cell. The cell can be not

it is referred to as interphase. When the cell divides, it

s

§ Figure 12. The Cell Cycle
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II1. Mitosis
o ;he last part of the cycle is mitosis.
o -phase (Mitosis) is com osed of fou :
Telophase. p r stages; Prophase, Metaphase, Anaphase and
o Prophase: the chromatids start to uncoil, th i
: . , the nucleolus disa
o Metaphase: the chromosomes align themselves to the cente?pﬁgs i
connect to the centromere. spindle fibers
o Anaphase: the chromosomes divide and
get pulled t i
Telophase: new nuclear membrane is formecli3 © opposite poles

» Diplotene

: » Diakinesis
3 - Metaphase L: the paired chromosomes arrange themselves along the equatorial plat
e

i - Anaphase L: spindle fibers form and attach to the centromeres
| - Telophase I chromosomes at opposite poles; nuclei form
e Meiosis II is mitotic in nature and consists of:

- Prophasell
| . Metaphase II
| - Anaphase Il
. Telophase Il

e Meiosis is different
Meiosis involves sex €€

o
1V. Meiosis

e Meiosis is a two-stage form of cell division that is used i

pamtes only in the sex organs to produce

; e Meiosis I consists of:
i - Prophase I which has the following substages:
! »> Leptotenc
| > Zygotene
} » Pachytene

from mitosis based on the following:
I1s, mitosis involves body cells.

V. Mendelian Genetics
e Mendel’s experiment: o .

- Gregor Mendel, an Augustinian monk who was interested in investigating how
individual traits are inherited. He wanted to find out whether both parents
contribute equally © the traits of the offspring. He also wanted to know if th

. are produced from the blending of traits of the parents €
Before doing the experiment, first preduced pure-breeding pea plants by :
pollination for many generations until all the offspring had the same features as
reeding plants, he cross- ollinated : )
eas constituted parentzﬁ or Py ang E.:lllS :;;] :ﬁecg?fn-as.tmg
one another while the offspring of the first cro spring
tion of F1 which could also be called hybrids SS are

ents.

Mendel has pure-b
e-breeding P
resembled

S
first filial genera
having the same genes.

arden pea in his experimen

; ns
e Pure-breed med t because of the following:

e Mendel used the &
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- t ”
hese plants are easily propagated by self-pollination or cross-pollination

- readily available

. -U .have seven contrasting characteristics
sing the Punnett Square, the ratios of the genotype and phenotype may be det
etermined.

Given that C is for curly, ¢ is for curl j
; ] : y. If CCis cross od Wi
the ratios of the genolype and phenotype: ed with Cc, find

{sing the Punnell sSquare,
Female/ C  C

Male

C oc .

c Ce Cc
Genotypic Ratio 2CC:2Cc
Phenotypic Ratio 4 curly

Or

Genotypic Ratio 50% homozygous curly :50% heterozygous curl
Phenotypic Ratio 1 00% curly Y

oductive cells; P is the parental generation and

o The gametes are the seX cells or the repr
omputed using the Punnett square.

the genotypic and phenotypic ratios are ¢

The Case of Teacher Ces

1; it controls all the activities of the cell and

L. The Chromosome
is the control center of the cel

is cell division. '
NA that 15 or

® The nucleus
one activity
© The nucleus contain

e The structure:

s the D ganized in chromosomes.

hromosome Based on the LM

Figure 13- The C

does not divide

I,
The Cell Cycle ; which the cell

° the interphase 4 the stage 1



Figure 14. The Cell Cycle Based on the LM

o Its substages:
- G (first gap phase) is the period wher
¢ cell organelles and o
ther substance
s are

synthesized and the period where cell initi
grows initially. It is also
. characterized b
Y

protein and RNA synthesis
_ S (synthesis phase) is the per
chromosomes duplicate.
he period when mitochondria and chloroplasts divid
ivide

. G (second gap phase) is t
and the spindle begins to form. It is the rapid cell growth

iod where DNA synthesis or replication occurs and

I1I. Mitosis
e [tinvolves somatic cells.
o The stages of mitosis:

1. Prophase
e Nuclear membra
e Thicker and short
£ two sister
matids arc still attac

|i are present

ne and nucleo
¢ of repeated coiling; each chromoso
me

er chromosomes becaus

chromatids
hed at the centromere

membranc disappeared
t the metaphase plate

galigna
ds to the kinetochore, 2 protein

e Nuclear
° Chromosome

e FEach fiber bin

s of each chromosome separate toward opposite pole as bei
S being

pulled by the spind r :
matid 15 @ full-ﬂedged chromosome

4. Telophase , :
mes at the opposite poles which uncoil
rms; spindle fibers disappear

forms two daughter cells

o Role of mitosis: _
. Mitosis is for grow’th and repall
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IV. Meiosis

Meiosis I  Prophase 1 o Chromosomes begin to condense
o In synapsis, homologous chromosomes loosely pair up

i « In crossing over, nonsister chromatids exchange DNA
segments
o Each pair of chromosomes forms a tetrad, a group of

four chromatids
« Tetrads line up at the metaphase plate, with one

Metaphase 1
chromosome facing each pole

. Microtubules from one pole are attached to the
5 kinetochore of one chromosome of each tetrad

. Microtubules from the other pole are attached to the

kinetochore of the other chromosome

| Anaphase 1 « Pairs of homologous chromosomes separate

« One chromosome moves toward each pole

| Sister chromatids remain attached at the centromere
and move as one unit toward the pole
Telophase In the beginning of telophase I, each half of the cell
has a haploid set of chromosomes; each chromosome
still consists of two sister chromatids
Cytokinesis usually occurs simultaneously, forming
two haploid daughter cells
Meiosis I Prophase II « A spindle apparatus forms
« In late prophase II, chromosomes (each still composed
of two chromatids) move toward the metaphase plate
Metaphase 11 T]he sister chromatids are arranged at the metaphase
plate
. Because of crossing over in meiosis I, the two sister
chromatids of each chromosome are no longer
genetically identical
The kinetochores of sister chromatids attach to
microtubules extending from opposite poles
I The sister chromatids separate
Anaphase | . The sister chromatids of each chromosome now move
as two newly individual chromosomes toward

opposite poles
. The chromosomes arrve at opposite poles

Telophese - Nuclei form, and the chromosomes begin
decondensing
mitosis and meiosis:

¢ Differences betweed Meiosis 2 and there are specific stages involved in each

e 1a '
- there are Meios1s nd t
- mitosis involves body cells of soma

11s; meiosis involves sex cells or gametes or
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Mitosis: Divided from a somatic cell; produces 2 daughter cells; all daughter cells

havse 4§ chrprposomes; no synapsis; for growth & development
Meiosis: Divided from a gamete, produces 4 daughter cells; all daughter cells have 23

chromosomes; involves synapsis in Prophase 1; for genetic variation
Similarities: Ways for cells to divide; same number of chromosome as the original,

both have basic phases; both processes undergo interphase and the basic phases of
the processes will not change the chromosome number. For

the organisms undergoing
lved, even if the cell divides, its chromosome number is

example, if humans are invo
still 46

V. Mendelian Genetics

e Gregor Mendel is the Father of Genetics.

¢ He worked on garden peas with seven (7) characteristics: Seed shape, seed color, seed
coat color, pod shape, pod color, flower position and stem length ’

e A dominant trait is expressed while a recessive trait is not expressed or it is hidden
The symbol for dominant is big letter while the symbol for recessive is small letter. .

The recessive trait is only expressed when the genes are both homozygous

e Genotype is the paired syrpbol; phenotype is the physical appearance. For example
WW is genotype while white (for WW) is the phenotype. WW or ww is homozygous or

pure-bred while Ww is heterozygous oOr hybrid.

A dihybrid cross happens if there are two (2) kinds of characteristics crossed

Law of Segregation happens during gamete formation in a monohybrid cross. In
Mendel’s experiment, Y is yellow while y is green. If YY and yy is crossed, let us use the
Punnett square to separate the gametes.Y

Y
y Yy Yy
y Yy Yy

So the genotype of F1is 4YY and the phenotype is 4 yellow or all yellow

¢ Assortment happens during gamete formation in a dihybrid cross
w while y is green and, R is round and r is wrinkled. If .

e Lawof Independen
e the Punnett square to separate the gametes.

In the previous visual, Y is yello
YYRR and yyrr i crossed, let us us
: = TR

vyR YR
YyRr YyRr

yr
yr
yT
yr

go the rat1o

i of the 8
io of the

YyRr
YyRr
YyRr
YyRr

YyRr
YyRr
YyRr
YyRr

enotypes will
phenotypes W1

YyRr YyRr
YyRr YyRr
YyRr YyRr

bel6 YyRr

ill be 16 yellow, round or




ses are associated with problems with the chromosomes such as Down
f the cat or “cri-du-chat.” Hemophilia is prolonged
f the cat due to deletion 5 (deletion of chromosome 5)

A lot of disea
syndrome, hemophilia and cry o
bleeding while cri-du-chat is cry 0

The Case of Teacher Des

I. The Chromosome

II. The Cell Cycle

The DNA, chromosome and the genes are found in the nucleus.

The chromosome is the physical carrier of the gene
The DNA in cells usually found as loosely unwound long molecule called chromatin

during a cell’s life. However during cell division it exists as a coiled and very compact

structure called a chromosome.
Made of two identical halves called chromatids

Two chromatids attached together are called sister chromatids
Sister chromatids are attached at a point called the centromere
There are 2 types of chromosomes. 1. Autosomes = Somatic or body cells have a

diploid (2n) number of chromosomes. 2. Sex Chromosomes — Gametes or sex cells
(sperm and egg) have a haploid (n) number of chromosomes. The two haploid (n) gamete

cells combine during fertilization t0 produce a diploid organism. Males have sex
chromosomes XY while females have XX.

The structure:

Figure 15. Parts of the Chromosome

Cell cycle is the imed sequence Of STAEES that a cell passes through between one division

and the next.
It is the cycle Of cell gro

cytoplasmic division.
ﬁle Ic):ell cycle oscillates bEtWe

The structurc

wth, replication of the genetic material and nuclear and

en mitosis and the interphase.
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1.

o The cell cycle canb
- Interphase- non-

Figure 16.

