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Abstract

BANSIONG, APLER J. University of the Philippines Open University, June
20189. Inquiry-Based Science Instruction and Biology Teacher Preparation:
Exposure, Self-Efficacy, Predisposition, and Application.

Adviser: Maria Helen D. Catalan, Ph. D.

This piece of work described pre-service biology teachers (PSBTs) in
terms of their exposure to inquiry-based science instruction (IBSI), and how
they were able to apply IBSI practices during teaching practicum. Moreover,

'the study profiled the PSBTs according to their IBSI understanding, attitudes,
self-efficacy, and predispositions, including their learner-centered views.
Finally, the study determined the inter-relationships among the PSBTs' IBSI
variables.

Sixty-six (66) PSBTs from three teacher-education institutions in
Baguio City and Benguet participated in the study. Eight instruments were
used to gather data -Science Teachers’ Inquiry Practices Scale (STIPS),
Pedagogy of Science Testing Test - Biology Items (POSTT-B), Attitude Scale
for IBSI Use (ASIU), Inquiry-Based Science Instruction Self-efficacy Scale
(IBSISES), Test for Inquiry Pedagogy in Science — Biology (TIPS-B), Modified
Reformed Teaching Observation Protocol (mRTOP), Modified Inquiry
Teaching Self-Assessment Instrument (mITSAI), and the Educational
Philosophies Self-Assessment Instrument (EPSAI). The PSBTs lesson plans
were also analyzed to support the result on the level of IBSI application during
teaching internship. Follow-up interviews on both PSBTs and their
cooperating teachers were also conducted to supplement the quantitative

results gathered from the research instruments.
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Descriptive statistics (mean and standard deviation) were used to
summarize data, while inferential statistics (Analysis of Variance and Tukey
HSD) were used to test for significance among means. Pearson correlation
and step-wise multiple regression procedures were employed to describe the
relationship among the PSBTs' IBSI variables.

Based on the findings, the study concludes that the PSBTs were
sufficiently exposed to IBSI in all of its aspects — lesson planning and
implementation, content knowledge, and classroom culture. They possessed
a strong IBS| foundation which was built not only during their college science
courses but also during their field study experiences and even during their
pre-college science courses. While their IBSI knowledge and understanding
were both insufficient, they nevertheless hold a very positive attitude toward
the teaching approach, even regarding it as useful, interesting, and likable.
The PSBTSs highly adhere to the learner-centered philosophies, specifically
constructivism and progressivism. They are highly self-efficacious toward
IBSI specifically along classroom culture, but are moderately predisposed to
select IBSI teaching practices among other pedagogical methods and
technigues. Finally, the PSBTs were able to apply IBSI practices during
teaching internship sufficiently. As to the relationship among the variables, the
PSBTs’ learner-centered views significantly correlated with their IBSI
understanding and attitude, while attitude, self-efficacy, and learner-centered
views significantly correlated with IBSI application during teaching internship.
Moreover, the PSBTS’ progressivist views significantly predicted their IBSI
attitudes, and their IBSI exposure at field study was the only predictor of their

IBSI self-efficacy. Meanwhile, IBSI understanding during lesson proper, and
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IBSI self-efficacy along classroom culture emerged as the significant
predictors of IBSI predisposition. Finally, IBSI exposure at field study, IBSI
understanding during lesson proper, overall IBSI attitudes, progressivist
views, and overall IBSI self-efficacy, significantly predicted IBSI application
during teaching internship. Of these variables, overall, IBSI self-efficacy was
the best predictor of IBSI application, followed by the PSBTSs' progressivist
views.

It is recommended that science professors should team up with
science education professors in further strengthening the inquiry foundations
of pre-service science students. Science education professors may
emphasize the true nature of IBSI in their science teaching methods courses.
Pre-service science teachers may be given more time to observe and
experience inquiry practices in actual classes. Furthermore, some of the
instruments used in this study could be polished so that they will effectively
measure the constructs they are intended to measure. A more direct data-
gathering procedure such as lesson plan analysis and/or actual teaching
observation is likewise recommended for future researchers who want to
duplicate this study. Moreover, syllabi and/or their laboratory manuals may
also be analyzed as to how they emphasize on IBSI. Pre-service science
teachers may also be exposed to the practices of lesson study, emphasizing
on IBSl to instill its principles and practices better. For future research, the
IBS!I implementation among in-service teachers, how Filipino pre-service
teachers implement IBSI practices during the first three years of teaching,

how experiences or exposure with IBSI affect pre-service and in-service
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science teachers’ basic and integrated science process skills and scientific

literacy, among others, may be explored.
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Chapter 1
INTRODUCTION

Background of the Study

The dilemma in the preparation of teachers has been on whether to
emphasize on the content or the development of pedagogical skills (Lowenberg,
2000). Today, after more than a century, people are still asking the same old
question. But decades of research on pedagogy contend that subject knowledge as
a single ingredient for good teaching is not enough. Prospective teachers must also
learn pedagogical techniques particular to the different disciplines to help them
convey information and teach skills. Knowing subject matter and translating that
knowledge to the lives of students is the key to learning (Wandberg & Rohwer,
2003).

The discussion on whether to emphasize content or pedagogy seems
especially crucial in the teaching of science (Ward, 2012), since science educators
and teachers are expected to foster in their learners the development of critical
thinking and independent learning (Reaume, 2011). Besides, the scientific literacy
goal of science education, according to the National Science Education Standards
(NSES), is laid in the hands of science teachers [National Research Council (NRC),
2012]. To be scientifically literate, one must be able to read science materials with
understanding, develop a full appreciation of where scientific information comes
from, distinguish between science and technology, and explain how science and
technology affect society (Trowbridge, Bybee, & Powell, 2000). Such abilities can be
developed if K-12 science learners have experienced the process of inquiry and

have used inquiry to learn science (NRC, 2012; Ward, 2016). With the study and
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use of inquiry processes, K-12 learners become more scientifically literate — i.e., they
can make sense of how the world works, and understand the scientific principles
they encounter every day.

Inquiry-based science instruction (IBSI) is a set of teaching strategies that
attempts to bring into the classroom the practices of the scientist. In IBSI, there is an
emphasis on student questioning, investigation, and problem-solving. Like real
scientists, students conduct their inquiries and investigations in the library, field sites,
or laboratory, and discuss with their colleagues, in inquiry-based classrooms
(DeBoer, 2004).

The goal of scientific literacy and the use of IBSI are the primary mandates in
the Philippine national standards for science education (Department of Education,
2012). Curriculum experts in the field support these curriculum mandates for
science education. Ogena (1998), for instance, emphasized that among other
things, science education in the K-12 program must focus on hands-on science
activities, emphasize on student research, and give attention to higher-order-thinking
skills.

Informed with these current reforms in science education, teachers must
adopt teaching and assessment strategies that develop scientific literacy among their
learners. While in-service teachers of science may be trained using inquiry-based
science instruction (IBSI), training must begin as early as during teacher-preparation.
Pre-service science teachers (PSSTs) must be exposed to such pedagogical
approaches. Researchers have found that modeling inquiry in pre-service classes
helps students move away from didactic instruction to inquiry approaches (Schwartz

& Guekwerere, cited in Martin, 2012). They must be trained in investigating
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phenomena that can be studied scientifically, interpreting results, and making sense
of findings consistent with currently accepted scientific understanding.

There are gaps in literature that this study addresses. Little has been written
about the practice of inquiry-based instruction by science teachers in the Philippines,
despite the recommendations in science reform standards. There is a dearth of
research that documents the experiences of science teachers on the use of inquiry
and other constructivist pedagogical approaches in the Philippines. Studies on these
themes among pre-service science teachers are even scarcer. Hence, this study is
proposed.

Moreover, the few international studies on pre-service science teaching and
inquiry-based instruction documented the understanding and views about IBSI, or
their self-efficacy to teach using the approach. Still, these constructs were not linked
with the pre-service science teachers’ actual application of IBSI in their actual
student teaching experience. This gap is also addressed in this study.

Another gap that this study wishes to address is whether or not pre-service
science teachers are exposed to IBS!I practices during their pre-college, college, and
the teacher-observation phase of their student teaching experience. Also, this study
sheds light on the PSTs’ predisposition to teach using IBSI and whether these
predispositions translate into actual application during practice teaching. This
important relationship has yet to be explored in literature. Finally, this study wishes
to explore the moderating effect of the PSSTs’ educational philosophies on their self-
efficacy and predisposition to teach using IBSI, and their actual application of this

teaching approach in their teaching internship experience.
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Statement of the Problem
This study was conducted to determine the factors that influence the pre-
service biology teachers’ (PSBTs) IBSI understanding, attitudes, self-efficacy, extent
of application of IBSI during their teaching internship experience, and their level of
IBSI predisposition. Specifically, this study was undertaken to answer the following
qguestions:
1. How do the following variables, taken singly, influence the PSBTs’ IBSI
self-efficacy?
a) IBSI exposure
b) IBSI understanding
c) IBSI attitudes
d) learner-centered views
2. How do the following variables, taken singly, influence the PSBTs’ extent
of application of IBSI during their teaching internship experience?
a) IBSI exposure
b) IBSI understanding
c) IBSI attitudes
d) learner-centered views
e) IBSI self-efficacy
f) IBSI predisposition
3. How do the following variables, taken singly, influence the PSBTs' level of
IBSI predisposition?
a) IBSI exposure
b) IBSI understanding

c) IBSI attitudes

Pre-service Biology Teachers and Inquiry-Based Science Instruction



d) learner-centered views
e) IBSI self-efficacy
4. How does the PSBTs’ IBSI exposure influence their IBSI understanding?
5. How do the following variables, taken singly, influence the PSBTs' IBSI
attitudes?
a) IBSI exposure
b) IBSI understanding
c) learner-centered views
6. How are the following variables correlated?
a) IBSI exposure
b) I1BSI understanding
c) IBSI attitudes
d) learner-centered views
f) 1BSI self-efficacy
g) IBSI predisposition
h) extent of IBSI application during teaching internship
Significance of the Study
Inquiry-based learning has been a national goal for most countries for decades.
However, little is known about teachers’ (pre-service and in-service teachers alike)
views about the goals, purpose, or educational significance of IBSI. Moreover, more
research is needed as to how pre-service teachers are exposed to it, their
understanding and attitudes toward its use, their self-efficacy and predisposition to
teach using the strategy, and their application of its principles during praxis. All of
these endeavors are crucial since these pre-service science teachers are the ones

who will lead the future facilitation of scientific literacy. Few studies dealt with some
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of the above needs, but they focus on one or two concerns. One can hardly find
studies on IBSI and Philippine pre-service science education as these studies have
been conducted mostly in foreign settings.

The prospective science teachers’ views about teaching and learning shape
their future instructional approaches. Thus, as Crawford (2007) remarked - “It is a
vital undertaking for science education professors to explore the PST views and
make these views explicit in the context of teaching and learning.”

As one of the first studies that explore IBSI and pre-service science teachers in
the Philippines, the study contributes knowledge on how Teacher Education
Institutions (TEls) are performing their roles in instilling the principles of IBSI to their
science education students. The result of the study could impact policies and
decisions concerning the preparation of future science teachers. Some specific
policies may include the strengthening or focusing on IBSI during science teaching
methods courses, or the assignment of science major courses to instructors with
strong foundations on reformed science teaching pedagogies. It might likewise
strengthen the PSBTSs’ understanding of IBSI if lecture and laboratory classes in their
science courses are integrated and not taken as separate courses. The practice in
the case institution is that lecture and laboratory classes are taken separately, and
sometimes taught by different teachers. Moreover, efforts must be made to
reformat traditional laboratory exercises or experiments into inquiry-based activities.
Other specific policy changes for science teacher preparation might include
mandating all science education majors to use the 5E and related lesson plan
models during teaching internship, using adherence to constructivist philosophies
and inquiry-based teaching as an additional criterion in selecting future science

teachers, emphasizing and strengthening IBSI during science methods courses,
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providing in-service training to cooperating teachers and in-service teachers, strict
monitoring of IBSI use in cooperating schools, among others.

It is likewise the intention of the study to develop a model that will explain the
use of inquiry-based instruction by pre-service biology teachers during their teaching
internship. Such a model may extend to the use of such a teaching strategy among
in-service teachers in Biology. Another output of the study was a curriculum model
intended for the use of pre-service science teachers in their methods of teaching
courses. Specifically, a scope and sequence and a syllabus for a course on inquiry-
based science instruction were included in the study.

Scope and Delimitation of the Study

This study involved pre-service biology teachers who are in their off-campus
practice teaching stage in three teacher training institutions in Baguio City and
Benguet, Philippines.

While reform documents also mandate inquiry instruction as a strategy among
science and mathematics teachers, the pre-service mathematics and physical
science teachers were not covered in the study. Moreover, while it may be beneficial
to observe actual classes to see how the pre-service science teachers implemented
inquiry instruction, it would be impractical as the use of such strategy is dependent
on the subject matter and the teacher’s objectives for the day. With the number of
pre-service science teachers and the distance from the college to their cooperating
schools, it would be challenging to observe every lesson they would deliver. To
address this issue, the PSBTSs’ responses in the self-assessment questionnaires
were validated by analyzing how they delivered the various instructional events in
their lesson plans. Another limitation of the study is that it just involved three

institutions in Baguio and Benguet. It would have been more desirable to look at
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how other institutions in different parts of the country, and those with different set-up
(such as the use of the self-contained scheme) view and apply inquiry instruction in
their teaching internship experience.

Another limitation of the study is the use of arbitrary data that were mostly

based on the PSBTs and their cooperating teachers’ and students’ potentially
subjective assessments. Hence, the primary assumption of the study is that the
above participants were honest in their assessments. This limitation was addressed
by collecting qualitative data from interviews, lesson plans, and weekly journals. The

findings of this study were thus interpreted in consideration of these constraints.
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Chapter 2

REVIEW OF LITERATURE AND CONCEPTUAL FRAMEWORK

This chapter presents relevant information from research literature and
studies that provide the relevant background information needed to understand the
context of this paper. At the end of this review, the need for this study is justified to
address the gaps in knowledge. The conceptual framework of the study, the
hypotheses, and the definition of terms are also contained in this chapter.

Two Contrasting Teaching Models in Science

The various methods and strategies used in science teaching can be
classified into two broad categories: (1) the behaviorist learning model, and (2) the
constructivist-learning model (Roster, 2006).

The behaviorist model defines learning as observable changes in behavior
(Llewellyn, 2005). A behaviorist teacher breaks the curriculum into smaller pieces of
information, then evaluates how the students demonstrate their understanding of the
new knowledge. The teacher sequences learning events from simple to more
complex, which, in effect, is sending the message that learning can be predicted and
controlled. The students’ minds are seen as blank slates or empty vessels, ready to
be filled by the teacher. The learner is treated as a passive participant. Rewards
are given to the learners when their level of knowledge becomes similar to that of the
teacher, or any other authority (Leonard, 2000). The behaviorist teaching model is
teacher-centered, traditional, and predominantly lecture-based. Such a learning
model has dominated educational institutions for the past century (Liewellyn, 2005;

Roster, 2006).
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In stark contrast to the behaviorist learning model is the constructivist learning
model. Advocates of constructivism assert that the teacher cannot provide
knowledge. Instead, knowledge is something directly experienced, acted upon,
tested, or revised by the learner (Papert & Harel, as cited in Wandberg & Rohwer,
2003). Constructivism in the classroom implies that the learners are responsible for
their learning, and the teacher is responsible for creating an appropriate learning
environment (McNergney & Herbert, 2001; Wandberg & Rohwer, 2003).

A constructivist classroom is described by Bredekam and Copple (as cited in

Wandberg & Rohwer, 2003) in the following words:

“In the constructivist classroom, the learners are presented
with opportunities to build on prior knowledge and understanding to
construct new knowledge and understanding from authentic
experience. Also, the students are allowed to confront problems full
of meaning because of their real-life context. To solve these
authentic problems, students are encouraged to explore possibilities,
invent alternative solutions, collaborate with other students, try out
ideas and hypotheses, revise their thinking, and finally, present the
best solution they can derive.”

Constructivist approaches permeated much of educational practice in the
1970s, but it became particularly popular in science education (Minner, Levey &
Century, 2010). Constructivism occupied the centerpiece in the current reform
efforts in science education, and this has resulted in the shift in the focus of teaching
and learning from how students learn science to how teachers learn to teach science
in teacher education programs (Taskin-Can, 2011).

The principles of constructivism as applied to science and mathematics
teaching are outlined by Ishii (2003) as follows: (1) learning must start with the
issues around which students are actively trying to construct meaning; (2) learning

process focuses on primary concepts, not isolated facts; and (3) the purpose of
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learning is for an individual to construct his or her meaning, not just memorize the
correct answers and regurgitate someone else’s meaning.

Constructivism comes in two forms — cognitive constructivism and social
constructivism. The former, which was developed by Jean Piaget, believed that
children learn through personal interactions with physical events and objects in their
daily lives. When applied to teaching and learning, cognitive constructivists
recommend the provision of opportunities and practical activities that challenge
learners’ prior conceptions and encourage them to recognize their personal beliefs
and theories (Piaget, as cited in Holloway, 2015).

Social constructivism, on the other hand, emphasizes the importance of
culture in the understanding of what is occurring in society and then constructing
knowledge based on this understanding (Kim, 2001). According to Vygotsky (as
cited in Holloway, 2015), who is the originator of the learning theory, learning is
neither a purely internal process nor a passive shaping of behavior. It is a social
construct, mediated by language via social discourse. In Vygotsky's words, “social
interaction should be between an expert and the student and that the teacher is
present to help students construct answers for themselves.” The teacher models the
disposition on how to view objects and events in new and imaginative ways, but
he/she should neither dispense knowledge directly nor act as a mere observer
(Prawat, 1996). In a nutshell, social constructivism tenets that people create
meaning through their interactions with each other and with the objects in their
environment (Prawat, 1996).

There are two main assumptions in the social constructivist theory. These are

(a) knowledge is constructed by people who are active participants in the process,
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and (b) social interactions within an individual or between individuals play an
important role in constructing knowledge (Ferguson, 2007).

The teachers’ use of either behaviorist or constructivist teaching models is
largely dependent on their beliefs about teaching and learning. These held beliefs
about the purpose of education, what should be taught and how it should be taught,
the role of the teacher and the learners, all constitute a teacher's educational
philosophy (Arends, Winitzky, & Tannenbaum, 2001).

Educational philosophies can be grouped into two broad categories — teacher-
centered or learner-centered. The teacher-centered educational philosophies
include perennialism, essentialism, and behaviorism. On the opposite side of the
spectrum are the predominantly learner-centered philosophies of progressivism,
social reconstructionism, and constructivism (Sadker & Sadker, 2003).

This study determines whether the respondents’ educational philosophies
moderate the influence of their IBSI background, understanding, and attitudes on
their self-efficacy and predisposition to teach and apply the methods of inquiry in
their teaching.

Constructivism and Inquiry-Based Instruction

Constructivism and inquiry-based learning are similar in that both stress that
learning is a social process and learning occurs when people are engaged in social
activities (Bybee & Fuchs, 2006; Kim, 2001; Prawat, 1996). Llewellyn (2002) even
posits that the most popular way to teach in a constructivist manner is through a
process called inquiry teaching. Inquiry-oriented teaching is often contrasted with
more traditional behaviorism-inspired expository methods, and it reflects the
constructivist model of learning (Haury, 1993). Constructivism-based materials are

commonly classified as inquiry-based and include hands-on minds-on activities as
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means to motivate and engage students while making science concepts concrete
(Cakir, 2008; Minner, Levey, & century, 2010).

Both cognitive and social constructivist theories are useful in developing
lessons in an inquiry-based classroom. An inquiry-based classroom is one that
possesses the following characteristics: (1) the teacher should consider the
knowledge and experiences students bring to the class; (2) learning is presented as
a process of active discovery, not lecture; (3) teachers assist with assimilation of new
and old knowledge; (4) learning is sufficiently flexible to permit development along
lines of student inquiry; (5). teachers allow students to interpret information in
different ways; (6) teachers should create situations where the students feel safe
questioning and reflecting on their processes; (7) teacher should present authentic
tasks to contextualize learning through real-world, case-based learning
environments; (8) teacher should support collaboration in constructing knowledge,
not competition; (9) teacher should provide scaffolding at the right time, and the right
levels; and lastly, (10) teachers should provide opportunities for all students to learn
from each other (Jordan, Carlile, & Stack, 2008).

Features of Inquiry-Based Instruction

In the recent past, although standards have already been pushing for the use
of inquiry-based approaches as a form of science education reform efforts, there
seems to be a lack of a universally-accepted definition of inquiry-based teaching and
learning. As a result, science educators interpret scientific inquiry in many different
ways according to how they use the term in their teaching. These various
interpretations prompted the National Science Education Standards (NSES, NRC,
1996) to release a standard definition of inquiry. In the document, the NSES defines

inquiry as “a set of interrelated processes by which scientists and students pose
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questions about the natural world and investigate phenomena. In doing so, students
acquire knowledge and develop a rich understanding of concepts, principles,
models, and theories” (p.214).

There are various terms in literature that are used interchangeably with
inquiry-based instruction — inquiry learning, inquiry-based learning, or inquiry-based
teaching (Sureci, Tarihi, & Tarihi, 2016). These terms were treated the same in this
study, and each term can substitute for another without changing its meaning.
Generally, these pedagogical approaches involve inquiry skills from asking questions
about the topic to be learned, then searching for possible answers, and constructing
new knowledge during the research, to discussing the findings and experiences, and
reflecting on the newly acquired knowledge (Taskoyan, as cited in Sureci, et al.,
2016).

As the Philippines sees the attainment of scientific literacy as its ultimate goal
for science education, the national standard for K-12 Science Education
recommends the use of inquiry-based instruction approaches at all levels of
education (DepEd K-12 primer, 2012). With this mandate, learners are expected to
be engaged in inquiry activities and to learn science through inquiry. Engaging in
inquiry and learning science through inquiry could imply similar ideas. The term
inquiry instruction is used to refer to how teachers structure learning activities to
target the goals of having students do inquiry to learn science concepts (Ward,
2016).

Inquiry-based instruction requires or subsequently develops problem-solving
skills, and inquiry and documentation skills, among others (Friesen & Scott, 2013).

Stripling (as cited in Sureci et al., 2016) had visualized inquiry-based learning as a
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model which covers the following six steps: Curiosity, inquiry, construction,
description, reflection, and association.

There is apparent confusion in literature as to the relationship between
inquiry-based learning and other heuristic teaching strategies such as project-based
learning, problem-based learning, and design-based learning. Such confusion may
have resulted from the absence of a clear-cut definition of inquiry-learning in the first
place. For instance, Stephenson (2014) regarded project-based learning, problem-
based learning, and design-based learning as specific strategies used in inquiry-
based instruction. The notion of problem-based learning as a method of teaching
through inquiry is supported by Allen and Duch (as cited in Roster, 2006). Other
authors argued that inquiry-based learning, together with project-based learning, and
discovery learning, are under the bigger umbrella of problem-based learning
(Kauchak & Eggen, 2012). Still, others would see inquiry-based learning as
pedagogically distinct from problem-based learning (Oguz-Unver & Arabacioglu,
2014).

To guide teachers in their attempt to incorporate inquiry instruction into their
classroom, the National Science Education Standards (NRC, 2000) provided a list of
five essential features of inquiry. These steps are linked to particular cognitive
behaviors that students should engage in during inquiry learning events. These five
essential features are (1) students should engage in scientifically-oriented questions,
(2) students give priority to evidence, (3) they construct explanations using evidence,
(4) they connect these explanations to scientific knowledge, and (5) they
communicate and justify their explanations. In reality, however, there are multiple
variations of what this might consist of in any teaching and learning event. So, the

NRC (2000), released a matrix in the form of a continuum that delineates inquiry
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events from structured, or highly guided inquiry to open inquiry. This continuum
moves from inquiry events of more teacher guidance (structured or guided inquiry) to
less teacher guidance (open inquiry) (Bell, Smetana, & Binns, 2005; NRC, 2000:
Ward, 2016).

In guided discovery, the teacher selects the topic, introduces the unit and the
lessons, and provides a structure for the investigation. The teacher develops the
initial activity, asks questions, and helps the students in their endeavors, not his or
her endeavors. The teacher probes by asking more questions — some leading and
others intended to find out what the learners are thinking. In a nutshell, the teacher
is a guide, a resource person, and a co-inquirer (Martin, 2012).

In open inquiry, sometimes called free discovery, the learners decide on what
is essential for them to learn. These learners set up their unique learning activities to
explore the topics they have chosen; they devise and explore their inquiry situations.
They look at reference books, electrical and digital resources, magazines, peers, the
Internet, and other sources of information to see what has been learned before. The
teacher acts as a resource and co-inquirer, and the students are deeply involved
cognitively (Martin, 2012; Trowbridge et al., 2000).

Obviously, not all teaching and learning events involve the five features of
inquiry. As such, inquiry events may be described as full or partial inquiries
depending on the number of essential features present (NRC, 2000). The level of
inquiry is dependent in part on the context (e.g., students, topic, previous
experiences with inquiry, time, and resources available) and in part by the goals of
the lesson and the skills of a teacher (Ward, 2016). While the students are not

expected to participate in all the inquiry practices during any given learning event,
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the components of these practices should pervade all inquiry-based teaching and
learning events (Osborne, 2014; Ward, 2016).

It should not be misconstrued from the inquiry continuum that one level is
better than the other, say open inquiry is better than guided inquiry. As earlier
described, the level of inquiry used is dependent on teaching and learning goals as
well as on other factors (e.g., grade level, subject matter, student and teacher
experiences, intended learning outcomes, resource availability). To illustrate this
point, if the goal of instruction is to help students develop their abilities to do inquiry,
then varying levels of openness should be provided. If the goal is for the learners to
master conceptual knowledge, then more teacher-guided inquiries should be used.
The goal of the NSES is for teachers to provide students multiple opportunities to
engage in all inquiry practices at various times in their learning careers (NRC, 2000).

The goal of education is not to have students do science as scientists do. The
advocacy of the NSES is that students participate in science-like processes, or do
inquiry processes. The inquiry activities students engage in are asking questions,
developing and conducting investigations, analyzing data, formulating explanations
from evidence, and communicating findings (Ward, 2016). As emphasized in some
reform documents (NRC, 1996; 2000), in doing inquiry, students use critical thinking
during multiple and diverse inquiry contexts (e.g., laboratory, field studies, computer,
or library research). To be truly engaged in an inquiry-based lesson, students should
go beyond finding answers to their questions. They must also use scientific
knowledge to evaluate their results and critique the findings of others (NRC, 201 2
2000). The use of IBSI is then based on the premise that learning is an active

process, and it involves both hands-on as well as minds-on approach to teaching
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(NRC, 2000). Such an approach in science teaching is unfortunately far removed
from what is happening in most science classrooms today.

Finally, it should be noted that not all science subject matter could or even
should be taught by inquiry method (NRC, 2000). To insist on the inquiry approach
as a single pedagogical mode is also impractical, impossible, and unwarranted
(Osborne, 2014; Ward, 2016). The expository methodology still has a place in
science education. This direct instructional approach could be valuable when a
teacher needs to present new information to the whole class as a background for
upcoming lessons. Direct instruction is likewise useful when a teacher gives useful
directions involving safety measures, or when an activity needs to be demonstrated
by the teacher before the learners work on their own (Martin, 2012).

Inquiry-Based Instruction and the Philippine
Science Education Framework

In the Philippines, as in many countries, the current direction of curriculum
development is toward scientific literacy, where the science education needs of all
students are differentiated from those who have an interest in scientific careers (SEI-
DOST & UP NISMED, 2011). According to the Science Framework for Philippine
Basic Education, the vision of science education in the country is “the development
of scientifically, technologically, and environmentally literate and productive
members of society. These skills will be acquired through a curriculum that focuses
on knowledge relevant to the real world and encompasses methods of inquiry.” (p.
3). Thus, the Philippine science education framework advocates the use of inquiry-
based instruction (IBI) as a teaching approach in science for the Filipino learners to

develop scientific and technological literacy.
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Inquiry-Based Instruction and Professional
Development: The Role of Lesson Studies

To many scholars, central to any educational reform, such as the enactment
of inquiry-based instruction in science lessons, is through collaborative working
toward a common goal (Darling-Hammond & McLaughlin, 2011; Pugach & Johnson,
2002). More than improving their professional well-being and their students’ learning
(Louis, 2006), collaboration provides an opportunity for teachers to improve with the
help of the thought processes of their peers (Bower & Richards, 2006). A productive
professional development endeavor is something that provides teachers with
opportunities and appropriate support structures that encourage them to work
critically on the continuous improvement of their pedagogical knowledge (Darling-
Hammond & McLaughlin, 2011).

The principles of lesson study capture the essence of collaboration,
emphasizing on the importance of social interaction through negotiation, discourse,
reflection, and explanation in the construction of knowledge. Lesson study coincides
with the idea of situated learning where their classrooms are the best venue for
teachers to learn and improve their teaching practice (Gutierez, 2014; UP NISMED,
2015).

A lesson study involves a group of three to five teachers, usually within the
same grade level, who meet regularly and collaboratively to investigate a “research
lesson” that is designed to impact student achievement (Cheung & Wong, 2014).
Initially, the lesson study group members work together to identify a curricular goal
within a content area, and set goals for their students’ improvement (Puchner &

Taylor, 2006, Saito & Atencio, 2013).
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Lesson study, which originated from Japan, follows a cyclical step which
involves: 1) collaborative goal setting and planning the study lesson (Fernandez &
Yoshida, 2004; Gutierez, 2015) or research lesson (Lewis, 2002); 2) implementing
and observing the research lesson; 3) debriefing and reflecting on the observed
lesson; 4) revising the research lesson (optional or whenever necessary); 5)
teaching the revised research lesson (optional or whenever necessary); and 6)
sharing of thoughts about the outcomes of the research lesson or post-lesson
reflection and discussion (Gutierez, 2014; 2015).

Through observation, post-lesson reflection, and discussion, teachers are
provided the opportunities to discuss the challenges they encountered during lesson
implementation. More importantly, the lesson study group could suggest possible
improvements for the teachers to address, and for him or her to eventually develop
new teaching techniques (Saito & Atencio, 2013). A synthesis of the teachers’
professional learning, which incorporates the revised research lesson to be
pondered upon in subsequent research lesson implementations, will serve as the
final activity (Chokshi, 2002; Takahashi & Yoshida, 2004).

With the qualities mentioned earlier and the importance of professional
development, the lesson study framework is seen as a potential professional
development model in the Philippine educational setting, especially in the
understanding of inquiry-based instruction. The lesson study procedure can help
deepen the content knowledge of teachers, which, according to the National Science
Education Standards (NSES), must be the essence of most professional
development activities (NRC, 1996).

The University of the Philippines National Institute for Science and

Mathematics Education Development (UP NISMED) promotes lesson study as a
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professional development model for teachers, and its experiences and research
findings were published in two volumes on lesson study. One study investigated the
practice of inquiry-based teaching and learning among elementary science teachers
from a public school in Metro Manila (Gutierez, 2015). Using a qualitative case study
design, the researcher gathered the teachers’ insights, experiences, and challenges
in implementing inquiry-based teaching. Results of the interviews and post-lesson
reflections and discussions revealed three barriers to inquiry teaching: 1) the lack of
support, training and available inquiry-based materials; 2) the overemphasis on
assessing content learning rather than learning through inquiry; and 3) the
misconception, difficulty, and time - consuming nature of inquiry-based teaching.
Inquiry Teaching Methods

Roster (2006) identified four methods that are often used in inquiry teaching.
While all four methods tend to overlap in some respects, there are some distinctions
among them. These four methods are experimental projects, problem-based
learning, learning-cycle, and the scientific inquiry method.

One inquiry teaching method is to involve students in long-term experimental
projects. A long-term experimental project is an authentic method by which students
understand how scientists think and work, and for them to acquire the skills and
knowledge they need to think and act themselves scientifically. One example of the
application of such a method is when an instructor replaced the ecology and
environmental science unit with a five-week-long class project (Petersen, 2000).
Here, students were asked to conduct an experiment and analyze their results
statistically. Students in these classes were required to perform all the tasks faced by
contemporary scientists, including such trivial matters as balancing a fictitious

budget, and applying for collection permits. The subjects consisted of honors
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students and regular students. Both groups showed development and improvement
in interdisciplinary skills related to science and a greater understanding of scientific
papers and data interpretation. Interestingly, the honors students gained more
understanding and appreciation for science than did regular students.

A local example of experimental projects as inquiry methods is the
requirement of an investigatory research project among high school students and
elementary pupils in the Philippines. Here, students are asked to formulate a
research question based on a local problem, and use the inquiry processes to come
up with solutions to these problems. Results are presented both orally and in poster
form in science fairs.

Problem-based learning (PBL) is a form of guided inquiry that centers on the
solution of problems (Martin, 2012). Here, the students are presented with a
problem, a query, or a puzzle that they will solve (Allen & Duch, 1998, cited in
Roster, 2006). The problems to be presented must be both complex and authentic
so that students are motivated to search for answers or solutions.

The main principle of PBL is based on maximizing learning through
investigation, explanation, and resolution by starting from real and meaningful
problems. Therefore, PBL is the art of problem-solving (Oguz-Unver & Arabacioglu,
2014).

The problems used in PBL must be ill-structured and allow for free inquiry
(Oguz-Unver & Arabacioglu, 2014). The teacher continually probes learners’ thinking
and learning by asking the questions, “Why?” “What do you mean?” “How do you
know that’s true?” (Oguz-Unver & Arabacioglu, 2014). The instructor’s role is that of
a facilitator and a coach rather than a leader. Moreover, the problem-solving element

of PBL requires learners to look at multiple perspectives and domains. According to
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Savery (as cited in Oguz-Unver & Arabacioglu, 2014), learners should be able to
access, study, and integrate information from all the disciplines. These multiple
perspectives lead learners to a more thorough understanding of the issues and the
development of a more robust solution through PBL.

A familiar teaching approach to inquiry teaching is the learning cycle
approach. The cycle consists of three to five phases. In the three-phase model, the
first phase is the Exploration Phase, where students generally interact with each
other to solve a problem or complete a task (Allard & Barman, as cited in Roster,
2006). The problem is open-ended to allow students to be creative yet directed in
their problem-solving. However, the teacher can narrow the field of possibilities. This
phase also allows students to share ideas about something familiar to them, and try
to relate the problem to different concepts (Beisenherz, Dantonio, & Richardson,
2001). For example, to begin a unit on plant organs, students may investigate the
differences between monocot and dicot roots by observing different live specimens.
They then draw and discuss observed differences.

During the second phase of the cycle, Concept Introduction, the students are
introduced to the main concepts of the lesson and any pertinent vocabulary. Here,
students report findings accumulated during the exploration phase. The instructor
then uses the information provided by the students as a springboard to discussions
(e.g., the difference between monocot and dicot roots).

The final phase of the learning cycle is Concept Application. In this phase,
students study additional examples of the main concepts. Such additional studies
may lead to a new task where students are asked to apply learned concepts to new

situations such as identifying unknown root specimens (Allard & Barman, 1994).

24
Pre-service Biology Teachers and Inquiry-Based Science Instruction



The five-step version of the learning cycle is also known as the 5-E model. In
the 5-E model, the first phase is engagement. Here the teacher sets the stage for the
lesson, explains the objectives, and focuses the students’ attention. During the
Engagement phase, the instructor can also assess prior knowledge and have
students share their experiences. Such an instructional sequence is reflective of the
constructivist view (Llewellyn, 2002).

The second phase is the Exploration phase, where students raise questions,
develop hypotheses to test, gather evidence and data, and share with other groups.

The third phase of the 5E model is the Explanation phase. The teacher
guides the students through data-processing techniques and how their data relate to
scientific concepts. The teacher may introduce more details and vocabulary to
provide a common language for discussion of their results (Llewellyn, 2002).

The next phase in the model is the Elaboration or Extension phase. The
teacher reinforces concepts by applying gathered evidence and data to new and
real-world situations. Here, new knowledge is added to the learners’ conceptual
framework.

The final phase of the 5-E method is the Evaluation phase. During this phase,
both the teacher and the students summarize the relationships among the variables
in the exploration and explanation phases. The teacher may also pose questions to
the students to get them to make judgments and analyze their work (Llewellyn,
2002). The teacher can likewise make comparisons between knowledge shared in
the Engagement stage and new knowledge acquired throughout the lesson. This
evaluation then may lead to another Engagement.

The fourth inquiry teaching method is scientific inquiry. In contrast with the

three other teaching methods described in the preceding section, scientific inquiry is
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not easily described apart from the context of particular investigations. There simply
is no fixed set of steps that scientists always follow, no one path that leads them
unerringly to scientific knowledge. There are, however, certain features of science
that give it a distinctive character as a mode of inquiry. Although those features are
especially characteristic of the work of professional scientists, everyone can exercise
them in thinking scientifically about many matters of interest in everyday life (AAAS,
as cited in Roster, 2006)

Scientific inquiry learning can also be viewed as a cycle (Llewellyn, 2002) and
is divided into phases. These phases are 1) Inquisition where the lesson starts with
a question to be investigated; 2) Acquisition where students brainstorm possible
solutions to the problem; 3) Supposition where students select which solution to test.
4) Implementation: Students design and carry out an experiment. 5) Summation:
Upon collecting evidence, students draw conclusions. 6) Exhibition: Students
communicate their findings to other students. During this exhibition phase, students
may discover more questions to be answered and thus start back at the inquisition
phase.

Some subtle differences separate the learning cycle and the scientific inquiry
method. One difference is that during the learning cycle, the second step is devoted
to learning the terminology and the main concepts. This stage is absent in the
scientific inquiry method and could be done before, during, or after the inquiry
process. Also, the scientific inquiry method more closely models the scientific
method and that which scientists do every day (Windschitl & Buttemer, 2000), than
does the learning cycle. Finally, the scientific inquiry method is more flexible than the
learning cycle and is more representative of how scientists engage in problem-

solving.
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The subtle differences among the four inquiry teaching models can be
summarized as follows: The experimental project method involves more long-term
projects that may have research teams and even fictitious budgets. Problem-based
learning generally employs case studies. The learning cycle is a structured method
that may give inexperienced students a better idea of the process of science. Finally,
the scientific inquiry method is somewhere in between these methods. It allows for
the flexibility of short and long-term projects, it may follow defined steps or allow
students the freedom to jump around within the process, and it may start with a case
study (Roster, 2006).

