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Abstract

FETALVERO, EDDIE G. University of the Philippines Open University, May 2016.
Consensus-Based Instruction: Effects on Students® Attitude Towards Biology and
Achievement in Bioenergetics.

Adviser: Ricardo T. Bagarinao, Ph. D.

In this study, the effects of consensus-based instruction (CBI) on attitude towards
biology and achievement in bioenergetics of college students in a biological science class
were investigated. The aim was 1o compare the CBI class with the class taught using the
conventional instruction approach (CIA) in terms of their component and overall posttest
mean scores in the Attitude Towards Biology Scale (ATBS) and their posttest mean scores in
the Bioenergetics Achievement Test (BAT). The moderating effects of sex and learning
styles as well as the relationship between students’ attitude and their achievement were also
examined.

Two intact classes were compared using the non-equivalent pretest-posttest control
group quasi-experimental design. One group used CIA while the other employed the CBI
approach. In CBI, students were given the chance to raisc an issue¢ in the learning plan,
negotiate, propose an alternative, participate in a ‘grand conversation’, decide using
consensus, and adhere to the agreed implementation process. They were also tasked to arrive
at a consensus answer on a focus question related to the day’s lesson. Aside from the
standardized Canfield Learning Style Inventory, data were collected using expert-validated
researcher-made instruments tested for reliability such as the Learning Needs Analysis
Protocol, Questionnaire on the Importance of Democratic Practices in Classroom, ATBS and

BAT. Videos, journal and informal interviews were used as additional data sources. Thirty
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students per group were randomly selected for comparison afier those with incomplete data
and absences were removed from the sampling frame. Using the respective pretest mean
scores of the dependent variables as covariates, Analyses of Covariance were used in testing
the main effects of instructional approach as well as its interaction effects with sex and
learning styles. In comparing the instructional groups in terms of BAT achievement, i-test for
independent samples was employed. Multiple regression analysis was performed to
determine the relationship between students”™ attitude and their achievement.

The study concluded that CBI approach is effective in improving students” overall
attitude towards Biology specifically in developing positive perception of biology teacher,
improving keenness to learn Biology and enhancing enjoyment of the subject. Males show
greater interest in Biology than females, but this is independent on the approach used. Thus,
it can be said that CBI does not discriminate between sexes. CBI also addresses students’
needs without bias to their learning styles. Students” interest towards Biology significantly
predicts achievement in bioenergetics. Among males, overall attitude in Biology significantly
predicts their achievement while among females, it is keenness to learn Biology. Even if CBI
is not found to be effective in improving students” achievement, picces of evidence point to
its usefulness in nurturing their reasoning skills.

It is recommended that a longer investigation using CBI may be done to ensure that
the dosage of intervention is adequate. The protocols, instruments, and activitics developed
from this study may be used by other teachers in creating their own classroom-based
consensus models. Some suggested topics for future rescarch include the effects of CBI on

developing students’ 21% century skills and CBI's impact on enhancing teachers’

technological pedagogical content knowledge. among others.
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Chapter 1

INTRODUCTION

Background of the Study

A college student was once given a chance to take a removal exam in biology. He
negotiated with his teacher the possibility of having more multiple choice items in the test
rather than enumeration and identification because he was not good at memorizing facts.
But the teacher imposed on what he wanted the test to be like. The hopeful student passed
the exam but was not satisfied with his grade. He sent the teacher haunting text messages.
The teacher was so sorry because had he listened to the context of the student, the ending
would have been different and the erstwhile rapport between them would not have been
marred.

The above is a personal anecdotal account of the researcher which led him to
investigate context-based curricular interventions to avoid students disappointment with
biology. This experience is a snippet of an international trend dubbed as “swing from
science” characterized by the declining number of college students choosing to pursue
science careers leading to the emergence of an international ‘crisis in science.’

One of the reasons singled out why this phenomenon happens is the students’
growing negative attitudes towards science which consequently compromises their
achievement, dissipates their interests and distorts their worldview of what science should
be like (UNESCO, 2010). This trend is a threat to the society’s economic prosperity and
future because science and technology forms the backbone of a knowledge-based

economy (Osborne, Simon & Collins, 2003). Thus, the development of positive attitudes



towards science among students becomes an important and uncontested goal of science
education (Ong & Yeo. 2012).

Filipino students in gencral, hold a positive attitude towards science (Talisayon,
de Guzman, & Balbin. 2006). Nevertheless, their performance in mathematics and
science during the last few decades was utterly disappointing (Imam ct al., 2014),
Challenged to address these issues, science teachers over the generations have been
scarching for the best method of teaching. But, how then can science teachers engage
students and offer them a kind of science that is an exact opposite of the one they
rejected? What else can still be done to enchant learners to the wonders of science and
increasc their performance?