INTERPHASE

—

Gi/Gap1 | S/Synthesis
:I"'\'\ o / G e f /"“J
'\\ :/ - ,_/' Gz’GBp 2 , y _."
\ 3_,0‘? Fily g = 1/ ,a‘f
it £ o e //// /"/
\EmEE>
f

The Cell cycle (from other source)

e divided into stages.
dividing stage divided into

> G stage-Gap 1
» S stage - synthesis

» G2 stage -
. M — mitotic c€

e (G- increas

- inhibition of water an
s of cytoplasmiC organe
plication

nd components of the chromatin

- synthesi

o S - DNA synthesis/ €
- synthesis of histones a

o Gy -synthesis

G is the longes

Mitosis

o Cell division is the
|. Karyokinesis-
2. Cytokinesis —
e There are two tyP
e [t is the process of

a single parent
o In this process,
cell.
o Itisdividedi

e in cell yvolume
d nutrients

of RNA and

t while m1

division
division O
es of cell d

cell.
the daughter

nto 4 stages: Pro

process by
of the nucleus

cell division W

Gap 2
11 division

lles

proteins necessary for chromosome assembly

tosis is the shortest

which cells multiply. It involves

f the cytoplasm

jvision, mitosis and meiosis

hich results in the production of two daughter cells fi
rom

cells are identical to one another and to the original parent
en

phase, Metaphase, Anaphase, Telophase

269



T
able 19. Summary of the characteristics of the stages of mitosis

PStage of mitosis Major event/s
rophase o The cell prepares for nuclear division
Metanhas e Packages DNA into chromosomes
iphase e The cell prepares chromosomes for division
o g’hrtzzzosc;mes line up at the center of the cell
. indle fibers attach
. S gmromj;re i from daughter cells to chromosomes at the
phase o The chromosomes divide; Spindle fibers pull chromo.
e ' of each chromosome (called chromatid) moves to 2 0”;133 et
relons daughter cell “
ophase e The cytoplasm divides; in animal cells, cleavage furrow forms

; while plant cells form cell plate
{ o DNA spreads out; 2 nuclei form
o In animal cells, the cell membrane pinches i
daughter cells pinches in to form the 2 new
o In plant cells, new ce
2 new daughter cells

Il wall forms between two nuclei to form the

Cytokinesis involves cleavage furrow in animal cells and cell plate in plant cells

e Role of mitosis:
| - mitosis is for growth and repair
- IV. Meiosis
e Meiosis is the type of cell di
e In meiosis, one parent cell pr
e Daughter cells have half the number 0
e During meiosis, DNA replicates once,

described for each e nucleus

vision by which germ cells (eggs and sperm) are produced

oduces four daughter cells.
£ chromosomes found in the original parent cell

but the nucleus divides twice; four stages can be

division of th

es and remains closely associated. These are called sister

ome duplicates and rex
hromosomes are identical chromosomes paired together so that

i

 First division of Meiosis

 Prophase 1: Each chromos

- chromatids. Homologous €
Crossing over is possible.

homologous chiasma
ahromosomss
Figure 17. Homologous chromosomes

e is made up of two long threads of sister chromatids as a

> Leptotene - Each ot omosoT
resIl)llt of replication during S phase of the cell cycle.
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.

» Zygotene - The chromo i
some begin to pair off;, pairs of
N hli);ll(:logous chrompsomes and this pairing prc;cgss is zx:::ltr omosome are called
Chromyte%e — Crossing over takes place during this stage wﬁere segm i
’ ati of one chromosome is exchanged with the same se gment of the sister
N Ic) .romand of the homologous chromosome through chiasma gment of the sister
; D!lecqtene _ The chromosome begins t0 uncoil
iakinesis — The paired chromosomes dis |
. . perse in the n
%:;;E};ilse] 1 .C(llllrlromosomes align at the center of the cell Holeus.
el: omosome pairs separate with sister chr nati ini
iy . ' er chromatids remain
lophase 1: Two daughter cells formed with each daughter containinglgiligzo(g)it:z;r
omosome of

the chromosome pair.
Second Division of Meiosis

Prophase 2: DNA does not replicate.

lXIetaphase 2- Chromosomes line up at the center of the cell
naphase 2: Centromeres divide and sister chromatids move separately to each pol
pole.

| Telophase 2: Cell division is complete. Four haploid daughter cells are formed

e Mitosis vs. Meiosis
- meiosis involves seX cells or germ cells while mitosis involves the somati
atic or

‘ body cells

? . thereis 1 division only in mitosis while there are two (2) divisions in meiosi
| Meiosis involves sex cells. ions in meiosis
There are Meiosis I and Meiosis IL.

There is crossing over in Prophase I involving homologous chromosomes

- Four daughter cells are produced.
. Crossing-over is an interchange of genes or segments between homologo
us

% chromosomes.
Table 20. Differences between

mitosis and meiosis

Basis of com arison Mitosis Meiosi
‘ 1. Number of daughter cells 2 4 0318
i produced T hody oell
! 2. Occurrence ody cells
| W Diploid gai;;)izygamms
4 Chromosome number of daughter Diploid Haploid
cells
5. Kind of cells roduced Various body cells Sex cells/gamet
6 Function Growth and Genetic vari —
\——////—delelopment riation
W I copy each
8. Pairing of homologous None Yes at prophase 1
chromosomes
e Role of meiosis: . s
- thereis genetic variation bepaqsg mel.osm involves the sex cells that unite durin
fertilization 10 orm a DEW 1nf11v!dpal, as long as there is union of gametes, the i
always be new and different individuals , there will
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when meiosis does not take place normally, there is an effect on the chromos
omes

Ieagling to some genetic disorders
. meiosis maintains the reduced chromosome number, such that only half comes each
ac

from the father and the mother

V. Mendelian Genetics
e Genetics is the study of genes;
¢ Inheritance is how traits, or ch

It is what heredity is all about.
Variation is about the differences of members of the same species.

Chromosomes are made up of genes, which are made up of DNA.
Genetic material (genes, chromosomes, DNA) is found inside the nucleus of a cell

Gregor Mendel is considered “The Father of Genetics"

science of heredity and variation
aracteristics, are passed on from generation to generation

Gregor Mendel ...
e [s an Austrian Monk.
¢ Experimented with “pea p
e Used pea plants because:
e they were available

e they reproduced quickly .
e they showed obvious differences 11 the traits
| e Understood that there was @ «factor” that carried traits from one generation to the next

lants.”

1 P .
- Table 21. Teacher Des’ version of €X laining genetics terms

She discussed that... . .
traits that are For example, tallness (T) is dominant over shortness

| e Dominant traits aré
expressed. ). -
| aits are traits that ar® For example, shortness (t) is recessive; tallness (T) is

e Recessive tr .
covered or not expressed. domuinant.
e Alleles/genes ar¢ the different forms InTt the alleles are T and t.
ofa characteristic. . .
Punnett Square is the grid to show Ina moqohybnd cross, it is composed of 4 squares; in
a dihybrid cross, it is composed of 16 squares |

how crosses 2% malllde. For example, whether it isin a hvb
e Probability is the chance OF ampie, ¥ monohybrid or dihybrid
mething will occur: cross, it is possible that 100%, 75%, 50% % wi
percentage that SO 5 be dominant or recessive 6 or 25% will
e Genotype 1S the genetic mz;ke-ll[;;)tf IT, Tt tt
the types of genes (Alleles) Pres : .
e Ph ezlycflype isg, the physical _ TT or Tt is Tall, tt is short
what it Jooks like.

jstic Of
characteris rwo of the same TT, tt

Homozygous means

alleles. .
e Heterozygous means tWo different Tt
alleles. parental generation
e P first filial _generation (offspring in the 1% gen.)
: gl second filial generation (offspring in the 2" gen)
X :
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Table 22. Mendel’s experiment

P generation (true-breeding parents)  Purple flowers x White flowers

A4

All plants have purple flowers
Self-pollination in Fi plants

F1 Generation (hybrids)

A\ 4

F» Generation % of plants have Y4 of plants have
purple flowers white flowers

¢ The dominant trait dominates or prevents the expression of the recessive trait

¢ Dominant traits are represented by capital letter.
Ex. Seed shape - Round (RR)
e Recessive traits are represented by small letter
Ex. Wrinkled (11)
inci inance .
* Principle of DOV Purple flowers X White flowers

P generation (true-breeding parents)
W

. lants h le flowe
Fi Generation (hybrids) All plants have purpie flowers

A 4

(a)

. All plants have purple flowers
F\ Generation (hybrids) P

705 plants had 224 plants had

F2 Generation purple flowers white flowers
Ratio 3:1 (b)
€
e Probability and punnett SqU27 Sperm from F1flower
»P “p
, %P,
yp  HPETTP
Eggs
gomefl pp NP PP
ow
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* Law of Segregation s
during gamete formation.

e Inadihybrid cr

Round
Wrinkled

o] Ea d{ﬁ@

Gametes G
ametes

Figure 18. Gamete formation

tates that each of the pai
pair of genes se
gregates from ea
ch other

Aa (diploid parent)
i Meiosis 1 l
I I Meiosis II I |

A A a .

Gametes

Figure 19. Law of Segregation

Law of Segregation is the principle involved in a monohybrid
Cross, a Cross

involving one trait.

oss that involves two (2) traits the princi
> principle involved i
is the Law of

Independent Assortment.
distribution or assortment of one pair of factors i
s is

Application Comp©

es the
the distribution of the other pair.
inherited independent of each other. The 1
: aw applies

und on separate chromosomes
f factors is not affected by the segregati
1on of the

The law involv
independent of
This explains why traits are
to factors / genes that are fo

The segregation of one pair o

other pair.
Therefore, the distribution of the gametes will be at rand
om.

nent of the 4As.The application component describes th
e application
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doing an activi

teachers.

Table 23. Application Component 0

f the 4A’s

ty and solving problems. Teacher Bes was not able to start the lesson through
a motivational activity but through another approach, she was able to implement activities

under this component of the 4A’s. Below is the application component of the 4A’s of the

Mendelian Genetics

Cell Division
1. Explanation of the need for taking care
of the body by taking a bath so that the
dead cells would be removed so as not
to disrupt growth
2. Doing Activity 2 (Comparing mitosis
and meiosis) to understand better the
| differences between mitosis and.
meiosis with emphasis on genetic
variation and reduction of chromosome

1.

Performance/Doing of Activity 4 and Activity 5 to
understal}d the concept of inheritance as well as La
Segregation and Independent Assortment ws of
Solving more genetics problems to enrich the
understanding of the concept of inheritance as well

Laws of Segregation and Independent Assortment ®

—— number
Doing Activity 2 (Co
meiosis) to understand
between mitosis and meiosis
genetic variation and reduction 0
number .
1 Conducting an experiment o Observing
Mitosis (Activity 1) . o
2. Doing Activity 2 (Comparing mitosis
and meiosis) 0 understand better the
mitosis and me1osiS
with emphasis on genetic variation and
reduction of chromosome number
Doing Activity 2 with additional items$ as
basis (Comparing mitosis and meiosis) to
understand better the differences petween '
mitosis and meiosis wi emphasis o1 genefic
variation and reduction of chromosome

number

mparing mitosis and
petter the differences
with emphasis on
f chromosome

‘General pattern of the teachers

The teachers’ decision-making proces

making, namely, Rationale Comprehensty

Performance/Doing of
Activity 4 to understand the
concept of inheritance

Performance/Doing of Activity 3, 4 ivi
understand the concept of inhtzrit;nczn:s évi?lwa? I_,5 .
of ngregaﬁon and Independent Assortment e
Solving more genetics problems through “Bikini
Bottom Genetics” to enrich the understanding of th
concept of inheritance as well as Laws of Se .e
and Independent Assortment Eregation

» decision-making
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Performance/Doing of Activity 3 ivi
understand the concept of inhtg,ﬁte,u?c:n :s ?vztﬁv;;yf -
Segr§gaﬁon and Independent Assortment aws of
Solving more genetics problems to enrich the
understanding of the concept of inheritance as well

Laws of Segregation and Independent Assortment *

process in using the inquiry approach

s was patterned on the three (3) models of decision

e Model, Incremental Model and Bounded Rationality



S

and in their actual teaching.