Benefits of Inquiry-Based Instruction

The rationale for the focus on inquiry learning is multifaceted and is
embedded in research about learning (Bransford, Brown & Cocking, as cited in
Ward, 2016), and more specifically, how students learn science in the classroom
(Donavon & Bradsford, 2005). An inquiry-oriented classroom is one that has a
constructivist learning atmosphere that encourages students to raise questions and
be able to propose feasible ways to solve problems (Lee & Shea, 2016; NRC, 1996).
When students acquire ideas through inquiry-based instruction, whether through
short-term or long-term investigations, they learn better than through traditional
didactic or direct instruction approaches (Blanchard, Southerland, Osborne,
Sampson, Annetta & Granger, 2010; Lee & Shea, 2016). Also, with IBSI, students
can construct their knowledge based on their authentic experience and questions to
be investigated. This knowledge construction is far more meaningful learning than
merely verifying the correct answer from “cookbook” laboratories. Moreover, inquiry-

based instruction provides students with repeated exposure to science concepts. It
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allows them to scaffold their understanding into what becomes their long-term
memory (Marshall, as cited in Lee & Shea, 2016).

Another benefit one can derive from inquiry-based instruction is its ability to
promote more in-depth and more meaningful learning (NRC, 2000; Tatar, 2012).
When learners interact with teachers, other learners, and learning materials, they
develop deeper meaning and understanding of new knowledge, as well as higher-
level thinking skills (Anderson, 2007).

Inquiry-based teaching approaches do not only develop the learners’ cognitive
faculties. This approach also affects learners’ affective skills (Gibson & Chase,
2002; Yager & Akcay, 2010). When exposed to IBSI approaches, learners claim that
they were more involved in the learning process, and they find the approach more
favorable to their learning (Abd-El-Khalic, BouJaoude, Duschl, Lederman, Namlok-
Naaman, Hofstein, Niaz, Treagust, & Tuan, 2004). They took responsibility for their
learning (Plevyak, 2007). In other studies, the benefits of inquiry-based instruction
that have been observed were enhanced students’ performances in laboratory skills
and interpreting data (Mattheis & Nakayama, 1988). An inquiry-based classroom
promotes critical thinking skills. It empowers students to become independent and
lifelong learners (Llewellyn, 2005). According to Reagan, Brubacker, and Case
(2000, p. 2), “inquiry-based classrooms promote critical thinking skills and habits of
mind.”

Another study examined the effects of IBSI on the academic achievement,
attitudes, and engagement of fifth-grade science students (Maxwell, Lambeth & Cox,
2015). Using quasi-experimental procedures, the team of researchers gave the
experimental group IBSI instruction while the control group received traditional

instruction. Pretests and posttests were used to measure academic achievements
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during the six-week study. The Science Attitudes Survey was administered to
students to assess overall student attitudes toward science. Student engagement
was measured three days a week with a student engagement checklist. Though
statistically insignificant, the results saw students in the IBSI group scoring higher
than students in the traditional group. Students who received IBSI instruction
showed a slight statistically insignificant decrease in their positive attitudes toward
science but higher engagement as compared to students who received traditional
instruction.

Science Teachers’ Beliefs about Teaching and Learning Science

The role that teachers’ personal beliefs about teaching and learning and how
these beliefs influence their instructional decision (Luft & Roehrig, 2007; Pajares;
1992), and the role that teacher education has impacted these beliefs (Crawford,
2007; Keys & Bryan, 2001, Luft & Roehrig, 2007) have been the focus of studies for
several years. Several researchers asserted that the teachers’ beliefs about
teaching and learning science are likely predictors of their intentions to teach science
through inquiry (Crawford, 2007; Luft & Roehrig, 2007; Tillitson & Young, 2013).

In a study by Crawford (2007), five intern teachers over one year were
followed to explore their beliefs about teaching, understanding of inquiry, and how
they attempted to carry it out in actual practice. With semi-structured interviews,
inquiry-based unit plans, classroom observations, and journal entries documenting
informal conversations as data-gathering procedures, it was suggested that the
“prospective teacher’s personal view of teaching science as inquiry, comprised of his
or her knowledge of scientific inquiry and inquiry-based pedagogy and his or her
beliefs of teaching and learning, is a strong predictor of a prospective teacher’s

actual practice of teaching science” (p. 636). In this study, the interns who espoused
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informed views of inquiry were able to carry it out in practice. This study further
suggested that prospective science teachers need to clearly articulate to themselves
and to potential critics why an inquiry approach is a valuable pedagogy. They should
be able to articulate personal learning philosophies supported with evidence that
make connections between inquiry instruction and how students learn.

Teachers’ belief about teaching and learning science is sometimes subsumed
under the umbrella of orientations to teaching science (Cobern et al., 2014;
Friedrichsen, Van Driel, & Abell, as cited in Ward, 2016). According to Friedrichsen
and his colleagues, science-teaching orientations have three dimensions: “Beliefs
about the goals or purposes of science teaching, beliefs about the nature of science,
and beliefs about science teaching and learning” (p. 373, cited in Ward, 2016). In
this study, teachers’ beliefs about teaching and learning, the role of schools,
teachers, and learners, were treated as the respondents’ predominant educational
philosophies.

Inquiry-Based Instruction and
Science Teacher Preparation

The primary aim of science teacher education is to prepare pre-service
teachers for teaching science through inquiry as supported by the constructivist
theory (NRC, 1996; Tatar, 2012). Science teacher education is a crucial task as its
purpose is to develop future teachers of science who will become the
representatives of the science community in their future classrooms. These future
science teachers are to model the process of scientific enterprise in their
classrooms, and they form much of their image of science through the science

courses that they take in college (p. 61).
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Itis then a must that professors in college science design courses that are
heavily based on investigations. Here, future science teachers have direct contact
with phenomena, and they are to gather and interpret data using appropriate
technology. Likewise, they are involved in groups working on real, open-ended
problems. Science courses must allow teachers to develop a deep understanding of
accepted scientific ideas and how they were formulated. They must also address
problems, issues, events, and topics that are important to science, the community,
and teachers (NRC, 2012).

Inquiry instruction is a complex and dynamic activity (Crawford, as cited in
Ward, 2016), and helping pre-service science teachers learn to plan for and utilize
this engaging pedagogical approach is a daunting challenge that is not well
understood. It is mandated in some reports that teacher preparation should include
some of the same elements recommended for the K-12 instruction (NRC, 2012;
2000; 1996). Prospective science educators must then be prepared for K-12 science
teaching by providing them opportunities to (a) do science inquiry, (b) learn about
scientific inquiry, and (c) learn science through inquiry (Ward, 2016). In the National
Science Education Standards (NRC, 1996), prospective and practicing science
teachers must take science courses in which they learn science through inquiry,
having the same opportunities as their students will have to develop an
understanding (p.62).

However, the authors of the 1997 Salish | Research Project indicate that
many pre-service teachers do not apply inquiry-based instruction in their courses
after their undergraduate education (Brown & Melear, 2006; Tatar, 2012). The lack
of inquiry-based science in schools could be attributed to the limited enactment of

inquiry methods in science classrooms, both in high schools and undergraduate
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schools (Roth, & McGinn, 1998). Pre-service science teachers took science courses
that did not prepare them for authentic scientific inquiry. Similarly, Duschl and
Osborne (2002) argued that the use or non-use of inquiry-based principles is
affected by a teacher’s experiences in the science classroom. Also, pre-service or
in-service science teachers may believe in the value of hands-on experiences for
children, but they may not know how to translate these into classroom content for the
children. Such facts imply that pre-service science teachers must be allowed to learn
the IBSI way, i.e., learn new (and rigorous) content by building on prior knowledge
and engaging in social interactions. As stated by Crawford (as cited in Tatar, 2012),
pre-service teachers should make explicit the connections between an inquiry
process, their understanding of how people learn science, and their teaching
practice.

Teachers’ Conceptions and Views
of Inquiry-Based Learning

Most of the envisioned reforms in science education are seen to be mostly
incongruent with ciassroom practices (Lakin & Wallace, 2015; Osborne, 2014).
Many science teachers are not familiar with the contemporary views of science
education reforms, such as constructivist theories of learning, conceptual change
theory, and the learning cycle. They also have limited knowledge of teaching and
learning theories (Young, 2013). Even experienced teachers lack knowledge of
reform documents related to inquiry-based teaching and learning (Kang, Orgill &
Crippen, 2008, Young, 2013).

In his literature review, Llewelyn (2002) noted that teachers have many
misconceptions and myths about inquiry-based science teaching (as cited in Lee &
Shea, 2016). He found out that most teachers in the elementary claim that they are
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using inquiry-based science as they are doing hands-on activities. Many teachers
think they are doing inquiry instruction when, in fact, they do not (Capps & Crawford,
2013). Such an erroneous notion of inquiry enactment holds among Filipino
elementary science teachers, who equate inquiry-based instruction with giving
activities or laboratory experiences (Gutierez, 2015). These teachers mistakenly
equate inquiry-based instruction and hands-on. It is clear then that not all hands-on
activities are inquiry and vice versa. Haury (1993) clarified the seemingly superficial
notion of inquiry by stating that physically doing the activity is not the most essential
element of learning about science. To be classified as inquiry-based, an activity
should involve students posing questions, gathering data, reasoning from evidence,
and communicating explanations based on the collected data. While hands-on
activities are essential, the students must also be engaged in minds-on activities
(NRC, 1996). In addition, Llewelyn (2002) points out that the questions asked must
be open-ended, leading students to design investigations to answer their questions.
Clearly, in-service and pre-service teachers alike, have an insufficient understanding
of scientific inquiry. Both groups are not confident about their understanding of
inquiry (Tatar, 2012). Such insufficient understanding of inquiry can undermine their
self-efficacy to teach science through inquiry.

Other myths that teachers hold on inquiry-based learning is that the strategy
is useful in developing laboratory skills by using laboratory tools and following
cookbook-style procedures and confirming predetermined outcomes or verifying the
existence of a scientific principle (Osborne, 2014). These descriptions certainly do
not fall under the definition of inquiry. More importantly, these naive ideas about
inquiry teaching and learning preclude the rich and robust nature of true inquiry

teaching (Ward, 2016).
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Many individuals view scientific inquiry as a sequence of steps that scientists
follow when they conduct investigations. This myth is often perpetuated in science
textbooks as the “Scientific Method” (McComas, 1998). The use of a single scientific
method is a gross misrepresentation of both the nature of inquiry and the nature of
science (McComas, 1998).

One popular myth about inquiry-based instruction is that it is equivalent only
to minimally-guided instruction or discovery learning (Clark, Kirschner & Sweller,
2012). These ideas seem to raise the wrong message that neither structured nor
open inquiry work for students. Such a notion negates the significant role the
teacher plays in carefully designing and scaffolding the learning activities to ensure
the attainment of the learning goals (Hmelo-Silver, Duncan, & Chinn, 2007; Llewelyn,
2002, Wilcox, Kruse, & Cloughs, 2015).

On the other hand, there is a persistent idealized notion that an open inquiry
is the preferred form of inquiry that teachers should strive for in their classrooms. In
a survey among 19 college professors, it was noted that these professors viewed
inquiry as totally student-driven, with students asking questions, designing
investigations, and collecting data. These ideas communicate the wrong notion that
inquiry is “unstructured, time-consuming, and difficult to enact” and applicable only to
higher-level students (Brown et al., 2006, p. 798). These ideas are inaccurate and
problematic and need to be extinguished as they could discourage teachers from
implementing inquiry practices in their classrooms.

Pre-service science teachers as well, hold certain myths about inquiry-based
learning. However, research in this field is quite limited. In a study conducted by Lee
and Shea (2016), most pre-service science teachers hold a simplistic view of inquiry-

based learning. Most of them think that inquiry learning is asking students questions
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rather than it being a formal set of pedagogical tools. Similarly, Magee and Flessner
(2012) examined pre-service elementary teachers’ concepts of inquiry-based
teaching. Most of them believe that inquiry is “laissez-faire” and chaos. To the pre-
service science teachers involved in a study, IBSI allows teachers to teach anything
or in whatever way they prefer, and that it is unorganized pedagogy. All of these
misconceptions are indicative of their inexperience with inquiry-based science
instruction, both in their science content and teaching methods courses.

There is considerable evidence that the beliefs or views of pre-service
teachers affect how they learn and how they approach teaching in the classroom
(Richardson, 2003). Several factors influence these views or beliefs. These factors
include teacher beliefs about students and student learning, the nature of science,
epistemology, and the role of a teacher (Wallace & Kang, as cited in Tatar, 2012). A
teacher who wants to implement inquiry-based science education must have rich
and deeply developed understandings of science content, student learning, the
nature of science, and ways to engage students in investigative practices (Keys &
Bryan, 2011). He or she must adhere to and accept the more constructivist views of
learning, rather than on the behaviorist perspectives. Science teacher preparation
programs must continue to promote inquiry instruction and explicitly target helping
pre-service teachers develop accurate conceptions and how to identify it from other
teaching strategies (Binns & Popp, 2013; Ozel & Luft, 2013; Saad & BouJaoude,
2012).

Pre-service Science Teachers’ Exposure with IBSI

Pre-service teachers bring varying experiences with inquiry-based science

instruction when they come to their teaching preparation programs. These variations

may come in the form of the degree of exposure, or the feelings and attitudes
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evoked during the inquiry experience. These experiences on inquiry instruction can
contribute to the identities they develop on the use of such teaching approaches
(Melville, Fazio, Bartley & Jones, 2008). These experiences can potentially
encourage or discourage the development of a teacher's confidence in the use of
inquiry in the classroom (Flores & Day, 2006; Melville et al., 2008).

Several studies have reported on pre-service teachers’ inexperience with
inquiry-based instruction both in their basic education and teacher-preparation years
(Anderson, 2007; Crawford, 2000; Friesen & Jardine, 2010; Windschitl, 2004). The
majority of science students are not exposed to teaching that “encourages
undergraduates to become actively involved in their learning (i.e., scientific learning)”
(DeHaan, as cited in Melville, et al., 2008). These result in pre-service science
teachers who have undergraduate degrees in science struggling with the purpose
and pedagogy of an inquiry-based science curriculum.

The importance of pre-service teachers’ inquiry experience and their capacity
to use inquiry in the classroom is reflected in the work of Windschitl (2002). In his
research, he noted that the three participants who regularly used inquiry instruction
in their teaching were those who had previous long-term research experiences in
which they played significant roles in authentic investigations. Conversely, the two
participants with no research experience did not use inquiry instruction in the
classroom (pp. 138-139). Similarly, Eick and Reed (2002) found out that pre-service
teachers who needed to experience doing science for them to learn science (i.e.,
learning science through inquiry) were more likely to use inquiry instruction in their
lessons than pre-service teachers who learned science best through teacher

explanations.
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Clearly, if pre-service teachers are expected to implement an inquiry-based
curriculum successfully, they must have the opportunity to experience “active
learning strategies to engage their students in the process of science (Handelsman,
as cited in Melville et al., 2008). They must be given a context in which they can
develop their understanding of science as a subject and an understanding of the
challenges they will encounter in using inquiry as a teaching strategy (Melville, et al.,
p. 479).

Pre-service Teachers’ Self-efficacy to Teach Using IBSI

One crucial factor that determines the success of the use of IBSI among
future science teachers is their belief in their capability to organize and execute such
a strategy. This belief in one’s ability is called self-efficacy (Bandura, as cited in
Chichekian & Shore, 2016). Self-efficacy, which is related to the concept of self-
confidence, can impact the amount of perseverance and effort an individual
undertakes when working toward achieving an objective (Bandura, as cited in
Chichekian & Shore, 2016, p.2). Self-efficacy can powerfully influence the choices
individuals make and the courses of actions they pursue (Chichekian & Shore, 2016;
Pajares, 1996). As such, self-efficacy is seen as a powerful predictor of a teachers’
behavior and success in classroom teaching (Velthuis, Fisser, & Pieters, 2014).
Self-efficacious teachers will tend to set higher goals, be less afraid of failure, and
find new strategies when old ones fail.

The supporters of the concept of self-efficacy contend that it is not a one-
dimensional construct. In reality, self-efficacy is commonly understood to be domain-
and context-specific (Chichekian & Shore, 2016; Velthuis et al., 2014). Thus, the
self-efficacy of teachers may vary within different subjects, such as in teaching

mathematics or history. Moreover, within the domain of mathematics, teachers may
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be self-efficacious in teaching algebra, but not statistics. Such domain and context-
specific sense of self-efficacy does not apply only on the teaching of content, but
also in the use of a teaching strategy.

According to Bandura (as cited in Chichekian & Shore, 2016; Roster, 2006;
Velthuis et al., 2014), self-efficacy is influenced by four types of experiences:
mastery experiences, vicarious experiences, social persuasions, and psychological
and emotional states. Of these four, mastery experiences are most effective in
creating a feeling of self-efficacy (Velthuis et al., 2014). By completing a task, the
individual should feel more efficacious to complete other tasks of a similar nature
(Roster, 2006). Vicarious experiences, on the other hand, are experiences or
examples observed from others who are similar to oneself. As pre-service teachers
observe experienced teachers deliver instruction, they acquire pedagogical skills and
acquire the confidence to apply what is observed in practice.

One’s personal ability to succeed at a given task, can also be enhanced by
social persuasions — which are positive written or auditory feedback from a
knowledgeable person, such as an instructor. Such positive remarks from a person
of higher authority could instill a higher sense of efficacy on current or future tasks
(Roster, 2006). The last factor that affects one’s sense of self-efficacy in Bandura’s
list is affective (emotional and psychological) states. Indeed, moods, emotions, and
physical states (e.g., empty stomach) can all affect one’s sense of self-efficacy about
a given task.

Aside from the four factors identified by Bandura, other authors identify
subject matter knowledge as a source of self-efficacy. Science content knowledge is
reported to predict science teaching self-efficacy (Rohaan, Taconis, & Jochems,

2012).
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Some research has looked into how pre-service teachers assess their
preparedness to use inquiry instruction in their teaching (Roth et al., 1998; Windschitl
& Thompson, 2006). Roth and colleagues (1998) reported on pre-service teachers
claiming that they are not prepared to incorporate inquiry instruction, even if they had
taken science methods courses and held science degrees. Their samples were
unable to engage with a scientific problem at a level higher than a group of eighth-
graders that had been enrolled in a 10-week open inquiry study (Binns & Popp,
2013). These findings were supported by Windschitl and Thompson (2006).

In their study on whether or not Spanish pre-service primary school teachers
are prepared to teach science by inquiry, Montero-Pau & Tuazon (2017) reveal that
their respondents fail when they attempt to build a learning sequence based on
inquiry. They noted further that their participants did not reverse the current situation
in Spain, where the introduction of inquiry-based science in primary schools is rare
or incipient. Moreover, the authors noted that these pre-service primary teachers
have a lack of knowledge of science process skills. They scored slightly higher than
the random group of non-teachers acting as a comparison group.

The difference between a teacher who allows more inquiry-based instructional
time for a subject and one who does not could be related to self-efficacy (Smolleck &
Mongan, 2011). The self-efficacy of pre-service and in-service teachers to
implement inquiry-based instruction was explored by Chichekian & Shore (2016).
Some general ideas that are expounded are as follows: (1) Self-efficacy has been
correlated with teachers’ beliefs about and willingness to improve methods of
instruction using inquiry (Leonard, Barnes-Johnson, Dantley, & Kimber, 2011:
Smolleck & Mongan, 2011), (2) Highly efficacious teachers attributed their high

sense of teaching efficacy to their increased knowledge of teaching strategies,
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among them inquiry, interactive, and hands-on learning (Swars Auslander & Dooley,
2010), and (3) Those with higher self-efficacy for teaching were more likely to be
aware of various instructional approaches and were more open and willing to
experiment with innovative approaches to promote autonomous learning among and
better meet the needs of their students (Ross, Bradley Cousins, & Gadalla, 1996).

Some interesting trends arose from the fore-mentioned review. In the context
of science education (Narayan & Lamp, 2010) and mathematics teaching (Cakirogiu
& Isiksal, 2009), experienced teachers and those with high self-efficacy were more in
favor of creating inquiry-based classroom environments. This high level of self-
efficacy has been attributed to the continuous success in understanding the science
content taught, learning different pedagogical techniques and practices, and being
able to teach the science content learned to primary school children during teaching
internship. In another study, elementary science teachers who are autonomous and
professionally active have demonstrated higher self-efficacy for teaching inquiry than
those driven by external motivators.

In contrast, it was found out that teachers with low-self-efficacy often avoid a
particular subject matter (Enochs, Scharman, & Riggs, 1995). Also, several studies
have described how beginning teachers with low general self-confidence for teaching
(at both elementary and secondary levels) avoided using an inquiry approach.
Instead, they resorted to the use of low-risk instructional activities such as textbook
reading and using reading and writing-based strategies rather than on hands-on and

minds-on activities.
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Pre-service Science Teachers’ Application of IBSI During
Teaching Internship and Their Experiences

In the study on the experiences of pre-service teachers to teach using inquiry-
based instruction, Binns and Popp (2013) noted that their pre-service teacher
sample found it challenging to incorporate inquiry instruction in their classrcom. This
is despite the emphasis of inquiry instruction as a teaching approach in their teacher
preparation programs and their positive view about inquiry instruction. There
obviously is a disconnect between what the pre-service teachers believe in and in
what they learn in teacher preparation courses with what they experience in their
student teaching placements.

In a case study involving the use of inquiry-based instruction of three pre-
service science teachers during teaching internship, Nuangchalern, Dostal, & Luo
(2016) found that the participants differed in how they planned and conducted their
lessons during their teaching internship teaching. They exhibited some key
similarities that seemed to characterize their sense of making use of inquiry
approaches. However, although some of the elements of inquiry-based instruction
are seen in their lesson plans, the actual applications of these elements in actual
teaching seem to be wanting. Participant 1, for instance, emphasized the 5E
learning model in the lesson plan, but she did not emphasize on the process of
inquiry during the actual presentation. She failed to work with questions, nor guide
the students to empower their inquiring minds. Her classroom reflected the
traditional, teacher-centered set-up, and she dominantly taught using worksheets
(pp. 490-491).

The limited use of inquiry-based instruction during teaching internship
experience could be attributed to several factors. The most important factor
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identified in literature is that the pre-service teachers were themselves unlikely to
have been taught with this strategy. The use of reformed teaching approaches such
as inquiry could have conflicted with the apprenticeship they have experienced as
students in secondary school settings. They, therefore, had minimal direct
experience with the execution of inquiry instruction outside the methods course
(Binns & Popp, 2013). In addition, the cooperating teacher with whom the pre-
service teacher was paired may have used more traditional teacher-centered
approaches over student-centered ones. This assumption is supported by Lotter
(2004), who found out that in a group of pre-service teachers, most disagreed with
their cooperating teacher’s instructional methods” and wished to “see more inquiry-
based instruction” (as cited in Binns & Popp, 2013). Indeed, when a pre-service
teacher’s core beliefs conflict with inquiry or constructivist practices, “they act as
barriers in the development of constructive beliefs, almost despite their desire to put
the constructivist beliefs into practice (Haney & McArthur, 2002).

Another barrier to the use of inquiry-based science education in teaching
internships is that pre-service teachers are often concerned about adhering to the
local curriculum and become focused on day-to-day survival, instead of putting into
practice their beliefs about inquiry instruction (Gabrielle & Joran, 2007). These
conflicts cause a mismatch between their idealization of inquiry instruction and what
they are probably able to accomplish.

The fear of not being able to meet national mandates or standards and the
feeling of incompetence pose a challenge when teachers consider committing to use
inquiry-based instruction (Chichekian & Bruce, 2016). Because inquiry-based
instruction is seen to be chaotic for young teachers to handle, many experience the

fear of losing control of the learning environment. Also, because IBSl is a
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constructivist and a student-centered approach, many teachers might feel that they
are not covering the content they are expected to teach. Some pre-service teachers
hold the wrong notion that they are compelled to teach using teacher-centered
approaches as they are to showcase their mastery of the content they are to teach.
Such is the case, aside from the prevailing tendencies of pre-service teachers to
teach in the same way they are taught in their undergraduate courses.

A group of science teachers with limited inquiry experience and did not
identify any inquiry exposure during their undergraduate degrees have identified
time, curriculum, and materials as the significant barriers to the use of the teaching
approach. Also, the reactions of students — frustration, reluctance, intimidation, and
apathy — are the major impediments to the use of inquiry. Other issues impeding
inquiry use are the negative reactions of parents, colleagues, and school personnel.
The ability to plan developmentally suitable lessons, balancing inquiry with academic
standards, and lack of resources were often provided as reasons for the non-
implementation of inquiry-based science education (Melvilie et al., 2008; Smolleck &
Mongan, 2011). In the case of pre-service teachers, lack of support from supervising
teachers and cooperating teachers are the major barriers to their inquiry use.

To increase pre-service teachers’ self-efficacy and tendency to use inquiry-
based instruction, a total of 33 studies highlighted nine prior experiences that are
necessary for this purpose. These specific examples reported in the studies were:
(1) receiving extensive practice implementing inquiry instruction; (2) modeling inquiry
instruction; (3) having research experiences during teacher education; (4) support
from mentors for trying inquiry, such as from instructors and teaching internship
teachers; (5) visiting inquiry classes in action; (6) experiencing out-of-school
teaching sites such as museums and nature centers; (7) reflecting on past inquiry
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experiences concerning planning instruction; (8) examining personal beliefs about
learning and teaching and (9) having had earlier research experiences (Chichekian &
Shore, 2016).
Need for the Study

Little is written about pre-service science teaching and their experiences or
exposure to inquiry-based instruction, or how these pre-service science teachers are
prepared to teach using these reformed teaching approaches in science. Such is
especially the case among prospective science teachers in the Philippines. Most
local related studies covered broader scopes in terms of context — content-wise or
participant-wise. Examples of studies on pre-service teaching deal with more
general themes such as their self-efficacy to teach the 21%t-century skills (Balaan,
2016), or on how these pre-service science teachers deliver lessons during their
teaching internship experience (Ulla, 2016). Some studies investigated the teaching
efficacy of elementary teachers (Quinco-Cadosales, 2017). These broad approaches
are likewise seen in studies involving pre-service science teachers, such as
pedagogical-content knowledge, or technological-pedagogical content knowledge.
The only research that is most related to this current endeavor is the one conducted
by Gutierez (2015). Using the procedure of lesson study, the author explored how
public elementary school science teachers in the Philippines enact inquiry-based
instruction in their teaching. The study revealed three major challenges in the
implementation of IBSI. These challenges include the lack of support, training and
materials, overemphasis on content assessment, and the nature of inquiry itself.

These challenges, incidentally, are consistent with international trends.

44
Pre-service Biology Teachers and Inquiry-Based Science Instruction



This study is worth investigating since the pre-service science teachers are
the future implementers of inquiry instruction, and they are given the responsibility to
bring the true essence of science to the next generation of Filipinos.

Notable among the few international studies on pre-service science teaching
and inquiry-based instruction that documented the understanding and views about
IBSI, or their self-efficacy to teach using the approach, is the non-linking of these
constructs with the PSTs’ actual application of IBSI in their student teaching
experience. There was no attempt to correlate these constructs. Such a gap was
addressed in this study.

This study also wishes to address the gap as to whether or not pre-service
science teachers are exposed to IBSI practices during their pre-college, college, and
field study experiences. The important question the researcher wants to answer is
whether or not teacher-training institutions are properly equipping the science
teacher education candidates with the knowledge and skills for them to teach
science following science education reforms. Also, this study will shed light on the
PSBTs' predisposition to teach using IBSI, and whether these predispositions
translate into actual application during practice teaching. This important relationship
was so far not extensively explored in literature. Finally, this study wishes to explore
the moderating effect of the PSBTs’ educational philosophies and on their self-
efficacy and predisposition to teach using IBSI, and their actual application of this
teaching approach in their teaching internship experience.

Conceptual Framework

The responsibility of sowing the seeds of inquiry-based science instruction on

future science teachers lies more on science education professors, not on teacher-

education professors (Pushkin, 2001, cited by Buck et al., 2008). This view is
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supported by Winchschitl and Thompson (2006), who stated that science teacher
educators are the agents to model inquiry practices for pre-service science teachers.
However, both teacher educators and science educators must be conscious of their
responsibility for sowing the seeds of inquiry in the minds of these future teachers.

The successful implementation of IBSI in science teaching depends on
several factors. These factors might include the PSBT background, exposure, or
experiences with such teaching methods throughout all science classes (Binns and
Popp, 2013), and even methods courses (Buck et al., 2008). This claim is supported
by a popular adage in education, which says one cannot teach or implement what
he/she does not know.

Another factor that could influence the use of inquiry-based instruction could
be the degree by which the pre-service teachers understand the nature of inquiry.
Related to exposure or background, one cannot implement a teaching strategy that
one does not fully understand. Bybee (2000) explained, “To develop good inquiry-
based science teaching, teachers need to understand the precise nature of inquiry,
and also need to have sufficient knowledge of the discipline itself.” However, as
noted by Liewellyn (2002) and Gutierez (2015), teachers have many misconceptions
and myths about inquiry-based science teaching. Such issues could have been
confounded by the fact that even the term inquiry has multiple and no exact
definitions (Buck, Bretz, & Towns, 2008). Such a dilemma would certainly affect
how educators and pre-service teachers expound and understand inquiry-based
learning as a teaching strategy. In turn, their understanding and application of the
strategy could be compromised.

The successful implementation of IBSI may also be influenced by the pre-

service teacher’s attitude toward a teaching strategy (Uredi, 2013). Attitude, after
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all, is a powerful predictor of future behavior (Xie & Tariff, 2014). Attitudes are
opinions or general feelings one holds on something, and they have a great
influence on how successful people are in attaining higher outcomes (Cole & Levine,
2000). These attitudes affect how a person uses or does not use (or even forgets) a
certain skill or methodology. Attitudes can be closely tied to motivation within a
subject, and typically correlate to achievement. So, it can be assumed that the more
positive the PSTs’ attitudes toward the IBSI, the higher their tendencies to apply
such a strategy (Sherman & Fazio, as cited in Frymier & Nadler, 2017).

These attitudes towards a teaching approach, method, or strategy can, in
turn, be based on one’s educational philosophy (Sadker & Sadker, 2003).
According to Austin & Reinhardt, as cited in Melehat Gezer (2018), educational
philosophy is influential in gauging prospective teachers’ perceptions, decisions on
curricula and teaching practices, and behaviors and practices in the classroom.
Thus, the pre-service teachers who are more inclined to the learner-centered
educational philosophies would tend to be oriented toward learner-centered
pedagogical approaches, such as IBSI.

Another factor that could influence the application of IBSI by pre-service
teachers might be their self-efficacies. The role self-efficacy on ones’ capacity to
implement a strategy also plays an important role in the actual use of that teaching
strategy. If teachers believe that they can implement a strategy without much
difficulty, then it is no doubt that they will use such strategy in their teaching, either at
will or when asked (Chichekian & Shore, 2016; Swars Auslander & Dooley, 2010:
Velthuis et al., 2013). Also, the predisposition to teach a certain strategy could be

related to one’s actual application of such a strategy.
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In this study, the interrelationships among the variables were explored. The
interrelationships among PSBTs’ IBSI exposure during their pre-college science and
college science, and field study courses and their IBSI understanding, attitude, self-
efficacy, predisposition, and applications during interrelationship were explored.
Also, the interrelationships were explored among overall IBSI exposure along lesson
planning and implementation, content knowledge, and classroom culture and the
other IBSI variables. These procedures were done to provide a more extensive
picture of the factors that influence the PSBTS’ enactment of IBSI.

The interrelationships among the other IBSI variables and their elements or
components were also explored. Learner-centered views were also included in the
exploration of interrelationships.

The variables IBS| exposure, IBSI self-efficacy, and IBSI application included
three elements: lesson planning and implementation, content knowledge, and
classroom culture. Meanwhile, the elements under IBSI understanding and I1BSI
predisposition included the three phases of a lesson — lesson beginning, lesson
proper, and lesson ending. The elements under IBSI attitudes are the three
dimensions of attitudes — liking, interest, and perceived usefulness and learner-
centered views. Finally, the learner-centered views included constructivism,
progressivism, and social reconstructionism as its elements.

The interrelationship among the variables is shown in the conceptual

framework of the study in Figure 1.

» . . 48
Pre-service Biology Teachers and Inquiry-Based Science Instruction



IBSI Exposure
¢ Pre-college
¢ College
e Field study

]

IBSI Understanding
e Lesson
beginning
e Lesson proper
e Lesson ending

!

| 18S) Attitudes
| e Interest

e Liking

e Perceived
l usefulness

T

v

Learner-centered

views

e Progressivist

o Social
reconstructionist

e Constructivist

—

Level of IBSI self-
efficacy
¢ Lesson planning and
implementation
e Content knowledge
e Classroom culture

______ !

Extent of IBSI
application during
internship
e Lesson planning and
implementation
» Content knowiedge
e Classroom culture

!

| Level of IBSI

predisposition
¢ Lesson beginning
¢ Lesson proper
e Lesson ending

Figure 1. Conceptual Framework of the Study

Research Hypotheses

The research hypotheses of the study were as follows:

Ha1: The following variables, taken singly, are significant predictors of the PSBTS’

IBSI self- efficacy:

a) IBSI exposure,

b) IBSI understanding,

c) IBSI attitudes,

d) and learner-centered views;
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Ha2: The following variables, taken singly, are significant predictors of the PSBTs’
extent of application of IBSI during their teaching internship experience:

a) IBSI exposure,

b) IBSI understanding,

c) IBSI attitudes,

d) learner-centered views,

e) IBSI self-efficacy,

f) and IBSI predisposition;
Ha3: The following variables, taken singly, are significant predictors of the PSBTSs’

level of IBSI predisposition:

a) IBSI exposure,

b) IBSI understanding,

c) IBSI attitudes,

d) learner-centered views,

e) and IBSI self-efficacy;,
Ha4: The PSBTs' IBSI exposure is a significant predictor of their IBSI understanding.
Ha5: The following variables, taken singly, are significant predictors of PSBTs’ IBSI
attitudes:

a) IBSI exposure,

b) 1BSI understanding,

c) and learner-centered views;
H.6: The following variables are significantly correlated:

a) IBSI exposure,

b) IBSI understanding,

c) IBSI attitudes,
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d) learner-centered views,

f) IBSI self-efficacy,

g) IBSI predisposition,

h) and extent of IBSI application during teaching internship.
Definition of Terms

Classroom culture. This is one of the three elements of IBSI that was used
to describe the PSBTs’ IBSI exposure during pre-college, college, and field study
courses, IBSI self-efficacy, and IBSI application during internship. It particularly
refers to the aspect of IBSI that involves communicative interactions and
student/teacher relationships.

Content knowledge. In this study, content knowledge is another IBSI
element that was used to describe the PSBTs’ IBSI exposure, self-efficacy, and
application during internship. Content knowledge refers to the aspects of 1BSI
dealing with the development of the learners’ propositional and procedural
knowledge, including metacognitive knowledge.

Inquiry-based instruction (IBl). This study used the term inquiry-based
instruction as synonymous with inquiry-based learning, or inquiry instruction. 1Bl is
a learner-centered, constructivist approach in teaching. It is one of the teaching
approaches advocated by the science education standards in most parts of the
world, including the Philippines. It is believed that IBI promotes the learners’
attainment of scientific, technological, and environmental literacy (DepEd, 2012).
More than a “hands-on” approach, it emphasizes a “hands-on-minds-on” learning
experience.

Inquiry-based science instruction (IBSl). This term was used to refer to

the application of the principles of inquiry-based instruction (IBI) in the teaching and
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learning of science in all levels of education. Most of the IBSI descriptions of
Liewellyn (2013) were used in this study.

IBSI attitude. IBSI attitude is one of the PSBTs’ IBSI variables investigated in
this study. Measured by the Attitude Scale for IBSI Use (ASIU), it determines
whether or not the PSBTs' favor the practices and classroom applications of IBSI.
The PSBTs' IBSI attitudes were then categorized into the attitude dimensions of
interest, liking, and the perceived usefulness of the strategy.

IBSI application. This is another IBSI variable of interest in this study. IBSI
application refers to the manner, extent, or degree by which the PSBTs implement
IBSI principles and practices during their teaching internship. This variable was
measured by the PSBTs’ self-assessment and by their cooperating teachers’
observation ratings.

IBSI exposure. This study also explored the PSBTs’ exposure to IBSI. IBSI
exposure was used to profile the experiences of the PSBTs with inquiry-based
science instruction. This variable was measured with an instrument that required the
PSBTs’ to recall and rate the extent of their IBSI experiences during pre-college,
college science courses, including their field study observation courses.

IBSI predisposition. IBSI predisposition was another variable of interest in
this study. 1BSI predisposition was used to describe the PSBTs natural tendencies
to choose inquiry-based instruction instead of direct instruction models in their future
teaching. IBSI predisposition was measured in this study by an instrument involving
simulated teaching scenarios followed by options depicting inquiry and non-inquiry
teaching.

IBSI self-efficacy. This explored IBSI variable refers to the PSBTs’ self-

confidence, or belief that they can successfully implement IBSI principles and
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practices in the present or the future. The PSBTs’ IBSI self-efficacy was determined
by an instrument that required the respondents to rate their confidence in
implementing specified IBSI practices using a 10-point scale.

IBSI understanding. This IBSI variable was used in the study to refer to the
PSBTs’ ability to distinguish the principles and practices of IBSI, whether guided or
open inquiry, against the direct instruction methods (such as lectures or
demonstrations). This IBSI understanding was gauged by asking the PSBTs to
choose the options that depict IBSI practices in the Biology section of the Pedagogy
of Science Teaching Test (POSTT).

Learner-centered views. This variable was measured using the scores that
the PSBTs got in a standardized educational philosophy self-assessment instrument
of Cohen in 1999. They determined the PSBTs’ level of learner-centered views
categorized as progressivism, constructivism, and social reconstructionism defined
as follows:

Constructivism. Constructivism is one of the three -learner-centered
views explored in this study. Based on the work of Cohen (1999), this study
describes constructivism as an active learning approach where the learners
construct their understanding of reality through acting upon and reflecting on
their experiences in the world. The role of teachers in a constructivist
classroom is to facilitate environmental conditions and mediate learning
experiences.

Progressivism. This study adopts how Cohen (1999) and Sadker and
Sadker (2003) describes this educational philosophy. According to Cohen,
“progressivism believes that education should focus on the child rather than

the subject matter. Learners are seen as active in solving problems by
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experimenting and refiecting on their experience” (p. 8). Sadker and Sadker
added that in progressivism, “the role of schools is to help students develop
personal and social values so that they become thoughtful and productive
citizens” (p. 112).