An emerging teaching approach has been documented in literature that is based on
the concept of consensus, a decision-making model utilized by organizations,
communities and groups in coming to a unanimous decision, one that works for
everyone. Adapters of this approach premised their arguments on the core idea that
students’ voices are often left out in their own educational process as they are silenced by
the authoritarian, top-down classroom models. They claim that these undemocratic
practices discourage optimal students’ engagement and block their innate desire to learn
(Sartor & Young Brown, 2004; Blinne. 2013). Recognizing the promises and claims of
this emerging approach, this investigation put together the two prominent consensus
models in classrooms as reported in research literature — whole class consensus and

consensus within groups in the context of a lesson, and thus named Consensus-Based

Instruction (CBI). In CBI, students can negotiate the teacher-prepared learning plan for a

particular unit and revise it via the consensus decision-making process to ensure that the



negotiated elements of the learning plan are workable for everyone including the teacher.

In the implementation of the lesson. the teacher poses an engaging question related to the
topic and divides the class into groups where they would discuss the possible answer to
the question and eventually come up with only one answer derived from a consensus
decision. Then a group representative reports the consensus answer to the class. The
teacher scaffolds and leads the class to the correct answer when necessary.

There are five gaps in literature which this study aimed to address and eventually
contribute in the theory of an effective biology education. This is perhaps the first
investigation of its kind that hybrids whole-class and within group consensus models and
the very first that empirically tested the effectiveness of consensus against the
conventional instruction approach. Second, this study addressed the rarity of research
about attitudes of college students towards biology by developing an attitude scale whose
components are reflective of their context and locale. Third, this study developed an
alternative conception-based achievement test consistent with the TIMSS cognitive
domains that gauged the effectiveness of CBI in improving learning since there is no hard
evidence whatsoever that links the use of consensus process to students’ performance on
tests. Fourth, several intervention studies failed to consider variables inherent to students
that may possibly interact with instructional interventions and affect outcomes. This
study addressed this gap by analyzing whether the effects of CBI on students” attitude
and achievement are moderated by scx and learning styles. And lastly, this study sheds
additional evidence on the nature of the ‘attitude-achievement’ hypothesis particularly

when a democratizing approach is introduced, because the relationship between the two

remains blurred.



Statement of the Problem

This study aimed to determine the effects of consensus-based instruction (CBI) on
attitude towards biology and achievement in bioenergetics among college students
enrolled in biological science class at the College of Business and Accountancy in a state
university in the MIMAROPA Region during the second semester of school year 2015-
2016.

Specifically, this study sought to answer the following questions:

I. Are the overall mean scores in attitude towards Biology and its components such
as importance of Biology, interest in biology lessons. perceptions of the biology
teacher. keenness to lcarn Biology. enjoyment of Biology, anxiety towards
Biology and effort in learning Biology of the class exposed to CBI higher than
those of the class taught using conventional instruction approach (CIA)?

2. Is the mean score in Bioenergetics Achievement Test of the class exposed to CBI
higher than that of the class taught using CIA?

3. Does sex moderate the effects of instructional approach on:

a. Students’ attitude towards Biology; and
b. Students’ achievement in bioenergetics test?
4. Does learning style moderate the effects of instructional approach on:
a. Students’ attitude towards Biology; and
b. Students’ achievement in bioenergetics test?

5. Are the overall mean scores of students’ attitude towards Biology and its

components such as importance of Biology, interest in biology lessons,

perceptions of the biology teacher. keenness to learn Biology. enjoyment of



Biology. anxiety towards Biology and ¢ffort in learning Biology related to their

Biocenergetics Achievement Test scores?
Significance of the Study

For teachers. teacher trainers and educators. findings of this study may serve as a
model of how democratized learning could be done in a specific context consistent with
the goal of developing lifelong lcarners who take responsibility of their own learning.
The consensus-based instruction protocol developed from this study. particularly the
negotiables, could serve as a guide on how consensus can be generated, how it will
influence content delivery and how it will impact student achicvement and their attitude
towards scicnce, in general.

For curriculum developers and textbook writers, findings of this study may help
them address and understand students’ voices particularly about their growing
disappointment of school science as being disconnected and lacking meaning and
relevance. Rather than placing standards at the core of instruction, CBI hopes that
curriculum standards will be flexible enough, open for modification in order to fit to the
learners’ contexts. For textbook writers, results of the study can provide an idea in the
development of a multimodal-based learning material along with assessment activities at
the end of the unit that may address the perceived needs of a diverse group of users.