—

i

Model. The teachers followed a specific model in specific instances as indicated in the interview

The Incremental Model. As the decision to use IBA is mandated by DepEd, which is

! indicated in Table 24 (a & b), the decision-making process of the teachers follow the

Incremental Model. According to Gelder (2009), the model is remedial such that

emphasis is on correcting

to make a better policy.

or improving existing policies. It also considers an alternative

‘: on the Teachers’ Decision to use IBA from Interviews based
jolete Bineegent LI lysis of the Four (4) Teachers. (Note: Color Coding of the

on Constant Comparative Ana ‘
Teachers-Teacher Ace, Teacher Bes,

Teacher Ces, Teacher Des)

Description of Theme

Sample Response/Entry

Extracted Code
Decision to use inquiry s
institutional

—_—
1
'

‘ Theme . _—
‘decision to use IBA is mandated by the institution

Teacher's decision to use IBA is a
DepEd order

You know, we have been using
the traditional method. . we
need to follow the DepEd order
that we use inquiry

Itis still my decision to use the
inquiry approach in teaching
science ....and it's a Dup[ia
order.

Consultative decision-making

:jd“’ision 1o use IBA is based on the teacher’s

Tience and peer advice

pl’OCCSS

Decision to usc inquiry_is
cxpcricncc-bascd

Teacher's decision to use IBA is
based on consultation with
colleagues and personal
experience

Then [ wall consult my
colleagues about it m‘nugi; the
evidence for the use of film
analysis

But before § emplov ths

Oh no, inquiry instruction i3
laborious. I find it very hard
especially if the teacher does
not have any experience
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Tab i
le 24b. Emergent Themes on the Teachers’ Decision to use IBA from Class
room

Observations based on Constant Comparativ

e Analysis of the Four (4) Teachers. (Note:

__Color Coding of the Teachers-Teacher Ace, Teacher Bes, Teacher (e, e
? N B

£ Theme Extracted Code Description of Theme :
el e e
T m— 113/\19“ 1l}st1lut10qal _ . isa Dcp‘l-,d ort'iclr equired by DepEd
R e 1S Consultative decision-making .l cacher's decision to use IBA  All decided to use IBA through
 n— er's ) [0CCSS I is based on consultation with  consultation and personal ex : ‘pcci

pecr advice Decision to use Inquiry 1S colleagues and personal AR

experience

experience-based

Before the implementa
approach in the Dep
policy was neede
i.e. K-12 curric
pedagogical app
integrative. S
country thr
that all sc
premiu
establishing connection ©
despite the limitations t
teachers’ interview 1€S

You know, We€ hay
that we Us€ inquity-

It is still my decis
t

order. W€
| Teacher Ces/

Wwell, it’s really vh
this is the case. !
raditional metho

tion of the K-12 curriculum, there was no inclusion of the inqui
ry

Ed framework of teaching science. However improving the existi
> sting

d as an alternative approach. Under the new basic education curriculum

ulum as embodied in Republic Act No. 10533 of 2012, teaching shall use

roaches thatare constructivist, inquiry-based, reflective, collaborative, and

imilar embodiment has been circulated to all public and private schools in the
ough DepEd Order No. 021 Series 2019. Highlighted in this order is the mandate

edagogical approaches that are inquiry-based, which puts a

hools ghall use P

investigating, proving, probing, explaining, predicting, and

m on questioning,

£ evidences. Hence, teachers are obliged to use such approach

hey encounter in using it. Such decision has been reflected in the

ponses, to wit:

(raditional method... we need to follow the DepEd order

ach in teaching science ... and it’s a Depld

jon to us¢ the inquiry approac hi
have 10 abide by the order of Depkd and this is a change we need 1o accept

put we need 10 abide by the rule of DepEd; though

(d be a long process. this preparation is a big

Jaking showl :
4..it's a big change in the educational system [Teacher

i ecide;
ory difficult ©©
decision n

leap from the
Des/

£



As indicated in their responses, the teachers decided to use IBA in compli
pliance

with the DepEd order although they consider itasa big leap from using the traditional
ona

method. Since they are mandated to use it, Teacher Ces just considers it as a “ch 5
ange that

we need to accept” though Teacher Des found it very difficult to decide. She even looked
: 00

at it as a “big change in the educational system” probably, because they have been
)

accustomed to using the rraditional lecture method in their teaching-learning transacti
ctions

as what Teacher Ace commented: “we have been using the traditional method.” Teach
.” Teacher

lar difficulty, especially that she has no prior experience of

Ces also expressed simi
feels to abide by the order of DepEd. Although

implementing it. Nonetheless, she still
about deciding to use IBA in the interview, she was

Teacher Bes failed to mention

-based activities in her actual classes along with the other

observed to prepar® inquiry

cision to adopt the
o improve the traditional method of teaching science

teachers. The de [BAisa remedial approach (as another characteristic

of the Incremental Model) t
:onality Model. As in

the teachers’ experience and the pattern of decision-making process

dicated on Table 24 (a & b), the decision to use

IBA is based on
pattern is based on the premise that

d is the bounded rationality model. This

involve
ecision making is characterized with little processin
g

decision making is 107 rational and ¢
of information and satisficing (accept an available option) (Lunenburg, 2010). Despite

g of being obli
ially the use of sp¢

ged to use IBA, the teachers still consider the use of the

their feelin
cific inquiry-based activities, as a personal decision

«Jt is still my decision to use the inquiry

d on reflection 0 their use of a strategy. UMass
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D . .
artmouth (2020) had indicated that a systematic decision-making process can hel
can help
teachers make more deliberate, thoughtful decisions by organizing relevant inf
information
and defining alternatives. The system can increase the chances that they will ch th
oose the

most satisfying alternative possible. Ray (2018) also emphasized that “our mastery of
ery of the

decision-making process plays a big part in the outcome of our lives.” “You can |
: can learn a

decision-making process that allows you to quickly assess the best choice and mak
make it

based on data that supports the objectives and goals you’ve been tasked to achi
ieve.”

The teachers’ decision to use IBA based on their reflection involves recalling th
Ing the

effectiveness of the strategy as evidenced by the performance of their students. If th
TINS. e

strategy is effective they are more inclined to use it again in thei
> eir next teaching-learni
ng

transactions. But when it is not, they decide to shift to another strategy. This foll th
. ollows the

Bounded Rationality Model, that is shifting right away to a better option or strat
ategy. As

Teacher Des narrated:

..you know, in my experience with the first school where I taught, I .

inquiry instruction... recall the experience; the usefulness of a s‘;gec;'f really did

previously used- But it is possible that the inquiry in my mind is ic strateg}; I

anymore this time SO I need to consider other alternatives. [ weigh the no{ effective

this strategy 1 used previously still effective today or there is a more Z‘;nggef-;’s
riate

strategy now? I choose the specific stralegy which I think is better then, I use it
» el in

my class.

s reiterated similar process as follows:

Teacher Ce
Oh no, inguiry approach is Jaborious. 1 find it very hard especially i

experience... Suppose I am thinking ‘Zf usi;); glf c:hfe;eec;ih;r

c ?

does not have a1y .
simulation, or P gject work, 1 peed to try IL. If the performance of my students i
] decide to use project work. But it should be a cont,'e: Is is

uous

best for using 4 project 50 : .
process of reviewing the strategy so if there is a need to modify it.

This iS consistent with what Steffy et al., (2000) had reported. According to th
em,

o re-us€ a teaching strategy is influenced by their evaluation on h
on how

teachers’ decisions t
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Teacher C i i
es had experienced 1n her actual teaching where she decided to sh
o shift from the

Obser\/ed that h Stlld 1
(&1 ents remalned passive and dis-enga |
=~ g ged. hinkin 1
g that this

g, she decided to explore the use of a story

environment is not conducive for learnin

attended. When implemented in her class
, she observed that the s
trategy had im
proved

h ? . . . . . .
er students’ participation 11 the discussion of cell division, thereby, red
, reducing the im
pacts

of passivity and disenga ’ i
gement 0N students’ learning. But j
. just as what Teach
er Ces had
process of reflection i continuous and the decisi
cision to re-use th
e strategy

emphasized, the
flection as she said, ““i
, “it should be a i
continuous pr
ocess

depends on the outcome of their ré

of reviewing the strategy-”

This cas€ highlights the importance of te

Lotter and Miller (

acher’s reflection in the teaching-learni
| -learning
2017), if teachers reflect immediately on wh

at

process. According 0
their classrooms they will have time to practice new instructi
ctional

they had done in
ow to handle student learning issues. They will be abl
eto

strategies and gain insights on I
strategy and decide whether to use it again or not. A
. As

assess the effectiveness of a

ized, <1 weigh the evidences-is this str

’ ategy I used »
previously

Teacher Des had emphas
there is a moré appropriate strategy now 2 1 ikewi
?” Likewise, Te:
, Teacher Bes

still effective today or

«After J use this in
] be used in My next lesson.” Through this pro
cess of

| need to have some reflections again

highlighted that,
this strategy ¥ i

whether or not
- . these teachers can

attain a continued professional growth

which may sustain their effectiveness a5 teachers throughout their careers. As Steffy
' effy et al.
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( p

among te i i :
g teachers, which could improve their ability to be effective through
ghout their

carecrs.

The Bounded Rationality Model i isfici
el is satisficing - that is, findi
, finding a satisfacto
ry and

su an ﬂle beSt one (HO 2019) FOI’ th
> . t aChers a Chan ()
) ge f

approach (from traditional method to a new str
ategy) makes them becom i
e satisfied as

they reflect on it, although it may not be the best alternative.

The Rational Com iv indi i
prehensive Model. As indicated in Table 24 (a &
(a & b), the decisi
> ision to

use IBA is also based on peer advice and the pattern of decisi
ecision-making process in
' volved
is the Rational Comprehensive Model. According to Gelber (2009), the Rational
, iona
tured four-step response - identifying the

Comprehensive Model consists of a Struc

e solutions, selecting a solution and implementing and
an

problem, generating alternativ

evaluating the solution.
on as a means for making decisions, the teachers also

Aside from using reflecti
where they seek advic

Teacher Ace usually consults her colleagues

employ peer consultation; e from their peers regarding the use of a

specific IBA strategy- For instance,
g the us® of a strategy for the teaching of mitosis. She reported that “7 will
1.

regardin
igh the evidence for the use of film analysis.”

consult my colleagués about it 10 W€
proach and reported that “Before I employ this, I need t
’ o ask

has the same ap

Teacher Bes
to use.” In both cases, peer consultation has

help from colleagueés if this 1S all right
ortant part in teachers’ decision making. The process of consultation could
r sense of professi
d that pect consultation develops one’s professional

become an imp
onalism and effectiveness in teaching

help them improve thei

Counselman (201 3) had indicate
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sense of self be i i
cause it offers multiple perspectives on the same probl
em. The author

added that attaini i
aining such multiple perspectives could reduce teachers’ anx
s’ anxiety, clear

confusions, and mi i
> istakes, and enhance ability to overcome their struggles with
ith teaching

A S t .

m :
utual growth among peers 1n decision making (Benshoff, 1994)

[n an actual teaching activity, Teache
, r Ace followed the st
eps of the Rational

C .
omprehensive Model as she employed 2 project work strategy in discussing th
sing the
cs of mitosis instead of 2 traditional method (identifyi
entifying the proble
m). She

a5 thinking of employing 2 different teaching strategy

characteristi

reported that at first, she W
ative solution). HoweVv

Science Department, she decided to use the project work approach
ach, which

er lesson plan (selectin

(generating an altern er, upon consultation with her colle
agues and

the head of the
g a solution). She said that her

was originally not part of h
and her readings with some journals and scien
ce magazines about th
e

approach made her decide to U
e of this strategy in developing students’

o the important rol

had allowed her 10 realiz
onsultation becomes an important part of her decisi
1S10N-