Social reconstructionism. Again, Cohen’s description of this
educational philosophy was adopted in this study. This educational
philosophy advocates that “schools should take the lead to change society in
order to create a better world. Social reconstructionist teachers use critical
thinking skills, inquiry, questioning, and action as teaching strategies. Here,
students learn to handle controversy and to recognize multiple perspectives”

(Cohen, 1999).

Lesson planning and implementation (LPIl). LPI is another IBSI element
used to provide a detailed description of the PSBTs’ IBSI exposure, self-efficacy, and
application during internship. This element particularly refers to the stage where an
IBSI lesson is conceptualized and planned, until its enactment in an actual science

class.

Pre-service biology teachers (PSBTs). These are the main participants in
this study. They are senior biological science education students from Baguio City
and Benguet who are currently in or have completed their teaching internship

experience.

Teaching internship. Teaching internship refers to the practicum stage that
culminates all teacher-preparation programs in the Philippines. It is the stage where
the PSBTs IBSI application was determined. This stage is also called student

teaching, practice teaching, practicum, or teaching practice

54
Pre-service Biology Teachers and Inquiry-Based Science Instruction



Chapter 3

METHODOLOGY

This chapter is organized into four sections: (a) discussion of the research
design; (b) characterization of the locale and participants of the study; (c) description
of the research instruments and procedures; and (d) the procedure for data analysis.
Research Design

This study used both qualitative and quantitative methods of research. In
particular, survey, ex — post facto, or causal-comparative and correlation procedures
were employed.

The survey method was used to collect most of the major data needed to
answer the research questions. The PSBTs’ lesson plans were likewise analyzed to
validate the quantitative results. Interviews and focus-group discussions were
employed to triangulate the data collected.

Locale of the Study

The study was conducted in Baguio City and Benguet province on three
teacher-training institutions (TEls) offering specializations in the biological sciences.
These TEIls were recently designated as Centers of Excellence or Centers of
Development in teacher education by the Philippine Commission on Higher
Education (CHED). The deans of these TEIs responded positively to the
researcher’s request that their students be involved in the study as participants.

One of the case institutions is the Benguet State University — La Trinidad
Campus (BSU-LTC), located in Benguet's capital town of La Trinidad. The
institutions’ College of Teacher Education holds the distinction as one of CHED’s

centers of excellence in its secondary education program. The college currently
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holds Level Il accreditation from the Philippine Association of State Universities and
Colleges.

The second case institution is the Saint Louis University (SLU), a private
sectarian university that holds the distinction of having the highest number of student
enrolment in all schools north of Manila. Its secondary education program is likewise
one of CHED's centers of excellence in teacher education and is Level Il accredited
by the Philippine Accrediting Association of Schools, Colleges, and Universities.

The third institution is the University of Baguio (UB), a private non-sectarian
university that remains the third largest university in the Cordillera region in terms of
student enrolment. Its secondary education program currently enjoys the center of
development distinction from CHED. The program likewise is granted Level IV Re-
accredited status by the Philippine Association of Colleges and Universities
Commission on Accreditation.

There are unique schemes for science education in these case institutions. In
BSU-LT and UB, biology courses are not taught in the College of Teacher Education.
They are instead taught in the College of Science or the College of Allied Medical
Sciences (Medical Technology or Dentistry). However, in BSU-LT, the biological
sciences students are handled as a single class, unlike in UB, where the students
are mixed with the students from other degrees related to the biological sciences.
Meanwhile, in SLU, most biology courses are taught by teachers in the College of
Education, or by some adjunct faculty members in the College of Science who hold a
teacher’s license. This practice in SLU is according to an existing CHED

requirement for science education programs.
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Participants of the Study

The participants of the study were 66 pre-service Biology teachers who have
finished two semesters of teaching internship during the academic year 2017-2018.
Forty-one of these participants came from Benguet State University — La Trinidad
Campus (BSU-LT), while 12 and 13 participants were from Saint Louis University
(SLU), and the University of Baguio (UB), respectively. More participants came from
BSU - LT because they belong to the regular cohorts of students. The participants
from SLU and UB do not belong to the regular cohort.

Before taking part in the study, a consent form indicating the purpose of the
study and the voluntary nature of their participation was signed by the participants.
The cover letter of the consent form is shown in Appendix B. All pre-service biology
teachers from BSU-LT voluntarily participated in the study. Meanwhile, in both SLU
and UB, one PSBT each either opted not to participate or was absent during the
data-gathering. Since the participants’ ages ranged from 19 to 22, no parental
consent was required. Moreover, the participants’ consents were solicited for the
researcher to gather information about their teaching performance during internship
from their cooperating teachers.

As per institutional policy, SLU and UB allow their pre-service teachers to
teach in both junior and senior high schools, while BSU-LT deploys its interns only in
junior high schools. As they teach in both junior and senior high schools, the PSBTs
are given teaching loads not only in the biological sciences but also in the other
science fields. This practice has become the norm as the Philippine basic education

has shifted to the interdisciplinary, spiral progression approach.
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Research Instruments

Instrument used to measure the PSBTs’ IBSI exposure. The Science
Teachers’ Inquiry Practices Scale (STIPS, Appendix D) was used to determine the
PSBTs' IBSI exposure during their pre-college science, college science, and field
study courses. The instrument was based on the Characteristics of an Inquiry
Classroom (CIC) identified by Llewellyn (2013). The STIPS is a 30—-item observation
or evaluation tool used to assess the participants’ perceptions of how their former
subject and cooperating teachers employed IBSI practices in teaching.

The items were clustered into three elements based on the clustering
identified in the Reformed-Teaching Observation Protocol [(RTOP); (Sawada,
Sawada, Falconer, Turley, Belford, & Bloom, 2002)]. The cluster names, number of
items, and the internal consistencies of the items are presented in Table 1. The
items were pre-tested to 229 science education majors who were not involved in the
study. These are the science education majors who recently graduated or those

who are in the lower years.

Table 1. Structure and reliability of the Science Teachers’ Inquiry Practices Scale (STIPS)

Elements Name No. of Item placement a
items
1 Lesson planning and 9 4,5,6,7,8,12,13, 21, 22 .886
implementation
2 Content knowledge 12 2,9,14,16,17, 18, 20, 24 25, 960
26, 29, 30
3 Classroom cuiture 9 1,3, 10, 11, 15, 19, 23, 27, 28 875
Overall 961

As shown in Table 1, the overall and component internal consistency of the
instrument is very high at r = .961, indicating that the items are homogeneous. Using
an online readability calculator (Readabilityformulas, nd) that reports resuits from
eight different tools, the instrument is suitable for students whose ages range from

14 to 15, who are approximately in Grade 10. Although the instrument is labeled as
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difficult to read, the recommended age and grade levels are younger than the target
participants of this study. Finally, the mean of participants’ ratings of their IBSI
exposure from pre-college, college, and field study courses were obtained to
determine their overall level of exposure on this teaching approach.

All items in the STIPS are declarative statements about inquiry use, as
described in literature (Llewellyn, 2013). The scale was answered using a five-point

scale, described and interpreted as follows:

Table 2. Scale, description, and interpretation of the responses to the STIPS

SCALE FREQUENCY OF OCCURRENCE INTERPRETATION
1 1% - 20% of the time Very Limited (VL)
2 21% - 40% of the time Insufficient (InS)
3 41% - 60% of the time Moderate (M)
4 61% - 80% of the time Sufficient (S)
5 81% - 100% of the time Extensive (E)

Instrument used to measure the PSBTs’ IBSI understanding. The level of
the PSBTs’ understanding of IBSI was assessed quantitatively using the biology
items in the Pedagogy of Science Testing Test (POSTT-B), developed and validated
by Cobern, Schuster, Adams, Skjold, Mugaloglu, Bentz, & Sparks (2014). The
POSTT-B is in Appendix E. The PSBTSs’ ability to identify the options involving IBSI
principles in the POSTT-B indicates their level of understanding of IBSI. The
Mallinson Institute for Science Education of the Western Michigan University, from
which the instrument developers are based, is granting permission to science
educators and researchers for the use of the instrument. The developers of the
instrument even encourage interested parties to use the instrument as a summative
assessment tool, as the POSTT is originally intended for formative assessment.

Furthermore, the readability levels of the items are within the standard/average
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reading level. It is suitable for Grade 7 learners, with ages from 13 to 14
(Readabilityformulas, n.d.).

The original POSTT has four versions, composed of items from earth and
space science, biology, chemistry, and physics. Only the Biology items of the test
were used in the study to eliminate content-related bias. Each of the 16 items in the
POSTT contains a classroom vignette followed by response choices carefully crafted
to include four basic pedagogies (didactic direct, active direct, guided inquiry, and
open inquiry). There are items involving how to begin, teach, or end a science

lesson. A sample item in the POSTT is given as follows:

(8) Photosynthesis

Ms. Hamid has been teaching her 8th-grade students —
about photosynthesis, and in particular, that
chlorophyll production in plant leaves is light-induced.
She sets up an example to illustrate this. She has placed fast-growing seedlings
where they are exposed to different levels of light intensity. The students observe the
growing plants over several days and estimate the amount of chlorophyll using a
color chart to record leaf color. They record their data in their science notebooks and
on a classroom data table. On the last day, Ms. Hamid reviews the role of light in
chlorophyll production, as illustrated by the activity.

Thinking about how you would teach this topic, of the following, which is the best
evaluation of her lesson?

A. This is a good lesson design overall because Ms. Hamid begins with an
explanation of the concepts that she wants the students to learn, followed by an
activity for students to confirm that chlorophyll production is light-induced. (Active

direct)

B. Ms. Hamid begins appropriately with an explanation of the concepts she wants
the students to learn. This being so, it is not clear that the activity is needed,
especially since it requires so much class time. (Didactic direct)

C. Ms. Hamid’s approach is too pre-organized and prescriptive. It would be better for
students themselves to decide how to set up plants and lights, see what happens,
and figure out a way to compare chlorophyll production in the leaves. (Open inquiry)

D. The instructional sequence would be better if the students do the plant
observations first, showing that chlorophyll is light-induced, after which Ms. Hamid
can explain the process more fully. (Guided inquiry)
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In a way, the PSBTSs’ levels of IBSI understanding were gauged in their ability
to distinguish which among the choices manifest IBS! practices. The PSBTs were
asked to identify the choice or choices that manifest the principles of IBSI, either in
the form of guided inquiry or open inquiry. They were informed that there could be
more than one answer per item, but they were penalized for every wrong option that
they chose. The items were scored based on whether or not the participants
identified the options that characterize IBSI principles. Hence, since each item has
two options that manifest IBSI (guided and open inquiry), the maximum points per
item were awarded. One point was awarded if a participant picked only one correct
option. The right minus wrong scoring scheme was used. For instance, if a
participant provided two answers in an item, where one answer is correct and the
other wrong, then no point was given for that item. If two wrong options were
selected, then the participant was given negative 2 points. Thus, scores in the
POSTT-B can range from a minimum of below zero to a maximum of 32 points.

The participants’ level of understanding about IBSI was determined based on
their scores in the POSTT-B. The following scale was used to interpret their level of

understanding:

Table 3. Interpretation of mean scores in the POSTT-B used to gauge IBSI
understanding

MEAN SCORES INTERPRETATION
0.00 or lower Very Limited
0.01 -0.50 Limited
0.51-1.25 Moderate
1.26-1.75 Sufficient
1.76 - 2.00 Extensive
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As a validating procedure, the PSBTs were asked to give their definition of
IBSI and to describe their best experiences with the approach. The quality of their
definitions and descriptions were analyzed and reported in the resuits section.

Instrument used to measure the PSBTs’ IBSI attitude. To determine the
PSBTs’ attitudes toward IBSI, the Attitude Scale for IBSI Use (ASIU), adopted from
Evrekli, Inel, Balim & Kesercioglu (2010), was used. The ASIU instrument is found
in Appendix F.

Of the 14 items in the ASIU, 11 were positively stated, while four were stated
in the negative. When the readability level of the instrument was entered on an
online readability analyzer, the readability consensus revealed that the instrument is
“fairly easy to read, suitable for readers ages eight to nine.”

The ASIU instrument measures three dimensions of attitude (Evrekli et al.,
2010). The attitude dimensions being measured and the corresponding number of
items are as follows: a) interest (five items), b) liking (four items), and perceived
usefulness (five items).

The items in the ASIU were answered with Yes, Somewhat, or No. The
responses were then scored following the manner of scoring attitude scales
described in literature (Gronlund & Keith — Waugh, 2009; Popham, 2011). Two
points were awarded for a positive response to a positive statement, and negative
two was given for a positive response to a negative statement. Conversely, two
points were awarded for a negative response given to an item stated negatively, and
negative two were awarded for a positive response to a negatively stated item. A
somewhat answer to a positive statement received a score of one, while a somewhat
answer to a negative statement received a negative one. With this scoring scheme,

the highest possible score in the ASIU is 44, and the lowest is -44.
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The PSBTs’ attitudes toward inquiry use were gauged based on their scores
in the ASIU. The scores were then interpreted using the scale shown in Table 4.

Table 4. Interpretation of the scores in the ASIU used to gauge IBSI attitudes

MEAN SCORE RANGES TOTAL SCORE RANGES INTERPRETATION
0 and below 0 and below Very low (VL)
0.01 to 0.50 1-7 Low (L)
0.51-1.25 8-16 Moderate (M)
1.26 -1.75 17 -23 High (H)
1.76 — 2.00 24 - 28 Very high (VH)

Instrument used to measure the PSBTs’ learner-centered views. The
PSBTSs’ learner-centered views (LCV) were assessed using the educational
philosophy self-assessment scale (EPSAS) developed by Cohen (1999). The
original scale included eight educational philosophies, but only the items under
perennialism, essentialism, behaviorism, progressivism, social reconstructionism,
and constructivism were used as the other items are more of psychological views
and not strictly educational philosophies (Sadker & Sadker, 2003). The first three
educational philosophies were predominantly teacher-centered, while the remaining
ones were student-centered philosophies (Parkay & Stanford, 2007; Sadker &
Sadker, 2003). The revised instrument is in Appendix G.

While the participants’ teacher-centered philosophical views were also taken,
it was done simply to compare these views with their learner-centered views. Only
the PSBTSs’ learner-centered views were presented and analyzed in this study since
IBSI is basically a learner-centered teaching approach.

Instrument used to measure the PSBTs’ self-efficacy to teach using IBSI.
The PSBTs’ self-efficacy for IBSI was determined using the Inquiry Use of Self-
Efficacy Scale (IUSES), which was adapted from literature (Appendix H). The items

in the IUSES were based on Isola and Wenning’s (2007) Inquiry-Based (Reformed)
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Teaching Self-Assessment Inventory (ITSAI). The ITSAI, in turn, was a modification
of the Reformed-Teaching Observation Protocol (RTOP) developed by Sawada et al.
(2002).

The RTOP is a formal and structured observation method designed for
trained observers to score a videotaped lesson. It is a 25-item classroom
observation protocol that is (a) standards-based, (b) inquiry-oriented, and (c)
student-centered (Sawada et al. 2002). The scores are then used as a way to
measure the amount of “reformed teaching” that is occurring in a classroom. The
RTOP has a high level of reliability (Cronbach a for the whole test is 0.97, interrater
reliability estimate = 0.95) and validity and provides education researchers a way to
compare the effectiveness of various teaching practices and to correlate such
practices with student achievement (p. 247). The RTOP provides an operational
definition of what is meant by “reformed teaching.” The items arise from research-
based literature that describes inquiry-oriented standards-based teaching practices
in mathematics and science” (Sawada et al. 2002).

The ITSAI, meanwhile, is a simplified version of the RTOP. It is modified to
make it more of a guide for personal reflection of one’s teaching. The idea was to
change the focus of each item to direct it inward and to change the terminology to
describe the same characteristics it was designed to measure in more common

everyday terms (Isola & Wenning, 2007).

Table 5 illustrates the similarity among the items in the three instruments.
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Table 5. Comparison of the sample items in the RTOP, ITSAI, and the IUSES

RTOP ITSAI IUSES
1. The instructional 1. My instructional strategies 1. | CAN use strategies and
strategies and and activities show respect  activities that show respect for
activities respected  for students’ prior knowledge students’ prior knowledge and
students’ prior and their preconceptions or  their preconceptions or
knowledge and the misconceptions found within  misconceptions found within
preconceptions that knowledge. that knowledge.
inherent therein.
2. The lesson was 2. My lessons are designed 7.1 CAN design lessons that
designed to engage to engage students as engage students as members
students as members of a “leaming of a “leaming community,”
members of the community,” intellectual intellectual rigor, constructive

leaming community. rigor, constructive criticism, criticism, and the challenging
and the challenging of ideas  of ideas are valued.

are valued.
3. In this lesson, 2. In my lessons, student 3. 1 CAN provide opportunities
student exploration  expioration precedes formal  for students to explore first
preceded formal presentation. before they are provided with
presentation. formal presentation (lecture or

demonstration, etc.)

The structure of the IUSES is shown in Table 6.

Table 6. Structure of the IUSES used to measure IBSI self-efficacy

Elements Name No. of Item placement a
items
1 Lesson planning and 8 1,2,3,4,5,6,7,17 .885
implementation
2 Content knowledge 9 8,9,10,11,12,13,14, 15,16 905
3 Classroom culture 7 18, 19, 20, 21, 22, 23, 24 .878
Overall instrument 956

The levels of self-efficacy were determined based on the PSBTs’ scores on the

scale. Mean scores were obtained per participant, and their self-efficacy were interpreted

following the scale shown in Table 7.

Table 7. Interpretation of the scores in the IUSES used to gauge 1BSI self-efficacy

SCALE MEAN SCORE RANGES INTERPRETATION
1-2 1.00-2.49 Very low (VL)
3-4 2.50-4.49 Low (L)

5-6 4.50-6.49 Moderate (M)
7-8 6.50-8.49 High (H)
9-10 8.50-10.00 Very High (VH)
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Instrument used to measure the PSBTs’ predisposition to teach using
IBSL. In determining the PSBTSs’ predisposition to teach using IBSI practices, the
researcher developed and used the Test for Inquiry Pedagogy in the Science of
Biology (TIPS-B) (see Appendix I). The TIPS-B was content-validated by three
experts. One of the validators was a professor/research director at a State
University. He holds a Ph.D. in Biology Education and teaches Educational
Measurement and Evaluation in both the undergraduate and graduate levels. The
second validator Ph.D. in Science Education degree holder with a Master’s degree in
Science education. She is currently a biology and science education professor in the
largest private sectarian university north of Manila. The third validator is a retired
professor in Biology and science education. She obtained a Ph.D. in science
education major in Biology and a national board member in the largest national
organization for biology teachers. All content validators had specialized in either
Biology or Biology Education at the undergraduate levels.

The comments and suggestions were incorporated based on a consensus
that if two out of three agreed on such suggestions, then these suggestions were
incorporated into the instrument. There was one suggestion that some items should
be shortened, but the other two did not agree as shortening the item might reduce
the ability of the item to picture the situation desired to be analyzed. Another
evaluator suggested that one option appeared to be an inquiry situation, but the two
other evaluators did not agree. Since there was no consensus on the suggestions,
the instrument was used as it was, except on some minor corrections on grammar
and syntax.

The TIPS-B consisted of 15 classroom vignettes involving Biology teaching.

Each vignette is followed by four options depicting teaching strategies with one or
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| two inquiry-based science instruction (IBSl), and two or three non-inquiry strategies.

% For items with two options manifesting IBSI, one option involved open inquiry, and
another option depicted guided inquiry. This variation was done in the attempt to
eliminate some answers that appear quite obvious. Also, the non-inquiry items were
crafted in such a way that they manifest more active direct pedagogies, rather than
passive, didactic direct instructional models. The TIPS-B was tried out with biology
teachers, and biology education graduates and undergraduates in three different
universities. This procedure was done to determine if all options are all attractive by
attracting at least 5% of those who will answer the instrument. The results favored
the affirmative, so the instrument was adopfed in the study.

The readability of the instrument was likewise determined to ensure its
reading ease. Using the online readability calculator Readabilityformulas.com (nd),
the instrument is in the average or standard reliability level and is suited for Grade 8
learners, with ages ranging from 12 to 14.

To accomplish the instrument, the PSBTs chose among the four options the
strategy they will most likely use when they teach a given Biology lesson. Their
answers were scored, depending on whether or not they chose the options that
manifested the IBSI practices. The PSBTs were given no points if they chose an
option that is a non-IBSI, and one point was awarded when they chose any of the
options that manifest IBSI. With this scoring scheme, the highest possible score
was 15, and the lowest score was zero. The participants’ scores were used to
indicate their predisposition to teach using IBSI practices. The scores in the TIPS-B

were as interpreted as follows:
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Table 8. Interpretation of the scores in the TIPS-B used to gauge IBSI predisposition

MEAN SCORE RANGE TOTAL SCORE RANGE INTERPRETATION
0.00-0.15 0-2 Very low (VL)
0.16 -0.35 3-5 Low (L)
0.36 - 0.65 6-10 Moderate (M)
0.66 - 0.85 11-13 High (H)
0.86 — 1.00 14-15 Very High (VH)

Instrument used to measure the PSBTs’ application of IBSI during
teaching internship. Finaliy, to assess the PSBTs’ extent of application of IBSi in
teaching, the modified Reformed Teaching Observation Protocol (mMRTOP), and the
modified inquiry-based teaching self-assessment inventory (mITSAI) were used. As
earlier illustrated, the RTOP and the ITSAI contain similar items, except that the
former is designed for observers in a teaching-learning process, while the second is
designed as a self-assessment tool (Isola & Wenning, 2007; Sawada et al., 2002).
The mRTOP was accomplished by the PSBTs’ cooperating teachers near the
culmination of the former’s teaching internship experience. The mITSAI, on the
other hand, was accomplished by the PSBTs at the culmination of their student
teaching experience.

Before the cooperating teachers (CTs) accomplished the mRTOP, they were
told to assess their biology student teachers as objectively as they could as their
ratings would not be included in the student teachers’ grades. For confidentiality, the
CTs were asked to place the accomplished questionnaires in a sealed envelope.
The CTs’ ratings in the mRTOP were combined with the PSBTs’ self-assessments in
the mITSAI. The scores were then averaged to provide a more valid assessment of
the PSBTs’ use of inquiry-based instruction in their science classes. The mRTOP

and the mITSAI are in Appendix J and Appendix K, respectively.
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Both the mRTOP and the mITSAI are 23-item instruments. Each item in both
instruments was answered on a scale of 0 (not true of me) to 4 (true of me on a
regular basis). The level of application of IBSI during teaching internship was
interpreted based on the obtained scores as follows:

Table 9. Interpretation of the combined ratings in the mRTOP and the mITSAIl used to
gauge I1BSI application during teaching internship

SCALE MEAN RANGE FREQUENCY OF EXTENT OF APPLICATION
OCCURRENCE
0 0.00-0.49 Never Very Limited (VL)
1 0.50-1.49 Seldom Insufficient (InS)
2 1.50-2.49 Sometimes Moderate (M)
3 2.50-3.49 Often Sufficient (S)
4 3.50-4.00 Very often Extensive (E)

Furthermore, to validate the quantitative results, the PSBTs’ lesson plans
were analyzed for some manifestation of IBSI use.
Data Analysis Procedure

Both descriptive and inferential statistics were used in the treatment of the
quantitative data gathered. As for the IBSI variables that were measured using
Likert-type items (IBSI exposure, attitude, self-efficacy, and application, including
learner-centered views), the data gathered in both the overall and the components or
elements were the composite scores. Hence, these data were in the interval scale.
This action justifies the adoption of the parametric statistics procedures instead of its
non-parametric equivalents in the analysis of data.

According to Clason and Dormody, (1994), “a Likert scale is composed of a
series of four or more Likert-type items that are combined into a single composite
score or variable during the process of data analysis. The combined items are used
to provide a quantitative measure of a character or a personality trait. The researcher

is only interested in the composite score that represents the character/personality
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trait.” (p. 12). From this initial work, Boone and Boone (2014) explained that the data
obtained from Likert-type scales could be analyzed at the interval measurement
scale, since a composite score (sum or mean) from four or more type Likert-type
items were computed and utilized.

Other justifications for the adoption of parametric statistics despite the use of
Likert scales are the works of Norman (2010), Rickards, Magee, and Artino (2012),
and Sullivan and Artino (2013). For his part, Norman (2010), a leading figure in
medical education research methodology, has comprehensively reviewed the
controversy and provided compelling evidence, with actual examples using real and
simulated data, that parametric tests can be used with ordinal data. Meanwhile,
Rickards et al., (2012), remarked that researchers in the field of education and
medicine commonly create several Likert-type items, group them into a “survey
scale,” and then calculate a total score or mean score for the scale items. This
practice, according to and Sullivan and Artino (2013), particularly recommended
when “researchers are attempting to measure less-concrete concepts, such as
trainee motivation, patient satisfaction, and physician confidence - where a single
survey item is unlikely to be capable of fully capturing the concept being assessed.”
(p- 2).

The normality of the data and the equality of the variances were likewise
ascertained to justify the use of parametric tests. Using the Shapiro-Wilk test, which
is considered the most powerful test for normality (Gashemi & Zahediasl, 2012; Peat
& Barton, 2005), and the Levene’s test for the normality of variance, all the Likert
scales data were able to satisfy the normality assumptions at p = 0.05. All the

obtained p-values in both tests were higher than a = 0.05. Thus, parametric tests
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~ were used in the analysis. The result of the Shapiro-Wilk test and Levene's test are

shown in Appendices O and P, respectively.

With the above justifications, the data were thus summarized using means
and standard deviations. Further, one-way analysis of variance (One-way ANOVA)
at p = 0.05 level. If applicable, Tukey's HSD was used to determine significant

differences along the subscales or elements of the IBSI variables.

Pearson-Product Moment Correlation (PPMC) was used to determine the
inter-correlations among the IBSI variables. Finally, simple linear regression
procedures were employed to determine if significant linear relationships exist
among the IBSI variables and their elements. All data were run using the statistical
package for the social sciences (SPSS) version 20. Meanwhile, the normality and
equality of variances were tested using the statistics kingdom (staskingdom.com,

nd), a statistics calculator on-line.
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Chapter 4
RESULTS AND DISCUSSION

This chapter covers the findings of the study and the explanations and
inferences the author made on these findings. Some of the findings were likewise
corroborated with the results of previous studies.

Characteristics of the Pre-service Biology Teachers
(PSBTs) According to their IBSl-related Attributes

PSBTs’ IBSI| exposure. The PSBTs believe that they bring a sufficient level
of exposure to inquiry-based science instruction going into off-campus practice
teaching (Table 10). This finding is based on their assessment of their experiences
with IBSI practices during their pre-college, college science, and field study courses,
using a scale that ranges from one (lowest) to five (highest). This result implies that
the science teachers and professors who taught them have “often” used inquiry-
based practices in their science teaching. This result further implies that, in the mind
of the respondents, inquiry instruction practices are very much alive in the
Philippines, even though the respondents in this study are products of the pre-

science education reform era.

Table 10. 1BSI exposure of the PSBTs along the IBSI elements in their pre-coliege (PC),
college (C), and field study (FS)

NO. ITEMS PC C FS Mea Int
n

Lesson planning and implementation
4 Limit the use of lecture and direct instructonto 345 363 377 362 S

occasions where the lesson cannot be taught
through hands-on or inquiry-based instruction.

5 Demonstrate flexibility by balancing and 367 409 408 395 S
mediating their preplanned lessons and
questions with the activities and directions
prompted by student questions.

6  Assess students’ prior knowledge atthe startof 3.74 391 411 392 s
the lesson and adjust teaching accordingly.
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7 Make leamning relevant and meaningful by 373 409 402 395 S
taking students’ interests into account and
basing lessons on students’ prior suppositions.

8  Use counterintuitive demonstrations and 344 374 368 362 S
discrepant events to pose contradictions and
challenge students’ previously held beliefs.

12 Amrange students’ desks for collaborative work 380 386 391 38 S
in small groups.

13  Move about the classroom and rotate among 376 374 374 375 S
small groups throughout the lesson.

21  Assess student performance in a variety of 383 403 409 399 S
forms.

22 Initiate and orchestrate discourse and scientific 341 3.75 355 357 S
argumentation.

SUB-SCALE MEAN 365 387 387 380 S
SD 0.80 0.62 0.67 0.61
Interpretation S S S

Content Knowledae

2  Provide opportunities for metacognitive 368 408 388 390 S
processes.

9 Use inquiries and investigations to “anchor” 353 403 380 384 S
new information to previously held knowledge.

14 Encourage students to design and carry out 344 405 372 373 S
their investigations.

16 Integrate science content with process skills 364 420 392 392 S
and problem-solving strategies, as well as
technology, environment, etc.

17  Act as facilitator, mediator, initiator, and coach 398 438 421 421 S
while modeling behaviors of inquiry, curiosity,
and wonder.

18  Use primary sources of information (joumal 364 425 394 395 S
articles, etc.) rather than, or in conjunction with
prescribed textbooks.

20 Encourage students to use concept maps, 394 435 410 409 S
graphic organizers, and drawings of models to
explain and demonstrate newly acquired
knowledge.

24 Students showed an interest in science by 368 418 385 388 S
acting as researchers/investigators.

25 Students are engaged in diligent investigations 355 388 364 368 S
from their self-generated questions.

26 Students reflected on and took responsibility for 3.86 428 410 4.13 S
my/their leaming.

29 Students considered skepticism and altenative 382 411 400 399 S
models or points of view.

30 Students used claims and unbiased evidence 392 425 414 415 S
to form explanations and arguments. -
SUB-SCALE MEAN 3.72 417 394 394 S
SD 084 058 076 065
Interpretation S S S

Classroom culture
1 Create a classroom culture that encourages S
positive scientific attitudes and habits of mind. 379 411 402 397
73
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3  Stimulate and nurture students’ curiosity. 383 411 394 396 S
10  Model inquisitive actions by posing prompting

and probing questions as well as asking S

questions that require higher-level and critical 359 421 408 397

thinking skills.

11 Refrain from divulging the answers and pose S

prompts to clarify students’ questions. 358 402 38 382

15  Keep students on-task by having them support S

and debate their data, evidence, and 335 397 365 3.66

conclusion.

19  Encourage communication skills such as S

speaking and listening. 400 434 426 4.21

23 Students enjoyed posing questions and S

demonstrating a desire to leamn. 379 400 394 39

27 Persisted in asking questions to clarify and S
confirm the accuracy of their understanding. 400 411 415 4.09
28 Students worked respectfully and S

communicated in collaborative groups. 411 442 418 424

SUB-SCALE MEAN 3.78 414 400 397 S

SD 0.76 057 0.66 0.58

Interpretation S S S

OVERALL MEAN 360 42a ¢ 408 S

Di S S S S

SD 107 101 1.00 0.84
Subscale means (mean column) with the same letter are not significant at p = .05, Tukey
HSD, Means of the same letter are not significantly different at p = 0.05

SCALE RANGE FREQUENCY OF INTERPRETATION
OCCURRENCE
1 1.00-1.49 1% - 20% Very Limited (VL)
2 1.50-2.49 21% - 40% Insufficient (InS)
3 2.50-3.49 41% - 60% Moderate (M)
4 3.50-4.49 61% - 80% Sufficient (S)
5 4.50-5.00 81% - 100% Extensive (E)

The above result contradicts what seems to be the trend internationally.
According to the literature on science reform practices, the adoption of inquiry
instruction into the K-12 classrooms remains somewhat elusive, despite inquiry
instruction being a prominent feature of national science standards for the past 15
years (Binns & Popp, 2014; Smith, Desimone, Zednerm, Dunn, Bhatt &
Rumyantseva, 2007). Moreover, according to Smolleck and Mongan (2011), and
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Ramnarain and Hlatswayo (2018), the implementation of such a pedagogical
practice continues to be a challenge for many teachers.

The PSBT respondents’ sufficient exposure to IBSI likewise contradicts
Anderson (2007), Crawford (2000), Friesen and Jardine (2010), Melville, et al.,
(2008), and Windschitl (2004) who all reported on the limited experience prospective
science teachers have on IBSI both in their basic education and teacher-preparation
years. This limited exposure to IBSI has also limited the implementation of IBSI by
these teachers in their science teaching. |

The stark contrast between the result of the study and that of international
trend could be due to the differences in the manner of measuring the prevalence of
IBSI practices in science teaching and learning. While this study used a
questionnaire soliciting the participants’ self-assessment of their experiences, other
studies could have used more direct procedures such as actual classroom
observations triangulated with lesson plan/syllabus and/or the analysis of laboratory

manuals (National Research Council, 2006).

The PSBTs' assessment of the levels of their overall IBSI exposure in the
three stages (pre-college, college, and field study) was all in the level of “sufficient.”
However, analysis of variance (ANOVA) indicates the perceived overall exposure
levels across the three stages differ significantly (F = 4.487, p = 0.012, 2-tailed).

Of the three IBSI elements, IBSI exposure in college science courses is

perceived to be highest, except along lesson planning and implementation.

Meanwhile, perceived IBSI exposure is lowest in the PSBTs’ pre-college courses.
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Table 11. One-way ANOVA and Tukey HSD on the PSBTs' perceived level of IBSI
exposure during their pre-college, college science, and field study courses.

Source Sum of df Mean F statistic p-value
squares square

Treatment 4.1531 2 2.0765 4.4877 0.0124
Emor 90.2289 195 0.4627
Total 94.3819 197
Treatments pairs Q statistic p-value Inference
Pre-college vs. college science 4.1891 0.009 ** p<0.01
courses
Pre-college vs. Field study courses 2.6438 0.150 Ns
College science vs. Field study 1.5454 0.519 Ns
courses

The result on higher overall IBSI exposure in college science courses
contradicts the long-standing notion that college professors generally use lectures
and expository procedures in their teaching (Meyer, Hong, & Fynewever, as cited in
Holloway, 2015). Accordingly, there is very little learner involvement in most college
science courses, and experiments are only done in laboratory periods where very
little “real” inquiry activities are done (DeHaan, 2005; Jeanpierre, Oberhauser, &
Freeman, 2005; Melville et al., 2008). In particular, the result contradicts that of
Aulls, Tabatabai, and Shore (2016), who reported on their pre-service teacher
respondents identifying their inquiry experiences greatest during high school,

followed by university, then elementary.

The discrepancies in the result between the actual data and long-prevailing
notion can be explained by the fact that the data could have been gathered using
different tools. While this study gathered data by soliciting the students’ self-
assessments, other studies could have used more direct, first-hand methods such as
classroom observation, or document analysis. Likewise, since the definition of
inquiry teaching is still nebulous to the education community, and that no standard

instrument has been developed to measure inquiry experiences of students, true
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inquiry exposure is difficult to gauge. The interpretation of these results should,

therefore, consider this constraint.

Meanwhile, when the perceived overall levels of exposure were compared
according to the IBSI elements, the greatest perceived exposure happened along
classroom culture, followed by content knowledge. However, variance analysis
(ANOVA) revealed that the exposures were statistically tied (F = 1.560, p = .213 2-
tailed). The PSBTs’ mean scores in each of these elements all translate to a
“sufficient” level of exposure.

Table 12. One-way ANOVA on the PSBTs’ overall perceived level of IBSI exposure

along lesson planning and implementation (LP!), content Knowledge, and classroom
culture

Source Sum of df mean square F statistic p-value
squares
Treatment 1.1635 2 0.5818 1.5598 0.2128
Error 72.7299 195 0.3730
Total 73.8935 197

Comparing IBSI exposure in the three stages according to lesson planning
and implementation, ANOVA indicates an insignificant difference, despite higher
mean scores during college and field study stages. Meanwhile, according to both
content knowledge and classroom culture, there were significant differences in
exposure mean scores. In both elements, the PSBTs claim that their exposure
levels were highest during college, followed by field study, then pre-college.

Further analysis of the results show that overall, the IBSI practices the PSBTs
were least exposed to were Item 22 - “Initiate and orchestrate discourse and
scientific argumentation,” Item 8 — “Use counterintuitive demonstrations and
discrepant events to pose contradictions and challenge students’ previously held
beliefs.”, ltem 4 — “Limit the use of lecture and direct instruction to occasions where

the lesson cannot be taught through hands-on or inquiry-based instruction” and ltem
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15 — “Keep students on-task by having them support and debate their data,
evidence, and conclusion.” All but one of these items pertains to lesson planning

and implementation. The other item (item 15) came from school culture.

Table 13. One-way ANOVA and Tukey HSD on the PSBTs' perceived level of IBSI
exposure along the three IBSI elements during their pre-college, college science, and
field study courses.

Lesson planning and implementation

Source Sum of Squares df Mean F statistic p-value
Square
Treatment 2.2226 2 1.1113 2.2610 0.1070ns
Error 95.8447 195 0.4915
Total 98.0673 197
Content knowledge
Source Sum of Squares df Mean F statistic p-value
Square
Treatment 6.4447 2 3.2224 5.9141 0.0032**
Error 106.2474 195 0.5449
Total 112.6921 197
Treatments pairs Q statistic p-vaiue inference
Pre-college vs. college science courses 4.8638 0.0020541 ** p<0.01
Pre-college vs. Field study courses 2.4180 0.2043023 Ns
College science vs. Field study courses 2.4458 0.1970091 Ns
Classroom culture
Source Sum of Squares df Mean F statistic p-value
Square
Treatment 4.2196 2 2.1098 4.7227 0.0099**
Error 87.1146 195 0.4467
Total 91.3343 197
Treatments pairs Q statistic p-value Inference
Pre-college vs. college science courses 4.3022 0.0075014 ** p<0.01
Pre-college vs. Field study courses 2.6861 0.1416243 Ns
College science vs. Field study courses 1.6161 0.4904269 Ns

The items the PSBTs were less exposed to relate to the features that
characterize scientific inquiry and the 5E model of teaching (Llewellyn, 2012;
Petersen, 2000). The other items the PSBTs are least exposed to were: a) (Item 25)
“Students are engaged in diligent investigations from their self-generated questions™

b) (Item 14) “Encourage students to design and carry out their investigations”; and c)
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(Item 13) “(Teacher) Move about the classroom and rotate among small groups
throughout the lesson.”.

The levels of IBSI exposure along the above areas were particularly lower
during the PSBTSs' pre-college years. This low exposure could be explained by the
fact that these “hard-core” inquiry practices are too advanced for younger learners.
As described by Banchi and Bell (2008) and Buck et al. (2008), inquiry activities are
events that advance with the learners’ age/maturity or experience. Hence, the
incidence of inquiry instruction is expectedly lower during the pre-college stages.