For policy makers and officials of the University. this study hopes to bridge the
gap on the norm of instruction in the college level where many students are without voice

in the teaching-learning transactions. As such, a strong policy that will support and

empower teachers and students to negotiate instruction and arrive at a consensus without




sacrificing the outcomes or standards is needed. This policy could be made concrete in
the form of seminars and trainings.
Scope and Delimitation of the Study

The scope of the study was from December to February of the second semester of
School Year 2015-2016. It involved two intact classes of college students enrolled in
NatSci 102 (Biological Science) at the College of Business and Accountancy in a state
university in the MIMAROPA region. These two classes were taught by the researcher
only during the discussion of the topic on bioenergetics which included lessons on
metabolism, photosynthesis and cellular respiration.

Among the limitations of this study are the unequal sample size of male and
female groups which might have affected the results of the statistical analysis about the
moderating and main effects of sex, the non-synchronization of lessons between the CBI
and the CIA groups brought about by the time-consuming learning needs analysis in the
former which was addressed by conducting a make-up class in the treatment group, and
the ethical issue behind depriving students in the control group the advantages of CBI.

Thus, findings of this study must be interpreted in the light of these constraints.



Chapter 2

REVIEW OF LITERATURE AND CONCEPTUAL FRAMEWORK

This part contains relevant information culled from rescarch literature and studies
to enrich the understanding and conceptualizations of the following topics: (a) consensus,
(b) consensus in the classroom, (c) philosophical and theoretical basis of consensus in the
classroom, (d) learning styles, (¢) attitude towards scicnce, (¢) achievement in Biology,
and (d) attitude and achievement. Towards the end of this review. the need for this study
is justified in order to address the gaps in knowledge. This section also comprises the
conceptual framework of the study, the hypotheses. and the definition of terms.

Consensus

This section opens with the conceptual definition of the term ‘consensus’,
followed by the claims made about its relevance and importance in decision-making
theory. The discussion rolls out with the complexity of using the term clinching at the
possible absence of consensus about its meaning. Majority of the discussion revolves
around the exposition of views about consensus as a decision rule, a decision-making
process, and as both a decision rule and a process. A brief discussion about the use and

application of consensus over the years has been included to provide a historical

background about this practice.

Meaning of consensus. Consensus is dcfined by Merriam-Webster as “group
solidarity in sentiment and belief, unanimity, general agreement,” and finally, “the
Judgment arrived at by most of those concerned.” It was first introduced into the English

language in 1843 from the Latin consentire, cum meaning "with® or ‘together with’, and

sentire meaning to ‘think’ or ‘feel” which etymologically would mean to ‘think or feel




together’. The root of consensus is the word consent. meaning to give permission to. The

interaction that leads to consensus or at least attempts to find consensus is called the
consensus process (Sartor & Brown, 2004).

Some facilitators and authors argue that consensus is one of the most pragmatic
approaches to achieve conflict resolution (Moscovici & Doise. 1994). the most
appropriate and always the most desirable approach (Butcher. 2002) and ideal way to
decision-making (Sager & Gastil. 1999). one of the most commonly used democratic
decision rules that are perceived by most people to be fair, normal, and appropriate
(DeStephen & Hirokawa, 1988: Johnson & Johnson. 1997: Mansbridge. 1983; Niclsen &
Miller, 1992. 1997), and the only ethically sound decision-making technique for
facilitated groups (Freeman, 2002.). Consensus is valued because it embodies
inclusiveness, cooperation, collaboration, maximizing agrecment, relationship building,
and respect for all viewpoints (Hartnett, 2012).

However, Williams (1976) pointed out that during the late 20" century, using the
word consensus was extremely hard as it connotes a range of interpretations “from the
positive sense of seeking general agreement through the sense of relatively inert or even
unconscious assent of orthodox opinion and conventional wisdom, to the implication of a
‘manipulative’ kind of decision making” (p. 68). In the analysis of Lee Jones (1981),
even Merriam-Webster’s definition of the word shows a declining conviction of its
meaning from “‘group solidarity, unanimity” to “‘judgment of most of those concerned”
Which seemed to be going down from the 100 percent agreement implied by the term

“unanimity” to the something over 50 percent agreement implied by the term “most.”

Due to the difficulty of giving consensus a meaning, Williams (1976) in his time




presented three key postures which might likely unfurl about how consensus is and will

be conceptualized in the social sciences and allied disciplines: (a) policies undertaken on
the basis of an existing body of agreed opinion, (b) a policy avoiding or evading
differences or divisions of opinion in an attempt to secure the center or occupy the middle
ground, and (c) the deliberate evasion of basic conflicts in which certain issues are
effectively excluded from political argument.