1s. Thus, peer ©

critical thinking skil
given her the opp

g becaus€ it has ortunity to gain more insights about
ut a

making proces
ncreased her confi

dence of using it in her class (implementin
g and

strategy and therefor® i

evaluating the solution)-

r Bes reporte
endelian genetics- In one instance, she was supposed to empl
ploy

da gimilar process of choosing a specifi
¢ strategy for
a lesson

Teache

and M

in cell division
itosis that seemed to be a passive method
o

group reporting for the topic of the stages of m

problem

). She consulted the idea with her colleagues who suggested
sted the

(identifying the
282



use of small group discussion 1
instead. Although she had alread i
y assigned a group to

present their report she decid i
, ed to shift to the use of a sm
all group discussi
ssion, as she

received more positive feedback from her ¢
olleagues regarding this
strategy (generatin
g

an alternative solution). After she implemented the strategy, she herself observed th
> €rve e

effectiveness of the strategy for her class. This has made her decide to explore th
e the use of

the strategy for the other topics in Biology. although she made some modifications like
incorporating multimedia presentations in the implerpentaﬁon (implementing and
olution). According to Miller (2007), good peer consultation could lead to
a successful ethical or wise decision making as individuals may receive views or ideas

erience and/or expertis

evaluating the s

e. These views or ideas are necessary to

generated based on €xXp
presented o individuals (Twombly, 2020). But since they are generated
rate

e

has been illustrated b
provide valuable feelings or insights needed to come

ation can possioly

that peer consul
ince these feelings

he best decision. S or insights are shared among peers, they

up with t
support 10 teachers’ decisions regarding the use of a strategy or

can provide 2 strong

eral. Although

. | l .
()Ils to Wald a ceI g) Can mcerease teachels

emotions are mostly neglected in education research

teaching in gen
antly influence teachers’ cognition and

motivation. Shared
ore confident to use the strategy when

the stratesy T

comfort with
. _1ar emotion

s toward its use.
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‘ I"ﬂllencing Factors for the Teachers’ PCK and Decision Making

al differences in terms of educational background, number

The four (4) teachers’ individu

of years of teaching and professional development program attendance (Table 25) were also

considered as factors that might determine the teachers’ type of decision-making process as well

as their PCK level.
Table 25, Teachers’ Individual Differences in terms of Educational Background, Number
of Years of Teaching and Professional Development Programs Attended

L ucational Background ~Number Professional Development programs attended PCK level Type of Decision-
of yerars making process
0
Sl teaching
Aﬁ\ _’_//Kf 12 Seul : ;
BS degree in Mathematics 6 Has attended onc seminar about K-12 curmicy um preparation and High level Incremental model 1o
and Science Teaching approaches Rational comprehensive
model

(BSMST), major in

i + Hasatiended training$ and.scminars on Secondary Education Low level Incremental model 1
science teaching approaches Bounded mliona!ixyo

BS degree in Agri
. Agricultural 19 .
~Qucation, majf? in Curriculum focusing on SCIETE ™ 1 for the K-
Animal Science; has . Has attended 8 Scrics of scmmalgs in P}:':Pizfzmt; or the :2“’ model to Rational
Ejmcd some units in MA cmﬁcul;:m implementation W1 emphasis on the inquiry-bas comprehensive model
“ducation, major 1 approac . - .
: Edufationa;mjcr n . l_f:; attended a Scrics of sc.mmar-\u.)rkshops on cnhancing
f Management Biology reaching in Genelics, Phys:qlogy, Ecology anq
| Biodiversity for Grades 7, 8 and 9 with focus on experiments,
Qq! modelling. and hands-on activities — :
A ‘ jed a number of trainings m}d seminars in preparation Tnerem
gsu(::%:: in Secondary 10 . 2?;::?.1 2 curriculum implementation in order to enrich Moderate level d::';lﬁt:no:lci: ;o
i , ma . i
neral Sci Jorén jus science teachinf o5 Seminar on Innovative W mode}
finished MA"‘?“ - She just , Has attended Teaching Stratcgies, ay
in . Sci
. . hin| Science . . .
A‘:ipn;mw{syaufm and :{f:‘:tcc ndfd Seminar-Workshop serics oo Enhancing Biology
ision in 2014 . Teaching o8 Genelics, Physiology- Ecology and Biodiversity
es7,8.9 Teachers )
for Ga:::nd od The joy of Teaching: Tgaclnng frf)m the Heart,
ﬁ: attended Teaching Stratcgy Seminar for High School
2014 , .
Teachers nded vative Teaching —Learning in the 21¢
HaS attc! nds‘ T0015 md Tips . __ ‘
seminar on Teaching Stratcgics in Science High level Tncrem
BS deproe S 3 . inar on Encouraging Children's Discoveries ental model to
b ucair:; n Sccondary o Has atended 2 scm.nm on Developing C ritical Thinking Skills ]::):ndﬂ, rationality
Biolo: specializing on Has attended 3 seminar % = el
tological Sciences g Ant of Questioning -
;l{‘m‘;uc nded 8 scminar on Differentiated Instruction in a
as
Difl rentiated Classroom
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» d b

Teacher Ces wi
: itha
moderate level, and lastly Teacher Bes who has al
a low level of PCK

different topi
t topics of ivisi
cell division and Mendelian genetics completely. Both
. Both these teache
Is

y Ch.

Teache
rs Bes
and Ces are graduates of a related course only and this
must be the reaso
n why

ces in the 1 ' v
the interview and actual observation of their classes th
es that they

lhe e W
re were many instan
ortant conc i i
epts making their discussion incompl
P ete. As

|
Misse i
d to discuss or explore some imp

when teachers have a good und
erstanding of wh i
at their stude
nts

t

|

Shulman (1987) had noted,

ucational background, they are able to identify
1

as influenced by their ed
pace lessons, modify or ext

know and can do

ap -
propriate content, sequence and

|

!
Partlcular needs, and ch

end activities for students’

oose effective methodologies and representations. Neverthel
. eless, as th
s e

gy of related sciences they were able to make th
€ necessary

t€:ac
hers are either graduate of Biolo

hen they used IBA in teaching cell divisi
sion and Mendelian
genetics.

dec' ' : W
’ ision-making process
ing did not serve as a factor for th
e teachers to h
ave a high

of years of teachin

{
&?Urther the number
Ace and Des who bel
ong to PPST Care
er Stage

the table, Teachers

lev

el of PCK. As indicated in

chers whose number of years of teaching are 6
and 3,

pCK. On the other
whose number of years of teaching are 19 and 1
0,

] . .
1/Beginning Teachers
hand, Teachers Bes and Ces who belon
g to

re
spectively have a high jevel of

ient teachers W

PP
PPST Career Stage 2/Pr0ﬁC
CK, respectively. In addition, th
, the

average Jevel of P

fespectively have a 10
grams attended did not hel
p them maintai
n a high

te
achers’ list of professnonal
chool A while Teachers Ces and D
es

hers AC€ e and

e
vel of PCK. Both Teac
d one seminar only while Teacher Bes h
as

Ace has attende

Co
me from School B- Teachel
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seminars t
han Teacher Des. Nonetheless, regardless of the number of professional devel
velopment

used IBA in teaching cell division and Mendelian genetics.

Revised Conceptual Framework

In this study, the educational background has been found as the major factor that

e of Content) leading to the adoption of IBA

influenced a teacher’s PCK (specifically Knowledg

and i i i '
d its sustainable use. Educational background basically involves all the teachers’
er undergone. As observed, there is

qualifications, particular courses and majors they have ev

construct t0 practice. The revised conceptual framework is

also the influence of their mental

indicated in Figure 20.

L ducational
/ Backpround
Knowledge
& of Content — —
knq“‘lcdgc of (onstruct
\fnh‘udcnts'
d'crslandinu
Decision
. Making
! of the
\ Teachers
K .
l:::mcdgt of
g, \CHong]
Knowledge
of
Assessment ——
EDUCAT JONAL r
PCK ¢ BACKGROUND AS FACTOR
SROMEGNENTS INFLUENCING TEACHERS'
KN OWLED(IE oF CON1 ENT
ework of the Study
: i Conceptual Fram
Figure 20. Revised
286
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According to Yin et al. (2015), the most widely studied aspect of teacher effectiveness is
teacher background characteristics, since several specific background characteristics have been
examined in the research literature, including degrees, coursework, credentials, experience, test
scores, and the prestige ratings of teachers’ undergraduate institutions. UVermont (2018)
reported that el ghth-grade science teachers without educational background in science are less
likely to practice inquiry-oriented science instruction. Likewise, Kolbe and Jorgenson (2018)
revealed in their study that teachers with undergraduate or graduate degrees in science continued
to use inquiry-oriented instruction throughout their careers at a higher rate than their peers. The

authors added that "This suggests that even having an undergraduate minor in science better

positions a teacher to adopt and integrate reform-oriented science teaching, compared to teachers

with little-to-no formal education in science or engineering." Further, Goldhaber and Brewer

(1997) found that having a master’s degree did not make a difference among 10th grade

mathematics teachers, unless the degree was in mathematics. Mathematics teachers with a

bachelor’s degree in mathematics also performed better than mathematics teachers whose degree

was not in mathematics.

This means that having a quality foundation in scientific principles and a blueprint for
delivering lessons through the teachers’ educational background in science are incredibly
impactful for the content knowledge they need in the sustainable use of IBA. Moreover, as
indicated in the figure, the individual differences did not influence the teachers in their decision-

making process for the sustainable use of IBA.
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Chapter 5

SUMMA
RY, CONCLUSIONS and RECOMMENDATIONS

Summary

2 he]

B 2

Cbselvatlons n n 1 [l I (:l S[
S the data cre C
> llected and

anal i
yzed using constant comparative analysis.

In the followi i i
wing section, brief answers to the research questions were presented

also provided
¢ PCK of the participatif
delian geuetics?

s do any activity as an

Com
mon across cases are
1g biology teachers who use the

1, .
What is the general patiern of th

in ] » . - - -
quiry approach in teaching cell division and Men
n involves that before the Jesson, teacher

The general patte
(knowledge of in
) using cooperati
of instructional strate

structional strategy)- During the lesson, teachers teach

ve learning that is supported by the use of

Instructional strategy

the content (knowledge of content
s ( Lnowledge gies). This teaching of
Jedge of student

s’ use of multi-assessme

models and multimedia materi
 learning (know
ing, the teacher

s* understanding of science) by the

C g e
ontent facilitates studen
nt tools, the

s’ correcting/preventing

Students’ developing
g and the teacher

rual understandin

Students” developing of concep
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misconcepti
ions. A ;
fier the lesson, in the context of slow learners, assessment foll
> nt follows, thr
, through

giving an extra
work or a remedial class (knowl
edge of assessment). Whil
. e three teacher
S

( Ces \"% I
s and DCS) start with a moti ational ivi e
Ace activity eacher Bes starts th h
> lesson throu
g

a-nother .
approach. Results also show that in relation to the PCK components, th
, the emergent
theme . . 8
S were 1dept1ﬁed. For knowledge of content, the identified theme was clear di
iscussion

1 division and Mendelian

s were use of cooperative learning, starting a

of the basi
asic concepts of cel genetics. The identified emergent

f instructional strategie

themes for knowledge ©
£ models and multimedia materials, and use of a

onal activities, use 0

lesson with motivati
mergent themes for knowled

ge of students’

vari o L
ariety of activities. The identified €

elop of stimulate students’ critical thinking by asking

u ) )
nderstanding of sc1ence were dev
nt tools, teaching t

m-solving skills and correct/prevent

o develop conceptual understanding

questions, use of multi-assessme
g skills, and proble

criti : o
ritical or analytical thinkin
£ assessment, the identified theme was giving extr

a

misconceptions. Finally, for knowledge o

o slow ]earners.