Meanwhile, the IBSI practices the PSBTs were most exposed to include items
28, 17, 19, 20, and 30. These items came from the domain of classroom culture.
The specific items with the greatest perceived exposures were: ltem 28 - “Students
worked respectfully and communicated in collaborative groups” and ltem 17 — “Act
as a facilitator, mediator, initiator, and coach while modeling behaviors of inquiry,
curiosity, and wonder” Iitem 19 — “Encourage communication skills such as speaking
and listening,” Item 20 — “Encourage students to use concept maps, graphic
organizers, and drawings of models to explain and demonstrate newly acquired
knowledge” and *“/tem 30 — “Used claims and unbiased evidence to form
explanations and arguments.” Except for item 30, the above inquiry events are
general characteristics that define student-centered learning, which is also part of
science education reform efforts (Heim & Holt, 2018).

The qualitative data obtained in the semi-structured interview reveal that the
PSBTs were indeed least exposed to IBSI during their pre-college years than either
their college and field study observation and teaching internship courses. Close to
75% of the respondents claim that they had limited exposure to IBSI in high school.

In contrast, 71% claimed that they had sufficient to extensive experience with IBS]
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during their college science courses. These findings seem to support the idea that
IBS| and other learner-centered strategies are more appropriate and more applicable
for older students and those more inclined into science courses (Banchi & Bell, 2008;

Buck et al., 2008)
PSBTs’ IBSI understanding. Table 14 reveals that, overall, the PSBT

respondents have a limited understanding of inquiry-based science instruction. This
level of understanding is gauged in the PSBTs’ ability to choose from the given
options the IBSI practice, which they think will manifest inquiry practices in the given
science lesson or situation. Based on their responses, it can be surmised that the
majority of these respondents (54.89%) have a limited to very limited understanding
of IBSI practices. They can hardly distinguish the teaching strategies and
techniques that reflect IBSI from those that manifest direct teaching approaches.
This limited understanding is true in all three lesson stages. Meanwhile, 39.39%
hold a moderate level of understanding, while only 6.06% hold an adequate

understanding of IBSI practices.

Table 14. Level of IBS| understanding by PSBTs according to lesson stages

According to lesson stage Mean St.Dev. Interpretation
Lesson beginning (3,5,9,14,15) 0.564ab 0.523 Moderate
Lesson proper (1,4,8,10, 11,12,13) 0.361b 0.579 Limited
Lesson ending/wrap-up (2,6,7,16) 0.606a 0.539 Moderate
Overall 0.485 0.462 Limited

Means of the same letter are not significant at p = 0.05, Tukey HSD

Mean scores Interpretation

0.00 or lower Very Limited
0.01 -0.50 Limited
0.51-1.25 Moderate
1.26 -1.75 Sufficient
1.76 - 2.00 Extensive

When compared according to the lesson stage, the PSBTs tend to identify

IBSI teaching techniques and principles better when these are used at the beginning
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and at the end of the lesson than at lesson proper (Table 5). Analysis of Variance
and Tukey's HSD (Table 6) indicate that the PSBTs’ IBSI understanding at lesson
beginning and at lesson ending was significantly higher than their understanding at
lesson proper. Overall, the PSBTs have limited understanding of IBSI principles
when these principles are used at lesson proper.

Table 15. One-way ANOVA and Tukey HSD on the PSBTs’ understanding of IBSI
practices at different lesson stages

Source Sum of Squares Df Mean Square  F statistic p-value
Treatment 2.2549 2 1.1274 3.7646 0.0249*
Error 58.3994 195 0.2995
Total 60.6542 197

Treatments pairs Q statistic p-value Inference
Lesson beginning vs. Lesson proper 3.0012 0.087952 Ns
Lesson beginning vs. Lesson ending 0.6298 0.889688 Ns
Lesson proper vs. lesson ending 3.6310 0.029462 * p<0.05

The items where the respondents had lowest overall understanding were
those on how IBSI is used to teach the following topics: “Sorting animals” (item 10),
Frog dissection (Iltem 1), “Fossil analysis” (Item 11), and “A teachable moment on
hand sanitizers” (Item 12). Meanwhile, most respondents were able to demonstrate
a good understanding of 1BSI application on Item 15 - “Chlorophyll.”

The PSBT respondents’ lack of understanding of IBSI was evident in their
answers on the item about “Sorting animals.” Most of the respondents mistakenly
thought of the didactic and direct option (teacher explaining the rules of classification
before allowing the students to apply these rules) and active direct (teacher
demonstrating the rules of classification using cards) as manifestations of IBSI
practices. As for the item regarding “Frog dissection,” more respondents also
selected the options that did not reflect inquiry practices. They chose the direct and
didactic (teacher demonstration) or active direct methods (student dissection

following a focus question provided by the teacher) over the open (student
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- exploratory dissection) and guided inquiry (student exploratory dissection with
teacher probing) choices. Meanwhile, in the case of the item on “Fossil analysis,”
very few of the respondents chose the two options that reflected the 5E teaching
model. Instead of them choosing the options where students explore before teacher
presentation, the PSBTs opted for the more traditional approach of providing a
formal lecture followed by a confirmatory activity that will prove that such a
phenomenon or scientific principle is indeed real. Such confirmation activities are
considered non-inquiry activities as they simply verify scientific ideas or processes
that are previously learned (Banchi & Bell, 2008; Buck et al., 2008).

The PSBT respondents’ limited understanding of IBSI is evident in their
responses to the question “What do you understand about IBSI?” during the follow-
up interview. The PSBTs’ responses range from naive and simplistic to being over-

generalized. The two best answers to the above question are given as follows:

“IBSI focuses on the involvement of students in finding answers to questions
while they construct new information. IBSI helps the students develop their
skills and make students scientifically literate.”

“IBSI adopts an investigative approach in teaching and learning where
students are provided with opportunilties to investigate a problem and search

for possible solutions.”

However, more IBSI definitions or descriptions indicate naive or limited

understanding. Some of these definitions or descriptions for IBSI include the

following:

“Using or posing questions throughout the discussion.”

“Teacher asking the ideas and opinions of the students.”

“An instruction that uses the art of questioning in the classroom.”
“Teacher leads a question-and-answer session.”

“Assess students with questions that are relevant to the topic.”
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Other IBSI descriptions were either too general or were inappropriate. Some
of these descriptions are the following:

“IBSI encourages both teachers and students to be more knowledgeable in
all areas.”

“In IBSI, both the students and the teachers share information, unlike the
traditional way that the teacher is the only source of knowledge."

“Examples of IBS| are experiments that have guide questions.”

“IBSI involves sharing ideas with the learners and expounding these ideas
through an activity or discussion.

“IBSI is an interactive discussion or lecture where a teacher can formulate an
idea by gathering the students’ ideas about the concepts they have learned.”

The PSBTSs' inappropriate ideas about IBSI were supported by their answers
when they were asked about their best experience with the teaching strategy. While
a few answers are acceptable, many responses reflect their limited understanding.
Some of the responses that manifest limited understanding include:

“When (as a student teacher) | let the learners have a short reporting as their
activity, then they will ask questions, or | will ask them questions regarding the
lesson (sic)” “When as a student-teacher | let the learners have a short reporting as

their activity. Then, other learners or | asked questions regarding the report.”
“(My best experience with IBSI came with) recitations, group activities, and

reporting.” . .
“The teacher discussed the lesson, and as the discussion or the lecture is

going on, the teacher asks (sic) questions to the students.”

The accounts described earlier indicate that the PSBTs tend to equate IBSI
with mere teacher questioning, or teacher-led student recitation. Such a result
conforms to that of Lee and Shea (2016), who reported on pre-service science
teachers view of IBSI as a mere "asking students questions” rather than it being a
formal set of pedagogical tools. These descriptions are quite limited, oversimplified,
or too generalized. Asking a lot of questions does not necessarily make an inquiry

lesson. According to Llewellyn (2013), a question to be considered inquiry-oriented
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reported by Gutierez (2015). It is quite apparent that the in-service science teachers
are aware only of the “hands-on” component, and not the minds-on nature of IBSI.

It is, however, quite consoling to know that the PSBT respondents in this
study were aware of their lack of understanding of the IBSI as a strategy. When they
were asked to assess their readiness to teach using IBSI, many were hesitant to
score themselves high. These respondents claim that they still “have to learn more of
the strategy” and that they are still “confused as to how IBSI is implemented in
science classes.” Such admission of lack of knowledge is a positive indication that
they are willing to learn more about the strategy and hopefully apply IBSI in their
future classrooms.

The PSBTs’ moderate but apparent lack of confidence in their understanding
of IBSI complements the findings of Lilitsis and Piegaro (2010), and Tatar (2012).
This level of understanding about IBSI could act as a barrier in the PSBTs’ ability to
apply IBSI practices during actual teaching (Binns & Popp, 2014; Blanchard,
Southerland, & Ganger, 2009). Teachers must first have enough understanding of
teaching with inquiry if they are to enact such a pedagogical approach (Chichekian &
Shore, 2016).

On the other hand, many of the PSBTs were aware that IBSI is a student-
centered, hands-on, and an inductive teaching model. However, these inquiry
descriptions are insufficient as, according to Haury (1993), IBSI is more than just
hands-on. Physically doing the activity is not the most essential element of science
teaching. This especially true when laboratory activities are of the “cookbook” style
or confirmatory in nature, i.e., labs that provide the students with the questions to
investigate, what materials to use, and how to go about solving the problem

(LLewelyn, 2013). According to Haury (1993), IBSI involves lessons or activities that
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allow students to pose questions, gather data, reason from evidence, and
communicate explanations based on the collected data. In other words, IBSI
involves not only “hands-on,” but more importantly, “minds-on” activities.

This limited understanding of IBSI can be attributed to the fact that up to this
time, there is still much confusion on the real meaning of the word inquiry (Banchi &
Bell, 2008). As such, even science and teacher education professors could hold
their misconceptions about IBSI. Indeed, inquiry instruction is a complex and
dynamic activity (Ward, 2016) that is not very easy to understand. Such a limited
understanding of the true nature of IBSI has important implications on the teaching
and demonstration of the strategy in the undergraduate science teaching methods
course. As future teachers of science, the respondents are expected to enact IBSI
practices in their K-12 science classrooms. It is then imperative that the pre-service
science teachers must recognize the importance of participating in professional
development activities even as early as their teaching-training years. These
professional development activities may come in many forms, from training and
seminars, demonstration teaching festivals, or even lesson study activities.

PSBTs’ attitudes toward IBSI. A scale of zero to two was used to describe
the PSBTs’ attitudes toward IBSI. Overall, the PSBTs hold a highly positive attitude
toward the use of inquiry-based science instruction as a teaching strategy. Their
very high overall attitude scores indicate this level of attitude. This result implies that
the teaching and learning practices embedded in IBSI are desirable to the
respondents.

Such a result is a positive and welcome development for science teaching
and learning, as positive attitudes and high levels of motivation toward a particular

practice or action propel someone to act or behave toward these practices. As
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Lyngdoh and Sungoh (2017) succinctly point, “Attitude is the most important factor
that guides motivation and behavior.” Therefore, in the context of this study, a
positive attitude toward IBSI will contribute toward the successful implementation of
IBSI teaching in the classroom. In contrast, an unfavorable attitude will hinder its

application.

Table 16. PSBTS’ attitudes toward IBSi

Items MEAN Inter.
Interest
1. 1 would do anything to leam about the inquiry-based instruction VH
(IBSl) 1.86
4. | am not interested in the IBSI approach. * 1.83 VH
8. The IBSI approach is not interesting for me in any way. * 1.85 VH
9. | like reading books about the IBSI approach 1.14 M
14. | would like to research the IBSI approach 1.47 H
Attribute mean 1.63b H
St.Dev. 0.36
Liking
3. IBSI is my desired teaching approach. 1.35 H
5. |like the IBSI approach. 1.88 VH
7. 1 do not enjoy performing activities conceming the IBSI VH
approach™. 1.53
11. 1like informing others around me about the IBS| approach. 1.39 H
Attribute mean 1.54b H
St.Dev. 0.47

"Usefulness

2. IBSI is an approach that deserves much emphasis. 1.74 VH
6. | like using the IBSI approach in my classes 1.62 H
10. | would like to use the IBS| approach in my future teaching. 1.95 VH
12. IBS! is a useful teaching approach 1.80 VH
13. | believe that | can benefit much from the IBSI approach 1.88 VH
Attribute mean 1.80a VH
St.Dev. 0.29
Overall Mean 1.66 H
St.Dev 0.28

“ltems are reverse scored. o
Aftribute means of the same letter are not significant at p = 0.05, Tukey HSD

Pre-service Biology Teachers and Inquiry-Based Science Instruction



Mean score ranges Total score ranges Interpretation

0 and below 0 and below Very low (VL)

0.01 to 0.50 1-7 Low (L)
0.51-1.25 8-16 Moderate (M)
1.26 -1.75 17-23 High (H)
1.76 - 2.00 24 - 28 Very high (VH)

The attitude subscale on usefulness received the highest mean attitude
scores from the PSBTSs, falling under the “very high” category. The result suggests
that the PSBT respondents do recognize the curricular benefits of the strategy in
science teaching. ANOVA and Post hoc (Tukey’s HSD) reveal significantly higher
attitude scores along this subscale than the subscales of liking and interest. In

particular, the highest rating was given to the item, “/ would like to use the IBSI

approach in my future teaching.” Of the 66 respondents, only two indicated that they

were not entirely resolved in using IBSI in their future teaching. This finding is an

indication of the respondents’ willingness and desire to apply IBSI in their future

teaching. Such results are encouraging as they indicate the future biology teachers’

open-heartedness to embrace the science teaching reforms mandated in science
education standards in many countries. Under this subscale, the only item that did
not receive a “very high” attitude score was */ like using the IBSI approach in my

classes,” which was given a “high” rating.

Table 17. One-way ANOVA and Tukey HSD on the PSBTSs’ IBSI attitudes along liking,

interest, and usefulness

Source Sum of Squares Df Mean Square _ F statistic p-value
Treatment 2.3330 2 1.1665 7.9773 0.0005
Error 28.5147 195 0.1462
Total 30.8477 197

Treatments pairs Q statistic p-value Inference

Liking vs. Interest 1.9635 0.349768 Ns
Liking vs. Usefulness 3.6052 0.030927 * p<0.05
Interest vs. Usefulness 5.5687 0.001005 ** n<0.01
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The attitude subscale on interest was rated by the respondents as the second
j highest. The mean attitude scores under this subscale fell under “high.”

- Interestingly, the negatively stated item, “The IBSI approach is not interesting for me
in any way,” received the highest attitude score. Such results suggest that the IBSI
approach attracts the majority (98%) of the pre-service biology teacher respondents.
It is just hoped that the PSBTs’ interest in IBSI will translate into the utilization of this
approach in their future classrooms.

The attitude attribute on general liking received the lowest scores from the
PSBTs. However, the mean subscale rating still fell under “high,” suggesting that the
IBSI approaches are likable to the respondents. Under this subscale, the items
receiving higher attitude scores from the PSBTs’ were those of their natural liking of
IBSI and their enjoyment of the activities in IBSI formats.

The PSBTSs' positive view of IBSI is consistent with previous research (Binns
& Popp, 2014; Eick & Reed, 2002; Lotter, 2004). In these studies, all the pre-service
teacher participants indicated to use inquiry instruction in their careers as teachers.
While the respondents recognize that it would not be easy to implement inquiry
instruction, they were resolved to implement IBSI in the future, never-the-less.

Other studies investigated on in-service teachers’ attitudes toward inquiry
instruction and conflicting results have emerged. In a large study involving Chinese
teachers, Xie and Sharif (2014) found that in-service primary teachers in China hoid
a moderate level of attitudes toward inquiry-based learning. Moreover, Ramnarain
and Hiatswayo (2018) revealed that the African science teachers they sampled hold
a positive attitude toward inquiry in the teaching and learning of Physical Sciences.

These teachers recognize the benefits of inquiry, such as addressing learner
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motivation and supporting learners in the understanding of abstract science
concepts.

Other studies investigated pre-service teachers’ (Lyngdoh & Sungoh, 2017)

~ and in-service teachers’ (Sthapak & Singh, 2017) attitudes toward constructivist
- teaching. In these studies, the pre-service teachers and in-service teachers hold a

| different attitude toward constructivist teaching. While the Indian in-service teachers

had demonstrated a positive attitude toward constructivism (Sthapak & Singh, 2017),

" the opposite is held by Iranian pre-service teachers in the study by Lyngdoh and

Sungoh, (2017).

PSBTs’ learner-centered views (LCV). The PSBTs scored higher in the
learner-centered philosophies (Mean = 21.3) than in the teacher-centered
pedagogical views (Mean = 17.6). These differences were tested using the t-test
for independent samples. A tvalue of 13.3 was obtained, with a tcritical value of 2.00
(p = 0.000, 2-tailed). These values mean that the difference between the views was
significant.

Of the 66 respondents, only one scored higher in the teacher-centered
philosophical views. Meanwhile, seven (10.61%) were fairly neutral, while the
majority (58, 87.88%) hold a learner-centered philosophy.

The only area under teacher-centered philosophy where the PSBTs scored
higher was on behaviorism. The respondents’ behaviorism score was significantly
higher than their scores for either perennialism or essentialism (p = 0.000, 2-tailed).

The PSBT respondents’ adherence to the learner-centered educational
philosophies is inconsistent with the teaching approach preferences of pre-service
teachers in Ethiopia, as reported by Dejene, Bishaw, and Dagnew (2018). In their

study, the pre-service teachers have entered their teacher-education program with g
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behaviorist orientation, which is not in harmony with the current reform in science
education (p. 8).
However, with Filipino pre-service teachers in focus, more students have

expressed adherence to the learner-centered philosophies of progressivism,

| existentialism, and social reconstructionism (Magulod, 2017; Tupas & Pendon,

2016). Such a philosophical orientation of Filipino pre-service teachers is consistent

with the result of this study.

Table 18 below shows the PSBTs’ mean ratings on the three learner-centered
philosophies. The PSBTs’ claim that they are most predisposed toward
constructivism, then progressivism, and then social reconstructionism.

Table 18. Leamer-centered philosophy orientation of PSBTs

Educational philosophy Mean St.Dev.
Learner-centered philosophy
Progressivism 21.48ab 2.37
Social reconstructionism 20.58b 2.46
Constructivism 21.89a 2.31
Total 21.32 1.85

Means of the same letter under each educational philosophy type are not
significantly different.

Despite the apparent similarity of the mean scores, there are significant
differences among the PSBTs’ scores along the learner-centered educational
philosophies (p = 0.006, 2-tailed). One-way variance analysis and post-hoc
procedures (Tukey’s HSD) in Table 10 show the mean differences of the three
teacher-centered views. The PSBTs scored higher under progressivism and
constructivism over social reconstructionism, although their constructivism and
progressivism scores and their progressivism and social reconstructionism scores do
not significantly differ.

In the progressivist view, the learners should be active, and they must learn to

solve problems by experimenting and reflecting on their experiences. The students’
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interests are vital, as is the integration of thinking, feeling, and doing (Cohen, 1999).
On the other hand, constructivists focus on processes of learning rather than on
learner behavior (Parkay & Stanford, 2007). They concentrate on the mental
processes and strategies that students use to learn, and the students are seen as
continually involved in making sense out of activities around them (p. 92). Finally,
social reconstructionists use critical thinking skills, inquiry, question-asking, and
taking of action as teaching strategies (Cohen, 1999). Students learn to handle
controversy and recognize multiple perspectives (p.8).

Table 19. One-way ANOVA and Tukey HSD on the PSBTSs’ leamer-centered
philosophical views

Leamer-centered philosophical views

Source Sum of Squares df Mean Square F statistic p-value
Treatment 60.0909 2 30.0455 5.3028 0.0057
Ermor 1,104.8636 195 5.6660
Total 1,164.9545 197

Treatments pairs Q statistic p-value Inference
Progressivism vs. Social reconstructionism 3.1027 0.075 Ns
Progressivism vs. Constructivism 1.3962 0.580 Ns
Social reconstructionism vs. 4.4989 0.005 **p<0.01
Constructivism

The three learner-centered educational philosophies have explicit ties with
each other. All three provide opportunities for extensive interaction between teacher
and students and among students themselves. Furthermore, all three philosophical
views place a premium on bringing the community, if not the whole world, into the
classroom (Parkay & Stanford, 2007). All of these characteristics of teaching-

learning conditions are consistent with IBSI.

The above result brings a lot of promise to science education in the future, as
science education reforms have emphasized on teachers’ adoption of learner-

centered teaching and learning practices (DepEd, 2012; NRC, 2006).
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PSBTs’ self-efficacy to teach using IBSI. Using the scale from one (very
low) to 10 (very high), the PSBT respondents are highly self-efficacious to teach
using the IBSI strategy (Table 20). This high self-efficacy to teach using IBSI was
true in the areas of lesson planning and implementation and content knowledge.
Meanwhile, the IBSI self-efficacy along classroom culture was even “very high.”

Table 20. PSBTSs’ self-efficacy to employ IBSI in their teaching

St.

Dev. DI

IBSI| elements Mean

Lesson planning and implementation

1. CAN use strategies and activities that show respect for

students’ prior knowledge and their preconceptions or 8.12 1.41 H
misconceptions found within that knowledge.

2. CAN design strategies and activities that aliow students to

use their prior knowledge to explain or predict phenomena and 792 141 H
then resolve any results or answers that are surprising to them.

3. CAN provide opportunities for students to explore first before

they are provided with formal presentation (lecture or 849 135 H
demonstration, etc.).

4. CAN modify my lesson depending on the ideas or questions 787 148 H
originating from students. . .

5. CAN modify my lesson based on the results of my formative

assessment strategies (checks for understanding, quick 827 117 H
questions, etc.).

6. CAN pose questions or problems that encourage students to 780 180 H
seek and value different ways to investigate or soive a problem. ' '

7. CAN design lessons that engage students as members of a

“learning community,” intellectual rigor, constructive criticism, 7.48 1.61 H
and the challenging of ideas are valued.

17. CAN use a range of assessment strategies that measure 775 139 H
the depth of student understanding and the application thereof. ) :
Subscale Mean 796b 109 H

Content Knowledge

8. CAN focus on fundamental concepts of the subject. There are
always some significant scientific or mathematical ideas at the 816 159 H
heart of each lesson.
9. CAN implement iessons that emphasize the strong inter-
relatedness (how similar or different from previous concepts) of 804 139 H
scientific thinking.
10. CAN see quickly what students are trying to say, how it
connects with science concepts, and bring up questions, ideas, 798 139 H
or examples that help the student clarify their thinking.
11. CAN heip and encourage students to follow generai
guidelines, laws, or theories to develop a solution (a model). In 786 130

X . . ] . H
my future lessons, relationships or patterns are represented in
abstract or symbolic ways (graphs or equations).
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12. CAN use many different real-world phenomena as teaching

Pre-
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tools to help students understand basic science and math 811 142 H
concepts, not just to entertain them or keep their attention.
13. CAN require students to use a variety of means (models,
drawings, graphs, symbols, concrete materials, manipulatives, 829 1.61 H
lab materials, etc.) to represent phenomena.
14. CAN allow the students to make predictions and/or
hypotheses, and they are encouraged to devise means to test 776 149 H
and then validate or reject these predictions/hypotheses.
15. CAN let students be actively engaged in thought-provoking
activities that often involve the critical assessment of
procedures. Students actively think about what they are doing 767 130 H
and about how they were doing. From here, they are clarified
the next steps in their investigation.
16. CAN require students to be reflective about their learning.
Student reflections could start with questions like, “How did | 760 159 H
used to think about this?” “What caused me to change my ) )
mind?” “What made it difficult for me to understand this?” etc.
Subscale Mean 794b 110 H
Classroom culture
18. CAN require students to communicate their ideas to others
using a variety of means and media (Making presentations, 8.41 120 H
brainstorming, critiquing, listening, making videos, group work, ) ’
etc.).
19. )CAN implement a lesson or activity where there is a high
proportion of student talk (student discussion), and a significant 807 124 H
amount of it occurs between and among students.
20. CAN require that students always respect what each student
has to say. (Students express their ideas and opinions without 8.86 1.14 VH
fear of censure or ridicule).
21. CAN lead or direct unanticipated behavior to rich leaming 783 118 H
opportunities. ) '
22 CAN act as a resource person, working to support and 815 118 H
enhance student investigations and problem-solving. . .
23. CAN be called “teacher as a listener” (This metaphor
describes a teacher who is often found helping students use 873 1.16 VH
what they know to construct further understanding).
24. CAN be approachable and encouraging to students. 946 093 VH
Students can come to me for consultation/clarifications. . '
Subscale Mean 8.50a 088 VH
Overall Mean 7 798 111 H
Subscale means of the same letter are not significant at p = 0. 05, Tukey's HSD.
SCALE MEAN SCORE RANGES DESCRIPTIVE INTERPRETATION
1-2 1.00-2.49 Very low (VL)
3-4 2.50-4.49 Low (L)
5-6 4.50-6.49 Moderate (M)
7-8 6.50-8.49 High (H)
9-10 8.50-10.00 Very High (VH)
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The high self-efficacy to teach using IBSI signals a bright future for science
education, as the PSBTs were very confident that they can perform IBSI practices
identified, and they can apply these strategies in their future teaching.

The result of the analysis of variance and Tukey’s HSD indicate that the

1‘ PSBTs were most self-efficacious along the “Classroom Culture” element of IBSI.

-~ Meanwhile, their self-efficacies toward “Content Knowledge” and “Lesson Planning

- and Implementation” do not significantly differ.

Table 21. One-way ANOVA and Tukey HSD on the PSBTSs' IBSI self-efficacy along
Lesson planning and implementation (LPI), content knowledge (CK), and classroom

culture (CC).

Source Sum of squares df Mean square  F statistic p-value
Treatment 13.3188 2 6.6594 6.3284 0.0022**
Emor 205.2000 195 1.0523
Total 218.5188 197

Treatments pairs Q statistic p-value Inference
LPi vs. CK 0.1537 0.899994 Ns
LPI vs.CC 4.2783 0.007903 ** p<0.01
CK vs.CC 4.4320 0.005626 **n<0.01

It is noteworthy to emphasize on some specific IBSI items where the PSBTs
are most self-efficacious. The PSBTs were very confident that they can “be
approachable and encouraging to students as they come for consultations and
clarifications,” “require students to express their ideas without fear of ridicule,” and
“be called “teacher as a listener.” In contrast, the PSBTs were less confident in
“designing lessons that engage students as members of a learning community,”
“engaging students in thought-provoking activities that involve critical assessment of
procedures," and “requiring students to be reflective of their learning.” Also, the
PSBT respondents were less confident in enabling students to “pose questions or
problems that encourage students to seek and value different ways to investigate or

solve a problem,” “use a range of assessment strategies that measure the depth of
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| student understanding and the application thereof,” and “give the students the

opportunity to make predictions and/or hypotheses, and they are encouraged to

- devise means to test and then validate or reject these predictions/hypotheses.”

| Incidentally, most of these items are “hard-core” events that characterize authentic

" inquiry (Llewellyn, 2013).

The PSBT respondents’ high self-efficacy to teach using IBSI was supported

by their answers in the follow-up interview. When they were asked if they were

ready to teach using IBSI, 26 out of 32 (81.25%) answered in the affirmative, with

90.25% of them rating their readiness from three to five in a one - to - five scale.

Such results contradict that of Roth et al., (1998), and Windschitl and Thompson

(2006) who noted on their pre-service teacher respondents’ non-readiness to
incorporate inquiry instruction in their lessons. Such non-readiness happens despite
the pre-service teachers taking science methods courses in their undergraduate
level. This result means that after a decade of emphasis on IBSI, future science
teachers are developing higher confidence to implement practices related to inquiry
teaching.

The PSBT respondents’ high self-efficacy to teach using IBSI is a bright spot
for the future of science teaching and learning. As self-efficacy is seen as a powerful
predictor of teacher’s behavior and success in the classroom (Velthius, 2014), self-
efficacious teachers will tend to set higher goals toward IBSI teaching, are less afraid
to fail, and will find new strategies when old ones fail.

Few published studies described the pre-service science teachers’ level of
self-efficacy to teach using IBSI. One study (Chichekian, 2014) compared the self-
efficacy of pre-service elementary and secondary teachers to enact inquiry

instruction using the McGill Enactment of Inquiry Questionnaire-Self-Efficacy-
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~ Teacher version (MEIQ-SET). Results revealed that the elementary and secondary
pre-service teachers generally held a high sense of self-efficacy in carrying out most
of the pedagogical tasks as described in the MEIQ-SET. Such a result is very similar
to the findings of this present study.

Another study investigated classroom teachers’ self-efficacy to implement the
constructivist approach in teaching (Uredi, 2015). The results showed that these
teachers’ self-efficacy toward constructivist teaching was high (p. 261).

Finally, one qualitative study determined the factors that affect pre-service
teachers’ self-efficacy to teach using problem-based learning instead of describing
the PSTs’ level of self-efficacy (Cyprian, 2014). In this study, the factors that were
seen to influence the prospective teachers’ self-efficacy are course content, the
classroom setting, teachers’ self-efficacy, and the formation of peer relationships.

PSBTs’ predisposition to teach using IBSI. Overall, the PSBT respondents
were moderately predisposed to teach using IBSI (Table 22). However, more than
half (57.45%) were highly predisposed to teach using this pedagogical approach.

Table 22. PSBT predisposition to teach using IBSI (HPS = 1.00)

IBSI application in each lesson stage Mean St.Dev. DI
Lesson beginning (2,3,6,10) 0.5653b 0.242 M
Lesson proper (1,4,5,7, 8, 11,15) 0.734a 0.196 H
Lesson ending (9,12,13,14) 0.564b 0.268 M
Overall 0.640 0.146 M
Means of the same letter are not significantly different t at p = 0.05, Tukey
HSD
Mean score range Total score range DI*

0.00-0.15 0-2 Very low (VL)

0.16 - 0.35 3-5 Low (L)

0.36 - 0.65 6-10 Moderate M)

0.66 — 0.85 11-13 High (H)

0.86 — 1.00 14-15 Very High (VH)

*D| — Descriptive interpretation

Variance analysis (ANOVA) reveals significant difierences in the respondents’

predisposition to use IBSI strategies along the three lesson stages — beginning,
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1

- proper, and end (F = 36.14, Fcrt = 3.08, p = 0.000). The respondents were most

| predisposed to employ IBSI principles during the lesson proper, while they were

|

less-predisposed to employ IBSI practices at lesson beginning and lesson wrap-up.
The PSBTs must, therefore, be trained more on how to employ IBSI practices in
these stages of the lesson.

Table 23. One-way ANOVA and Tukey HSD on the PSBTs’ IBSI predisposition along
the three lesson stages

Source Sum of Squares Df Mean Square F statistic p-value
Treatment 1.3526 2 0.6763 12.0290 0.000*
Error 10.9634 195 0.0562
Total 12.3160 197

Treatments pairs Q statistic p-value Inference
Lesson beginning vs. Lesson proper 6.1924 0.001 ** p<0.01
Lesson beginning vs. Lesson ending 0.3893 0.899 Ns
Lesson proper vs. Lesson ending 5.8031 0.001 ** p<0.01

The PSBTs' moderate predisposition to teach using IBSI contradicts their high
self-efficacy to teach using the strategy. While they were highly confident that they
can employ IBSI practices in the future, their orientation or tendencies to select these
practices over other alternatives was moderate. This difference could be explained
by the nature of the instrument used to measure the two constructs. While the
instrument used to measure self-efficacy was a Likert-type survey involving the
respondents’ self-assessment, the other tool requires them to analyze the actual
teaching scenario. The respondents’ answers to a self-assessment instrument and a
“cognitive” test will differ.

The particular items where the PSBTs were lowly predisposed toward IBSI
were 13 and 6. Item 13 pertains to how a teacher should synthesize a chapter or
unit. Many respondents chose the option that is “active,” but does not reflect the
IBSI practices to wrap a chapter or unit. Item 6, meanwhile, involves a lesson on

food chains. Instead of the respondents choosing the option involving student
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exploration before a formal presentation, many of the answers were geared toward
the opposite, i.e., a formal definition followed by an activity that further explains or

demonstrates the principle. Such confirmation activities, as previously noted, are

~ non-inquiry procedures. It appears that the respondents equate IBSI only with

| “active,” “hands-on approaches,” without them considering the “minds-on,”

“inductive,” and “discovery” elements of the approach. Such observations could be

explained by their limited understanding of the true nature of IBSI, as described in

" the previous sections.

There are few studies to which this particular result on the pre-service

j teachers’ predisposition to teach using IBSI can be corroborated. The closest

 related research is the one by Feyzioglu (2015) on pre-service science teachers’

pedagogical orientations of science inquiry continuum. Using an instrument called

- the Pedagogy of Science Inquiry Continuum Test (PoSICT), the researcher

instructed the pre-service science teachers to choose which among the different
levels of inquiry (confirmation to open inquiry) they will they use to teach the six
different inquiry characteristics (problem/question, procedures/design, results
analysis, conclusions, alternative conclusions, results communication). The results
of the research showed that the pre-service teachers’ orientations were at the
structured inquiry level. This result, however, indicates that the pre-service teachers
were more oriented on a teacher-centered pedagogy, i.e., the characteristics that
would require the student to think independently were given to the student by the
teacher.

Another study closely related to this present undertaking is a study on science
teachers’ pedagogical orientations toward direct and inquiry instructional

approaches. The study is an investigation by Sahingoz (2017) among Turkish
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. middle school science teachers. Using the respondents’ answers to the Turkish

- version of the Pedagogy of Science Teaching Test (POSTT), the author found that

37.88% are more inclined to teach using guided inquiry. In comparison, 24.80% are
more predisposed to teach using open inquiry. The other respondents are more
inclined to follow the active direct (23.66%), and didactic direct (13.66%) pedagogical
approaches. Overall, a more significant number of Turkish science teachers who
participated in the study are inclined to use inquiry teaching compared to those who
will use the direct instruction models.

PSBTs’ application of IBSI during teaching internship. In general, the
PSBT respondents were able to sufficiently apply the principles of IBSI during their
teaching internship experience (Table 24). Both the pre-service teachers’ self-
assessment (ITSAI) and their cooperating teachers’ ratings (RTOP) indicate that the
PSBTs have “often” employed the IBSI practices during their student teaching
internship. Many of the respondents (87.90%) were able to “sufficiently” apply IBSI
principles. Three respondents (4.55%) were able to extensively apply IBSI practices,
while only five (7.58%) were able to apply IBSI practices at a “moderate” extent.

Meanwhile, when the RTOP and ITSAI scores were correlated, the result is a
“high correlation” (r = 0.881). Such computed value indicates that as regards the
PSBTs' application of IBSI during teaching internship, there is a high degree of
agreement between the ratings of the cooperating teachers and the PSBTs.

The above results indicate that the PSBTs were able to utilize IBSI principles
and practices during their teaching internship experiences. Although the PSBTs did
not fully maximize the implementation of IBSI practices, it is nevertheless uplifting to
know that these PSBTs have started sowing the seeds of inquiry instruction in the

consciousness of their learners. It is likewise fantastic to know that despite the many
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demands and concerns of student teaching — class control and classroom
management, dealing with individual learners, meeting the expectations of mentors,
etc., the PSBTs were able to employ the teaching practices expected of them as
future science teachers.

' _Table 24. PSBTSs’ extent of application of IBS| practices during teaching intemship.
‘ IBSI elements mITSAI mRTOP Mean DI
~_Lesson planning and implementation (LPI)

i 1. Use teaching precedures or activities that show
respect for students’ prior (previous) knowledge.
This prior knowledge could be wrong and needs to
be cormrected.

2. Designing strategies and activities that allow

2.94 3.14 3.04 S

students to use their prior knowledge to explain or 2.89 3.03 2.96 S
predict phenomena.

3. Providing opportunities for students to explore first

(do an activity) before he/she provides a formal 3.03 291 297 S
presentation (lecture or demonstration, etc.).

4. Modifying lessons depending on the ideas or 282 268 275 s

questions originating from students.

5. Modifying iessons based on the resuits of

students’ answers to her formative assessments 2.89 2.7 2.80 S
(checks for understanding, quick questions, etc.).

6. Asking questions or problems that encourage

students to use different ways to investigate or solve 2.80 2.82 2.81 S
a problem.

7. Designing lessons that engage students as

members of a “learning community,” Here, 267 277 272 S

classmates can give constructive criticisms, or
challenge the ideas of others.

Sub-scale Mean 2.86a 2.87a 2.86a S
St.Dev. 0.54 0.60 0.44
Interpretation S S S

Content Knowledge (CK)
8. Focusing on fundamental concepts of the subject.

There are always some significant scientific or 2.82 3.08 2.95 S
mathematical ideas at the heart of his/her lesson.

9. Connecting present lessons with past or future

lessons, or relating present lessons with other 3.27 3.23 3.25 S
subjects.

10. Seeing quickly what students are trying to say

and how these thoughts connect with science 2.98 2.65 2.82 S

concepts. .
11. Helping and encouraging students to follow

general guidelines, laws, or theories to develop a 3.00 3.05 3.02 S

solution or a model.
12. Using many different real-world examples as

teaching tools to help students understand basic 3.18 2.83 3.01 S
science concepts.