For his part, Franks (1987) cited two sources of how consensus is possibly
understood. First, is the Arab word ijma which Spengler (1922) described as a magian
idea that regards the unanimous opinion of the clect as the immediate divine Truth. In this
view, the mind of God and the mind of the community are thought to be the same. in that,
if consensus is found, truth is established. The other one is the notion of organic
solidarity (Durkheim, 1893, 1997) which viewed conscnsus as one resulting from or is
expressed in differentiation and is likened to the coherence of the parts of the human
body. In this standpoint, the individuals are no longer similar but difterent and it is
precisely because they are different that consensus is achieved. According to Franks
(1987), it is along this continuum - community as the repository of authority and
legitimacy on one end, and the expert on the other end - that different meanings of
consensus could fall.

However, for some authors, there is a need to link consensus to other terms in
order to understand its meaning better. Sager and Gastil (1999) put forward that in
defining “consensus” it is helpful to distinguish bctween a “consensus outcome™ and the
“consensus decision rule.” They adopted Johnson and Johnson's (1997) definition of

“consensus outcome” as the group members’ unanimous agreement on a particular issue
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or course of action. and “decision rule™ as a complex., time-consuming social process
during which members must reach full agreement prior to coming to a final decision that
all of them find acceptable (Gastil. 1993).

In a paper attempting to reach a consensus on terminologies used in coordination
and decision-making research (Pyritz ct al.. 201 1). two terms related to consensus
surfaced: consensus decision, and shared consensus decision. The paper reported that
consensus decision occurs when group members choose between two or more mutually
exclusive actions to reach a consensus on the group level (Condradt & Roper. 2005;
King, ct al.. 2008. Sucur & Pectit, 2008a.b) while a shared consensus decision is achieved
when all members contribute equally and independently of individual identity to the
decision outcome wherein consensus is usually determined by a quorum or by averaging
over all votes (Conradt & Roper, 2005: Sueur & Petit, 2008a.b).

Given these various perspectives, Iranks (1987) was making a point on hinting
that there still seems to be no consensus at all as to the meaning of consensus! The same
sentiment was also echoed by Sartor and Young Brown (2004). authors of the book
Consensus in the Classroom, who suggested that any group seeking to use consensus
should develop its own definition - by consensus. The articles of Didcoct and Del.apa
(2000) about the 12 Myths of Consensus and of Briggs and Reid (2001) about True
Consensus, False Consensus are helpful in understanding what consensus is all about and

what it is not.

Three major themes about how consensus is conceptualized are more pronounced

in literature: (1) as a decision rule; (2) as a decision-making process; and (3) as both a




decision rule and a process. These conceptions clearly connect consensus to the problem
of decision-making and the authority to make decisions (I'ranks. 1987).

Consensus as a decision rule. The rule used by a group to reach a decision is
called a decision rule. This can be differentiated in terms of where they fall along an
autocratic-participative continuum (Niclsen & Miller. 1992: Sager & Gastil, 1999). The
group decision rules known as “decision by authority” and “decision by expert” lie at the
autocratic end of the continuum; “decision by minority™ and “decision by majority rule™
occupy more central positions, and “decision by consensus” is located at the participative
end of the continuum. Consensus (unanimous agreement) and majority rule (50% +1) are
the most commonly used democratic decision rules in the United States (DeStephen &
Hirokawa. 1988: Johnson & Johnson. 1997; Mansbridge. 1983; Nielsen & Miller, 1992,
1997).

[Freeman (2002) argued that consensus is required in order to stay consistent with
the axiomatic value of free and informed choice by a group. Of interest is the affirmation
of Robert Schwarz (1994), one of the best known theory-based facilitators that points to
consensus as the heart of the ground rules for a facilitated group.

Consensus means that everyone in the group freely agrees with the decision and

will support it. Even if one person cannot agree with a proposed decision, the
group does not have a consensus.