PCK components
ge of students’ understanding of science

work or remedial class t
with the highest frequency between

gration of the
es and knowled
knowledge of students’ understanding of

There was inté

knowledge of instructional activitl
d, knowledsge of content and

science had the least frequency of inte8T ation.

On the other han

2
How did they develoP their PCK ?
proaches

that the teachers used to develop their PCK, namely

There are four (4) ap
ion with colleagues or peer consultation

consultat

Self"study’
hers were their participation in institution-

ng the teaC
J1eagues OF peer ¢

institution-initiated trainings:

ommon aM°
onsultation. Teachers Ace and

and self-reflection. €

d consultation with €0

initiated trainings a"
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Des devel
oped their PC
K through self-study. In addition, self-reflection was al
as also found to

de
velop the PCK of all the teachers.

. What c
omponents ]
of their PCK are moré active when using the inquiry ap
proach in

teachi PP
ing Cell division and Mendelian genetics?
The two (2) PCK
components found active when usin inqui

g the inquiry ap '

proach in

lian genetics were knowledge of instructional strategi
ies and

teachi ..

aching cell division and Mende

In these components, it was found out that
a

knowl
edge of students’ understanding of science.

ther
e we : :
re many observatlons of active student interaction.

ct of the inquiry app

nstructs of the inquiry approach were namely

s % . .
at is their mental constri roach?

The observed teachers’ mental €O
hift, student—centered, motivational, and promotes high
gher

inqui
quiry approach is 2 paradigm S
ewed the approach as resource- and time

owever, they also i

knowledge and skills o
ch in teaching Cell division and Mendeli
ian

order thinking skills. H
f students.

con . . .
suming and require good prior

» H
ow do they practice the inquiry appro®

8enetics?
teachers ernployed the 4As of the DepEd’s inquiry instructi
ction,

By analyzing hoW the
d Mendelian Genetics was

in teaching cell division an

lian genetics, Teachers Ace and Des

struction, namely, Activity, Analysis, Abstracti
\ on

the 4AS of inquiry in
e and Des) followed the 4As: Activity, Analysis

1 division and Mendelian genetics as they

followed completely
o teachers (Ac
n teaching cel
ased on the DepEd’

cell division and Mendelian genetics whil
e

and Application. Tw

Abstraction and Application i
s learning competencies. Teacher Ces

discussed completely the concepts b
e concepts of

discussed almost comPletely th
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Teacher B
es discussed t i
he concepts incompletely, missing some of th
e components of
the

4 . .
As of inquiry instruction.

thei :
he inquiry approach?
The teache
rs followed the four (4) models of decision-making pr
ocess in differen
- . . . t
r Ace’s decision-making process followed the Incremental M
odel ina

prehensive Model in another instance Teacher B
: T B5es

i
nstances. Teache

specific i
pecific instance and Rational Com
followed ve
th
e Incremental Model, Bounded Rationality Model, and Rational C
. | > omprehensi
odel in different instances. Both Teachers Ces and Des followed the Increme )
d remental Model

del in different instances, t0o.

an
d Bounded Rationality Mo
Infuy
enci
cing Factors for the Teachers’ PCK and Decision Making
ackground, Teachers

rent topics of cell division
and Mendelian
genetics

Ace an
d Des were consistent in having

Based on their educational b

discussed the diffe

3high |
evel of PCK as they
ssional development
programs

s of teaching and profe

Com ar
pletely. Thus, the number of y€
a high level of PCK. Nevertheless, as th
) e

achers in having
cational packground, n

nal development programs), they were able t
eto

atte .
nded did not influence the te
umber of years of

differences (edu

per of professio
they used IBA in teaching cell division and

hers have individual

teach :
ing/teaching experience: num

Mmak
¢ the necessary decision making when

Mendel;
ndelian genetics.

sed the major areas of arguments presented as foll
OWS.

ers in terms of their PCK i
and inquiry instru
instruction, i
, it

Conclusion
The results of this study addres

n-depth analysis of the teach

g/teachmg experience does not guar.
antee

Afterani
f years of teachin

Ca
n be concluded that the pumbe’ °

291



decision
-making proce
ss of the teachers which implies that having a teach
eacher’s knowled
ge will be

the

2 aCherS Sh i iSi

the inqu'
1Ty approach Re 1
. sults also indicate that it is not true that this rela
tionship may on
ly be

n the private sector but also i
in the public secto
r as well. The findi
dings

Obse
v
ed among teaCherS 1
nt Semiﬂ i
ar attendance dld not inﬂuence the t h
eacher’s

also indi
icate that professional developme
ess. The four 4) knowledge bases according to a combi
ined model

99 5 al., ( O ) a

of Chick et.al ,(2006); Cochran et al.

the teachers’ PCK and decisio i
n making. Finall
. y, result shows

(1999

) were useful in studying about
eacher’s mental €O
n how they discussed the topics.

2 relaty
onship betwee
o the t nstru
ct of IBA and practice. How the teach
chers

f()rm
ed :
their mental constructs relied ©

an be concluded that the relationship between PCK and
and the inqui
Iy

1.
Based on results, it €

true not only for

preservice teachers and experi
enced teache
rs but also fi
or

approach holds

beginning teachers.
o implement the inquiry approach in teaching cell
ce

the decision 1

2. -
Results indicate that
ce attitudes and skills of the students. Th
. us,

etics improve scien

division and
quiry approach because of its
useful effects
on the

plement the in
espite the presenc

ice the inquiry approach in teaching cell divisi
vision and Mendeli
elian

teachers decide 10 im

nts as well, d

e of some limitations

teacher and stude

g teachers (with 0-5 years of teachi
ng) followed th
e 4As

genetics, career stage l/beginnin
with the career stag® 2/proficient teachers (more th
an 5 years) who

ft in-
er an in-depth analysis of the teachers

ompared
Thus, &

completely ©
2) of the 4As only-

followed at least two (
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. Results ind

in terms of their PCK inquiry i
and inquiry instruction itc
,it can be concluded that th
e number of years

nt of PCK complements the use

of teachi
aching does not guarantee expertise. The developme

e inquiry approach In teaching as part of the teacher’s decision maki
ng. The

developme involv
nt of PCK In olves instituti
jon-initiated trainings
, consultation with

colleagues/peer consultation, self-reflection and self-study.

nning teachers and career stage 2/proficient teachers. With the specifi
- pecific

career stage 1/begi
jon to implement the inquiry approach.

elements of PCK, there is 2 decis

the individual differen

On the other hand, educational background, number of
d (V)

. Results indicate th .
at ces in terms of educati
onal background

achers’ PCK level.

influenced the te
perience and professio

nal development program attendance

years of teaching/teaching ex

e decision making of the teachers.

did not influence th
the inquiry approach, and, PCK and

icate a relationship between PCK and

g the four (4 pub

erved among science te

owledge based on the combined Model of et.al

lic high school teachers. Thus, it is not true th
> at

decision making amon
may only be obs
g of four (4)kn

this relationship achers from the private sector

. The PCK category consistin
al. (1991) and
of the teachers in
yision and Mendelian genetics.

Sothayapetch et al. (2013) provided a useful referenc
<

(2006), Cochran €t
about the PCK relation to their decision making in using the

for studying
aching cell di

. There 1s a relatio

ght the toPIC

s inﬂuenced the formation of specific mental construct.

teachers tau

293



Recommendations

A recommendation for continuous professional development programs is suggested

s. After about a year of two years of teaching, beginning teachers may

among beginning teachers.
apply for a master’s degree. Whilea bachelor’s degree is a notable achievement, it often is not
enough to provide the optimal difference in students’ lives. Being accomplished as an educator
tion degree, specifically designed to arm teachers with specialized

achers with an advanced technical understanding of

requires an advanced educa

skills. Moreover, a master’s degree equips t€

wever, the professional development program to be undertaken

their subject matter of choice. Ho
what the teacher is teaching so that content knowledge is completely

should exactly match with
ers finish a master’s degree, their expertise is enhanced

Qught to the students. AS beginning teach

roficient teachers. Professional development programs may

8 they are categorized s highly Pr
on teaching throug

oing professional develo

h the inquiry approach. This suggests that

also involve short courses
pment programs is essential.

Consistent school support through ong
teachers’ PCK for inquiry

development programs need

_based teaching is no simple task, but

Supporting the development of
to build on teachers’

e professional

Tather a complex activity- Th
the internal conflicts that teachers

' count
Strengths and limitations; and should take into ac
aking processes and classroom practices (Tuenter et al., 2013)
h. Trammgs on skill

ins, 2007). There is a need to go beyond

®Xperience in their decision ™
s for teachers’ subject matter

quiry approac
_Mulder r & Colli

ing the inquiry approac

Tegarding the use of the in

ach science® us

knowledge are not enou h. Further obtai f
. obtaining o

lecturing teachers on how to t©
degree where the teacher after he/she

Professional development

8raduates may be involved in poli
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use of authenti
entic activiti
es, among others. In this case, the teach
3 ers are categori
gorized as

dIStinguished.
Results ]
of this study ¢ 1
on '
. y tribute to the professmnal development of teach and h
educators on the indivi izati -
o jividual, orgamzatlonal, and national level. It is, th -
o _ It is, thus, recommended that th
gbusedtode' i o
sign assessment instruments to measure teache o
rs’ inquiry-ba
sed scienc
e
professional dev
elopment inquiry-b
quiry-based

teachin
g competencies. This will help in setting up

scien
ce teachi
aching programs for teachers.

desi i i
gners may use the results 1n revising the module in Grad
rade 8 science i
ce in

Instructional
terms
Of co . . :
ntent, illustrations and activities. Although all the t h
eachers use th
€ same

sing other textbooks due to some important reas
ons. First, it

mod
ule/textbook, they all resort tou
complete informatio

ﬁ I- l | ]l l. . .

ninthe module about th
e chromosom
e (only

hasp
e
en found out that there is in

parts
ar .
e shown but no discussion about its

scussed with
s needed)- Second, t

presentation i
e clearly illustrated for better stud
ent understandin
g. Third

meiosis
) and there are only few activitie
S on

an illustration) and abo
ut the discussi
ssion on Me
ndel’s

diScus be d
sed; it should i
he experiment of Mendel, which is a
2

eXperi
periment (much better
should b

bas;
ic i

concept 1n genetics,
le, stages of

illustrar:
Strations are blurred (cell ¢y©
es. Thus it i

lete mastery of content.

s imperative that revisions be made to
provide th
e

Mo .
nohybrid and dihybrid €705°
ents w1th comp
he factors that C
that collaboration among teachers should b
€

teac
hers as well as the stud
ontributes to teachers’ decision to ad
opt

that one of t

recoMended
arent that collaboration
plays an im
portant role in

The study observed

is peer consultation- Thus, it 15
mic. It is app

me of pande
n of the approach. Collaboratio

ers and novice t

Stren i
gthened in this ti
n or peer consultation allows th
e

eaCh 1

th
¢ adoption and im
1t teach

Sha .
ring of practices petween X e
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may gain insi
sights from the i i
sharing which they can explore in their own teachi
ing environmen
t.