. . . 101
Pre-service Biology Teachers and Inquiry-Based Science Instruction



13. Requiring students to use a variety of means
(models, drawings, graphs, symbols, concrete

materials, manipulatives, etc.) to represent their 282 3.1 2.96 S
knowledge/understanding.
14. Giving the students the opportunity to make
predictions and/or hypotheses, and encourage them
to devise means to t):epst and then validate or?eject 242 241 242 M
these predictions/hypotheses.
15. Engaging students in thought-provoking activities
that often involve the critical assessment of what they  2.58 2.71 2.64 S
are doing.
16. Requiring students to be reflective about their
leaming. Student reflections could start with
questions like, “What made it difficult for me to 2.53 2.58 2.55 S
understand this?”, etc.
17. Using a range of assessment strategies that
measure the depth of student understanding and the 2.86 2.89 2.88 S
application thereof.
Sub-scale Mean 2.85a 285a 2.85a
St.Dev. 0.53 0.63 0.41
Interpretation S S S
Classroom culture (CC)
18. Requiring students to communicate their ideas to
others using a variety of means and media (Making
presentations, brainstorming, critiquing, listening, 3.06 3.47 3.11 S
making videos, group work, etc.).
19. Implementing a lesson or activity where there is a
high proportion of student talk (student discussion)
ar?d af sign'rﬁcant amount of it occurs between and 2.79 2.65 2.72 S
among students.
20. Establishing a climate of respect for what each 3.21 338 3.30 S
student has to say. ) ) ’
21. Being approachable and encouraging to 3.70 3.80 3.75 S
students, both in and out of class. ’ ) :
22. Students are guided to construct their 332 3.24 3.28 S
understanding. o '
23. Students can come to him/her for clarification. 3.71 3.76 3.73 S
Sub-scale Mean 3.30b 333b 332b S
St.Dev. 0.51 0.53 0.35
Interpretation S S S
Qverall Application Mean 2,97 2.98 2.98
St.Dev. 0.46 0.54 0.36
Interpretation S S S

Frequency of
Scale Mean range Score range Pryp———

0 0.00-0.49 0-11 Never

1 0.50-1.49 12-34 Seldom

2 1.50-2.49 35-57 Sometimes
3 2.50-3.49 58-80 Often

4 3.50-4.00 81-92 Very often

Descriptive Interpretation

Very Limited (VL)
Insufficient (InS)
Moderate (M)
Sufficient (S)
Extensive (E)
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Comparing the overall level of application of IBSI principles during the three

~ lesson stages, ANOVA indicates a highly significant difference. Moreover, Tukey’s

HSD revealed that the PSBTs’ IBSI applications in the areas of lesson planning and

implementation and content knowledge were significantly higher than in classroom

(RTOP) and the PSBTSs’ self-assessment (ITSAI).

Table 25. One-way ANOVA and Tukey HSD on the PSBTs’ IBSI application along
Lesson planning and implementation (LP1), content knowledge (CK), and classroom

culture (CC).

- culture. Such a trend of result is consistent in both the cooperating teachers’ ratings

Overall application

Source Sum of Squares Df Mean Square  F statistic p-value
Treatment 9.2467 2 46234 28.5040 .000**
Error 31.6290 195 0.1622
Total 40.8757 197

Treatments pairs Q statistic p-value Inference
LPl vs. CK 0.3893 0.899 Ns
LPI vs.CC 6.1924 0.899 ** p<0.01
CK vs. CC 5.8031 0.001 ** n<0.01
_ITSAI (Self-assessment)

Source Sum of squares Df Mean square  F statistic p-value
Treatment 8.6394 2 4.3197 15.4362 0.000*
Error 54.5691 195 0.2798
Total 63.2085 197

Treatments pairs Q statistic p-value Inference
LPIvs. CK 0.2560 0.899994 Ns
7
LPl vs.CC 6.6735 0.001005  ** p<0.01
CK vs.CC 6.9294 0.001005  **p<0.01
_RTOP (Cooperating teacher assessment)

Source Sum of Squares Df Mean Square  F statistic p-value
Treatment 9.8877 2 4.9438 14.4047 0.000**
Error 66.9259 195 0.3432
Total 76.8136 197

Treatments pairs Q statistic p-value Inference
LPlvs. CK 0.1771 0.899994 Ns
LPI vs. CC 6.4834 0.001005 **p<0.01
CK vs.CC 6.6605 0.001005  ** p<0.01
103
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The specific IBSI practices that the PSBT respondents manifested best were

“being approachable and encouraging,” “Students can come to me for clarifications,”

. and “My classes were dominated by a climate of respect for what each student has

to say.” These items received the highest scores in both ITSAl and RTOP.

Meanwhile, the item least manifested was “Giving students the opportunity to make

* predictions and/or hypotheses, and encourage them to devise means to test and

then validate or reject these predictions/ hypotheses.” The other items with relatively
lower scores include “Requiring students to be reflective about their learning” and
“Engaging students in thought-provoking activities that often involve the critical
assessment of what they are doing.”

The PSBTs’ sufficient application of IBSI during teaching internship somewhat
contradicts the findings of Binns and Popp (2013). They noted that the pre-service
teachers they sampled found it challenging to incorporate inquiry instruction in their
lesson. Also, Nungchalem and his colleagues (2016) noted in their case study of
three pre-service teachers that there is a limited application of the IBSI practices
among these teaching internship teachers. The classroom of one participant, for
example, reflected the traditional, teacher-centered classroom set-up, and has
dominantly taught using worksheets.

Meanwhile, when the PSBT respondents’ lesson plans were analyzed, there
appears to be a limited degree of implementation of the IBSI practices. Further
scrutiny of the lesson plans revealed some interesting findings. For instance, some
PSBTSs did not stick to one type of lesson plan, depending on the nature of their
lessons. For lessons that require mastery learning, for example, they used the
Madeline Hunter lesson plan model. For those lessons requiring skill development,

they shifted to the 5E and other related models. However, many of the respondents
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; have consistently used one lesson plan format, regardless of the competencies they

wished to develop in their learners. This flexibility in lesson planning, however,

depends on whether or not the cooperating teacher or the college supervisors allow

- such freedom. Many college supervisors and cooperating teachers still prescribe the

lesson plan format, and they do not allow the pre-service teachers to deviate. Such
is manifested among the respondents coming from Institutions B and C.

The application of IBSI principles by the PSBTs was also determined by the
nature of the lessons they were assigned to execute. For example, a PSBT who
was assigned to teach chemistry and physics for the whole duration of the internship
has manifested more of the elements of IBSI. Most of her lessons were laboratory-
based, although her procedures were not modified for the activity to manifest a
higher level of inquiry. She has operated mostly in the level of structured inquiry.
Meanwhile, the PSBTs whose lessons were on human body systems, biodiversity,
and space science tend to apply the IBSI to a lesser extent.

Another factor that influenced the application of IBSI by PSBTS appears to be
the age or educational level of the learners. The PSBTs who have had their
teaching internship among senior high school students have manifested a higher
level of IBSI application. On the other hand, those who were assigned to teach in
the lower grades (Grades 7 and 8) scored low on IBSI manifestation. Such results
are consistent with existing literature where the use of inquiry procedures increases
and the level of teacher guidance decreases as the learner advances in age and/or
educational levels (Banchi & Bell, 2008; Buck, Bretz, & Towns, 2008).

One possible hindrance to the PSBTs’ use of IBSI as described in literature is
the mismatch between their teaching orientation and that of their mentor teacher,

especially if the latter insists on his/her desired methods of delivery. Indeed, some
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| pre-service teachers hold a positive attitude toward IBSI, but their inability to observe

- these practices from their mentor teachers have prevented them from implementing

{

. this pedagogical approach (Binns & Popp, 2013). In the case of the participants in

- this study, however, most of them reported that their cooperating teachers did not

~ dictate or insist on their desired strategy. Instead, these pre-service teachers were

1 permitted to use the strategies and techniques they think are appropriate. However,

. the cooperating teachers sometimes suggest strategies that they know would work

best in a particular lesson or situation. These ideas were revealed during the follow-
up interview conducted among the participants.
Correlation Among the PSBTs’ IBSI Variables.

The PSBTs’ IBSI exposure was negatively correlated to their IBSI
understanding and predisposition (Table 26) but positively correlated to their IBSI
attitude, self-efficacy, and actual application of IBSI during teaching internship.
However, their total IBSI exposure correlated significantly with their understanding of
IBSI practices as they occur during lesson proper (LPUnd; r = .353). Meanwhile, the
PSBTs’ IBSI exposure during their field study courses (FSExpo) showed significant
correlations with their overall self-efficacy (r = .289) and with their application of IBSI
during teaching internship (r =.308). This result bears important implications on how
IBSI practices were demonstrated and practiced by the PSBTs’ cooperating and
demonstration teachers during their field-study and teaching internship courses.
Finally, their pre-college and college IBSI exposures correlated significantly with their
interest in IBSI (IntAtt; r = -.278), their understanding during lesson beginning

(LBUnd; r = .271) and self-efficacy along classrcom culture (CCSE; r = -.250).
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Table 26. Inter-correlation matrix among the IBSI variables

1 2 3 4 5 6
1. 1BSI exposure
2. I1BSI Understanding -115
3. IBSI Attitude .061 137
4. Leamer-centered views .002 3417 31t
5. I1BSI Self-efficacy .021 139 197 .201
6. IBSI Predisposition -.103 .309° .095 147 160
7. 1BSI Application .017 .198 299" 389" 435" 130

‘ *S;’gniﬁcant at p = 0.05, **Significant at p = 0.01

The PSBT’s IBSI understanding was found to be significantly and positively

correlated with their learner-centered views (r = .341) and with their overall IBSI
| predisposition (r = .309). Also, their understanding of the IBSI principles when

| employed during lesson proper (LPUnd) were significantly and positively correlated

with their IBSI self-efficacy along lesson planning and implementation (r = .246).

The PSBTs’ overall IBSI attitude scores (r =.239), and their application of IBSI
during teaching internship were positively and significantly correlated. Moreover,
there was a positive and significant correlation between the PSBT's interest toward
IBSI (IntAtt) and their predisposition to use the IBSI principles at lesson proper
(LPPred, r = .256). The same positive and significant correlation was computed
between the PSBT’s interest toward IBSI (IntAtt) and their self-assessed IBSI
application (PTApp; r =.273). There was a positive and significant correlation
between their IBSI attitude scores and their learner-centered (r = .311) views.

The significant positive correlation between I1BSI attitude and IBSI
implementation during internship echoes the result of Xie & Tariff (2014) on the

relationship between IBSI attitude and IBSI implementation among Chinese science

teachers.

107
Pre-service Biology Teachers and Inquiry-Based Science Instruction



Meanwhile, the PSBTs with learner-centered views tend to apply IBSI
practices during teaching internship better, as the two IBSI variables were positively
and significantly correlated. Such a result is expected since IBSI is a learner-
centered pedagogical approach (Bybee, 2006; Kim, 2001; Prawat, 1997).

Finally, the PSBTs’ self-efficacy to teach using IBSI correlated positively and
significantly with their application of this teaching approach during their teaching
internship. Such a result implies that teachers’ pedagogical practices are influenced
by their beliefs in their abilities to implement such practices. Moreover, the above
significant association between self-efficacy and application was consistent in the
result of the two instruments that measure IBSI application, the ITSAI (r = .367), and
the RTOP (r = .267).

The data gathered from this investigation showed that the PSBTs’ previous
IBSI experiences did not influence their understanding of IBSI as a strategy. Such
non-influence means that the PSBTs with higher IBSI exposure did not develop a
more sophisticated understanding of the strategy than those with a lower extent of
exposure. Such a result seems to contradict the findings from literature, which
states that student-teachers’ learning histories might especially correlate with the
quality of their inquiry understanding (Aulls et al., 2016). Specifically, the two
experiences that correlated with higher IBSI understanding are taking a research
methods course and completing a thesis (Meijer, 2007) or a major/honors project
(Pruitt, 2013). Completing a thesis or project, however, became effective only if the
student is guided by a competent mentor (Crawford, 2007).

Predictors of the PSBTs’ IBSI Variables
Several simple regression procedures were employed to determine which

i ' ignificantly predict the P ;
among the hypothesized iBSI variables could significantly predict the PSBTs’ IBS|
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understanding, attitude, self-efficacy, predisposition, and application during teaching
internship.

Predictors of IBSI understanding. The simple linear regression procedures
revealed that the overall and component exposures to IBSI did not predict the
PSBTs' IBSI understanding. Similarly, none of PSBTs’ exposures to the various IBSI
elements emerged as significant predictors of their PSBTs’ understanding. This
finding seems to draw support from the earlier result on the non-significant negative
correlation among their respondents’ IBSI exposure and understanding.

Predictors of IBSI attitude. None of the PSBTs' overall and component IBSI

exposures were linearly associated with their IBSI attitudes. The IBSI attitude

appeared to be independent of IBSI exposure. The result suggests that the

respondents who had more experiences with IBSI were not able to develop a more

ude toward the teaching approach. The same can be said about their

ding. A greater understanding of IBSI does not

positive attit

IBS| attitude and IBSI understan
necessarily translate into 2 more positive 1BSI attitude.

Concerning learner-centered VieWs, only the PSBTs’ scores along

progressivism emerged as @ significant predictor of IBSI attitudes (Table 27). The

centered views, and the two other learner-centered views, did

PSBTs’ overall learner-
edictors. Such a case was despite the earlier result on

not come out as significant pr

ation between overall |learner-centered views and IBSI attitude,

the significant correl

and of IBSI being @ Iearner-centered pedagogy.
model for the progressivist view predicting IBSI attitude is

The regression
), and it mean
onds to a 0.668 proportionate increase in their IBS|

ianifi that every unit increase in th '
significant (p = 0.001 s oy e PSBTs

progressivism sCOre corresp

attitude scores.
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Table 27. Linear regression analysis on the relationship among the PSBTs’ IBSI
variables

a. The PSBTs' IBSI attitudes in relation to their leamer-centered views

Learner-centered views B r F Regression equation
Progressivism 410 .168 12.936*  8.961 + 0.668 (Prog)
b. The PSBTs' IBSI self-efficacy in relation to their IBS| exposure

IBSI Exposure B r2 F Regression model
IBSI exposure at field study .289 .083 5.821* 6.491 +0.014 (FSExpo)
(FSExpo)

c. The PSBTs’ IBSI predisposition in relation to their IBS| understanding

IBS| Understanding B r F Regression model
IBS| Understanding at lesson 418 174 13.518™ 9.035 + 0.226 (LPUnd)
proper (LPUnd)

d. The PSBTs’ IBSI predisposition in relation to their IBSI self-efficacy

IBSI self-efficacy B r F Regression mode!
IBSI self-efficacy along 371 138  10.224™ 10.384 - 0.080 (CCSE)

classroom culture (CCSE)

e. The PSBTs’ IBSI application in relation to their IBSI exposure

IBSI Exposure r2 F Regression model
IBSI exposure at field study .308 .095 6.688** 56.610 +0.124
(FSExpo) (FSExpo)

f The PSBTs' IBS! application in relation to their IBS| understanding

IBSI Understanding B r2 F Regression model
IBS| Understanding at lesson 312 097  6.879* 66.832 + 0.638

proper (LPUnd) (LPUnd)

g. The PSBTs' IBS| application in relation to their IBSI attitude

IBSI attitude . B r° F Regression model
Overall IBSI attitude (OVALti) .299 .089 6.286*  53.440 + 0.644 (OvAtti)

h. The PSBTs' IBSI application in relation to their learer-centered views

Leamer-centered views B r2 F Regression model

Progressivism 410 168  12.952** 37.548 + 1.438 (Prog)

i. The PSBTs' IBSI application in relation to their IBSI self-efficacy

IBS| self-efficacy B r F Regression model
Overall IBSI self-efficacy (OvSE) 435  .189 14.941**  38.081 + 3.745 (OVSE)

The emergence of the progressivist view as a significant predictor of IBSI

attitude is in place as the practices in IBSI are consistent with the philosophy of

progressivism (Sadker & Sadker, 2003). According to some experts, it is from the
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philosophy of progressivism where constructivism (which gave rise to IBSI) arose
(Bybee, 2006; Kim, 2001; Prawat, 1997; Sadker & Sadker, 2003). As such, it is quite

logical that one’s belief in progressivism can easily translate to a more positive

attitude toward IBSI.

It is quite surprising to know that while the instrument developer of the
Educational Philosophy Self-Assessment Inventory (Cohen, 1999) explains that

social reconstructionist philosophy uses critical thinking and inquiry skills, scores in

such educational philosophy did not predict IBSI attitude scores. Also, it is equally

puzzling to know that the PSBTs’ scores along constructivism, which is believed to

be the basis of IBSI (Bybee, 2006; Llewellyn, 2002), did not come out as a significant

predictor of IBSI attitudes.

The inability of the level of constructivist and social reconstructionist beliefs to

predict IBSI attitude scores can be attributed to several factors. One of these factors

could be the limited number of the sample involved in the study. Had there been

more respondents, the trend could have been different. The second factor could be

the difference in the nature or composition of the instruments used to measure the

three constructs. While the I1BSI attitude scale used statements that directly ask the

participants’ interest or preference to this approach, the educational philosophy self-

assessment instrument that measured constructivist and social reconstructionist

beliefs involved questions that dealt with the PSBTs’ overall beliefs about schools,

and of teaching and learning as a whole. It seems logical to believe that IBSI has

some unique elements that aré too specific to be captured by a five-item scale of

constructivism and social reconstructionism.

Predictors of iBSI self-efficacy. The hypothesized predictors for IBSI self-

efficacy were total and component IBSI exposure, IBSI understanding, IBSI attitude,
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and learner-centered views. When these supposed predictors were used singly as
predictors using the simple linear regression, only IBSI exposure at field study

(FSExpo) came out as a significant predictor (8 = .289, r=.083). The linear

regression model is

IBSI self-efficacy = 6.491 + .014 (IBSI Exposure at field study).
The above equation means that for every unit increase in the PSBTs’ IBSI

exposure at field study, a corresponding 0.014 increase occurs proportionately in

their 1BSI self-efficacy.

The above result on the FS exposure significantly predicting IBSI self-efficacy

offers some important implications on how IBSI is demonstrated at field study. The

role, therefore, of demonstration teachers and cooperating teachers is critical in

developing the pPSBTs' self-efficacy to implement IBSI. Their demonstration of IBSI

practices is crucial for pre-service teachers to acquire higher self-efficacy to

implement reform-based teaching strategies.

It is quite surprising to note that none of the PSBTs’ overall and component

IBS! attitude scores predicted their self-efficacy, despite the apparent similarity in the

constructs. However, the results suggest that a positive attitude toward a

pedagogical approach does not mean an increased self-efficacy to teach using such

an approach.
Predictors of 1BS! predisposition. The PSBTs’ predisposition to implement

IBSI practices is not predicted by their IBS| exposure, attitude, and learner-centered

views. However, their IBS! understanding at lesson proper (LPUnd; B = .418, 12 =

:174) and their IBS! self-efficacy along classroom culture (CCSE; B =.371, r2 = .138)

arose as significant predictors.
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The ability of IBSI understanding at lesson proper (LPUnd) to predict the
PSBT IBSI predisposition can be explained by the similarity in the instruments used
to measure understanding and predisposition. The instruments used to measure
these constructs were considered “cognitive” tests as the PSBTs were asked to
analyze teaching scenarios. Hence, their responses could have been affected by
their ability to comprehend the situations. The instruments used for the other IBSI
constructs were basically of the “inventory” types that solicited the respondents’ and

their cooperating teachers’ self-assessments. The interpretation of these results

must, therefore, be made in light of these constraints.
While self-efficacy can easily be considered as related to predisposition, only
the PSBTSs' IBSI self-efficacy along classroom culture emerged as a predictor of their

IBSI predisposition. Such results can be attributed once more to the difference in the

instruments used to measuré the two constructs.

Predictors of IBSI application during teaching internship. Of the PSBTs’

IBSI exposure, only their exposure during field study emerged as a significant

predictor of their IBSI application during teaching internship. Their IBSI exposure

during their high school and college science courses were insignificant predictors.

As for IBSI exposure at field study (FSExpo), the standard coefficient (B) was 0.308,

and the coefficient of determination (r?) was 0.905. Finally, the regression model

was IBSI application = 56.610 + 0.124 (FSExpo). From this equation, one can

predict a 0.1 24-point increase in their IBSI self-efficacy for every unit increase in their

IBS| exposure at field study (FSExpo) scores.
The ability of FSExpo to predict IBSI application is similar to its ability to

predict |BSI self-efficacy. Once again, it is worth highlighting the importance of how

IBS| is manifested by demonstration and cooperating teachers during pre-service
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teachers’ classroom observations. As the resuits suggest, the PSBTs who were
better exposed to IBSI practices were able to implement these practices in their

classrooms. The assignment of PSBTs to cooperating teachers based on the

latter's use of IBSI principles is indeed crucial.

Meanwhile, of the PSBTs’ IBSI understanding, their understanding at lesson
proper came out as the lone predictor (Table 27f). The standard coefficient,

coefficient of determination, and regression equation were g =.312, r2 = 097, and

IBS| application = 66.832 + 0.638 (LPUnd). The association was significant at p =

0.01 level.

It is notable that while the use of a novel teaching approach may depend

partly on how onée understands its manner of implementation, the current findings

showed that only the understanding of its implementation at lesson proper emerged

as the predictor. These resuits may indicate the need for science education

professors to emphasize on how IBSI practices are demonstrated at lesson

beginning and lesson ending.

When the association among overall and component IBSI attitudes and IBSI
application during teaching internship was explored using stepwise linear regression,

the PSBTs’ overall IBS| attitude (OVAtti) came out as a significant predictor (Table

27g). Thep value was .299 and the r2 =0.089. The result can be interpreted as the

PSBTs’ IBSI overall attitude contributes to 8.90% of the variance in their IBSI

application at teaching internship. The regression equation was IBSI application =

53.440 + 0.6444 (OvALti). For every unit increase in the PSBTs’ overall IBSI attitude

scores, there is @ corresponding 0.644 increase in their IBSI application during

teaching internship.
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The ability of the PSBTs’ IBSI attitude to predict their IBSI application during
teaching internship was similar to the result among Chinese in-service science
teachers by Xie & Tariff. (2014). The authors’ findings were also consistent with
previous reports on in-service teachers’ positive attitudes toward inquiry teaching
having important associations with their inquiry practice (Molen & Aldheren-Smeets,
2013; Sumrall, 2008; Thomas, 2008; Tenaw, 2014). Indeed, as Chen and Roegno
(2000) contend, “teachers’ attitudes affect their degree of commitment to their duties,

the way they taught and treated their students, and how they perceive their

professional growth.” If teachers have positive attitudes toward inquiry teaching,

then it might be possible that these positive attitudes can be linked to their behaviors

in classroom practice (Xie & Shariff., 2014).

In contrast, the above association between IBSI attitude and IBSI application

during internship contradicts the findings of Ramnarain and Hlatswayo (2018). These

authors reported on physical science teachers’ lesser tendencies to enact inquiry

teaching in their lessons, despite their positive attitudes toward the teaching

approach. The teacher participants in this study claimed that the implementation of

inquiry-based learning is fraught with difficulties, such as availability of laboratory

facilities. teaching materials, time to complete the curriculum, and large classes,

which creates tension in their willingness to implement it (p. 6).

BTs' overall and specific lear
y IBSI practices during teaching internship. Of these learner-

ner-centered views wer i
The PS ere also associated

with their ability to app!

ws, the pSBTs’ scores @
g their teaching internship (Table 27h). The @ value was

. long progressivism came out as a predi
centered vie g predictor of

their IBSI practice durin
0.410. and the R2 value was 0.168. These obtained values indicate that 16.8% of
the variance in the respondents’ |BSI application can be attributed to their
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progressivist views. Notably, the PSBTs progressivist views also emerged as the
sole predictor of their IBSI attitudes. In such attitudes translated positively to their
ability to manifest IBSI practices in their internship.  Such results could have some
implications on the screening procedure for prospective science teachers in teacher-
training institutions. In the selection of prospective science majors, it might be
beneficial to consider the applicants’ level of progressivist beliefs about teaching and

learning, as the beliefs in this philosophy can positively predict their utilization of IBSI

in the future.

Literature is replete with a positive relationship among what teachers believe

in and what they practice. Indeed, these teachers’ beliefs about teaching and

learning are the major influences in their decisions and choices of pedagogical

strategies (Harwood, Hansen & Lotter, 2006; Sikko, Lyngved, & Pepin, 2012). The

seminal work of Pajares (1 092) succinctly puts this in perspective when he said that

the belief teachers hold influence their perceptions and judgments, which, in turn,

affect their behavior in the classroom, of that understanding the belief structures of

teachers and teacher candidates is essential in improving their professional

preparation and teaching practices.” Therefore, teachers who are inclined toward

student-centered constructivist, and inquiry-oriented teaching tend to teach using

these pedagogical approaches.

The last variablé that emerged as a predictor of IBSI use during teaching

internship was the PSBTS’ overall IBSI self-efficacy (B = 0.435, 2= 0.189.). Their

overall self-efficacy contributes 18.90% of the variance in their’ IBS| use. The linear
regression equation was IBSI application = 38.081 + 3.745 (OvSE), which indicates
gTs’ IBSI use for every unit increase in their overall seif-

a 3.745 increase in the PS

efficacy.
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| Of the five significant predictors of IBSI application during teaching internship,
the PSBTs’ IBSI self-efficacy had the highest r?, followed by their progressivism
score. These two variables contribute 18.9% and 16.8% of the variance in the
PSBTs’ IBSI application, respectively.

The ability of IBSI self-efficacy to predict IBSI implementation can be
explained by the definition of self-efficacy, as defined by its proponent, Bandura and
his colleagues (Bandura, Barbaranelli, Caprara, & Pastorelli, 1996). According to
these proponents, self-efficacy “affects the way people think, feel, and motivate. As a
result of these effects, self-efficacy is determinative of the levels of endeavoring and
being persistent of a student under conditions. The high levels of the feeling of
success, self-reliance, and the skills of motivating increase the success, but the low
levels of those features decrease the success.” Applying these in the context of this
study, the greater the self-efficacy towards IBSI, the higher is the tendency to enact
IBSI practices.

Many studies support the result on the ability of teachers’ IBSI self-efficacy to
predict IBSI use during teaching intemnship. For instance, Leonard, Barnes-Johnson,
Dantley, and Kimber (2011) and Smolleck and Mongan (2011) contended that self-
efficacy is correlated with teachers’ belief about willingness to improve their methods
of instruction using inquiry. This result likewise strengthens the contention that
teachers with higher self-efficacy for inquiry-based teaching are more likely to be
aware of various instructional approaches and were “more open and willing to
experiment with innovative approaches that promote autonomous learning” (Ross,
Bradley, Cousins, & Gladalla, 1996). Moreover, the result somewnhat finds support

from Uredi (2015), who reported on science teachers’ self-efficacy related to
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implementing the constructivist approach, positively predicting their level of creating

a constructivist learning environment.

Reconceptualized Framework

In the original framework, the PSBTs' IBSI exposure was hypothesized to
influence all other IBSI variables (IBSI understanding, attitudes, self-efficacy,
predisposition, and application). In turn, IBSI understanding and learner-centered
views were assumed to affect the PSBTs’ IBSI attitudes, self-efficacy, predisposition,
and application. Then IBSI attitude was hypothesized to affect IBSI self-efficacy,
predisposition, and application. It was likewise assumed that the PSBTs’ IBSI self-
efficacy affects their IBSI predisposition and I1BSI application and that their IBSI
predisposition influences their IBSI application.

In the reconceptualized framework, it can be seen that the PSBTs' overall
IBSI exposure did not significantly affect the other IBSI variables. Only IBSI
exposure at field study exerted a significant effect on their IBSI self-efficacy and
application. Thus, arrows connecting IBSI exposure at field study to IBSI self-
efficacy and I1BS! application were drawn. No significant effects on the other IBSI
variables were noted with either overall IBSI exposure or its components.

Overall, IBSI understanding also did not significantly affect the other IBSI
variables. However, the understanding of IBSI practices applied at lesson proper
significantly affected the PSBTS’ IBSI application and IBSI predisposition. Such
relationships are indicated by arrows originating from IBS| understanding at lesson
proper leading to IBSI application and IBSI predisposition.
Furthermore, the regression procedures showed that the PSBTs’ progressivist

views significantly influenced their IBSI attitudes and application, although overal|
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learner-centered views did not exert the same effect. Neither overall IBSI self-
efficacy and predisposition nor their elements were significantly affected by any of
the learner-centered views. Arrows were drawn to show these relationships in the
reconceptualized framework.

The PSBTs' overall IBSI self-efficacy, meanwhile, significantly affected their
IBSI application. However, their IBS! self-efficacy along classroom culture was able
to influence their IBSI predisposition significantly. Finally, neither overall IBSI

predisposition nor its elements significantly affected the PSBTs’ IBSI application.

Level of IBSI self-
efficacy

IBSI Exposure
At Field Study

Classroom culture

T~ ]

v

IBSI Understanding Extent of IBSI
At Lesson »1 application during
proper teaching internship
tevelofiBst |
ttitudes evel o
IBSIA predisposition
A
Learner-centered views
Erogressivist
Figure 2. Reconceptualized framework of the study
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Chapter 5

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

This chapter presents the summary of the study, the highlights of findings, as
well as the conclusions and the recommendations deduced from the study’s findings.
Summary

This study was conducted to determine the factors that influence the pre-
service biology teachers’ (PSBTs) IBSI understanding, attitudes, self-efficacy, extent
of application of IBSI during their teaching intemnship experience, and their level of
IBS|I predisposition. Specifically, this study was undertaken to answer the following

questions:

1. How do the following variables, taken singly, influence the PSBTs’ IBSI self-
efficacy?
a) |BSI exposure
b) IBSI understanding
c) IBSI attitudes
d learner-centered views
2 How do the following variables, taken singly, influence the PSBTSs’ extent of
application of IBSI during their teaching internship experience?
a) 1BSI exposure
b) 1BSI understanding
c) IBSI attitudes
d) learner-centered views
e) IBSI self-efficacy
f) 1BSI predisposition
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3. How do the following variables, taken singly, influence the PSBTS’ level of
IBSI predisposition?
a) IBSI exposure
b) IBSI understanding
c) IBSI attitudes
d) learner-centered views
e) IBSI self-efficacy
4. How does the PSBTs’ IBSI exposure influence their IBSI understanding?

5. How do the following variables, taken singly, influence the PSBTSs’ IBSI

attitudes?
a) IBSI exposure
b) IBSI understanding
c) learner-centered views
6. How are the following variables correlated?
a) IBSI exposure
b) IBSI understanding
c) IBSI attitudes
d) learner-centered views
e) IBSI self-efficacy
f) I1BSI predisposition
g) extent of IBSI application during teaching internship
Sixty-six (66) pre-service biology teachers (PSBTs) from three teacher-
education institutions in the Baguio City and Benguet were the participants of the
study. Survey and interview were the main data-gathering procedures employed.

Both quantitative and qualitative data were gathered from the respondents. The
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following instruments were used: Science Teachers’ Inquiry Practices Scale
(STIPS), Pedagogy of Science Testing Test - Biology items (POSTT-B), the Attitude
Scale for IBSI Use (ASIU), Inquiry Use Self-efficacy Scale (IUSES), Test for Inquiry
Pedagogy in Science — Biology (TIPS-B), Modified Reformed Teaching Observation
Protocol (mMRTOP), Modified inquiry Teaching Self-Assessment Instrument (mITSAI),
and Educational Philosophies Self-Assessment Instrument (EPSAI). A researcher-
made rubric, the Rubric on IBSI Manifestation in Lesson Plans (RIMLP), was also
used to support the result on the level of IBSI application during teaching internship.
Follow-up interviews were also conducted to supplement the quantitative results
gathered from the research instruments.

Descriptive statistics (mean and standard deviation) were used to summarize
data, while inferential statistics (Analysis of variance and Tukey HSD) were used to

test for significance and to compare means. Pearson correlation and linear

regression procedures were employed to describe the relationship among the

PSBTs' IBSI variables.

Findings
The summary of the findings of the study is presented vis-a-vis the research

questions asked.
1. The overall level of IBSI exposure is moderately high, with a mean of 4.08.

This moderately high level of exposure is consistent across stages and the IBSI

elements. Their highest IBSI exposure occurred in their college science courses

(mean = 4.24), followed by their field study courses (mean = 4.11), and then by

their pre-college science courses (mean = 3.69). While IBSI exposures were all

«sufficient” across the three stages, there was a statistically significant difference

in these exposures (F = 4.4877, p=0.012). Pre-college science exposure was
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significantly lower than college science exposure, but statistically even with field

study exposure. College science exposure did not significantly differ with field

study exposure.

Along the three areas of IBSI, the PSBTSs’ exposure was highest along

classroom culture (CC; mean = 3.97), followed by content knowledge (CK; mean

= 3.94), and then lesson planning and implementation (LPI; mean = 3.80).

However, these differences are statistically insignificant.

Comparing the levels of 1BSI exposure in the three stages along LPI, no

significant differences were noted (range = 3.65 to 3.87). However, along content
knowledge (range = 3.72 to 4.17) and classroom culture (range = 3.78 to 4.14),

college science exposures were statistically higher than pre-college science

exposures, but statistically tied with field study exposures.

2. Overall, the PSBTs’ scored low in the test for IBSI understanding (POST-B)

with a mean of 0.485. While their IBS| understanding at lesson beginning

(0.564), and at lesson ending was statistically higher (0.606) and falling under

moderate understanding, their IBS! understanding at lesson proper pulled them

down (mean = 0.361, limited). The level of understanding at the three lesson

stages was significantly different (F = 3.765; p =0.025).

Further, qualitative results show that many PSBTs’ equate IBSI with teacher
questioning or teacher-led recitation. They see IBSI as mere teacher-questioning,
instead of looking atitasa formal pedagogical model where students make

questions, and explore answers to these questions.

3. The PSBTs' have high attitude scores about IBSI (mean = 1.66). They had

t attitude SCOreS along
& interest dimension (mean = 1.63, high), and then by liking

f i i =
the highes the usefulness dimension (mean = 1.80, very

high), followed by th
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dimension (mean = 1.54, high). There was a significant difference in the PSBTS’
IBSI attitudes along the three dimensions (F = 9.977, p = 0.001). The difference
between liking and interest dimensions was insignificant, unlike the difference
between liking and usefulness, and interest and usefulness, where there was
significant, and highly significant difference, respectively.

4. In terms of learner-centered philosophical views, the PSBTs scored highest
under constructivism (mean = 21.89), then progressivism (mean = 21.48), and
then sdcial reconstructionism (mean = 20.58). The scores in these three learner-
centered views are significantly different (F = 5.303, p = 0.006). The PSBTS’
scores under progressivism and constructivism are statistically even, while

scores in constructivism, but not progressivism, are statistically higher than their

scores in social reconstructionism.

5. The PSBTs' scores under IBSI self-efficacy were fairly high, with a mean of
7 98 out of 10. This high self-efficacy was consistent along lesson planning and
implementation (mean = 7.96, high) and content knowledge (mean = 7.9, high).

However, the PSBTs’ IBSI self-efficacy along classroom culture was very high

(mean = 8.50, very high). The PSBTs' levels of self-efficacy are statistically

different (F = 6.324, p = 0.0002). The lesson planning and implementation (LPI)

and content knowledge (CK) self-efficacies are not different statistically. Still, LPI

and classroom culture (CC), and CK and CC self-efficacy differences, are

significant.
6. As tothe PSBTs’ predisposition to teach using the IBSI approach, they scored

a mean of 0.640 out of 1.00. While they have high predispositions to use IBSI at

lesson proper (0.734), their tendencies to use the strategy at lesson beginning

(mean = 0.553), and at lesson ending (mean = 0.564) are in the moderate. The
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PSBTs’ level of IBSI predisposition was significantly higher at lesson proper than
at lesson beginning and lesson ending. The difference in their levels of
predisposition before and after the lesson proper was insignificant.

7. The PSBTs scored a mean of 2.98 out of 4 in their ability to apply for IBSI
during their teaching internship. Further, the PSBT respondents and their
cooperating teachers are consistent in their assessment of the PSBTs’ IBSI
application. The majority of the PSBTs (87.90%) were able to apply IBSI
practices sufficiently, while 4.55% and 7.58 were able extensively and moderately
to manifest IBSI practices, respectively.

The IBSI practices were best manifested along classroom culture (mean =
3.32), then along LPI (mean = 2.86) and content knowledge (mean = 2.85).
There was a significant difference in the PSBTs’ IBSI application along the three
elements (F = 28.504, p = 0.000). Moreover, the IBSI application along
classroom culture was significantly higher than either along LPI or along content
knowledge. Applications along LPI and content knowledge, meanwhile, are
statistically insignificant.

When the PSBTs’ lesson plans were analyzed, some trends emerged. For
instance, those who taught younger learners tend to have a limited application of
s. Moreover, those who taught physical science (Chemistry and

IBSI principle
Physics) had more inquiry-oriented lessons than those who taught Biology or

Earth Science lessons.

8. As to the correlation among the IBSI components, overall IBSI exposure was

negatively correlated with IBSI understanding (r = -.115) and predisposition (r =

.013), but positively, albeit weakly correlated with IBSI attitude (r = .061), self-

efficacy (r = .021), application (r =.017), and learner-centered views (.002). |IBS|
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understanding meanwhile, was significantly correlated with learner-centered
views (r = .311**) and IBSI predisposition (.309*), but weakly correlated with IBSI
attitude (r = .137), self-efficacy (r = .139) and application (.198). Furthermore,
IBSI attitude was significantly correlated with learner-centered views (r = .311%)
and IBSI application (.299*), and weakly correlated with self-efficacy (r = .197)
and predisposition (r = .095). There was significant correlation between learner-
centered views and IBSI application (r = .389**), and weak correlation with IBSI
predisposition (r = .147) and self-efficacy (.201). IBSI self-efficacy weakly
correlated with predisposition (r = .150), but significantly correlated with

application (r = .435*). Finally, the IBSI predisposition and application

correlation was weak (r = .130).

The results of simple linear regression procedures showed that none of the
PSBTs’ overall and component IBSI exposures predicted their IBSI
understanding. Also, none of their overall and component IBSI exposures and
understanding emerged as predictors of their IBSI attitudes. However, their
progressivist views predicted their overall IBSI attitudes (8 = .410, R2 = .168).
The regression equation was Attitudes = 8.961 + 0.668 (Progressivism score).

Meanwhile, when overall and component IBS| exposures, understanding,
attitudes, and learner-centered views were entered as predictors of the PSBTSs’
IBSI self-efficacy, only their 1BSI| exposure at field study (FSExpo) came out as a
valid predictor. The obtained standardized coefficient B was = .289, and the R?
was .083. The regression equation was IBSI self-efficacy = 6.491 +0.014
(FSEXpO0).

As to IBS! predisposition, two valid predictors came out — IBSI understanding

at lesson proper (LPUnd), and IBSI self-efficacy along classroom culture (CCSE).
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As for the former, B = .418, R2 =174 and the regression equation was I1BSI
predisposition = 9.035 + 0.226 (LPUnd). In terms of CCSE, 8 =.371, R2=.138
and the regression equation was 1BSI predisposition = 10.384 - 0.080 (CCSE).
Finally, the IBSI application at teaching internship was predicted by five
predictors. These predictors are as follows: FSExpo [ = .308; R? =.095; IBSI
Application = 56.610 +0.124 (FSExpo)], LPUnd [B = .312; R2=.097; IBSI
Application = 66.832 +0.638 (LPUnd)], IBSI attitude [B = .299; R2 = .089; IBSI
Application = 63.440 +0.644 (IBSI attitude)], Progressivism [8 = .410; R2 = .168;
IBSI Application = 37.548 +1.438 (prog)], and IBSI self-efficacy [B = .435; R2=

189: IBSI Application = 38.081 +3.745 (IBSI Self-efficacy)].