Df ilanVa 1
ays on how to implement IBA amidst the pandemic Though coll

already exi
y existed informall
y among teachers during the pre-pandemic peri
ic period, it should be

e. The schools should provide a space like synchron
ous

St]'en . .
gthened in this pandemic tim

mong teachers where the
nchr i :
onous conversation can likewise be facilitated
e

y can share their best practices in

interacti .
eractions (like via zoom) 2
implementi

enting IBA. An online inter-school sy

In addition, IBA activities ©
id you inherit?” or “What is removed when

«yyhose trait d
her Des or Teacher Ace can be used in elucidati
ng

stud :
ents. Real-life questions such as

as practiced by Teac

Yo
u scrub your body?”
and maybe utilized to enhance

n, respectively,

oncepts of Genetics Of cell divisio
mulate the collaborations among students i
S in

which could si
esented inside the classroom may also be

col] :
aboration among family members;

gson iS peing Pr

up. How the le
ules should be written in a conversational manne
I SO

a
face-to-face set-
the mOd

hat 1S,

Tepli
plicated in the modules. T
¢ listening to an invisible teacher The sam
. e approach could

e as if they ar
onment although online learning activities could be added
ed.

ed by Teacher Ces could be replicated in an onli
niimne

th
at students may behav

be :

done in an online leaming envir

For i '
I Instance, the us€ of stofyte”ing as practi®

e, maybe; with the us€ of video recorded materials

a competence jist of effective teachin i
g using the inqui
quiry

It is also recom
he findings of the study- This competence profile might h
t help

4 based o" t

reflect 0

Ppro
ach be compile
um for initial te
acher trainin
g, to

N cance curri
achers and ehool heads t0 the scienc urricul

296



n COIllpetence 1 f
gulde, and to change the teaching approach or science courses (if
SCS (l mqulry

approach 1S 1
not d A ht al
yet 1mp]emente ) competency list mig t also cause more tr
T ansparency of

expectations. Th:
. The competence list may also beused b ini
y administrators of non-IBT adopti
- opting school
S

as a guid ivati
guide for motivating teachers to us¢ the inquiry approach.
art of data, i.e. emerging codes

’]"h . . .
e constant comparative analysis includes that every p

mensions as well as different parts of the data, are constantl
y

categori
tegories, properties, and di

arts of the data to explo

powe

rful tool that can be used for a large amount of data focusing on comparisons betw
ctween

d to answer the research que

Mmpared wi

0 - .

co all other p re variations, similarities and differences. It i
tisa

stions. It is then recommended

interyi .
rviews and observations conducte
the available qualitativ

d skillful as making the right choices in this

that oth
er teachers use it other than e and quantitati
tive tools. Whe :
. n used, it
becomes creative an

iS S
uggested that the researcher
e, support, talent and sensitivity. Sensitivity mak
es

rcher’s knowledg

pro.
cess depends on the rese2
es as well as methodologic

sional experienc
£ developing theory. I
ed to write down ideas, assume

al knowledge and thereby

u
se of personal and profes
t is also suggested that a detailed

See .
S data in new ways in the Proce 0

ysis process be us

al reflections related to each of the emerging categories

should be in line with the K-12 implementation and
an

me .. .
mo-writing during the entre anal
sociations, and make theoretiC

Recommendations for futur® research

decision M

aking toward teaching using the inquiry approach amo
ng

S ;
hould investigate PCK and

Grade 7,9 and 10 science teachers-
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APPENDIX A
Letter for the Schools Division Superintendent

DR.JOSIL YN SOLER SOLANA
Schools Division Superintendent
Division of Laguna

Dear Dr. Solana:
) the UP Open University who is i
on “BIOLOGY g HER’S PEDAGOGICAL CONTENT KNOWLEll)“(l?]?:ri(;IJ];)g 8 study
ECISION MAKING IN IMPLEMENTING THE INQUIRY APPROACH?” where Grad
science teachers will be od and observed in their respective classes. rade

The undersigned is a2 PhD student of

interview
In connection ike to ask peymission that I be allowed to conduct this
(beginning and experienced) each from Los

study to four (4) Grade 8 science teac
o Guevara Memorial National High School from

Bafios National High School and Pedr
_ The choice of the schools from where the teachers were obtained, was based on

the following:
g‘
g and Science Education Program (ESEP)

1. The schools offer the DepEd’s Engineerin
which started in 2010 (STE Program) which hold a special science curriculum.
2. The schools involve the teaching of the making of an investigatory project, which is an
inquiry-based activity. |
onsistent winners for the last five years in the DepEd’s Regional and
their skills in investigatory project

3. The schools ar¢ ©
National Science Fairs where the students showcase

making.
er’s activities in the said schools will involve interviews and classroom

ndicated dates.

formation about the té

The research

observations on the i
achers will be treated with anonymity and

Rest assured that all in
confidentiality. Thank Yo! very much
NOTED:

Very truly yours,
Ricardo T. Bagarinao, PhD.

Lea C. Garcia Adviser

PhD student
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APPENDIX B

Letter for the DepEd’s Division Science Supervisor

DR REDELLA VISTA
Dl_V{swn Science Supervi
Division of Laguna

sor (High School)

Dear Dr. Vista:

Open University who is undergoing-a study on

Ihe undersigned is a PhD student of the UP
BIOLOGY TEAC HER’S PEDAGOGICAL CONTENT KNOWLEDGE AND DECISION
NTING THE INQUIRY APPROACH”.Four grade 8 science

MAKING IN IMPLEME ,
nning and expenenced) each ’from Los Bafios National High School
hool will be the teachers. In connection with this

al National High S¢
n that I be allowed to seta meeting with the principals of the said
ay recommend the teachers and also to meet the teachers to

classroom observations.

teachers, where two (begi
and Pedro Guevara Memori
I would like to ask permissio
schools so that the principals m

arrange the schedule of interviews and
hers will be treated with anonymity and

Rest assured that all the information about the teac

confidentiality.

Thank you very much.

Very truly yours, NOTED:

Lea C. Garcia Rica{do T. Bagarinao, PhD.
PhD s.tudent Adviser
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APPENDIX C
Letter for the Principal of School 1

MR.NELSON R UMALL
Principal 111, Los Banos National High S

Los Banos, Laguna

chool

Dear MR. UMALL

The undersigned is 2 PhD student of the UP Open University who is undergoing a study on
“BIOLOGY TEACHER’S PEDAGOGICAL CONTENT KNOWLEDGE AND DECISION
MAKING IN IMPLEMENTING T QUIRY APPROACH”. Attached is the
Indorsement Letter from Dr. Josilyn S. Solana, CESO 'V, Scbools Dlvis'ion Superintendent
allowing me to conduct this study in your sc?hool. In COIlnCCthIl. Wl.th this, I would like to ask for
your recommendation of two (2) grade 8 science teachers, (beginning- 0 to Syears of teaching
experience, and experienced- more than 5 years of teaching) to become my tgachers. The topics

’ s. As per your recommendation of the teachers, I

involv ivision and Mendelian gex?etic :
ed are cell divl rding the teaching of these topICS. However, I am providing you

would like to meet them rega X . .
with the tentative schedule which I will finalize with your recommended teachers upon meeting
them,
o Activity
e
i & week of March o Meet teachers
4% week of February 0 1= we o Fill- out teacher’s profile
o Orient teachers about the study
o Pre-classroom observation interview
o Classroom Observations with video
March 7 — 18, 2016 documentation
o Post-classroom observation & interview
4% 1o last week of Mar ch
Rest d that all information about the teachers will be treated with anonymity and
assured tha
confidentiality.
Thank you very much.
NOTED:
Very truly yours,
DR.JOSILYN SOLER SOLANA

LEA C. GARCIA Schools Division Superintendent
P}}D student
Division of Lagun2
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APPENDIX D
Letter for the Principal of School 2

Dr. Reynaldo D. Villaluz, Ed.D.
Principal, Pacita Complex National High School

Pacita Complex, San Pedro, Laguna

Dear DR. VILLALUZ:
The undersigned is 2 PhD student of the UP Open University who is undergoing a study on
“BIOLOGY TEACHER’S PEDAGOGICAL CONTENT KNOWLEDGE AND DECISION
MAKING IN JMPLEMENTING THE INQUIRY APPROACH?”. Attached is the
Indorsement Letter from Dr. Josilyn S Solana, CESO V, Schools Division Superintendent
allowing me to conduct this study in your school. In cl:)nneat;oq with th(l)S, I would likeask for

0 ' two (2) grade 8 science teachers, (beginning- to Syears of teaching
your recommendation of (2) gr e, e bocome my teachers whom I am

; ; 5 years O
experience. and experienced- more than . com .
goli)ng to in;erview gnd observe as they discuss the topics on cell division and Mendelian genetics

s . - of the teachers, I would like to meet them
in th _As per your recommendation 0 ) ild ( .
rega fdfﬁgrttgeqsiif:{ule OI; ch conduct of the study. However, l am providing you with a tentative

schedule which I will finalize with your recommended teachers upon meeting them.

W__—/—‘,Aaivity
ate

f March o Meet teachers
week © Fill- out teacher’s profile

4% \week of February 0 1 o
o Orient teachers about the study
o Pre-classroom observation interview
o Classroom Observations with video
March 7 - 18 documentation
o farch . o Post-classroom observationinterview
to last week of Marc
) . pout the teachers will be treated with anonymity and
Rest assured that all information 2
confidentiality.
Thank you very much.
NOTED:
Very truly yours,
DR.JOSILYN SOLER SOLANA

LEA C. GARCIA Schools Division Superintendent
PhD student
Division of Lagund
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APPENDIX E
Teacher’s Profile Form

NAME
Family First Middle

AGE ____ PLACEOF BIRTH

DATE OF BIRTH

CITIZENSHIP (Please check)  MALE ____FEMALE

CIVIL STATUS

HOME

ADDRESS

PRESENT SCHOOL

OFFICIAL DESIGNATION (€& Teacher, I, Il etc.):

TYPE OF SCHOOL (Pls.check) public __Private

SCHOOL ADDRESS
Current School

G: Previous school

YEAR WHEN LET WAS TAKEN:

TO F TEACHING: __———
TAL YEARS DEN LY TAUGHT:

YEARS OF TEACHIN

SUBJECT/S CURRENT
WHERE THE SUBJECT IS TAUGHT:

YEAR OR GRADE LEVEL

T:
NUMBER OF CLASSES B NG TAUGH

DEGREE/S COMPLETED: SPECIALIZATION:
BS/BA: W YEAR GRADUATED:

WHERE G
SPECIALIZATION: AR GRA
—ED DUATED:
MS UATEDI //

WHERE GRAD
SPECIALIZATION:

PhD://
YEAR GRADUATED:
RADUATED: //

WHERE G
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TRAININGS/SEMINARS ATT Q APPROA
RS ATTENDED ON IN CH (INQUIRY
AP : UIRY

PROACH): (BEFORE TEACHING and WHILE ’I‘EACI—I;ING) (

Date of i
Title of Venue
No. of Hours

Training/Seminar Training/Seminar

.

-

o

-
e inquiry-approach? Have you been using it even

Fo been practicing th
r how long have Y?u p d? Expound on your answer.

before the K_12 was implemer®
L PAPER FOR ADDITIONAL SEMINARS/ TRAININGS ON

(YOU MAY USE THE ADD! TION:
INQUIRY 4PPROACH)
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APPENDIX F
PRE- CLASSROOM OBSERVATION INTERVIEW GUIDE

A. PCK Attributes Guide for teaching “Cell division” and “Mendelian genetics”

Tasks of the Researcher:
1. Tell the teachers that they can answer either in English or Filipino.

2. T_he interview will be audio taped.
3. Find a place (library or teacher’s room or vacant room) where you will have the interview

Questions to be Asked by the Researcher about Cell division and Mendelian genetics:
1. Please describe how you start teaching cell division and Mendelian genetics. Do y(.)u
stimulate learning through an activity? Can you describe the activity?
2. Do you always follow the textbook to teach the students? What can you say about your
textbook? Do all the contents in the textbook satisfy the curriculum of science? Do you use

other materials?
3. How do you support student thinking through teaching about cell division and Mendelian
genetics?
How do you teach them t0 learn about cell division and Mendelian genetics? In what way?
In your opinion, what is the purpose of learning about cell division and Mendelian genetj(;s?
What instructional strategies do you employ to easily teach cell division and Mendelian '
genetics to the students?What do you think is the best method to teach these concepts?

on for students to learn the content or concepts

7. From your point of vieW, what is the main reas fents
regarding cell division and Mendelian genetics? Or why is it important for students to learn

about these topics? _ . :
8. How do you prevent student misconceptions? How do the different learning abilities of the
students affect their learning of the content or cqncepts? How do you address these?
9. How do you know that students understand the idea or coqcepts you teach? In what way?
dent’s learning of the concepts of cell division

10. What kind/s of test do you give to measure stu g
andzﬁllex?delian genetics? What do you do if the students fail in your test?

11. What other resources will you recommend to the students in order to learn about cell division

and Mend g can describe your teaching or describe concepts which are

12. Do vou keep a journal where you can d .
difﬁ)::ult to t[:each? If yes, can you de_sqr!be your Jqurnal. |
yourself which activities/strategies seem to work best in a specific group of

1 /ask ! ) >
3 ggn’;g;’sf,‘ (I);'eyes can you describe the suategles/acnwneg?
‘ ‘collaborate with 0 aring your lessons? If yes, describe

14. Do you discuss/c0

how you do it. . '
15. Do yzu engage in action research proj

o v

ther teachers in prep

ects? Describe your engagement.

CH
B. Implementation of IN hn};‘;s‘:; l:;{eOrA
Questions to be Asked by;r ;ercepﬁ on of the inquiry approach 2~ -
1sy0 h in terms of its benefits/usefulness?

1. For you, what ; . aquiry approac
’ of the inquiry PP . X
2. Can you tell me yol;fﬁ?gcul ¢ If difficult, why do you decide to use it? Can you explain the
3. Do you find 1t easy ou explain how?
describe the process. For example, how do you do it,

7 (<] s c .
reasons? If usett: ise it? Can you &€ proce xample
lementing (includes limitations, strategies to

4, How do you dec‘,de to I aration), imp
in terms of plar}nlng (your P epyou do)Isita good decision to use it? Explain why.

st
use) and a55esSing (type of te
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General Classroom Observa

Teacher:

APPENDIX G
tion of the Inquiry Approach Practice Guide
Section:

Date:

Time started: Time finished:

Lesson:

Unit/Chapter:
Tasks of the Researcher:
1. Make sure that the lesson p
2. Set-up the video 10 minutes be

lans are with the observer.
fore the actual teaching.

UIRY APPROACH implementation in the

Write all your observations regarding INQ
Please write down everything that the

teaching of cell division/Mendelian genetics.

teacher does in the classroom.
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APPENDIX H

Post-Classroom Observation Interview Guide

Tasks of the Researcher:

1. Please bring the copy of
comparison with the pre-
performance observations.

2. Tell the teachers that in the

3. All the informal interview wi

the teacher’s lesson plan or any graded student’s work for
classroom observation transcript and actual teaching

interview, they may answer either in English or Filipi
11 be audio recorded. glish or Filipino.

«cell division” and “Mendelian genetics”

(Note: It is possible that other observations ma
and the following questions may be considereﬁ
ared after the actual teaching).

11 division. Can you elaborate on these?

d but you did not discuss on this. Can &ou

A.PCK Attributes Guide for teaching
Questions to be asked by the Researcher.
be documented during the actual teaching,
as tentative. Additional questions will be prep
1. You mentioned about crossing over in cé
2 The concept of cytokinesis was mentione

elaborate on this?
3. You mentioned about s

your class? o
4. [ observed you mentioned about the genetic dis
aborate on this?

completely. Can you elabore ‘
S You mentioned about teaching strategies,

6. I observed that only 2 few passed in this test.
do to help slow learners?

n of IN QUIRY APP

ness of inquiry approach use, were you able to experience this

¢? Can you expound on this.

use inquiry gpproach but you had a good
discussion on the given topic. What made you decide to use the inquiry approach?

3. What made you decide to use€ jt? Can you claborate on this? Do you think it is a good

. o qui 9 Expound on this.
Jse the inquiry approach? EX .
. ge(;:l;::ln ;:ve ther inquiry-based activities that you would like to try in the class? Can

you elaborate?

tudent’s performance of an experiment. Why did you not use it in

orders but you did not discuss on this

but not observed? Why?
What is your reaction to this? What do you

B. Implementatio ROACH

1. Interms of beneﬁts/useful

‘cussed the said topj
2 You mentioned that it was difficult to
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h APPENDIX I

ecklist for the Teacher’s D

b hec ocuments

(based on clues of the 9 principles of Grotzer (1996) in output demonstrating the inqui
inquiry

approach)
Date when document was given:

School:
1. Description of the document
a. Type:
b. Purpose:

2. Does the document demonstrate inquiry-based learning?

a. Indicates experiential activity

b. Indicates question-asking

c. Indicates use of collaborative learning

d. Indicates use of open-ended questions

overy/students build a model to answer questions in a sequential order)

e. incorporates disc

idence

f.  theorizes and considers €V

e of meaSurement

g. indicates us

/materials

h. indicates use of specific instruments

activities

i. incorporates hands-o"
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APPENDIX J
Summary of Reflective Journal Entries
Teacher: Section: Date:
Unit/Chapter: Lesson:
Part 1
Entry No. Summary
R S
Part 2
her’s Task Data Collection Data analysis
lc’)rg-classroom Researclie Procedures Procedures
 Observation
—— °s Task Data Collection Data analysis
Classroom Observation Researcher Procedures Proceduros
R
| ——— | Data Collection Data analysi
- °s Task a ysis
Post-classroom Researcher's Procedures Procedures
J/
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APPENDIX K

DepEd’s Topics for Fourth Grading Period

339

Grade 8 FOURTH Gradiog Period
Topic Lenraing Competeacy . e

Biodiversity -|Explains the concept of specres as 8 teproductively disunc? group of crganisms = oz =

Species diversid Class:fies ofxanisms unng the Trerarchical taxonemic_system (domain, kingdom ;

Hieraschica: taxenoms system phylum, class, order. family, genus, spesies) based on structure and function '

of speties Explars the cdvantage of high biodiversity i mantaming the stability of an 3

Protection and corsenation cf ecosystem

endangered and cconomically

1 ortant $pecics

Ecosystems Devenibes the transfer of entrgy through the rophic levels 3

Transfer of energp 10 trophic Analvzes the roles of argamsms 10 the cycling of matenals 3

levels Expluns how matengls cycle in on ecosystem )

Cycling of matenais in the Suggests woys (o mimmize human impact on the environment 3

Ecotystems Descrbes chanyes coused by OTEanisms i their environment 3

water cycle

oxygen-carbon cycle

nitrogen cycle

Impact of human sctivues

1 21 CCOSYSEMS

Structures and Fusctions: Fotus Descnbes the coordinated functions of the argans of the digestive gystem )

on the Digestive System Traces the path of focd a3 119 being digested ‘

{Orgens of the digesuve system Explans how enzymnes help in digesung food ‘

and thewr mieracion with organs of Explams how digested Food 18 absorted through the vitl and 1§ carmed through 3

the reapsratory end circulatory the bloodstream to the five?

systems Expluns how dissolved wastes and solid wastes are ehiminated theough the )

{Changes 1n food aa 1t excretory system ‘

physical and chemical digestion THustrates how diseases of the digestive system are detected, prevented of N

Diveases resulung from nutnent treated

Jeficiency and ingesuen of ldentifics healthful npractices that affect the digestive system ‘

harmful substances Discusses contemporasy Trealth 1ssues that promote proper nutntion and "

Preventon, detcction, and tremment overal] wellness

Yol discased of the digestive system

Contemporary heaith 1ssues that

promote proper mutntion and overall

wellness

“Teredity: Inheritance nad Variation Tdenufies araanelles that are involved 1 cell division ‘

fof Tralts Dexcribes and comparcs the processes of mutosis and meiosss and their fole 3

de rwolved in celi dvtsian " the cell division cyele

Sroges of mitoss Compares the pumb:r of chromosomes of the daughter cells resulting from 3

Qtages of meioss mitosss gnd MelGy

Tendeln Geneuss Differentioics oogenesis from 1peTmALogeness 7

! Expluins the sipnificance of mesous i muiisimng the chromosome number 1

I Descnbes how the union of & and spem cells results 1n venation )
ldentifics phenofypes o8 Tho oxpression of nhented charsctenstics 3

GARCAT J—— 42
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APPENDIX L

Sample Institutional Plan (Modified Lesson Plan)

-

Lo tm e memrmes mas e cromme cmmy
KNOWLEDGE lidentify and explain mitosis and meiosis divion.
LEARNING OBJECTIVES SKILLS Hilystrate the stages of mitosis and meiosis division.
ATIITUOES Understand why there are differcnt physccal traits amaong each 0Thos.
REFERENCE USED Learners Manual page320 327; Tecachers Guide
RESQURCES NEFDED TEACHER'S MATLRIALS.  projector. video ¢hip 0n mitosis andmeinsis
LEARNER'S MATERIALS. munila paper/cartolina, pentel pen
ELEMENTS OF THE PLAN TEACHER'S ACTION LEARNER'S RESPONSE
Oralty asked students the stages in cell cycle. Students enthustically complied.
MOTIVATION / Hand sign exercise in stages of mitosis.
INTRODUCTORY ACTIVITY
Video viewing on mitosis and meiosis. Follow up JStudents watch the video. Some are nat focus
activity in illustrating and explaining mitos:s and land called upon. Students are cooperatve
ACTIVITY meoisis division. during activity proper.
The following questions to be delivered: (1) Students have answered the queations
What are the phases/ stages involve in mitosis? jadequately.
ANALYSIS {2) What are the phases / stages involved in
meoisis?
Emphasis on mitosis division is for somatic celfs
(body cells) and meolsis division is for sex cell
ABSTRACTION
(sperm cell and egg cell). Students are now aware from where their
. - physical traits came from based on the family
The following statement to be delivered: (1) The portrait on the previous lesson.
cell division in body cells help us grow. (2) The
APPLICATION division of sex cells let us know what we
inherited from our parents.
ASSESSMENT TEACHER'S ACTION LEARNER'S RESPONSE
The stages of mitosis and meosis division. Students express their opinion on mitosis and
L meosls division.
KNOWLEDGE
ilustration of the mitosis and meosis division.  {Students adquately illustrated the mitosis a
meosis division.
PROCESS OR SKILLS
Explain the stages of mitosis and meosis Students adequately explains the mitosis
division. division but had a hard timein completing the
UNDERSTANDING explanation on meosis division.
Evaluation of group work (posted on the Using rubrics, the students evaluate their
PRODUCT / board). classmates group work.
PERFORMANCE
[FssiGnment REMARKS
{1)Bring onlon roots and fish Out of
'WW‘ S 8roups, one group fairly explamed
Enti eges. their work but have not #Hlustrated Rropardy,
Ennandng Other groups presented adequately
for nowr losson / 3
PREPARED BY: CHECKED 8Y: CORROBORATED BY-
MARY ANN T. panmamEmIme  rrrr e
ENRIOUF?
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APPENDIX M
Instructional Materials for Module 5