Conclusions

Based on the findings of the study, the following conclusions are drawn:
1. The PSBTSs possess a sufficiently firm foundation of IBSI in all of its aspects —
lesson planning and implementation, content knowledge, and classroom culture -
as they come into teaching internship. This strong 1BSI foundation was built
particularly during their college science courses and field study experiences.

Likewise, their pre-college science courses have somehow introduced them to
IBSI practices.

2 The PSBTs still have a lot to learn about IBSI as their knowledge and
understanding of the approach was insufficient. Their IBSI definitions are still
unacceptable, as these definitions are laden with naive ideas or misconceptions.
3. The PSBTs hold a positive attitude toward I1BSI. They particularly believe that

IBSI is a useful, interesting, and likable teaching approach.
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4. The PSBTs had high adherence to the learner-centered philosophies.
Specifically, they identify themselves more as constructivists and progressivists,
rather than as social reconstructionists.

5 The PSBTSs are highly self-efficacious in using IBSI in their future science
teaching. However, these IBSI self-efficacies differ across the three IBSI
elements. The PSBTs hold the greatest self-efficacies along classroom culture.
6. The PSBTs are moderately predisposed to employ IBS| practices in their
teaching. Their IBSI predisposition, however, differs along the three lesson
stages. IBSI predisposition is particularly high along lesson proper.

7 The IBSI application by the PSBT respondents was sufficient. The
cooperating teachers and the PSBT ratings were consistent in terms of the
latter’s’ 1BSI application. Moreover, while IBSI practices were sufficiently
manifested in all three IBSI elements, the manifestation along classrcom culture

was the highest.

8. Learner-centered views significantly correlated with the PSBTs’ IBSI
understanding and attitude, and a linear association between IBSI predisposition
and understanding has surfaced. Meanwhile, IBSI attitude, self-efficacy, and
learner-centered views significantly correlated with IBSI application at teaching
internship. Moreover, the PSBTs’ progressivist views significantly predicted their
IBSI attitudes, and their IBSI exposure at field study was the only predictor of
their IBSI self-efficacy. Meanwhile, the PSBTs' IBSI understanding at lesson
proper, and their IBSI self-efficacy along classroom culture emerged as the
significant predictors of their IBSI predisposition. Finally, their IBSI applications
during teaching internship were significantly predicted by their IBSI exposure at

field study, 1BSI understanding at lesson proper, overall IBS| attitudes,
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progressivist views, and overall IBSI self-efficacy. Of these predictors, overall

IBS| self-efficacy seems to be the best predictor of IBSI application, followed by

the PSBTs’ progressivist views.

Recommendations

Based on the findings and conclusions, the following recommendations are put

forward:

1. For the science professors to team up with science education professors to

further strengthen the inquiry foundations of pre-service science students. This

collaboration can be accomplished by providing the maximum inquiry

experiences to these science education students. This way, the pre-service

science teachers will feel that indeed, IBSI is a default teaching approach, a sine

qua non, in science education, as described in science education reform

documents around the world.

2. Science education professors, those in charge of the teaching of methods to

pre-service science teachers, may strive harder to emphasize the true nature of

IBSI in their science teaching methods courses. More time should be provided

for the understanding of IBS! and its many variations, and the pre-service

teachers must be given more opportunities to observe and experience inquiry

practices in actual classes. These observations and experiences should be

efficiently monitored, and constant feedback must be done to improve the pre-

service teachers’ understanding of how IBSI is implemented in actual classes. A

learning module that focuses only on IBSI may also be provided as

supplementary materials for pre-service science teachers.

3. As often as necessary cooperating teachers must strive to employ IBSI

practices in their teaching, especially when pre-service teachers are observing
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them. When necessary, these cooperating teachers must be retooled on the
principles and practices of IBSI through a training-workshop.

4. Aside from science content knowledge, teacher education students who wish
to specialize in science may also be screened in terms of their attitudes toward
inquiry instruction, their levels of learner-centered views, and their self-efficacy to
teach using IBSI. All of these variables emerged as significant predictors of IBSI
application during internship.

5. As IBSI exposure at field study emerged as a significant predictor of IBSI
application during internship, some mechanisms must be employed to place
prospective science teachers under demonstration teachers or mentors who are
adept at the use of IBSI in science teaching.

6. Since this study covers only the biological sciences majors, it does not provide
a comprehensive account of the IBS! features of those from the physical

sciences. ltis thus recommended that a similar study be conducted among these

cohorts.

7. It might also be worth investigating to determine how those with science
teaching scholarships compare with non-scholars as to the various 1BSI
variables. Also, an investigation on how pre-service science teachers from
Centers of Excellence or Centers of Excellence in Teacher Education and those

who belong to non-centers of excellence/development compare as to their IBSI

competencies is worthwhile.

8. The instruments used in this study can further be polished so that they will
effectively measure the constructs they are intended to measure.
9. More direct data-gathering procedures such as lesson plan analysis and/or

actual teaching observations are recommended for future researchers who want
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to duplicate this study. The purpose of such is to prevent the tendencies of some
respondents to overrate themselves during self-assessments. As regards the
pre-service teachers IBS! application during teaching internship, the students
may also be surveyed or interviewed on their teachers’ actions. Science
professors and teachers may also be tapped as respondents to determine their
IBSI exposure or experiences. Moreover, the syllabi and/or the laboratory
manuals of science professors and teachers may also be analyzed as to how
these manuals emphasize IBSI.

10. The practice of lesson study must be introduced as early as during teaching
training, particularly during the methods of teaching courses of the pre-service
teachers. Through lesson studies, pre-service teachers are trained to collaborate
with their peers and with other experts and be reflective of their lessons and their
teaching practices. Moreover, lesson studies train pre-service teachers to

become more critical of a lesson in terms of its being inquiry-oriented and

constructivist-based.

11. The following studies are recommended for future research:
a. Tracking how Filipino in-service teachers implement IBSI practices in the

field.
b. Follow-up on how Filipino pre-service teachers implement IBS| practices

during the first three years of teaching.
c. How experiences or exposure to IBSI affect pre-service and in-service
science teachers’ basic and integrated science process skills.

d. How experiences or exposure to IBS! influence pre-service science

teachers’ level of scientific literacy.
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e. Comparison of IBSI exposure and attitude of pre-service science teachers
who are taught following either the self-contained scheme or the inter-
college/department format.

f. Analysis of science teachers' and professors’ attitudes and implementation

of IBSI practices in their science classes.

g. Analysis of how science cooperating teachers model inquiry-based

instruction and how these practices influence the pre-service teachers’

application of such teaching approaches.
1BS! - Use Capability Building for Pre-service
Biology Teachers and Cooperating Teachers

As suggested in the study, the PSBTs’ understanding of IBSl as a teaching
strategy must be developed, as an incomplete grasp of IBSI could undermine their
implementation of such a strategy in their future classes. Similarly, the study noted
that the PSBTs’ IBSI exposure at field study was a significant predictor of their IBSI
application during their teaching internship. It is, therefore, necessary to enhance
the knowledge, skills, and competencies of both pre-service biology and cooperating
~teachers on IBSI. A capability building program designed specifically for these two
" cohorts of science teachers is, therefore, a must.

In the case of the PSBTs, one capability building program that could enhance
their 1BSI competencies is through curriculum enhancement. In the latest curriculum
issuance for science education majors by the Philippine Commission on Higher
Education, a three-unit, one-semester course on teaching the specific field (Sci.Ed.
153 — The Teaching of Science) is mandated. It is in this course that IBSI can be

integrated into the existing curriculum. The discussion of IBSI can be enhanced in
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' the course syllabus. The curriculum framework for IBSI integration is shown in

| Appendix Q.

On the other hand, science cooperating teachers must be invited to

3 participate in an IBSI-use training-workshop. This training-workshop could be
sponsored by the teacher-education institution and will be provided for free as part of

: the partnership program.

Below are the topics that are deemed essential and must be part of the

‘ capability building program for both science pre-service and cooperating teachers

(CTs).

| Topic 1: The national science education standards

- Topic 2: Introduction to IBSI
|

i‘ Topic 3: The philosophy of IBSI
Topic 4: The different levels of IBSI
‘Topic 5: Modifying a laboratory activity into an inquiry-based investigation
| Topic 6: Using the lesson study framework in analyzing IBSI lessons
| Topic 7: Managing the inquiry classroom

“Topic 8. Creating a classroom culture of inquiry

The details for the above topics were presented as a scope and sequence for
'IBSI integration in Appendix R. As for cooperating teachers, a design for a proposed

training-workshop on the use of IBSI is shown in Appendix V.
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Appendix A
Letter to the Dean — Saint Louis University

Faculty of Education
University of the Philippines
OPEN UNIVERSITY
Los Barios, Laguna, Philippines

April 28, 2018

DR. FELINA P. ESPIQUE

Dean — Sch. of Teacher Education and Liberal Arts
Saint Louis University

Baguio City, Philippines

Ma’am:

Greetings!

| am a Ph.D. in Education (Biology) student at the University of the Philippines
Open University working on a dissertation on Inquiry-based science instruction and
biology teacher preparation. I am bel_ng supervised by Professor Maria Helen d.
Catalan, Ph.D., who is the Deputy Director for Research and Extension at the
University of the Philippines National Institute for Science and Mathematics Education
Development.

As you have a relatively larger number of Biological Science majors, | am
choosing your institution as one of the sources of the participants for my research.

| am therefore humbly requesting your permission for me to gather relevant
data from your graduating Biological Science majors. If approved, please allow me to
meet my prospective respondents on May 15, 2018, from 3:00 to 5:00 p.m. Rest
assured that | will faithfully abide by your institutional policies on the conduct of data-

gathering procedures. -
As | look forward to your positive response, | thank you very much!

Respectfully yours,

APLER J. BANSIONG

Ph.D. Ed (Biology) Candidate
University of the Philippines
Open University
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Appendix A
Letter to the Dean — University of Baguio

Faculty of Education
University of the Philippines
OPEN UNIVERSITY
Los Bafios, Laguna, Philippines

April 28, 2018

DR. BERNADITA AYUNON

Dean — Sch. of Teacher Education
University of Baguio

Baguio City, Philippines

Ma’am:

Greetings!

| am a Ph.D. in Education (Biology) student at the University of the Philippines
Open University working on a dissertation on Inquiry-based science instruction and
biology teacher preparation. | am supervised by Professor Maria Helen d. Catalan,
Ph.D., who is the Deputy Director for Research and Extension at the University of the
Philippines National Institute for Science and Mathematics Education Development.

As you still cater to Biological Science majors, | am choosing your institution as
one of the sources of the participants for my research.

| am therefore humbly requesting your permission for me to gather relevant
data from your graduating Biological Science majors. If approved, please allow me to
meet my prospective respondents on May 17, 2018, from 3:00 to 5:00 p.m. Rest
assured that | will faithfully abide by your institutional policies on the conduct of data-

gathering procedures. 3
As | look forward to your positive response, | thank you very much!

Respectfully yours,

APLER J. BANSIONG

Ph.D. Ed (Biology) Candidate
University of the Philippines
Open University
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Appendix A
Letter to the Dean — Benguet State University

Faculty of Education
University of the Philippines
OPEN UNIVERSITY
Los Banos, Laguna, Philippines

April 28, 2018

DR. IMELDA G. PARCASIO

Dean — College of Teacher Education
Benguet State University

La Trinidad, Benguet, Philippines

Ma’'am:

Greetings!

This is to request your permission for me to gather data from our Biological
Science majors. | am working on Inquiry-based science instruction and biology
teacher preparation. | am supervised by Professor Maria Helen d. Catalan, Ph.D,,
who is the Deputy Director for Research and Extension at the University of the
Philippines National Institute for Science and Mathematics Education Development.

If approved, please allow me to meet my prospective respondents on May 18,
2018, from 3:00 to 5:00 p.m. Rest assured that | will faithfully abide by our policies

on the conduct of data-gathering procedures.
As | look forward to your positive response, | thank you very much!

Respectfully yours,

APLER J. BANSIONG

Ph.D. Ed (Biology) Candidate
University of the Philippines
Open University
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Appendix B
Cover letter to the respondents

Faculty of Education

University of the Philippines
OPEN UNIVERSITY

Los Baros, Laguna, Philippines

April 28, 2018

Dear Pre-service Biology Teacher,
You are being asked to take part in a research study. This study is called

“Inquiry-based science instruction and biology teacher preparation: Exposure. Self-
efficacy, predisposition, and application.” The study is being done by Apler J
Bansiong, who is a graduate student at the University of the Philippines Oper{
University. Mr. Bansiong is being supervised by Professor Maria Helen d. Catalan
Ph.D., who is the Deputy Director for Research and Extension at the University of thé
Philippines National Institute for Science and Mathematics Education Development.

This study will investigate your level of exposure to, understanding of, attitude
towards, self-efficacy and predisposition to teach inquiry-based science instruction
and your extent of application of inquiry-based practices during teaching internship.
In this study, you will be asked to complete seven questionnaires. Afterward, you will
be asked to take part in a brief interview session that will be recorded. It should take
no more than 10 minutes to answer the interview questions.

Being a part of this study will not cost anything, and you will not be compensated
for being part of this study. (But you will b_e_ given a token amount for snacks and
meals). No risk is foreseen as no sensitive surveys or interviews will be used.
Although you will not benefit personally from being in the. study, you may feel good
about knowing that you have helped shape future instruction in high school science.
The result of this study will hopefully provide important insights on how to prepare

biology teachers for future teaching better. . '
You may choose not to take part in the interview portion of the study. Taking

voluntary. Itis your free choice. Y u can refuse to be in
j o it at all. If
part in this study 1S u can stop at any time. There will be no effect on your relations

V)\,l(i)tl:] fﬁfrtébéai,avel’ gﬁebadﬁstitudnnerhg, represmipidunts about the study right now,
you
please feel free to ask.

Thank you.

Respectfully yours,

APLER J. BANSIONG
Researcher
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Appendix C
Letter to the TIPS-B Validators
University of the Philippines

OPEN UNIVERSITY
Los Baros, Laguna, Philippines

April 28, 2018

DR. BENILDA Z. NARCELLES
Faculty

University of Baguio

Baguio City, Philippines

Ma’am:

Greetings!

| am a Ph.D. in Education (Biology) student at the University of the Philippines Open
University working on a dissertation on Inquiry-based education and biology teacher
preparation. | am being supervised by Dr. Maria Helen D. Catalan of UPNISMED.
One of my research questions pertains to the future biology teachers’ predisposition
to teach using inquiry instruction, and | developed an instrument (Test for Inquiry
Pedagogy in Science — Biology, TIPS — B) to measure this construct.

Cognizant of your expertise in research instrument development, 1 am respectfully
requesting you to evaluate the lnstrumepts content.valldnty.. You may comment on
both the items and the options and proque suggestlon_s to improve the items. | am
confident that your comments and suggestions will contribute much to the instruments’

strength.
As | look forward to your positive response, | thank you very much!

Respectfully yours,

APLER J. BANSIONG
Ph.D. Ed (Biology) Candidate
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Appendix C
Letter to the TIPS-B Validators

University of the Philippines
OPEN UNIVERSITY
Los Banos, Laguna, Philippines

April 28, 2018

DR. EDDIE G. FETALVERO

Professor
Romblon State University
Odiongan, Romblon, Philippines

Sir:
Greetings!

| am a Ph.D. in Education (Biology) student at the University of the Philippines Open
University working on a dissertation on Inquiry-based education and biology teacher
preparation. | am being supervised by Dr. Maria Helen D. Catalan of UPNISMED.

One of my research questions pertains to the future biology teachers’ predisposition
to teach using inquiry instruction, and | developed an instrument (Test for Inquiry

Pedagogy in Science — Biology, TIPS — B) to measure this construct.

Cognizant of your expertise in .research i’nstrument deyelopment, I 'am respectfully
requesting you to evaluate the instrument's content validity. You may comment on
both the items and the options and provide suggestions to improve the items. | am
confident that your comments and suggestions will contribute much to the instruments’

strength.
As | look forward to your positive response, I thank you very much!

Respectfully yours,

APLER J. BANSIONG
Ph.D. Ed (Biology) Candidate

5 ! 1
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Appendix C
Letter to TIPS-B Validator

Faculty of Education
University of the Philippines
OPEN UNIVERSITY
Los Bafos, Laguna, Philippines

April 28, 2018

PROF. DOROTHY D. SILVA
Faculty

Saint Louis University
Baguio City, Philippines

Ma’am:

Greetings!

| am a Ph.D. in Education (Biology) student at the University of the Philippines Open

University working on a dissertation on lnquiry-pased education and biology teacher
preparation. | am being supervised by Dr. Maria Helen D. Catalan of UPNISMED.

One of my research questions_pertains to the future biolpgy teachers’ predisposition
to teach using inquiry instruction, and | developed an instrument (Test for Inquiry
Pedagogy in Science — Biology, TIPS — B) to measure this construct.

Cognizant of your expertise in research instrument development, | am respectfully
requesting you to evaluate the lnstrumepts content.valldlty. You may comment on
both the items and the options and provncje sug_gestlons to improve the items. | am
confident that your comments and suggestions will contribute much to the instruments’

strength.
As | look forward to your positive response, I thank you very much!

Respectfully yours,

APLER J. BANSIONG
Ph.D. Ed (Biology) Candidate
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Appendix D

Science Teachers’ Inquiry Practices Scale (STIPS)

Dear Respondents:

Try to recall your typicai experiences in your previous pre-coliege and college
science classes, and your observations in the science classes of your cooperating
teacher. Then using the scale below, try to assess the overall frequency on how
each of the following activities had been implemented in these classes.

Scale:
5= g1 — 100% of the time 4 = 61—80% of the time 3= 41 -60% of the time
2 =21 —40% of the time_ 1=0- 20% of the time

CHARACTERISTICS:
A. My/The science teachers:

culture that encourages positive
habits of mind.

Science Courses | Field
Pre- College | Stud
college y

1. create a classroom

scientific attitudes and _
2. provide opportunities for metacognitive processes
3. stimulate and nurture students’ cgnosnty .

4. limit the use of lecture and direct instruction to
occasions where the lesson cannot be taught through

hands-on or inquiry-based instruction _
5 demonstrate flexibility by balancing and mediating

' lessons and questions with the
et preplanned tions prom ted by student questions

iviti direc
activities and ants prior knowledge at the start of the

6. assess stud ;
i i dingly

lesson and adjusts teaching according .

7 make learning relevant and meaningful by taking

students interest into account and basing lessons on

st ts’ prior su ositions . ————
""é"qg’gpé‘%%ﬁte“?ﬂ%%memonstratlons and discrepant
(puzzling, unusual, surprising) events to p?,?gug held
contradictions and challenge students’ pre y

beliefs — « 2

9. use inquiries and investu?datil(zgiv :gdagchor new
. \ i he . -
information to revious! ions by posing prompting and

0. model inquisith? ;Ztlll as asking questions that

i tions as as g ¢ .
_3;093::13 l'(lliguir-level and critical thlnklnga rs‘lgnllso -
11. refrain from divulging tr,1e ansst\;;ir: p
rompts to clari students ue S T
12. arrange students’ Jesk for collabor

small groups -
13. move about the Classroom

groups throu hout the lesson

d rotate among small
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14. encourage students to design and carry out their
investigations.

15. keep students on-task by having them support and
debate their data, evidence, and conclusion.

16. integrate science content with process skills and
problem-solving strategies, as well as technology,
environment, etc.

17. act as facilitator, mediator, initiator, and coach
while modeling behaviors of inquiry, curiosity, and

wonder.

18. use primary sources of information {journal articles,
etc.) rather than, or in conjunction with a prescribed

textbook

19. encourage communication skills such as speaking

and listening
20. encourage students to use concept maps, graphic

organizers, and drawings of models to explain and

demonstrate newly acquired knowledge.

21 assess student performance in a variety of forms

22 initiate and orchestrate discourse and scientific

argumentation
lass, the students or |

B. In my teacher/CT's C

23. enjoyed posing questions and demonstrating a

desire to learn

24. showed an interest in science by acting as

researchers/investigators __ .
25. engaged in diligent investigations from their self-

enerated questions __ '
26. reflected on and 1ook the responsibility of their

learnin i
27. pe?sisted in asking questions to clarify and confirm

the accuracy of their understanding _ .
28. Worked respectfully and communicated in

collaborative groups -
29. considered skepticism and alternative models or

oints of view d unbiased evidence to form

30. used claims an ,
explanations and arguments

din
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Appendix E

Pedagogy of Science Testing Test - Biology Items (POSTT-B) by Cobern, Schuster,
Adams, Skjold, Mugaloglu, Bentz, & Sparks (2014).

Dear Respondents:
This assessment is composed of classroom science teaching vignettes similar

to teaching practices one can find in any classroom today. Practicing teachers
contributed ideas for many of the vignettes; others are based on teacher

observations, or science curriculum standards.
As you read each vignette, think about how you might teach science in a

similar situation. Respond accordingly.

1. Frog dissection
Mr. Goodchild is doing a frog dissection wi

about anatomy.
Thinking about how you
to what you believe is the

th his 8th graders to help teach them

would teach a lesson, of the following, which is most similar
best way to incorporate a dissection into a lesson?

A. It should be used as @ stand-alone, step-by-step activity for students to explore
the frog’s anatomy and raise discussion questions on their own.

B. It should be used as @ follow-up step-by-step student activity after Mr. Goodchild
explains exactly what students will need to notice about the frog anatomy.

by-step student activity while answering probing

sed as a step-
C. It should be u led discussion and clarifications.

questions, followed up by teacher-

step demonstration by Mr. Goodchild while he

d as a step-by-
D. It should be uséd &> know about frog anatomy.

explicitly points out what students need to

2. Organisms respond to the environment

er 1stgrade students that living organisms respond to
:mented on how earthworms respond to thei
- - t The students experimen : , N
t:,i:irrgg:;::rﬂmf:eﬂ n small groups, they discussed a series of questions about the

experiment. Ms pendleton now needs to wrap up the lesson.

Ms. Pendleton wants to

i most similar to how you would wrap up this lesson?
me up with 2 general conclusion based on the evidence they
orm experiment, guiding them toward the concept

Of the following, which
A Have the students €0
gathered from their earthw

objective.
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B. Restate the concept objective for the students, and ask students to provide
supporting evidence from their earthworm experiment.

C. Have students re
earthworm experiment.

port their conclusions based on the evidence gathered from their

D. Restate the concept objective for the students, relating it to the observations they

gathered in their earthworm experiment.

3. Structure and function

ching his 3rd-grade students a lesson on “structure and
systems. He has a set of pictures showing the
mouths of different animals, including a finch beak, a dog jaw with teeth, and a horse
jaw with teeth. He aiso has a chart that he can distribute to the students, which wiil
allow them to fill in information about what each of these animals can and cannot

eat.

Mr. Danzit will be tea
function” as applied to digestive

u would teach this lesson, of the following, which is the best

Thinking about how Yo .
anzit should begin the lesson?

statement on how Mr. D

the lesson by carefully explaining the concept of structure
the digestive system, specifically mouthparts. He should
the chart using the pictures and his discussion as a

A. Mr. Danzit should begin
and function as it relates 'f°
then ask the students to fill out

guide.
B. Mr. Danzit should allow the students to explore a set of photos showing animal
have the students write their own stories about how these

mouths. He should then ' .
animals are similar and different, including what they eat.

C. Mr. Danzit should begin the lesson by car_efully explaining the concept of structure
and function while helping students fill in their charts, so they can see examples of

this concept as it relates to digestive systems.

the lesson by showing his students a picture of a shark

D. Mr. Danzit should begin SV ) )
mouth. asking the student what this animal might eat. After a discussion, he should
' of the chart and the other pictures, asking students to

ive each student a coPY . ) )
gomp|ete the chart based 0N their early discussion.
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4. Field trip

Ms. Piper is taking her 3rd-grade class to the local nature center. Because they are
currently studying food webs, she would like to use the field trip as a way to learn

more about this topic.

Thinking about how you would teach, of the following, how would you most likely use
a field trip to teach students about food webs?

A 1 would inform them that on our upcoming field trip, they will be looking for
examples of food webs. During the field trip, students could make their list of
interactions they observe relating to food webs, which we would discuss later as a

group.

rm students before the field trip that we are going to look for specific
ebs, providing them a checklist of interactions they should see.
| would point out to them interactions, having them mark off each

B. | would info
examples of food W
During the field trip,
as we go.

ot tell students exactly what to look for during the field trip but would ask
s about any of the interactions they see between
Id discuss what they saw relating to food webs.

C. lwould n
them to make observation
organisms. Afterward, we cou

D. | would inform students before the field trip that we are going to look for specific
ding them a checklist of interactions they should see.

examples of food webs, provi
During the field trip, students could look for those examples and mark them off as we

go.

5. Predator and prey

Mr. Peoples is conducting a unit on food chains and is about to introduce his 7th-
grade students to predator/prey relationships. He has a good computer simulation

game for this subject that he can use with his class.

ow you would teach this lesson, of the following, which is the best

Thinking about h
g jesson?

advice for conducting this

1d explain to his students that balance typically exists in nature

A. Mr. Peoples shou :
Y f predators and their prey are related. For example, he can

such he numbers O e e
uch that t lation will increase if disease reduces the coyote

t at a rabbit popu :
ell them th ion. He should then project the simulation game to

opulation in the same red : .
geswnstrate relationships between rabbit and coyote populations.
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B. Mr. Peoples should explain to his students that balance typically exists in nature
'§uch that the numbers of predators and their prey are related. For example, he can
{ell them that a rabbit population will increase if disease reduces the coyote
population of the same region. Using the computer simulation game, he should have
| the students monitor and record the rabbit levels over a simulated ten-year period
during which the population of coyotes rises and falls, so that they can confirm the

predator/prey concept he explained.

|C. Mr. Peoples should ask what would happen with rabbits if many coyotes died
discussion, Mr. Peoples should suggest that the

suddenly of disease. After some
students explore their ideas using the computer simulation game he has for this

subject, by recording yearly counts over a simulated period of ten years. The
students will then have data to be used in a class discussion on predator/prey

relationships.

D. Mr. Peoples should begin by asking the students what they know about predators
and prey. Without responding other than to encourage their ideas, Mr. Peoples
should then show them the computer simulation game he has for this subject and
invites them to use the simulation in any way they wish to explore their ideas. The

lesson would end with students writing up their findings.

' (6) Inheritance
; Mr. Montgomery was teaching his 7th graders about inheritance. After introducing
| the topic and demonstrating how to use a Punnett square to determine genotypes

| and phenotypes of possible offspring, he asked students to solve a variety of
| application problems in small groups.

 Thinki id teach, how would you end this lesson?
- Thinking about how you wou
ave aiready discussed the problems in their smail groups

i nts would h .
- A. Since stude tanding of the topic, 1 would end the lesson here.

" and developed their unders

. B. | would give the students the right answers to the problems.
" C. ! would ask the students o explain their answers to the class. Drawing on their

; would guide them to the correct answers.
explanations, | ! < correct answers to the problems with the students as a class

D. | would review t
discussion

(7) Succession

o ath.qrade class has just finished an introductory lesson on plant
Ms. Tutt's 6ti_1r r?;as‘zudents now understand that succession can be initiated either by
fﬁg ‘f‘gf’rﬁ;"tﬂ;n of new, unoccupied habitat (primary succession) or by some form of
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disturbance of an existing community (secondary succession). She is now
considering the use of a follow-up activity at a green space near campus and has

several options.

Thinking about how you would teach, of the following, which is most similar to what
you would do?

A. Provide the students with a map of the green space demarcating succession. |
would then walk the students through the succession areas, pointing out the plant life

specific to each area.

ith a map of the green space demarcating succession. The

B. Provide the students w
pes of plant life in each succession area.

students’ task would be to identify the ty

nts if they thought they could identify succession and how they
d go to the green space, and the students’ task would be

he green space, developing and documenting their maps.

C. Ask the stude
would do it. Then we woul
to map out succession att

D. Take the students to the green space and ask them to observe as much as they
could corresponding to our recent studies on succession. | would leave it to the
how best to use their observations of a real succession

students’ imaginations on _
environment, and how o document those observations.

(8) Photosynthesis

Ms. Hamid has been teaching her 8th-grade students 1

about photosynthesis, and in particular, that

chlorophyll production in plant leaves i'_s light-induced.
She sets up an example to illustrate this. She has placed fast-growing seedlings

where they are exposed to different levels of light intensity. The students observe the
growing plants over several days and estimate the amount of chlorophyll using a
color chart to record leaf color. They record their data in their science notebooks and
on a classroom data table. On the last day, Ms. Hamid reviews the role of light in

chlorophyll production, as illustrated by the activity.

you would teach this topic, of the following, which is the best

1o
w
IS
N
(=2}

Thinking about how
evaluation of her lesson?

.- i Il because Ms. Hamid begins with an
) a good lesson design overa g
Qx;?:altsi"’on %f the concepts; she wants the students to learn, followed by an activity

for students to confirm that chlorophyll production is light-induced.

riately with an explanation of the concepts she wants

id begins appropri: o ivity i
?Heng?ﬁg:rz?sl to !e%m_ This being so, it1s nqt clear that the activity is needed,
especially since it requires SO much class time.

C. Ms. Hamid's approach is too pre-organized and prescriptive. It would be better for

lves to decide how to set up plants gndllights, see what happens,
:tnuccljﬁghsr éh;r,?zeway to compare chlorophyll production in the leaves.
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D. The instructional sequence would be better if the students do the plant
observations first, showing that chlorophyll is light-induced, after which Ms. Hamid

can explain the process more fully.

(9) Varieties of wheat I
" Wheal varicties

Ms. Coker will be teaching her 3rd graders a unit
edible plants. Today’s topic is that wheat comes

many different varieties.

Thinking about how you would teach, of the
following, which is most similar to how you would

transparency, such as the one shown in this ¥ Y
diagram? it vt Tapdred urum - commen

A. | would give my students many types of wheat to sort by appearance.
Once the task was completed, | would show the transparency and ask the students

how their sorting compared with the pictures on the transparency. | would then
conclude the lesson by reviewing the intended leaming outcome.

tudents samples of wheat to look at. As | explained the concepts

B. | would give my S ; .
d have them identify the wheat samples by referring to the

to be learned, | woul
transparency.

C. It is important to state the intended learning outcome at the start of the lesson, so
| would use the transparency as | explain the concepts to be learned, and show them

an example of a wheat stalk of each kind.

D. | would not use a transparency such as this, as it would make the lesson too
teacher-directed. | would give my students samples of wheat to sort by
characteristics of their choosing and thgn record their results. The lesson would
conclude with a discussion of their findings.

' (10) Animal sorting

her kindergarteners that. the process of sorting involves

cs and grouping accordingly. She gave each student a set of
m to sort the animals into groups with similar

Ms. Lodge is teachiqg |
identifying characterist
10 animal cards and asked the
. characteristics. .
: Thinking about how you would teach, of the following, how would you make this
' lesson more effective?
be more effective if Ms. Lodge started by explaining the
then allowed the students to sort the animals based on

'A. This lesson would
process of sorting and
characteristics.
B. | wouldn't change this lesson; the students choose their approach to sorting.

i i 16
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_and, as a class, discussed th

Thinking about how You wou
you would dea

C. This lesson would be more effective if Ms. Lod i
. . ge explained and
process of sorting using animal cards. P demonstrated the

D. This lesson would be more effective if Ms. Lodge concluded by drawi
' r
students’ work to highlight the process of sorting. y drawing on the

(11) Fossils provide evidence for change

Ms. Jefferson’s 6th grade is learning about how fossils can provide evidence of how
life has changed over time. She poses a question: “How do fossils help show us
changes on Earth over time?” Ms. Jefferson continues by asking the students to
examine several different rock samples, all containing different types of fossils.

Thinking of how you would teach this lesson, of the following, how would you
evaluate this lesson so far?
are asked to make observations before being instructed on what to

Ms. Jefferson should have described how fossils provide evidence
he fossil samples as examples to demonstrate her point.

A. The students
look for. Instead,
of change over time, using t

are asked to make observations before being instructed on what to
look for. Instead, Ms. Jefferson should have described how fossils provide evidence
of change over time, and then have the students examine the different rock samples

to verify Ms. Jefferson’s explanation.

B. The students

he way it is. Ms. Jefferson states a question for the students to

C. This lesson is fine t !
rovides materials the students can utilize to explore this

think about and then p
question.

uld not have posed such a detailed question before student
udents should have been allowed to examine the rock samples
eir ideas about the fossils.

D. Ms. Jefferson sho
investigations. The st

(12) Hand sanitizers: a teachable moment

ass is learning about where bacteria are found and their

Ms. Simmons’ 8th-grade cl u
" influence on humans, when one of the students asks, “Why do we use hand

" sanitizers?” Ms. Simmon

s is not sure of the best way to respond to this student’s

question concerning the lesson objectives.

Id teach, of the following, which is most similar to how
| with this teachable moment?

A | would encourage the students to think of ways (o answer this question, and give
them time and materials to pursue their investigations.

. i lanation of how hand iti :
B. | would give my students a brief explana | sanitizers work and tie
this information to what we had been studying about bacteria. Then we would get

back to the lesson objectives.
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C. | would give my students a brief explanation of how hand sanitizers work and then
ask my students if they could think of ways to test their effectiveness. | would
tonclude the lesson by tying their ideas back to the objectives.

D. | would elicit the students’ ideas about the question, including how to test those
ideas. We would try some of those tests, and | would conclude the lesson by tying
their findings back to the objectives.

(13) Plant misconceptions

The students in Mr. Gordon’s 3rd-grade class are learning how plants grow, what
parts plants are composed of, and what they can be used for. Mr. Gordon has the
students create a book about what they are learning. As students work on their
books, he notices that some have the misconception that plants “eat dirt.” What can
Mr. Gordon do to address this misconception?

Thinking about how you would teach this lesson, of the following, which offers the
Best advice for dealing with this misconception?

A. M. Gordon should explicitly poing out the evidence that indicates plants do not eat
dirt. He should then reinforce this with an additional short activity that illustrates his

point.

_Mr. Gordon should explicitly point out the evidence that indicates plants do not eat

dirt. The students can then revise their books to match this understanding.

o w-

_Mr. Gordon should ask students to develop and conduct their investigations into
hat plants eat.

O 50—

P. Mr. Gordon should have students conduct a short activity that demonstrates that
plants do not eat dirt. He should then ask them to challenge their ideas about what

ﬁlants eat, given the resuits.

(14) Linnaean system of classification
|

n}u, Clark is introducing his sth-grade students to the classification of organisms. He
ﬁrovided them with pictures of 25 organisms, representing the five kingdoms, and
Had students group them according to observable characteristics. The class then
discussed their ideas only to discover that they had chosen different characteristics
on which to group the organisms. At this point, Mr. Clark told the class that scientists
_eliminated confusion over the classification of living things by adopting the Linnaean
,’sfystem of classification as a universal standard. Mr. Clark then explained that in this
system, more characteristics are used than what can be seen in a photograph, such

as what an organism eats.

Thinking of how you would teach, of the following, how would you evaluate Mr.
Clark’s introductory lesson?
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A. Having students try classifying on their own is good because they will better
appreciate the challenges of constructing a universally accepted classification

system.

B. Instead of first having students group the pictures in their way, which could be
confusing, he should have explicitly explained the Linnaean system of classification
and then had his students apply the system to the organisms in the photographs. '

group the pictures in their way, which could be

C. Instead of having students
licitly explained the Linnaean system of classification,

confusing, he should have exp
using the photographs as examples.

D. This is a good lesson, except. rather than an explicit discussion of the Linnaean
system, Mr. Clark should have had his students explain their reasoning for how they

classified the organisms.

(15) Chlorophyll

“Chlorophyll is 8 natural pigment found in green plants. It is the primary pigment that
absorbs light energy from the sun for photosynthesis. This energy is then used by
the plant to synthesize carbohydrates from carbon dioxide and water.” This is what
Ms. Pozner’s 8th-grade lifé science textbook says, and she is wondering how best to
teach a lesson on chiorophyll and the process of photosynthesis. She has several
ideas, but each oné has limitations.

i llowing ideas that Ms. Pozner i
Thinking about how you would teach, of the fo ] is
COnsi:ie?'ing. which ig most similar to how you would teach this lesson?  would...
read the textbook section on photosynthesis and chlorophyll.
a classroom discussion where we draw out and clarify the
uld then summarize the concepts for the students.

tion on photosynthesis and chlorophyll
B. ents read the textbook section | phyll. |
wo:ll?jvt?w é':,eeitggi“ these concepts while showing relevant slides.

A. Have the students
We would then have
important points. | WO

ok section on photosyn’ghesis and chlorophyll to the class.
'(I?f\;\efev :L?giigfa}ﬁfﬁ;’se concepts while showing relevant slides.
he textbook and online resources to investigate
D. Have the studerts us%lte of chlorophyll. | would then have the students

photosynthesis and
summarize their findings for the class.

(16) Microbes
de students fo the idea that tiny living microbes

_ : is 3rd-gra '
Mr. Green is introducit :S t?as gis students create a list of places where they think

are found all aroun us.
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that microbes would or would not be found. The students then sh ir li :
. g . are their |
Mr. Green writes their ideas on the board. ists while

Thinking about how you would teach, of the following, which is most similar to how
you would follow up on this introductory activity?

students for their participation, and then end the lesson by

A. | would applaud the
rt paragraph on where they believe microbes can be found.

having them write a sho

B. I'd ask the students what generalizations they might reach based on the lists they
created. Then, based on the students’ ideas, | would confirm the point that microbes

can be found aimost everywhere in daily life.

n be found almost everywhere in daily life. Then |

C. | would explain that microbes can k
r lists for support so that the lesson objective is

would use students’ ideas from thei
clearly tied to the students’ ideas.

D. Rather than beginning the lesson this way, | would have clearly stated what
ging in any activities.

students were to learn pefore enga
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Appendix F

Attitude Scale for IBSI Use (ASIU) developed by Evrekli, Inel, Balim & Kesercioglu

(2010).

Dear Respondents,

Read the following items caré
describes what you feel about inquiry-

fully. Then check on the column that appropriately
based instruction as a teaching approach.