1D PROFHASE
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APPENDIX N
Two Long tests of School A
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APPENDIX O
Two Long tests of School B
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APPENDIX P
SAMPLE CODES EXRACTED FROM INTERVIEWS VIA ATLASTI SOFTWARE

Codes-quotations list
-

Code-Filter: All

HL THESIS 1
Fre c \Users\Admin 1\ Dacumentsiatias tATHES!S Thpe7)
Eaited by Super

Date/Tsme 2016-09-13 144734

Code: Action rescarch as part of curriculum in the future {2-0}

P 1: INTERVIEW WITH T.ACE.pdf - 1:26 [l am not engegod but | know, t.) (7:1594-7:1800) (Super)
¢ curriculum in the futurel

Codes  {Action research os pant o
No memos

| am not engaged but | know, this

acuion research project making will

be implemented next year { think it

will be in the 3

rd

quarter of grade 8.

hope this wall push through, hopetully

{ughs)

P3: INTERVIEwwn‘HT.CtS.pdf- 3:29 [Two years ago, | have
Codes  Action research as pant of cumcuium in the tuture]
No memos

Ma& to..] (9:608-9:1350) (Super)

Two years 3g0. |
have tried to pass a topic ta the
Superintendent’s office through
the Science Supervisor
Howevar, until now there is no
response from the office 1 do
not know the reason why | did
not receive any rasponse.
Anyway, if in the future, the
teachers will have a chance to
te engaged in action research
projects, | suggest that Deptd
wilt hold a seminar on action
research first. | remember,
DedFd offered a seminar for
elementary action research so |
hope there i going to be one
. for high school | am involved
in curriculum improvement.
school improvement | am the
president of the faculty 2 years
ago and 1 go for the particulars
of action research such as its
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APPENDIX Q

SAMPLE CODES EXRACTED FROM ACTUAL OBSERVATIONS VIA ATLASTI

SOFTWARE

[Observations on the Actual Teaching of Teacher Ace

Day 1. Teacher Ace was very energetic as she greeted her students. Her voice was loud

enough to motivate the students to be awake and alive. She stasted the class with questions for
motivation She asked the students, “do vou ahvays take a barh?" “do you scrub your body when

vou take a batk:>", “what 15 :t that you remove from your body as you use a serubbing paad™”

In chorus, all the students answered, “we take a bath evenyday, Ma'am™. One student raised his

hand and said, “when  use panghilod or scrubbing pad. some dead skin cells are removed ™

She asked “ca» you explai what this removal of dead cells means? Ambody? One student

saised his hand and answered, “Ma'am it ndicates that cells do divide ™ The teacher said, “very

good. 1ow, class, are you fam:har with the 5tages of mitosis?” The students said “Yes~ but some

said that “we are riot sure of the correct order, Ma'am.” Teacher Ace said, “we will discuss

about the stages later but before we discuss that, we start with tie cell cxele first” But before

discussing about the cell cycle, she first asked, “among the cell parts that you know:, which do

Yyou think s involved m mitosis™” The students took tums in answering ~cell membrane, nucleus,

mitochondria, Golgi body.” The teacher said “it s the nucleus.” “[Ify do you think 507" One

Figure 7. The Parts of the Chromosome based on the LM

Teacher Ace pointed to the chromatid and centromere. She de
one of the paired strands of the duplicated chromosome wh

where the spindle attaches during cell division.” She

staining region of the chromosome while hetero
asked, “what do you think is the impo
~the chromosome is for the transfer

does that yole.” She said

species where it belongs.” S

-hromosomes; dogs have 32,

~hromosomes a’é haploid ().

while the famale chro

sicture posted on 2 Manila paper an ilustration of the cell cycle.
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ile the centromere is the region
added that “the euchromatin is the lightly
chromatin is the darkly staining region.” She
rtance of the chromosome?” One student answered that
of traits.” The teacher said “no bacause it is the DNA that
that “the number of chromosomes in a cell is characteristic of the
he added, “there are some examples-humans have 46

2. corn has 20.” “For us humans, we are diploid(2n) while sax

" she explained. She added that “the male chromosomes are XY

mosomes are XX After discussing about the chromosome, she showed a

'Q ¢ Teacher s positve personality to motwate students

AN 1 activity of sh g personal exp

b 1 Crtrcal thinking duning discussion

scribed the chromatid “as : % tInstruction of concept




APPENDIX R

SMART WORKERS OF THE CELL COMPANY

One day, while the nucleus got tired of his job, he decided to take a short nq j
‘ ) ‘ ; , ip. But as he closed his ¢
noises of quarreling members of his cell company. The cytoplasmic organelles such as mitochondrizesl}f;sz:ersd
ribosomes, Golgi bodies, and endoplasmic reticulum were complaining of their very tiring and routinarj,: work. They

headed by the nucleus have given light duties Jor the cell membrane, cell wall anﬂ

felt that the administration
chloroplast. He stood up and called an emergency meeting and let each organelle cite their sentiments. Cytoplasm

acts as a mediator since all organelles are embedded to him. Each of them was given a chance to defend themselves.
Mitochondria: I change chemical energy stored in food into compounds that are more convenient for the cell to use.
Lysosomes: [am a clean up crew. I have chemicals and enzymes necessary for digesting certain materials in ceIl.;

that have outlined their usefulness.
Golgi bodies: Without me, lysosomes wi
molecules at one location of the cell and used at another.

Ribosomes: Even I'm just 25 nanometer in diameter, I'm very active in making proteins.

Endoplasmic reticulum: Without me, each of us will not receive any important materials.

Proteins that are released or exported from the cell are synthesized by me.

The nucleus carefully analyzed the explanations of each organelle and gave the chance to the second group.
Cell membrane: I act like a door. Since you are working in this company, I make sure that I know what enters and
leaves the company for your protection.
Cell wall: I go with the cell mem brane in supporting and protecting the company.

Chloroplast: I agree with you, Mitochondria, but I'm the only one that can trap the energy of sunlight and convert it

into chemical energy.
beliefs, as mediator, 1 believe that all of you played an important

Cytoplasm: Now that we are all enlightened by your
role for the company. But the decision still depends on our director and manager, the Nucleus.
The Nucleus said, “Do you still want to be a part of our company? Are you still willing to perform your job

satisfactorily and faithfully? Can you live without each other? The answers are all yours...”
The first group of organelles shamefully approach the second group of organelles, hug each other and humbly accept

their faults.
From then on,

11 not be here. I'm responsible also to modify, collect, package and distribute

Cell’s Company's organelles worked harmoniously.
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APPENDIX S

PHILIPPINE PROFESSIONAL STANDARDS FOR TEACHERS

CAREER STAGES
Jeer Stage 1 Career Stage2 Career Stage 3 Career Staged
)glnning Teachers Proficient Teachers Highly Proficient Teachers Distinguished Teachers

ginning Teachers have gained the
lifications recognized for entry into
teaching profession.

ty have a strong understanding of
| subjects/areas in which they are
nedtin terms of content knowledge
d pedagogy.

ey possess the requisite knowledge,
s and values that support the
\ching and learning process.

By manage learning programs and
ve strategies that promote learning
sed on the learning needs of their
dents.

2y Seek advice from experienced
leagues to consolidate their
ching practice.

Proficient Teachers are professionally
independent in the applcation of skll
vital to the teaching and learing
process.

They provide focused teaching
programs that meet curriculum and
assessment requirements.

They display skil in planning,
implementing and managing learing
programs.

They actively engage in collaborative

learning with the professional
community and other stakeholders for

mutual growth and advancement,

They are reflective practitioners who
continually consolidate the
knowledge, skils and practices of
Career Stage 1 teachers.

Highly Proficient Teachers consistently
display a high level of performance in
their teaching practice.

They manifest an in-depth and
sophisticated understanding of the
teaching and learning process.

They have high education-focused
situation cognition, are more adept in
problem solving and optimize
opportunities gained from experience.

They provide support and mentoring to
colleagues in their professional
development, as well as work
collaboratively with them to enhance
the learning and practice potential of
their colleagues.

They continually seek to develop their
professional knowledge and practice by
reflecting on their own needs, and those
of their colleagues and students,

Distinguished Teachers embody the
highest standard for teaching grounded in
global best practices,

They exhibit exceptional capacity to
improve their own teaching practice and
that of others.

They are recognized as leaders in
education, contributors to the profession
and initiators of collaborations and
partnerships.

They create lifelong impact in the lives of
colleagues, students and others.

They consistently seek professional
advancement and relevance in pursuit of
teaching quality and excellence,

They exhibit commitment to inspire the
education community and stakeholders
for the improvement of education
provision in the Philippines,
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APPENDIX T

Visual aid, picture and

N ———

Visual aid

| llustration
 Mlustration

model -

Video Mitosis
___—_____—_____

Model thosys :

Personal illustration | Cytokinesis

Pneumonics | Mitosls

Visual aid in textual form | Meiosis

Mitosis

principle of dominance

Teacher Des
Ckand IS - 19 IS and US - 21
CK and US — 4 Assessment - 2
5 ional Strategies Students’ understanding of
Instructional Strategies Content Knowledge Instructional Strategi anderst ing
Assessment
. . DNA Video clip Commended the students
| Video clip Discussion (Q and A) on the kind of | Commended as she said very good
cell
I Discussion of past lesson Commended the students’ sharing
T.Des | Picture and visual aidin | Chromosome
te?ctual fgrm 1 cvele Discussion Commended as students answered
Visual aid Cell cyc Gl, S and G2
I
Picture Cell cycle substages

Cooperative learning

Discussion of what was seen in the
video

oral recitation of answers via q and
a

Quiz- draw each stage of mitosis

Discussion

Very good for differentiating
mitosis with meiosis

Discussion on crossing-over

Very good for analysis of the

expressed

Picture Homologous SONEEpE

[~ | GhyomosomEs ————— Use of multi-assessment tools Quiz — activity 2

T | ——— | Discussion of past lesson Asking questions in a Q and A

conversation

—_— | —____l___’—————_—_‘ ‘

I el m role of mitosis and Very good for the students’ sharing
Discussion Role of me10s1S meiosis

[ -

| Family pigre | Intro oS8R i -
Visual aid Basic G:enencs q—— Discussion Discussion on role of mitosis and
Mlustration Mendel’s exper! ‘ meiosis .

— | —— | Discussion on Mendel's experiment Very good for that analysis

“——_—__’// Discussion on how Recessive trait is Very good sharing

Drill/exercise/board work

Understanding homozygous and
homozygous traits

I tes
Distribution of - Assignment Conduct of Act 3
Law of Segre ation Assignment on Act 3 Commended the students
| ——— | Cooperative leamning Activity 4
| —— | Discussion of Act4 Commended the students
apendent | Assignment ActS
W Problem-based method Extra problem-solving in genetics

Remedial-modelline meiosis
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