ITEMS

Yes

Somewhat

No

1. Twould do anything to learn about inquiry-based
instruction (IBSI)

2. IBSIis an approach that

deserves much emphasis.

. IBSI is my desired teaching approach.

~ 1 am not interested in the IBSI approach.

1 like using the IBSI approach in my classes

3
4
5. | like the IBSI approach.
6
7

"1 do not enjoy performing activities concerning the

IBSI approach.
S
8 The 1BSI approach is not interes

ting for me in any

way.

———
9. 1 like reading books apout the 1BSI approach

e :
10, 1 would like to use the iBSI approach in my future

teaching.

11. 1 like informing others around me about the IBSI

approach.
oach

12 I1BSl is a useful teaching appr
13. 1 believe that 1 can tanefit much from the IBSI

conduct research on the IBSI

14. | would like to

an
Pre-service Biology T eachers
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Modified Educational P

Dear Respondents,

This questionnaire
'I'?espond to the give
Strongly Agree." Record the numb

for scoring.

1

information about we

Students are makers
understandings from
through transmission

The curriculum shoul

values in students.

Schools exist to prov
and life, not to nouris

Teaching the gré

ilitators of con

The aim of educa
regardle

Schools shou

10

The emphasis
respect for authority,

11

Schools sho
change rather h

12

Teachers shou

13

The curriculu

14

curren

Pre-service Biolog

I
The curriculum shoul

taught through discuss

should spring from students’ interests and needs.
It is necessary and good that schools instill traditional |1 |2 |3 |4 5

at works of literature is less 11213 (2
5

important than involving stu

criticize and shape society.
arting knowledge, are T 121314 (5

Teachers, rather than imp.
ditions and experiences SO students

fac
can construct their understandings.
tion should remain constant 112 13
ss of differences inerao 4 |5

not vary from oné teacher
{d encouragé student involvement in 112 |3 :
aid in societal reform. 4 |5

social change to aid in SOZ0 s
in schools should be hard work, 11213 |4 |5

inq free choice-
uld guide soc!
than mere

VM
Id concentrate on conveying a 11213 4 |5

common coré of knowle
experimentind with modifying the curriculum.
m should focus on basic skills insteadof {1 [2 |3
students’ interests. 4 |5
t understandings trigger the needto |1 [2 [3 |4 |5

Conflicts to !
learn and {0 make meaning.

y Teachers and Inqui

Appendix G
hilosophies Self-Assessment Scale (©Cohen, 1999)

will help you recognize and name
your education i
n statements on a scale from 1, "Strongly Dis,agi:ep-l'1 ltlgssophy.

er of your answer along with the question number

d be universal; a given body of
stern civilization should be y L ER AR
jon and lecture.

of rneaning and construct their 11213
active experience, rather than 41

from teachers.
d not be predetermined; rather,it|1 [2 |3 |4 |5

ide practical preparation for work
h personal development. TR

dents in activities to

r society. It should
to another.

and discipline, rather than

iety toyvard significant social |1 (2 (3 (4
ly passing on traditional °

dge rather than

ry-Based Science Instruction 109



15

Rewards controlled by the external environment lead
to and result in all learning.

16

Advocating for the permanency of the classics is a

vital part of teaching.

17

Perceptions centered on experience should be
emphasized, as well as the freedom and
responsibility to achieve one's potential.

18

Education should help drive society to better itself,

rather than restricting itself to essential skills.

19

Teachers should encourage democratic, project-
pased classrooms that emphasize interdisciplinary

subject matter.

20

tter.
A knowledgeable individual facilitates or scaffolds
learning for a novice based on understanding the

learner's developmental level and the content to be

learned.
an environment that

21

Successful teaching creates
controls student behavior and assesses the learning

of prescribed outcomes.
ters mainly around the

22

The greatest education cen
student's exposure to great achievements in subjects

such as arts and literature.
s modifying internal knowing

23

Learning requiré
structures to assimilate and accommodate new

information.
create an atmosphere

24

The role of the teacher is t0
that rewards desired behavior toward achieving goais

and extin uishes undesirable behavior.

25

The primary goal for educators is to establish

environments where students can learn
ful reflection about

independently through purpose

26

their experiences. i

Principles of reinforcement (anything that will

he likelihood that an event will be repeated)
ty (how close two events must be

Ch.—onologicauy for a bond t0 be created) are pivotal to

explaining learning. _
1in choosing how and what they

27

Students' involvemen .
to education.

should learn i central ' .
d by onés environment;

28

One's pehavior is shapec
at environment (rather than the

elements within th ¢ .
individual learner determine what I learned.
f human nature is the

29

The most distinctive quality 0
on; for this reason, the focus of

ability to reas Rl
education should be on developing mt_ellect.
ould guide students to active participation

30

Learning sh

in social reform.
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Appendix H

Inquiry Use Self-Efficacy Scale (IUSES) based on the Reformed-Teaching Self-

Assessment Inventory (ITSAI - Isola & Wenning, 2007) and McGill Enactment of

Inquiry Questionnaire-SeIf—Efﬁcacy-Teachers (MEIQ-SET, Chichekian & Shore

2016)

Dear Respondents,
(level of confidence) of doing each of the following from

o 10 (“definitely true of me”) by encircling the
responses will be coded and will be kept confidential.

Please rate your self-efficacy
0 (“definitely not true of me”) t
corresponding number. Your

I —
Not true of me Very true of me

ITEMS

-
1.1 CAN use strategies and activities

that show respect for students’ prior
knowledge and their preconceptions or |of1]2]3([4|5|6]|7|8|9|10

misconceptions found within that
knowledge.

5 1 CAN design strategies and activities

that allow students to use their prior

knowledge to explain or predict ol1i1213|4(5(6|{7|8|9]10
phenomena and then resolve any results
or answers that are sur rising to them.

3.1 CAN provide opportunities for

students to exploreé first before they are ol1l2l3lalsle|7|8|9]10

provided with formal pfesentation
lecture or demonstration. etc.

4 1 CAN modify my lesson depending on
nsoriginatmgfrom ol1]2(3|a|5|6|7|8]|9]|10

the ideas or questio

students. ___————p=—=qon th
son pased on the

5. 1 CAN modify mY les
results of my formative assessment ol1l2lzlalsle|7]s o]0

strategies (checks for understanding,

uick questions, etc.
6.1 CAN pose questions or problems
that encourageé students 10 seek and ol1l2
value different ways to investigate of
solve a problem ___———raage
Z 1 GAN design lessons that engage
students as members of a slearning
community,” intellectual rigor,

constructive criticism, and the
deas aré valued.

challenging of id€ A focus e

8. When | teach, | !

fundamental concepts of the.subleCt- ol1]2|3|4|5(|6]|7|8|9]|10
si nificant

There are always some

w
H
(&)}
»
~
co
(o]

10
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scientific or mathematical ideas at the
heart of each lesson.

9. | CAN implement lessons that
emphasize the strong inter-relatedness
(how similar or different from previous
concepts) of scientific thinking.

10

10. 1 CAN see quickly what students are
trying to say, how it connects with

science concepts, and bring up
questions, ideas, or examples that help

10

the student clarify their thinking.

11. 1 CAN help and encouragé students
to follow general guidelines, laws, or
theories to develop a solution (a model).
In my future lessons, relationships or
patterns are represented in abstract or

10

symbolic ways (graphs or eguations)

12. | CAN use many different real-world
phenomena as teaching tools t0 help
students understand basic sciencé and
math concepts, not just to entertain them

10

or keep their attention. _____——

‘ p_redictionslh)ggotheses.
ts be actively

13. | CAN require students touse a

variety of means (models, drawings,
graphs, symbols, concrete materials,

manipulatives, lab materials, etc.) to

10

represent henomena.
14. | CAN allow the students to make
es, and they

predictions and/or hypothes
are encouraged to devise means to test

and then validate or reject these

10

15. 1 CAN let studen o
engaged in thought-provoking activities
that often involve the critical assessment
of procedures. students actively think
about what they aré doing and about
how they were doing: From here, they
are clarified on the next steps N their

10

investigation. e
16. | CAN requiré students 10
N oo ning. Student

reflective about their lear _ .
art with questions like,

refiections could st ions
think about this?

“How did | used to ?
“What caused me 10 change my mind’

“What made it difficult for me to

10

understand this?” etc.

Pre-service Biology T eachers and inquiry
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17 | CAN use a range of assessment
strategies that measure the depth of
student understanding and the

10

application thereof.

18. 1 CAN require students to
communicate their ideas to others using
a variety of means and media (Making
presentations, brainstorming, critiquing,
listening, making videos, group work,

10

etc.)
19. | CAN implement a lesson of activity
where there is a high proportion of
student talk (student discussion), and a
significant amount of it occurs between

10

and among students.
20. | CAN require that students always

respect what each student has to say.
(Students express their ideas and
opinions without fear of censure or

10

ridicule) _
21. 1 CAN lead or direct unanticipated

E=N

10

behavior to rich learning O ortunities.
22. ICAN actas @ resource person,
working to support and enhance student

10

-solving.

investigations and problem
23. | CAN be called steacher as a

listener’ (This metaphor describes @

|| teacher who is often found helping

| students use what they know to

' | construct further understandin

i1 24. 1 CAN be approachable and
encouraging to students. Students can

‘| come to me for

10

10

| consultation/clarifications:

Pre-service Biology Teachers and Inqui
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Appendix |
Test for Inquiry Pedagogy in Science — Biology

Dear Respondents:

This assessment is composed of classroom science teaching vignettes similar t
an find in any classroom today. As you read each vignc;tte

teaching practices one C
think about how you might teach biology in a similar situation. Respond accordingly

ce teacher about to teach units on sexual

1. You are a high school scien
f the following would be most similar to how you are

reproduction in plants. Which 0
to teach flower diversity?

A. | will let my students bring five different flowers. 1 will then ask them to observ
and sketch the floral parts of each flower and label the parts using a labeled dia r:\
as reference material. Then they will compare the flowers using either a concestu;]
grid or a VVenn diagram. They will then present their outputs in class. | may input

some key points to improve their presentation.

B. Using a powerPoint slide of transparency, | will show a labeled picture of a
typical flower. I will emphasize that floral parts are categorized as reproductive and

accessory structures, and flowers aré categorized on the presence of these
ill let the students bring out the flower samples they were asked

to bring, and comp wer species and the floral structures present

in these samples. Then the d to give a conclusion on flower diversity.

y will bé aske

e parts and functions of a flower, pointing out the

nd incomplete flowers, and in between perfect and

s bring out the flowers they were assigned to
s complete, incomplete, perfect, or

C. | will first give a lecture o0 th

differences between complete @
imperfect flowers. Then | will let student

bring, and classify their flower samples &

imperfect.
ts bring @ labeled diagram of a complete flower and five

les. | will ask them to explore as much as they can
serve the flowers’ external and internal structures. |
a poster that will depict the theme “Floral diversit g
critiquing and/or class discussion. Y

ment, studen
ower samp
They can ob
m to produce
puts for peer
2. To begin ale characteristi.cs_of living things, Mr. Santos lighted a
piece of candle and told the class that this lighted candle is one of his favorite pets.
This drew SOme surprised reactions-from the class, as students hold the notion that
the word pet is used only t0 Iiving.thmgs. Then Mr. Sgntos asked why a lighted

nd why it can't be a living thing even if it shares some

candle cannot be 2 pet

D. As an assign
different kinds of fl
about the flowers.
will then require the
and exhibit their out

gson on the

174

chers and Inquiry—Based Science Instruction

Pre-service Biology T2



of life. Several reactions arose from the class, and this led to an

characteristics
ristics of living things.

active discussion on the characte

If you were in the situation of Mr. Santos, how would you teach the topic?

A 1 will teach the lesson in the same way 8s Mr. Santos.

B. | would use a different strategy. | will instead show pictures of organisms

depicting some characteristics of life, such as birds flying, a lizard with cricket in its

mouth, or a metamorphosing putterfly. Thenl will ask the students to identify the
:~tad in each picture. Then | will present and explain the

other characteristics of living things. 1 will then ask questions to check for

understanding, or extend the lesson.

C. I will teach the lesson in the same way as Mr.. Santos. However, | will not ask
them the same probing question, ie., “Whyis @ lighted candle non-living thing?”
Instead, | will let them ask any question about the demonstration and let them
provide answers to this question through a mini- position paper, of to give some

points and counterpoints a5 if they are to join debate._ .Some issues
(misconceptions, naive ideas) will be clarified, and additional discussions will be

provided after.
y. | will present through PowerPoint the nine

sson differentl
g things, pointing out the difference between living and non-
een plants and animals. To check for understanding, | will
One group will act out a characteristic of life, and
hown. The time it will take the

haracteristic iss
The groups will then change rules. After five

ime record wins the game.

D. 1 will start the le
characteristics of livin
living things, and in betW
divide the class into tWO groups-
the other group will gueés® what €
other group to guess will be noted-

rounds, the group with the lowest t
a lesson on substance transport in cells, and she wanted

3. i aring

partli\nrsl. Te{ezd ::r:;igtrate the principle that temperature affects the rate of diffusion.

b thcu arly o porafory a7 celery stalks. food coloring, beakers, water heater, ice,
e science '3 are to advise Mrs. Perez on what teaching approach to

and cutters available r to what you will recommend?

use, which one is MOst simila
he factors affecting the diffusion rate carefully. I will let

. . int
:érl w!ll advise fﬁ;:ﬁ:;‘::::e is one of the factors that affect the diffusion rate. To
point out 17 erature 0N the rate of diffusion, 1 will advise her to
prove the effect of 1P o . freshly cut celery stalks in colored water of
demonstrate the Pf'"c'?e o, 12°C, and 18°C). For her to cut down the
varying tempera.tures ’ 'édvise her to bé ready with a ready-made result. She will
demonstration M s the length traveled in the stalks soaked at different

then let the students €0
temperatures.
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question, “What is the effect of tem
i perature o
r to guide her students to explore the qu eStiOnn the rate
' ry stalks in colored water of varyi
€., 6° varying tem
(aské : C, 120C, and 18°C). Then after some a few minutes, the Stugents z?;latures
tray to get the stalk out of the colored water then measure the length the (; now be
eled along the stems. From this evidence, they will state a conclusion thf his
wi

relate the effect of temperature on the rate of diffusion.

B. I_ will advise her to ask the
;: diffusion?” Then advise he
emselves by soaking some cele

ts to research in advance the factors

a motivational activity during her

to give a graded recitation in the form of a
ment, revisit the different factors, and

C. | will advise her to assign her studen

affecting the rate of diffusion. Then, as
he will be advised

demonstration lesson, $

game. After that, she will collect the assign

provide additional information of the topic. | will also suggest that the students wi
omparing the amount of time a teaspoon of czfml

verify the principles at home by C
and lukewarim water.

powder will dissolve in ot water
sWhat are the factors that affect the rate of

D. I will advise her to ask the question,
materials available in the lab, her students in

diffusion?” Then with the use€ of all the
the problem. They will first show

f‘»mall groups will plan an investigation to explore
the plan and seek approvai from the teacher. | will advise Mrs. Perez not to suggest

changes in the plan, unless some procedures violate safety measures. Upon
approval, students will n nt their plans and obtain results. They will report

; ow implemé
in their findings through fic paper. There will then be some class

a mini scienti
discussions on the findings after the exploration-
and function of the human heart, and you

t the structuré
tal principles of biology, the complementarity

f the fundamen
Which of the following strategies is most similar to

ntal principle?
model and carefully explore its parts. |
ur heart chambers. I will let them -

4. You are to teach abou
wanted to touch on one O

between structure and function.
how you will teach this fundame

A. | will let the students study @ human heart

will then point out the parts particularly the fo

Compare the relative thic ess of the walls in the upper and lower chambers, and the
pil inform them that some chambers are blood-receiving

left and right chambers- ; ) :
chambers. and others are blood-pumpmg chambers. | will also prompt them to
’ f amber walls with the force they require to

relate the relative thickness . )
students will then come up with a statement that will

perform their functions- . :
are for pumping plood, and which are for receiving blood

identify which chambers
ts will label @ blank illustration of the human

ere S
W orks:,eef; :Z,he «ch on the functions of each chamber, valve, and
will assign some students to report on the functions of
robind questions, and explain that the ventricular
the ventricular walls need a greater

B. 1 will give
heart. Then they @
associated blood vessels-
each i ask SO

part. | will then o atrial walls because

walls are thicker than
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force to
pump blood out of the heart. | will
: no i
structure fits function. w relate this concept to the principle of

C. lwill sh ;
ow a video on the structure and functio
or rewi L _ n of the human he _
exmg:nq the video if | feel that the idea presented requires more emarL. ! _W'“ pause
ation. After the video show, | will give a worksheet for the StUdpenE;SIf or
s 1o

com indivi i
aCtinlete mgwldually. We will then correct the worksheet and then proce
ity. | will provide some notes as supplementary materials when nee;esdthe

D. Iwilld ivi
o the same activity as A except that | will not '
kit ' y el pFOVlde any prom
lationship between chamber wall thickness and force required vaxs)iil thg;: Tnt e
: e

st :
udents explain how the heart chambers and their function illustrate the principl
iple of

t .
he complementarity petween structure and function.

=

f- T_eacher Roy’s class has been learning about the animal .
espiratory system. Buthe wanted 10 emphasize that breathing .7 o N0
y the brain’s respiratory - v Nﬁ

an involuntary movement, controlled b
rther explain on the physiology that “ ?

center. Also, he wanted to fu
brought about by the action of muscles

s and Boyle’s [aw-

class, how are you
g the same learning

breathing movements are
and by gas diffusion principle

ute Teacher Roy in his
sson, considerin

By

-

e —

If you are to substit
going to implement your le

goals as Teacher Roy?
onstruct a working fung model similar to the illustration

A. | will ask students t0°€

shown. In small grouPs: will ask them to explore the model by pulling the large

balloons back and forth an e what movements take place in the small

Paﬂoon inside the chamber: Then | will let them explain the physiological process

in the lung cavity that result in inhalation and exhalation. | will hint that they refer tgs
e support to their answers.

the gas diffusion principles 4 Boyle's 1aW to giv
B. 1 will give @ textbook-aided lecture on the mechanism of breathing in humans. |
will emphasizé that preathing is an involuntary action, controlled by the diaphrag;’n
and the intercostal muscles- | will then lead them 1o the step-by-step physiological
|ation, then exhalation. | will use Boyle’s law and the

processes that result I inha ,
nd on the concept. | will then demonstrate the

gas diffusion princip!€ ' expo
jung model.

processes using @ working
o read about the mechanism of breathing in human
S‘l

C. | will assign someé students t
. +o enter or leave the lungs. To check the assignment
en

specifically on what causes @
| will provide & worksheet Where students arrang® the physiological processes th
halation- | will provide additional explanations as needa;

ed.

lead to inhalation, the"
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" and all organisms theY

" C. 1 will provide timeé for st

' grass, grasshopper:

. four kinds of food chains.

D. | will let students explore their working lung models. T ill facili

review by asking them which part of the human lungs doezeer;clhvgrr:acﬂf a'fe "

model represents. Students will then explore what actions must be done ?ni?hthe

to cause inhalation and then exhalation. | will define gas diffusion principles e;n odel
.B oyle’s law. As an output, | will give a completion type worksheet suchpas “Ign i
inhalation, the and the contract, resulting to increased e

pressure in the

ss Grade 5 science class is to introduce the concept of
lesson with the following vignette: “Ben was telling
appening in and around a local pond. He said he had

seen tiny water fleas eating algae, a heron with perch in its beak, minnows eatin
water fleas, and a perch chasing minnows around the pond.” Then she let the °
students connect using arrows the organisms according to what they eat and what
eats them. They were then informed that the diagram they draw is an example of a

food chain. Then the students were asked to give their definitions of a food chain
ot encouraged). The class analyzed the outputs ar;d

(Take book definitions Were n
esson extensions. If you were to teach the same lesson as

Ms. Elsa facilitated the |
Ms. Elsa, which of the following strategies will be most similar to how you will deliver

your lesson?

6. The aim of Ms. Elsa’s cla
food chains. She began the
about some things he saw h

rm knowledge base, | will provide a formal definition
grams of different food chains (grazing food

d terrestrial food chains). | will introduce the
sion. 1 will end my presentation with some

A. For students to have @ unifo
of a food chain. Then! will show dia
chain, detritus food chain, aquatic an
concept of trophic levels in the discus

graded recitations.
B. | will ask the students to recall what they have learned about food chains or ask
dvance. | will also assign them to bring a diagram of the

them to read the topic ina ‘
puring the lesson, | will emphasize on such key concepts

as trophic levels and types Of food chains. Asa practice activity, | will provide a

worksheet wheré students construct @ food cr)ain from a list of ten aquatic organisms
eat. Here, students will be led to realize that a food chain can

become interconnected. forming a food web.

read their textbooks on food chains and food
webs. Tell themto study . panying diagrams. | will then ask some probing
questions and emphasize k&Y points. TO infuse some fun after the reading activity, |

eSO donts 0 act out representative organisms like eagles, frogs, snakes,
tc. Thenthey will be asked to link themselves up to

pacteria, € )
t, forming a “food chain.” | can structure the

ill naturally €3
idbea competition among different groups.

on the same way as Ms. Elsa delivered hers.

udents to

the organism they W
activity such that it cou

D. | will deliver the less
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7. Which of the following is most similar to how you are to teach a lesson on lactic
acid fermentation in vertebrate muscles?

ation of lactic acid fermentation, showing the major
ill explain the fate of the product, and show how the
by-products. | will then relate these occurrences

d muscle fatigue/cramps occurring during heavy

A. 1 will provide a simplified equ
~ reactants and their products. W
lactic acid is converted into safer
with the concept of oxygen debt an
exercise.
n pairs. I'll then assign one partner to record how

many times the other will raise his/her hands in thirty seconds. Without the doer
resting, they will repeat the procedure five times. Let them record the results, and
the doer rests for five minutes. Then, ask the pair to repeat the same procedure, but
provide the doer a three-minute rest in between tfigls. Ask them now to compare
the results and explain the trend. Il use this activity as a springboard to teach

about lactic acid fermentation in vertebrate muscles.

C. 1 will give a short lecture on lactic acid fermentation in vertebrate muscles. Then |
will cut the lecture for students to do jumping jacks. They will do the action as long
s tired and has stopped. Then after providing

as they can. I'll wait until everyone get pe fler £
a short time for resting, | will continue the lecture, emphasizing that fatigue is caused

by lactic acid accumulation in muscles.
have experienced muscle cramping or fatigue. Ask

; i d how did they recover from the
usually experience cramping an )
| them when they y re answers to the class. | will then use this sharing

|

condition. Students may sha . 1SS 1S€ |
1 sessilgsr;s a springboard for teaching about lactic acid fermentation in vertebrate
] muscles.

‘l 8. Mr. Reyes is teaching abo

: . : c
. small intestines. He wants to tea

' and memorable to his students- TI kg
' to how you would teach the same [esSOT

i A Iwould state that the v  and the microvili are fingerlike projections that increase
“A. lwould s

| . Il intestines. 1 will illustrate the point b

; absorption in the SMat 7e=r . y

| :’Ilz syrfa:::ae acrgi ;o;ection of an intestiné with villi and a hypothetical one without villi.
wing -

Then | will emphasizé the point by asking which of the two structures is more
enlwillée

~ efficient in absorbing nutrients.

B. | will ask the class to work i

D. | will ask the students if they

ut the presence of villi and microvilli in the walls of the
h the lesson in a way that is both understandable
hinking about your teaching, which is most similar

| . lengths, except that one line is straight

. . covering the same \ a9
B. .| will draw two "ngzjs. Then using @ thread to trace the lines, the student will
while the otr:je(r::;; o 5 lengths. Then | will guide the students as they relate
measure an

e the £ villi and microvilli in the intestinal wall
. i functions O I alls.
their observation with the
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C. I will begin the lesson by stating that the purpose of the villi and the microvilli, i
for an increased surface area for nutrient absorption. Then | will simulate this e
principle by conducting @ demonstration that compares the amount of water
absorbed by toilet papers with and without folds.

e d. 1 will direct the students to design and implement an
activity or experiment that will comparé the amount of water absorbed by folded and
unfolded paper towels covering the same surface area. They will be provided with
graduated cylinders, water, beaker, and paper towels. They are to collect data and
report their results. They will now be allowed to consult references for them to

relate their activity with the functions of the vill and microvilli.

D. During the science perio

9. As a policy in the science department where you are teaching, you are to require
a big project for students at the culmination of a unit. You completed a unitin
ecology, and you are now in hard up in deciding on what big project you are to
require. Which of the following suggestions would you find helpful?

where candidates model attires made up of recycled materials
rtion revolve on environmental awareness. Winners are
he candidates’ environmental advocacies, their attires, and

A. A beauty pageant,
and whose Q and A poO
chosen based only on t

their answers in the Q and A.
and submit 3 video documentary that focuses on states of

B. Let students preparé
pollution in a given community.

C. Let students come up with research projects on environmental awareness, such
as waste disposal and recycling practices among qlifferent barangays or among
students at various educational levels. Or, they might be asked to device and
evaluate the effectiveness of a board game that can be used to enhance recycling

practices amongd different groups of people.
pose and implement training on good agricultural practices such

anic farming, or handicrafts making using recycled materials.
terminal report as an output.

. D. Let students pro
as composting, of org

Students will submit 2

| 10. Ms. Garcia, @ new teacher in @ local high .school,.is about to begin a lesson on

" cellular respiration- ecalling her exPer|ence in her bicchemistry course in college,

" she knew that the topic 1S mind-boggllng- S_he has.spent a lot of time thinking about
ting and interesting manner. As a caring master

" how to start the 1esson in a motivatin! . r.
‘ teacher. which of the ching procedure is most similar to what you will

advise her?
. king the class, “In which time of the d i
A egin her lesson by asKif's = ! e day will food
Tell her to b€9 ening?” Then she will explain why food tastes

taste better, in the moming or the eV

following te@
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' then give a few exam

~ classmates who are a

better in the evening. Use this discussion, to begin with, an interactive lecture on
cellular respiration.

B. Tell her to begin the class by letting her students arrange the following words to
come up with a sensible statement: LIVE, EAT, |, TO. The two possible answers: “

LIVE TO EAT” and “l EAT TO LIVE.” After the students are led to a healthy
discussion on the issues behind the two statements, she will begin her explanations

on cellular respiration.
bout their topic for the day, which is cellular

respiration. Tell her to define cellular respiration, and let her prove that food indeed
contains energy by burning & peanut under a set-up that resembles a simplified
he students observe what will happen to the temperature of

calorimeter. She will let t
the water and explain the meaning of the change in temperature.

C. Advise her to tell the class @

D. Advise her to let the students preparé per small group the following set-up: A test
tube containing a thermometer and 10 ml water. Provide them a tong, a dried
peanut, and some matches. Then students will completely burn the peanut under
the test tube set-up and observe the temperature changes. Ask the class how this
activity might relate to the lesson on cellular respiration.

11. Adaptation was the main theme in Sir Joey’s junior high school science class.
He used to teach physical sciences, and this was his first time handling a biological
science lesson. |f you were in Sir Joey’s situatign, how would you deliver your
lesson? If your plan of delivery is not in the choices, choose the one that is most

similar to your approach.

| will ask some members of the class (to be led by a member of the
club) to read about adaptation and create a 15-minute

ng adaptation as it occurs in nature. After the play, | will

ng of the activity- Then as an individual practice activity, | will
re students match bird feet and beak with food type or

A. In advance,
school's Theater Arts
theatrical play depicti
facilitate the process’
assign a worksheet whe

habitat.
the characteristics of living things back from Unit

daptation, and emphasize on the kinds of adaptation. | will
fore asking the students to give their own. Then

ples be R
sginding My Food Game,” where students “hunt’ the

cting outt

B. | will review the students apout

I. Then | will define @

st i the
udents will play heir food.

C. I will paste some ety of bird beaks and bird feet around the
classroom (Feet or €2 of an eagle @ dUCk’: maya, a V‘{OOdpecker, etc.). Then I'll
tell the students the rule of the game - TO Sta'l near the plc;(ure that fits the food or
organism | will provide or example, Il say, grasshopper! The students will run
apted for insect-eating. After the game, students will give

on the picture of @ peak ad
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the purpose
of iologi inCi
or the biological principle depicted in it. Then from thi
. is, let students

deri i i
ive their working definition of adaptation.

D. I will sh
ow some video clips b ;

class the ps a out plant and animal adaptati

acknOWlegg:;neC:‘r; _tt:eme or life characteristics depicted in t;r)1e t:;gs T|h eq Il ask the

| will ask s ible answers before | will provide a fo e will

tudents to give other exam rmal definition of i
ples of adaptation and provi adaptation
provide appropriate
e

feedback.
ass have just finished an experiment on plant
n

pigm . .
ents using simple paper chromatography. After the activity, the stud
wers to several questions related tc; the acl:iv?t;tsN

. Now,

:;I?S(:suls-§ed and provided ans
im has to wrap up thé lesson. Which of the following is most simil
ilar to how

you would wrap up this lesson?

me up with 2 g€
t, remin

1
2. The students in Miss Lim's cl

A. Have th
e students CO neral conclusi
- . jon based on
paper chromatography experimen ding them to use the objec:tri]\(/aerse:\ultbof their
s bases

for their conclusions.
ectives of the lesson and ask students to

o back to the obj
paper chromatography experiment

dence from the
ent, then relate it to the observations they

aphy experiment.

B. Let the students 9
provide supporting evi
e for the stud

C. Restate the objectiV
chromatogr

gathered from their paper
ons based on the evidence gathered from

?' Have students report their conclus!
heir paper chromatography experiment.
13. Which of the followind | imi
ollowing 1S most similar to how you would synth '
lato System? ynthesize a chapter of

study on the Human circulatory
oncepts that they have learned in the

A. | would ask the students 10 recall the main C
unit, according to what they pelieve iS important or interestin
' o g, and ¢ .
that will interrelate these concepts. ome up with a

diagram
view in the formofa®

cta unit ré
r true—false questions. Ill ma

e show.

concept map or ided
game show.” Here, | would ask for

B. I would
condu
some identification © ke sure that all th '
e objectiv
addressed in the gam =
r the students, and ask the students to sa
y

iectives fo
unit relate to these objectives

C. 1would restate the U .

how the various concepts jearned in th®
i r onliné channels that they can use to broaden th

eir

D. | will suggest some We°° sOf .
pics covered I the chapter.

understanding of the
ur lesson on anaerobic respiration when you
r

14, You were about 10 W/ up YU :
.. ye about his experience on a sealed carton of yogurt with
Wi

student Mark raised an 1S
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its lid bulging upwards. How would you deal with the scenario and continue your

lesson?

A. | would throw back the issué to the students. 1 will ask them to brainstorm in
sma_ll groups and explain the appearance of the bulge. To help them explain, I will
remind them to revisit the main concepts they leamed from the lesson. They'will
also be asked to research on the organism found in yogurt.

contains living bacteria which is capable of

the students suggest reasons why the bulge
from the discussion we have had.

B. | would tell the class that yogurt

anaerobic respiration. Then | would let
ing their explanations

in the lid happened, bas!

C. | would tell the class that yogurt contains |iving bacteria which is capable of
aerobic respiration. It also contains sugar. Slpce the yogurt is sealed, it provides an
anaerobic condition that is suitable for alcoholic fermentation, producing carbon
dioxide that uses the bulge:

D. | would ask the class 2 series of qué
explain the appearance of the bulge: at are the components of yogurt? What

condition is set when a boX is sealed? What substances are produced when these
components and this condition iS met? Which of these products could have caused
th graders about

the bulge?
(7 g leaf structure diversity. She wants

15. i hing hé i
hor xjﬁégt;”fﬁetaeicabf e different types Of leaf margins. She begins her
(oxson by IS 1 erating and d escribing each type of leaf margins. She then shows
of each tyPe- After that, she asked the class to go to the school
e of leaf margin. As an output, she asks the

g1aounted samples mple for each typ

clarsd;3 ?Oa;r::cce:ogf g't(:tga ep leaf and label each according {6 115 e o

Thinking about how you would teach, which of the following best describes your
y beca

A. This i esson strated¥ =~ -
his is a good | ch margin

presenting and describing € :
to go out for them to stretch out their muscles.

on by allowing her students to explore the
e should have asked them to compare the

stions that will lead them to analyze and

use examples are provided immediately after
type. Asa bonus, students are even asked

B. Mrs. Cruz should have bte?:g;\:;le;s
different leaves theY proud articularty. They should then be allowed to use the

margins of their jeaf samp - 'm 0 id entify the leaf margins. They should then be

library or media center 7
askerg o e unt their 1abe od leaf sampies as output.
sson by showing her students a video of a

le
ve pegun her 163 . .
|C. Mrs. Cruz shouifr:::r D versity. Since there are simulations and video games
ecture on plant 162 |d provide opportunities for students to use these

t the same time.

a . . e S
vailable online, S nioy and leam a

simulations for them
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However, having students go out to collect leaf
curricular significance than letting them accomplish
s of leaf margins in illustrated leaf samples.

D. Mrs. Cruz's strategy is good.
samples does not offer a higher
a worksheet on labeling the type

184
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Appendix J

ervation Protocol (mRTOP) by Sawada, Sawada
ley, Belford, & Bloom. 2002) '

Modified Reformed Teaching Obs
Falconer, Tur

Dear Cooperating Teachers:
1) For each item on the followi

each characteristic on a scale of 0 to 4:

e A 0" should be used if the characteristic and its description is not an accurate
way to describe your student teacher of his/her teaching.

e A “2° shouid be used if the characteristic and its description is an accurate
way to describe your student teacher of his/her teaching some of the time

e A“4" should be used if the characteristic and its description is a very accurate

ibe your student teacher or his/her teaching on a regular basis

in-between’ ratings if you cannot decide between thé

rticular characteristic.

ng lists, kindly rate your science student teacher in

ere.

one
o [1([2]3 |4

teaching procedures or

dents’ prior (previous)

1. My student teacher (ST) uses
e wrong and needs

activities that show respect for stu
knowledge. This prior knowledge could b

to be corrected. __
2. My ST designs strategies and activities that allow students
to use their prior knowledge to explain or predict phenomena.
3. My ST provides opportunities for students to explorefirst |0 |12 |3 |4

(do an activity) beforé he/she provides 2 formal presentation

(lecture or demonstration. etc.)

4 My ST can modify his wudents

or i . qinating from S .

: c&tAJesStl?ns orr'gg:jify ﬁis/her lesson pased on the resultsof [0 |1 (2|3 |4
. My ST can er formative assessments (checks for

students’ answers toh ons, etc.)

unde ' uick question=: =—

=k rsSt:ndllllg, questions or problems that encouragé o |l1]213 |4
.My ST asks 4 torent WaYS 1o investigate of solve a

students to usé di
7. My ST can design less unity.” Hereé classmates can
deas of others.

members of 8 -‘:eamifig o’ or challeng® the i
give constructive cnt:cnsmsf ~ses on the fundamental 0o |1(2][3 [4

8. When teachin® m ere aré always some significant

concepts of the SUPIE” of his/her lesson.

scientipﬁt: or mathematig?lJ@E?,Sf,tl‘ff/“ia.-,w,,,-.
;ence Instruction 185

pending on theideas (0 |1 (2 (3 [4
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g -
_My ST inter-relates present lessons with past or future

|1eossons or relates present lessons with other subjects.
My ST sees quickly what students are trying to say, and

:1c1>w these thoughts connect with science concepts
"My ST helps and encourages students to follow general

guidelines, laws, or theories to develop a solution or a model.

:2- M)’ ST uses many different real-world examples as
eaching tools to help students understand basic science

concepts
e a variety of means

13. My ST requires students to U
(models, drawings, graphs, symbols, concrete materials,
nt their

manipulatives, etc.) t0 represe

knowledge/understanding
to make predictions and/or

14, My ST allows the students
hypotheses, and encouragé them to devise means to test
dictions/hypotheses.

| and then validate of reject these Pre
15. My ST engages students in fhought-provoking activities
that often involve the critical assessment of what they are

doing.

16. My ST requires students to b

e reflective about their
learning. Student reflections could start with questions like,

“What made it difficult for me 10 understand this?”, etc.
of assessment strategies that

rstanding and the

application thereof.
18. My ST requires stude

others using a variety ©
torming,

presentations, braind
videos, group Work, etc.) _ .
19. My ST implements a lesson or activity where thereis @
t talk (student discussion), and a
and among students.

high proportion Of StUJEM =\ rween

signifi it occurs
gnificant amour” o there is @ climate of respect for what
deas and

20. ; h .
Inmy ST's las®. " grudents express their!

each student has 10 say- e
obini : ensure of ridicule)- _
pinions without fear 01 ¢ achablé and encouraging to

22. My ST is generally 2PP
of class

students, both in en ‘I’_::S Ther students to construct their

23. My ST can guide
g. Students can

nd encouragin
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Appendix K

Modified Inquiry-based Teaching Self-assessment Inventory (mITSAI) for PSBTs

Dear Respondents,

1) For each item on the following lists, kindly rate your science teaching during your

teaching internship in each characteristic on 2 scale of 0 to 4:
e A“0" should be used if the characteristic and its description is not an accurate

way to describe your student teacher of his/her teaching.
e A*“2” should be used if the characteristic and its description is an accurate

way to describe your student teacher or his/hgr teachipg'sor.ne of the time.
e A “4”" should be used if the characteristic gnd its description IS & very accurate
way to describeé your student teacher ?r hls'lher teaching on ? regular basis.
e Use the “1” and “3" as :in_between' ratings if you cannot decide between the

«g* g or *4” ratings on 2 particular characteristic.

Please encircle

r activities that snowed o011 |23 ]4
e. This pnor

1. 1 used teaching procedures o owledd

o~ ~ n
respect for students’ Priof (previo’ s to be corrected.
d students ol1 {2 |3 |4

knowledge could be Wron .
2.1 planned strategies and activitlelsa it:itr&::g\g&
‘Ohuse their prior knowledge ©© exp

enomena. s to explore first(@ |0 |1 |2 (3 |4
3. I provi nities for studen ion (lecture
an atgi)\\/lilt?s%:fg?: rItL;lJrovide a formal presentation (
or demonstration, etc: ndin
4 Twas able to modify ™Y ' sss’tﬂﬁgﬂfs?
or questions originati” - based N fhe results of 011 |2 (3[4

i lessO s5@5:5.ments (checks for

gt Lwas able to modi y fz mat
udents’ answers 10 ™ _ . tc.
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_ : r proi=’ apro emn.
> lu:ske_d questnonssoof? tigate O SC;:VZ s a8 01 (2|3 ][4
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as abie to ; munltY- s OF c'ha"enge the
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Students to give €O tructive critic o o
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?gfe:ated resetnt;ZZS:l;‘izkly wha esc dents ncepts
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ed students to follow general

11. | helped and encourag
em to develop a solution

guidelines, laws, or theories for th

‘1” a model.
2.1 used many different real-world examples as teaching

t1°3°|T to help students nderstand basic science concepts.

dra-w_reqwred students to use @ variety of means (models,

o .lngs,.graphs, symbols, concrete materials,
anipulatives, etc.) to represent their

 knowledge/understanding
redictions and/or

141 allowed the students to make P
them to devise means to test

hypotheses, and encouragé
-and then Va'idaMes
15. | engaged the students in taught-provoking activities
that often involve the critical assessment of what they aré

| doing.
nts to be reflective about their

16. 1 required the stude t their
ith questions like,

learning. Student reflections started W '
What made iM
17. Tused a range of assessment strategies that mgasured
the depth of student understanding and the
thereof.

o,

lgﬂﬁ uired st fs dia (Making presentations
ing a vari and medid .
g a variety of means ok feos, grou

—_—— e |
ir ideas to others

brainstorming, critiquing: listening, M

:"Ork. etc.
9. lim ons O activiti ;
plemented less o discussi n
en an

ns or
proportion of student talk (stud®
f it occurs betwé

significant amount O
Students.

3"0- My classes were domina
what each student has tos
ideas ang opinions Without &2

22 1wa able
: s generally app
Stude i ut of class

nts, both in and d?a is/ner Students 10 constr

23, Twas able to gu!

ate of respect for

dbya clim L
e {ients ex ressed their
re Of ridicule).
and encouraging to

uct their

g. Students can

Understandings .
‘ n
24. Twas approachable.and ancourad!
Come to me for clariﬁcatlon.
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Appendix L

PSBTs' IBSI Background and Experiences Interview Schedule

nderstand about inquiry-based science instruction?

:"l What do you know or U
ease write your answers below.

2 .
de As a student, what is your best experienc
scribe your experiences below:

e with inquiry-based instruction? Please

ed teaching and learning? What do you not

3
. What do you like about inquiry-bas

ut it?
or experiences with inquiry-

d, exposure,
llege, and field study? Is it

4
. How do you assess Your backgroun
gh school, €0

:aseq science instruction during your hi
ufficient, limited, extensive, lacking?

a. Hi ) :
High school science courses:

b. X
College science COUrses:

S. i teachers’ general approach to teachi
How e your science eaching
SCience? (V;zldk:n 3;0" dg:grib i /er genera approach s teacher-centered, student-
Centered rigid struyctured easy ing, democratlc, |aissez-faire, etc.)

. High school science COUrses:

@

o

- College science courses:
hip observation:

hing interns

o

. Field study and teac
r Cooperating Teacher’s

o

- Cooperating Teacher- .
u observe N you

sesS dld yO

- What challen d succe

W ges and > ches?

se of P arningd approa  ——&icces
Inquiry pased 1€ /.,‘329993%3

e f inqury-based 02—
W

(o))

i/_—,_/,_-———-—'-f

methods? (As often @5 necessary,

7 H . TUu
. How often did you' ever)
Occasionally, som)é imes: seldo™ ©
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8. Did your CT allow you to usé what teaching strategy is best to teach a lesson or

dictates on how you execute your lesson?
based teaching and learnin

e being the highest and one the lowest, how do
ry-based learning in your future classes?

9. Are you ready for inquiry- g? Why or why not?

10. On the scale of 1 to 5, with fiv
you assess your readiness 0 apply inqui

190



Inter-correlation results of th

Appendix M

e various |IBSI variables

ToE | Und [ Att AITCP|AILCP | SE [ Pre | ToAp
Pearson 5
comontion| 145 | 061 | 0s6 | 002 |.021 103 | .017
ToE Si
f‘a'ﬁ’éé)z‘ 4sg | 625 | 57 | 98 | 867 410 | 894
N 66 66 66 66 66 | 66 | 66 66
gif,fg:ion -.115 1 137 | --165 341" |.139| 309" | .198
Und  sig. (2- 258 72 | 86 | 005 |.267| 011 110
tailed) '
N 66 66 66 66 66 66 | 66 66
Pearson 061 | 137 1 54" | 3117|197 095 | .299°
Correlation|
At Sig. (2- o5 | 272 o3 | 011 [112] 480 | 015
tailed '
pearson | os6 | 165 | 2| ae5™ | 78| 032 | 197
Ay Correlation ' 003 | .153| 797
Tcp Sig. (2 | es7 | 16 039 003 |12 13
tailed) 66 66 66 66 66 66
N 66 | © - 201| 147 -
Al Correlation| 105| .24
. 003 . .240 .001
cp Sig- 2 | 86 | 0% 011
tailed) s | &6 | 66 | 8| © |
N 66 | © e | 200 | 1| 190 | 4
Pearson 021 | 13° A97 | | |
Correlation| 231
SE  sig. (2- g7 | 267 iz | 531 o
tailed) ' o | 66 oo | 6 | F |
N 66 | oges | 032 | as0| 1 | 130
Pearson | .103 309 |-
B Correlation 450 797 | 240 231 298
e Sig. (2- o1t
ta'? ; 40 66 | © 66 (6] % |
Ied) 66 .- 435
T N 66 299‘ -1 97 _389 ' -1 30 1
AO Pearson | 017 198 |-
P__ Correlation
. 191
ry pased science instruction
uiry-




015 | 113 001 |.000| .298

Sig. (2-

tailed) 894 | .110

N 66 66 66 66 66 66 66 66
evel (2-tai|ed).

nt at the 0.011

%%
. Correlation is significa
i at the 0.05 jevel (2-taiied).

E
. Correlation is significan
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Results of the linear regressi

Appendix N

on analyses

A. Predictors of IBS! attitudes of PSBTs
ANOVA?
Model Sum of Df Mean F Sig.
Squares Square
r'?egressio 162.411 | 162.411| 12.036| .001°
1
Residual 803.528 64 12.555
Total 965.939 65
a. Dependent Variablé: Att
b. Predictors: (Constant), Progress
Coefficiemsa
Model Unstandardized Standardize| 1 Sig.
Coefﬂcients d,
J— Coefﬁc1ents
—p5 | Std.ET Beta
=511 2.234| 029
1 (Constant) 8.961 186 410| 3.597 001
| Progress 668
a. Dependent Variable: Att
- _ExXC 5. ==l | Colinearity
Model Beta In Correlation | _Statistics
Tolerance
- 1 012 838
1 Cons ..,092b -679 .339 21 .862
| AuTCP -118"._/964 '
a. Dependent Variable: Att ess
f), Progr
b. Predictors in the del: (ConStan)
truction
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Appendix N

Restults of the linear regression analyses

B. Predictors of IBSI self-efficacy of PSBTs

ANOVA?
Model Sum of Df Mean F Sig.
Squares Square

Regression 5.040 1 5.040| 5.821 .019°
1 Residual 55.415 64 .866

Total 60.455 65
a. Dependent Variable: SE
b. Predictors: (Constant), FSE

Coefficients?
Model Unstandardized | Standardize T Sig.
Coefficients d
Coefficients
B Std. Error Beta

(Constant) 6.491 .680 9.540 .000
1 FSE .014 .006 289| 2413 019
a. Dependent Variable: SE

Excluded variables®
i rtial Collineari
Model Beta In t S0 CoI:felation Statisticsty
Tolerance

ToE _'121b -918 .362 =115 825
1 PCE 01 3b 077 939 .010 .534

CoE _092b ..565 574 -.071 542
a. Dependent Variable: SE FSE

b. Predictors in the

Pre-service Biology T€

achers and

Model: (Constant)

Inqui

ry-Based Science Instruction
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Appendix N
Results of the linear regression analyses

C. IBSI understanding as a predictor of IBSI predispositions of PSBTs

ANOVA?
Model Sum of df Mean F Sig.
Squares Square

Regression 54.367 1 54.367| 13.518 .000P
1 Residual 257.391 64 4.022

Total 311.758 65
a. Dependent Variable: Pre
b. Predictors: (Constant), LPUnd

Coefficients?
Model Unstandardized | Standardize t Sig.
Coefficients d
Coefficients
B Std. Error Beta

(Constant) 9.035 .292 30.974 .000

LPUnd 226 .061 418| 3.677 .000
a. Dependent Variable: Pre

Excluded variables®
ig. Partial Collinearit
Model Beta In t 51 Correlation Statisticsy
Tolerance

T BUnd 078° 572 .569 072 .699
1 LEUNd _o400| -295 .769 -.037 728

Und -191° -.858 .394 -107 .260

a. Dependent Variable: Pré
b. Predictors in the Mode!: (Constant), { PUnd
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Appendix N

Results of the linear regression analysis

D. IBS! self-efficacy as a predictor of IBSI predispositions of PSBTs
ANOVA?
Model Sum of df Mean F S0,
Squares Square
Regression 42.944 1 20,944 10.224 505
1 Residual 268.813 64 4.200
Total 311.758 65|
a. Dependent Variable: Pre
b. Predictors: (Constant) CCSE
COefflclents
Model Jnstandardized Standardize | S0,
coefficients d
Coefficients
B std. Error Beta
(Constant) 10.384 350 29.635| .000
CCSE -.080 .025 _371| -3.198] .002

a. Dependent Variable: Pre

Excluded variables®
Mo 1 ¢t [ Sig- Partial Collinearity
* Beta I Correlation | _Statistics
Tolerance
SE 056° 459 648 .058 931
S . .
1 LPISE 030° 259 796 -21;113 1.992
__ CKSE 029° 249 804 - .000
a. Dependent Variableé: P CSE
b. Predictors in the el: (CO nstant)
and |nquiry—Based Sciencé Instruction 196
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Appendix N

Results of the linear regression analysis

E. IBSI exposure as predictors of |BSI applications by PSBTs

ANOVA?
Model Sum of df Mean F Sig.
Squares Square
Regression |  423.761 T 423.761| 6688 .012°
1 Residual 4055.303 64 63.364
Total 4479.064 65
a. Dependent variable: TOAP
b. Predictors: (Constant), FSE
Coeffucnents
Model Unstandardlzed Standardize t Sig.
Coefficients d
i Coefficients
—g | Std. Ero Beta
9.211 .000
53.610 5.820
1 ::Cso;stant) 126 049 308| 2586 012
a. Dependent Variable: ToAP
£xcluded Variables”
= n Sig. Partial Collinearity
odel Beta In Correlation | Statistics
Tolerance
—t—_1.328 °
P -,Ziob 1. .
L cgs Y e '(1)22 2:2
ToE -.136°] -1.037 __—'—?—04 ' '
a. Dependent Variable: . TOAP
t
b. Predictors in the ¥ ode el: (Conste” a
nstruction

Pra cmam.i~n Qinloav TeaChe

and lnquiry—Based gcience i
rs
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Appendix N

Results of the linear regression analysis

E. IBSI understanding as predictors of IBSI applications by PSBTs

ANOVA?2
Model Sum of df Mean F Sig.
Squares Square
Regression 434.685 1 434685 6.879| .011°
1 Residual 4044.380 64 63.193
Total 4479.064 65
a. Dependent Variable: TOAp
b. Predictors: (Constant), LPUnd
Coefficients?
Model Unstandardized Standardize t Sig.
Coefficients d
Coefficients
B Std. Error Beta
(Constant) 66.832 1.156 57.801 .000
LPUnd .638 .243 312 2623 011
a. Dependent Variable: TOAp
Excluded Variables?
Beta In t Sig. Partial Collinearity
Model Correlation Statistics
Tolerance
uUnd “ogre| -1.150 255 -143 .260
1 LBUnd -.062° -434 .666 -.055 .699
LEUNnd -.106° -.762 449 -.096 728
i - TOAp
a. Dependent Variable: o
b. Predictors in the Model: (Constant), LPU
Science Instruction

Pre-service Biolog

y Teachers and In

quiry-Based
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Appendix N
Results of the linear regression analysis

F. IBSI attitude as predictors of IBSI applications by PSBTs

ANOVA?
Model Sum of df Mean F Sig.
Squares Square
Regression 400.604 1 400.604] 6.286| .015°
1 Residuali 4078.460 64 63.726
Total 4479.064 65
a. Dependent Variable: ToAp
b. Predictors: (Constant), Att
Coefficients?
Model Unstandardized Standardize t Sig.
Coefficients d
Coefficients
B Std. Error Beta
Att 644 .257 299 2.507 .015
a. Dependent Variable: TOAp
Excluded Variables®
i i llinearity
n t Sig. Partial Co
Model Beta Correlation | Statistics
Tolerance
.030 414
ATt 045b .240 .811 03
; 029° .154 .878 .019 402
1 LikeAttf -7 438|663 -.055 515
UseAtt -.073 A -
Variable: TOAP
a. Dependent ¥4 ™ tode: (Constant) Al

b. Predictors in the
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Appendix N

Results of the step-wise regression analysis

G. Learner-centered views as predictors of IBSI applications by PSBTs

ANOVA?
Model Sum of df Mean F Sig
= Squares Square '
1 Reg.ressnon 753.893 1 753.893| 12.952| .001°
esiduai 3725.172 64 58.206
Total 4479.064 65
a. Dependent Variable: ToAp
b. Predictors: (Constant), Progress
Coefficients?
Model Unstandardized Standardize t Sig.
Coefficients d
Coefficients
B Std. Error Beta
(Constant) 37.548 8.637 4.347 .000
Progress 1.438 400 410] 3.599 .001
a. Dependent Variable: ToAp
Excluded variables?®
Model Beta In t Sig. Partial Collinearity
Correlation Statistics
Tolerance
LeCen -.GO?D -.054 .957 -.007 .894
SocRe 021° 169 .866 .021 .838
1 c
Cons qaap| 991 Zii -;zg 713
AILCP 4550|755 : 311
ble: TOAP

Pre-service Bi

a. Dependent Varia
b. Predictors in the

Model: (Consta

nd Inquiry-Base

nt), Progress

Science instruction
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Appendix N
Results of the step-wise regression analysis

3 H. Learner-centered views as predictors of IBSI applications by PSBTs

ANOVA?
Model Sum of df Mean F Sig.
Squares Square
Regression 847.723 1 847.723| 14.941 .000°
1 Residual 3631.341 64 56.740
Total 4479.064 65
a. Dependent Variable: TOAp
b. Predictors: (Constant), SE
Coefficients?
Model Unstandardized | Standardize |t Sig.
Coefficients d
Coefficients
B Std. Error Beta
Consan | 36.061 7911 4814 .000
SE 3745 969 435| 3.865 .000

a. Dependent Variable: TOAP

Excluded variables®
Beta In T Sig. Partial Collinearity
Mode! Correlation Statistics
: Tolerance
‘ =sE] 12| 109 272 138 550
1 CKSE .053° 464 .644 .058 986
CCSE .065° .658 579 .070 931
i - TOApP
a. Dependent Variable
b Predictors in the Model: (Constant), SE
: 201
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Appendix O

Result of the Shapiro-Wilk Test for Normality of Data (Using Statistics

Kingdom)
Data p-value | Wvalue | Crit value range
0.93431
IBSI Exposure along LPI 0.08821 1 0.9242 : 1.0000
LBSI IIExgosure along Content 0.97108 —
nowledge 0.45579 1 0.9398 :
IBSI Exposure along Classroom 0.96303 | 29.:1.0000
culture 0.43225 8 0.9242 : 1.0000
IBSI Exposure during pre-college 0.74048 | 0.97696 | 0.9303: 1.0000
. 0.96788 '
IBS! Exposure during College 0.48303 4 0.9303 : 1.0000
. 0.96335 '
IBSI Exposure along Field study 0.3762 3 0.9303 : 1.0000
IBSI Expo along LPI during pre- 0.83466
college 0.05591 2 0.8299 : 1.0000
0.90785
IBSI Expo along LPI during college 0.31804 7 0.8299 : 1.0000
IBSI Expo along LPI during Field 0.90669
Study 0.30955 5 0.8299 : 1.0000
IBSI Expo along CK during Pre- 0.97007
college 0.91161 7 0.8608 : 1.0000
0.94310
IBSI Expo along CK during College 0.53925 1 0.8608 : 1.0000
IBSI Expo along CK during Field 0.97360
study 0.94464 2 0.8608 : 1.0000
B XDO alon CC during Pre- 095225
M 0.78313 3 0.8299 : 1.0000
0.90256
IBSI Expo along CC durin C.ollgge 02809 | 2’457 0.8299 : 1.0000
IBSI Expo along CC uring Fie! 091196 | 3 0.8299 : 1.0000
stud ’ ' —
IBST understanding at lesson 018914 | 0.85264 | 0.7777 : 1.0000
beginnin 0.97949
) er | 0.99588 6 0.7987 : 1.0000
IBS| Understandin at lesson pro 552172
, din 075329 | 8 0.7149 : 1.0000
IBSI Understandin at lesson €n [
——
2
nstruction 02

Pre.service Biology Teachers an

d lnquiry-Based science |



0.79885

IBSI Attitude along interest 0.10529 7 0.7508 : 1.0000
' 0.86246

IBSI Attitude along liking 0.37031 8 0.7149 : 1.0000
IBSI Attitude along perceived 0.98735

usefulness 0.99993 5 0.7508 : 1.0000

0.98983

IBSI Self-efficacy along LPI 4 0.97727 | 0.8158 : 1.0000
0.96735

iBSi Seii-efficacy aiong CC 0.93434 1 0.8299 : 1.0000
0.95624

IBS! Self-efficacy along CC 0.8887 5 0.7987 : 1.0000
IBSI Predisposition at lesson 0.90432

beginning 0.62665 4 0.7149 : 1.0000
0.97855

IBSI Predisposition at lesson proper | 0.99474 4 0.7987 : 1.0000
ispositio 092769

IBSI Predisposition at lesson ending 0.79611 S 0.7149 : 1.0000
0.90335

o ong LPI 0.39441 4 0.7987 : 1.0000
Overall IBS! Application along 095646

Overall IBS| Application along CK 0.7992 — 25553 g_:;; ; :_8380
Overall IBSI Application along CC 0.65028 | O. _ ~1.0000

0.97677
0.7987 : 1.0000
— LPI 0.992 8
mITSAI applicationalon 0.86680 | 0.96221 | 0.8417 : 1.0000

. N CK
mITSAI application 2lon 070974 | 0.93192 | 0.7777 : 1.0000

miTSAI application aiong CC
. —— | 067263 | 0.93396
9 0.7987 : 1.0000

3

mRTOP a lication alon LPI T
9 0.8417 : 1.0000

0.88662

mRTOP a lication aloi CK 088 53059
3 0.7777 : 1.0000
mRTOP application along CC | 3

tions: i
Interpreta It is assumed that the data is normally

we accefrtaéh;ffl—;énce between the data sample and the normal
ghto be statistically significant

Since p-value > &,
distributed. In othe. -
distribution is not big en
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Appendix P
Result of the Levene’s Test for Equality of Variances (Using Statistics

Kingdom)
Crit val
Data p-value F stat rangeue
Overall exposure along LPI, CK, and CC 0.97659 | 0.023713 o : 3.3541
overall exposure during PC, C, and FS 0.97576 | 0.024547 - : 3.1013
::BSSI Expo along LPI during PC, C, and
0.65004 | 0.438552 -0 ! 3.4028
IBSI Expo along CK during PC, Cand FS | 0.73337 | 0.313038 | ~: 3.2849
IBSI along CC during PC, C, and FS 0.471494 | 0.775903 - : 3.4028
IBSI Understanding along lesson stages 0.404753 | 0.965512 -0 : 3.7389
IBSI attitudes along the three dimensions 0.63913 | 0.466363 | -»:3.9823
Learner-centered views 0.84283 | 0.171139 | -~:3.0422
IBSI Self-Efficacy along the IBSI
elements 0.11735 | 2.376835 - : 3.4668
IBS| application along the IBS elements | 0.198707, | 1.753812 | -~ :3.4928
0.081472
miTSAI appli along the IBS! elements 1 2.849881 | -=:3.4928
mRTOP appli along the IBS! elements 0.16637 | 1.964466 | -=:3.4928
H——
mITSAI vs. Mrto 0567915 | 0.331149 | ~~:4.0617
Interpretations

Since all p-value
equal. The differ

enough to be statistically significant

Pre-service Biology Teachers and Inq

s >a, Hois accepted. The av
ence between the variances O

uiry-Based Science Instruction

erages of all groups are considered
f any pair in all the groups is not big
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Appendix Q

Curriculum Framework on the Enhancement of IBSI Understanding by Pre-Service
Biology Teachers

Rationale /Legai Bases of Enhancing iBSI
Understanding by PSBTs:

>National Science Education Standards (NRC)
>Philippine Curriculum Framework for Science
>CHED Memorandum Order 75, s. 2017

A

Limited discussion of IBSI in the Prof.Ed. 21
— Principles of Teaching in the Sciences

(CMO 30,
Incorporation of an enhanced Development of leaming
discussion of iBSI in the new course module that emphasizes on an
Sci.Ed. 153 — The Teaching of improved understanding of
Science (CMO 75. s. 2017) IBSI.

Plan

m Develop

of IBSI by PSBTs

improved understanding
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Scope and Sequence for Enhan
Understanding of Pre-

APPENDIX R

(Bansiong, 2020)

cing Inquiry-Based Science Instruction (IBSI)
service Biology Teachers (PSBTS)

WEE [TOPIC OF OBJECTIVES STRATEGIES/ REFERENCES
K DISCUSSION | ACTIVITIES
1 Pretest of IBSI | 1. To determine Pedagogy of
understanding the PSBTS’ initial Science
knowledge and Testing Test
understanding of Version 1
IBSI. (POSST - 1) by
Cobern et al.,
2014.
R‘____.——-/ . .
1 The Need to 1. The pSBTs will Document analysis | 1. NSES
improve the explain the need |a National document,
IBSI for them to Science Education
understanding develop IBS! Standards (NSES); | 2. PCFS
of PSBTs understanding. o
b. Philippine 3. Elementary
curriculum Science
framework for Methods (6%
Science (PCFS) Ed.) by Martin.
I 2012.
= | 1. The pPSBTS 1 Using a T-chart | Teaching High
1 Building IBdS':\ Jv'ill define 1BSI @S for the PSBTS to School Science
Understanding 4 unique teaching characterize what | Through Inquiry
approach- inquiry is and what | and
o PSBTS will it is not. - Argumentation
gistinguish 2. Journal article | (2™ Ed.) by
petween iBst and study Liewellyn,
ches.
R ? ;ﬁz pPSBTs 1. Small and large Teaching High
2 Choosing t0 1 analyze myths | groupP discussions | School Science
sse inquin- | Mg on the myths and Through Inquiry
based teaching an conceptions misconceptions and
mr;s o nquiry- about.mqunry-based Argumentation
a ge 4 teaching teaching; (2™ Ed.) by
ba ve PSBTS o Self-reflection | Liewellyn,
2. T inin the and drawing ones | 2013.
V‘f{'" esxi?! becomin snstructional pie.”
ste
-
206
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an inquiry-based
teacher.

Pre-service Biology Teac

hers and Inquiry-B

ased Science Instruction

2 Developing a 1. The PSBTs 1. Educational 1. Teaching
philosophy of | will articulate their philosophy or vision | High School
inquiry beliefs about statement Science

teaching and development Through Inquiry
learning. 2. Accomplishing and
2. The PSBTs the Conceptions Argumentation
will compare and Teaching and | (2™ Ed.) by
constructivist and | Learning Liewellyn,
traditionalist Questionnaire 2013.
views about 3. Case analyses, |2. Conceptions
teaching and Interviewing in- and Teaching
learning. service science and Learning
teachers Questionnaire
(Chan, 2001).
3 Levels of 1. The PSBTs 1. Lab:)ratolry_ 11- . Trlle l\;lany
' inqui will distinguish manual analysis as | Levels o
science inqulty among th% levels | to the level of Inquiry (Banchi,
of inquiry, as inquiry of the & Bell, 2008).
proposed by experiments/ 2. Analysis of
Banchi & Bell activities the level of
(2008). 2. Comparing the | inquiry in the
level of inquiry in laboratory
local and foreign (Buck, Bretz, &
laboratory manuals | Towns, 2008).
_— 1 The PSBTs 1. Activity on 1. Teaching
] fgﬁgﬁ'gga Jvill modify a revising a High School
ity into an | traditional traditional Science .
gctu\{lty ! d | “cookbook’ “cookbook’ Through Inquiry
!nqwry-ba_se |aboratory activity laboratory intoan | and .
investigation into an inquiry- inquiry-based Argumentation
based investigation (2™ Ed.) by
investigation. 2. Analyzing Llewellyn,
laboratory activities | 2013.
as either traditional
or inquiry-oriented.
| ——=ore waill | i
will | 1. Lesson planning 1. Lesson

4 Planning and 1i I,haenzSBTs study
implementing | P85 20 an publications of
an inquiry- I ased UP NISMED
pased science :nq:gz o Lesson plan
lesson 2e ° Thé PSBTs analysis following

will analyze and the lesson study
critique an ) framework.
~quiry-based. .
gql_:_i'?é pSBTs |3 Revnslmg t:z
"l revise their | lesson pan s
/ M reteaching.
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Pre-service Biology Tea

chers and Inquiry-

Based Science Instruction

the
recommendations
of the lesson
study groups.
Managing the | 1. The PSBTs 1. Journal article 1. Teaching
inquiry will identify and analysis (College High School
classroom respond to the Science Teachers | Science
challenges of Views of Inquiry by | Through Inquiry
IBSI. Brown et al., 2006) | and
2. The PSBTs Argumentation
will express the 2. Reflective (2™ Ed.) by
willingness to journal entry Llewellyn,
apply the tips in (Problem-solution | 2013.
implementing and | analysis chart) 2. College
managing the Science
inquiry classroom. Teachers
Views of
Inquiry (Brown
et al., 2006)
Creating a 1. The PSBTs 1. Science 1. McGill
classroom will explore the classroom and Enactment of
culture of essential science c;lass . lnquiry
inquiry elements in observatyon using Questionnaire-
creating, the “Environment of | Self-Efficacy-
cultivating, and an Inquiry-Based Teachers
nurturing a culture Classroom (MEIQ-SET,
of creativity and Observation Chichekian,
curiosity in the Protocol” and Shore &
high school “Students in an Tabatabai,
science Inquiry-Based 2016)
classroom. Classroom 2. Teaching
Observation High School
Protocol” both by Science
Llewellyn, 2013) Through Inquiry
2. Accomplishing | and
the McGill Argumentation
Enactment of (2™ Ed.) by
Inquiry Liewellyn,
Questionnaire-Self- | 2013.
Efficacy-Teachers
(MEIQ-SET,
Chichekian, Shore
& Tabatabai, 2016)
ssess the Pedagogy of
Post-test :;h;-r?gaes in the Science
PSBTS’ Testl.ng Test
knowledge and \;erswn 2to4
understanding of (POSST - 2-4)
BSI. __——
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by Cobern et
al., 2014.

Appendix S

Program Outcomes Specific for Bachelor of Secondary Education Major in Science
as per CMO No. 75, s. 2017

D. BACHELOR OF SECONDARY EDUCATION MAJOR IN SCIENCE

“Perarmaneeindigaion (H 1
basic and comprehensive understanding of
principles of the subject matter in the

i HE PR T Sy ke

a. Demonstrate deap | = Display
understanding of knowledge,
scientifie  concepta sciences.

and principles. e i
Apply the scientific principles in solving current

b. Apply scientfic | «
| Inquiry in teaching | problems.
and learning « Uses scientific ingulry i understanding and
' evplaining naturel phenomena. _____________|
c. Utlize efieciive | = Design and utlizes appropriate Instructional materials
in gtlence.
e e hads. ;.Emp!oy effective teaching techniques for diverse

] methods .
sesessment ’ types of learners in varied leamning conditions
and ulilizes a variely of appropriate

e Design
assassment techniques to monitor and evaluate
leaining
s Provide regular feadback to students
: e arul Giilize appropriate pedagogy and use of technology
d. Manifes meaningful | * for the diffgrsnt sclance content areas.

agg go Igg:regeor;?:ri . Demonstrate skills in varlous methods of teaching-
p ’g'c?‘e (PGK} of learning in the sciences 1o include conducling
knowledg science investigations, making models and prototype,
the sciences. and doing Saience research.

, Creste and utilize learning experiences in ihe
. classrooms 10 devalop learner's skills In discovary

legrring, problem leaming and eritical thinking.
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Appendix T

Philippine Curriculum Framework for Science under the K-12 Program

Scientific, Technological and

Environmental Literacy

pemonstratiid
Soipntific and Applying
Scientific

Inguiry:
skills Knowledge

peveloping and
Demonstr:ting saentific
Attitudes and Values

OZ—RO-4—ZOX=

The conceptual pramework of science Education
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Teaching Standards fo

Appendix U

r Science by the National Science Education Standard
rds

cience plan an inquiry-based science program

W

- JEACHING .
- STANDARD A:

| STANDARD B:..

| teachers.
nd support inquiries wh

their teachin n
e multiplé methods and syst

Teachers of &
for their stude
« Develop a

students.
ontent and adapt and design curricula to

. Select science C
meet the interests, knowledge, understanding, abilities

and experiences of students.
. Select teaching and assessment strategies that support

the development of student understanding and nurture
a

community of science learners.
. Work together as colleagues within and across disciplin
es

and grade levels.

nts. In doing this, teachers:
framework of yearlong and short-term goals fo
[

guide and facilitate learning. In doing this

Teachers of science
ile interacting with

« Focus @
students.

. Orchestrate
ideas.

. Challengé students
their learning-

. Recognizé and respon
encouragé all students

|earning-
and model the skills of scientific inquiry, as

. Encourage
uriosity, openneées

well as the C
:~ism that characterize science.

discourse among students about scientific

to accept and share responsibility for

d to student diversity and
to participate fully in science

s to new ideas and data, and

hers of science engage in an ongoing assessme
student learning. in doing this, teacrr]\te?;-
ematically gather data .

about studen understanding and ability.
ssment data o guide teaching.

. Analyz€
in self-assessment.

Pre-service Biology

Teachers and lanilY-Based Science Instruction
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= Use student data, observations of teaching, and
interactions with colleagues to reflect on and improve
teaching practice.

» Use student data, observations of teaching, and
interactions with colleagues to report student achievement
and opportunities to learn to students, teachers, parents,

policymakers, and the general public.

“TEACHING
STANDARD D:-

=
Teachers of science d

STANDARDE:

Teachers of science design and manage learning

environments that provide students with the time, space, and

resources needed for learning science. In doing this, teachers:
. Structure the time available so that students can engage

in extended investigations.

. Create a setting for student work that is flexible and
supportive of science inquiry.

. Ensure a safe working environment.

= Make the available science tools, materials, media, and
technological resources accessible to students.

- |dentify and use resources outside the school.

. Engage students in designing the learning environment.

evelop communities of science learners

that reflect the intellectual rigor of scientific inquiry and the
attitudes and social values conducive to science learning. In

L doing this, teachers:

= Display and demand respect for the diverse ideas, skills,
and experiences of all students.

. Enable students to have a significant voice in decisions
about the content and context of their work and require
students to take responsibility for the jearning of all

pers of the community.

oration among students.

. Structure and facilitate ongoing formal and informal
discussion based on a shared understanding of rules of

scientific discourse.
. Model and emphasize the skills, attitudes, and values of

scientific inquiry.

mem
« Nurture collab

of science actively participate in the ongoing

Teachers
nd development of the school science program. In

planning @

- doing this, teachers:

. Plaq and develop the school science program.
= Participate in decisions concerning the allocation of time
and other resources to the science program.

Pre-
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= Participate fully in planning and implementing professional
growth and development strategies for themselves and

their colleagues.

Appendix V

TRAINING DESIGN ON THE USE OF INQUIRY-BASED SCIENCE INSTRUCTION
FOR COOPERATING AND DEMONSTRATION TEACHERS

_Workshop on the usé of Inquiry-based Science Instruction

erating teachers and demonstration teachers in Science from

Title: Training

Participants: Coop
the division of Baguio City and Benguet

Date: To be arranged

Venue: Benguet State University — College of Teacher Education Function Hall

framework for Science in the K-12 program of the

Rationale: The curriculum : .
Philippine Department of Education aspires that every Filipino leamner must acquire
scientific literacy- Scientific literacy can only be attained with the use of more

learner-centered and context-based teaching approaches. Among the teaching
approaches explicitly identified in the framework are problem-based learning and

inquiry-based instruction.
ational mandate on the use of learner-centered teaching

based learning, both in-service and pre-service science
to employ such a strategy. While the in-service

ith the practices of inquiry-based instruction
through in-service training, their pre-service teacher counterparts must be similarly
be exposed and prepared to employ the .strgteg.y. As such, these pre-service
teachers must be properly acquainted with inquiry-based teaching, both in their

science and scienceé education courses.
pased instruction and biology teacher preparation, the

author found that the pre-service biology teachers’ application of inquiry-based
instruction during teaching internship was dependent on their exposure to such a
strategy during their classroom observation and field study experiences. In other
words, it appears that their main models or influences in their use of inquiry learning
during teaching internship were neither by their pre-college science teachers nor
sessors, but mainly their cooperating teachers. The aspiring

their college science pro
science teachers who weré able to observe inquiry-based instruction from their

cooperating teachers were the ones who were able to manifest inquiry practices

To comply with the n
approaches such as inquiry-

teachers must be a
science teachers may be retooled W

in a study on inquiry-
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the results revealed that the PSBTs’ IBSI exposure at

when they taught. Moreover,
fluenced their IBSI self-efficacy.

field study has significantly in
nt to equip all cooperating teachers in science with the

It is, therefore, importa
d to teach using inquiry-based instruction. Hence

sk'ills and competencies they neeé
this training is proposed.
kshop aims to:

Objectives: This training-wor
chers on the curriculum mandates of the K-12

1. reorient the cooperating SCience tea

program,;
2. reorient the cooperating science teachers with the principles and methods of

inquiry-based instruction;
s with the skills neede

riment;

3. 9quip the participant d to modify a traditional laboratory to
an inquiry-oriented €xpe

pants with the skills and competencies needed to design inquiry-

4. equip the partici
based lessons.

Training Matrix
.‘_________’,,__.,——1/"’"7
(DAY [ACTIVITY TOBJECTIVES [STRATEGIES {OUTRUL
1 Registration and | TO orient the 1. Intfoducplons Participants
Opening participants on 2. Orientations properly accounted
Program the purpose of 3. Leveling _off for, acquainted with
the activity. of expectations the activity
// o = purpose.
El To reorient the - Lecture Wi Participants
gg‘s"s'ff,? ?:s) 1 aﬂicipants on _partlcnpgnt reoriented and can
The K-12 the curriculum interaction state the curriculum
curriculum framework fO7 mandates for
framework for science;: nE‘he K- science
| Science | 12 progiet—— ‘
allow the 1. 1. Educational
1 vyorkshOFt)_ (W;i)y :;: rticipan'(s to Questlopnalre philosophy/teachin
1. Revisl |r;g revisit their -Egucatlonal g-learning
educationa educationa! philosophy self- | conceptions
philosophies: hilosophY assessment | clarified and
and/or of and/or their inventory established
conce.ptlonsd Conceptions -Conceptions 2. Development of
teachmg an pout teaching of tea}chmg and | a personal credo as
learning and learning: learning a science teacher
uestionnairé
k/.”/ﬁﬁt/ﬂg’ 1 Lecture with | 1. Participants re-
2 KS2 T:r[s;?pants on particip_ant introduced to IBI.
Introduction t© Wi/ interaction
-l
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Pre-

Inquiry-based and practices of
instruction (1B1) | IBL.
2 WS 2: To allow the 1. 1. Participants
Delineating IBI participants to Questionnaire | being able to
from other distinguish -Pedagogy of distinguish
strategies petween Bl and | Science between IBl and
other teaching teaching test other strategies
strategies 2. A Venn diagram,
or a comparison
table
2 KS 3: The levels To orient the 1. Lecture with | 1. Participants
of 1Bl participants on interaction being able to
the levels or 2. Actual distinguish the
variations on IBI laboratory different levels of
activity analysis | I1BI
3 WS 3: To guide the 1. Laboratory 1.A re_port on their
Classifying participants as manua] analysg on @he.
activities based they classify analysis as to | level of inquiry in
on levels of actual laboratory the level of the experiments
inquiry experiments in inquiry of the assigned to them.
manuals. experiments/ac
tivities.
S 4. | To lead the 1. Activity on Traditional
3 '&%;;::,%vav participants as revi§i.ng a laboratory
laboratory they transform a Eradltlonal ) @ransformed into an
activity into an traditional cookbook” inquiry-based
inquiry-based laboratory Iabgratqry into { laboratory
investigation activity to an an inquiry-
inquiry-oriented based
investigation. investigation
2. Analyzing
laboratory
activities as
either
traditional or
inquiry-
oriented.
__,____——-—"""-"'_"7_———’—
: - To guide the Lesson plan 1. A lesson plan
4 gﬁn%u?:??nlng participants as analysis and its refined
based lesson they plan and fo[lowmg the version, following
develop an principles of the
inquiry-based lesson study recommendations
lesson of their from the lesson
choice. study procedure
5 KS 5 and WS 6: | TO guide the 1. Journal 1. The participants
Managing the participants as article analysis | expressed
inquiry they identify and | (College willingness to apply
classroom Science the tips in

service Biology Teachers and Inquiry-Based

Science Instruction
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respond to the Teachers im ;
challenges of IBI. | Views of mgrtzz}?\gtlt%% and
Inquiry by inquiry classroom
Brown et al.,
2006) 2. Problem-solution
analysis chart
2. Problem-
solution
analysis

6 KS 6 and WS 7: | Tolead the 1. 1. Reflections and
Creating a participants as Demonstration | personal insights
classroom they explore the and lessons
culture of inquiry essential analysis

elements in

creating, 2. Situational
cultivating, and analysis
nurturing a

culture of

creativity and

curiosity in the

high school

science

classroom.

6 Completion and | TO allow the 1. Outputs on
presentation/ participants to Demonstration | modifying
demonstration present or and traditional labs
of their ocutputs demonstrate critiqueffeedba | presented and/or
in the activity on their outputs ck demonstrated.
modifying during the
traditional labs. training-

workshop.
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