Consensus ensures that each member’s choices will be free choices and that each
will be internally committed to the choices. Consensus decision making equalizes
the distribution of power in the group, because every member’s concerns must be
addressed and every member’s support is requircd to reach a decision. (p. 83-84)
As to its distinction from the majority rule, Sager and Gastil (2006) distinguish

the two in the context of the discussion process. A consensus discussion can drag on

indefinitely if one or more group members continue to oppose the most popular proposal




while majority rule can close a debate as soon as a majority is identified. Majority

discussion often leads to a clash between the two most widely supported positions, which
may be customized through amendments, whereas consensus can require integrating
every group member’s preference into a coherent whole that can earn unanimous support.
While voting encourages a win/lose mentality, consensus process encourages a sense of
togetherness, striving toward what's best for the whole (Didcoct & Delapa. 2000).
However, Hartnett (2012) argues that the true opposite of consensus process is not
majority rule as is commonly claimed but adversarial debate. Consensus seeks
agreement and aims o enable people to negotiate disagreements and to find collective
solutions (Cunningham, 2014). It generates decision about which everyone says, *| can
live with it” (Bens. 1997). It is in the way that a group discusses its decisions that
determines whether it is using a consensus or adversarial debate (Hartnett. 2012),

[‘reeman (2002). on the other hand proposed a more flexible and practical
definition of consensus which distinguishes “agreecability” from “acceptability” — that is
when everyone in the group either agrees with the decision or can accept and support it.
By this, he also proposed that groups can still use other decision rules along with the
consensus process such as consensus-minus-one, consensus-minus-two, and
supermajority voting, with 90 percent, 80 percent, 85 percent, 75 percent, ete. agreement
needed to pass the proposal, or first trying for unanimity and having a supermajority
voting fallback (Christian, 2012).

Consensus as a decision-making process. As a decision-making process, method
or technique, Didcoct and Delapa (2000) describe consensus as a creative practice

weaving together an agreement in unity out of all the different perspectives, concerns and
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understandings present in the meeting. It is not a voting process and it is not about
unanimity. Briggs and Reid (2001) refer to it as a method that models shared power and
responsibility and is based on values such as cooperation. trust, honesty, creativity,
equality and respect. The conscnsus process is firmly grounded in a recognition and value
of the whole person (Didcoct & Del.apa, 2000) and on the fundamental belief that each
person has a piece of truth, in that, each member of the group must be listened with
respect (Briggs & Reid. 2001). One argument advanced by Didcoct and DeLapa (2000) is
that not everyone accesses wisdom through the intellect. By incorporating feelings.
intuition, experience, body wisdom, insights, and personal reflection, consensus process
gives individuals with different styles greater opportunity to participate which is helpful
in gaining access to multiple levels of information leading to a more inclusive, fully
informed and effective agreements.

Towards this end, Briggs and Reid (2001) invoke five main elements to be in
place in order for consensus to effectively work: (a) willingness to share power; (b)
informed commitment to the consensus process; (¢) common purpose; (d) strong

agendas; and (e) effective facilitation.

Briggs and Reid (2001) propose that in order to reach consensus and avoid chaos
in meetings, the group needs to adopt some ground rules such as using a facilitator,
ensuring everyone’s participation, speaking only for oneself, avoiding interruption,
seeking a solution, observing time, having an agenda and sticking to it, allowing one
speaker at a time, listening with respect, avoiding personal attacks or blaming, observing

confidentiality, and taking silence as an agreement, among others.
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Briggs and Reid (2001) stressed that in the consensus process. no votes are taken,
The procedure begins with the introduction of ideas or proposals, next is discussion, and
eventually the arrival at the point of decision. In making a decision, a participant in a
consensus group has three options: to block. to stand aside. or to give consent. To block
means to prevent the decision from going forward which is done only when the proposal
i adopted, would violate the morals, ethics and safety of the whole group. This right
should be exercised with great care because it has a lifetime limit. To stand aside is a
stance of principled non-participation when a member cannot personally support a
proposal, but feels it would be all right for the rest of the group to adopt it. This option
absolves the individual from any responsibility for implementing the decision in question.
To give consent means that one is willing to support the decision and stand in solidarity
with the group despite one’s disagreements. However, when consensus decisions will be
changed, they can only be done by reaching another consensus.

Consensus as both a decision rule and a process. The view about consensus as
both a decision rule and a process, and the distinction between them, was first pointed out
by Kaner et al. (1996) in the book Facilitator's Guide to Participatory Decision Making.
This was referred to later as consensus-with-unanimity (Christian, 2012). In this
perspective, consensus is viewed to be made up of two parts. The first part is the process
which is characterized by the intention to hear from everyone in the group, asking
clarifying questions, expressing concerns, and modifying and improving the proposal.

The second part is the decision rule or the percentage of agreement needed to pass a

proposal which may be 100 percent, or “unanimity™ or “full consent.”




Hartnew (2012) proposed that understanding the difference between these two
terms is helpful in gaining clarity and capacity to consider each component independently
and in making consensus work for different types of group. He suggested to use the term
“consensus” when denoting to a collaborative and agreement-seeking process, and the
terms “unanimity” or “full consent” when referring to the decision rule that requires full
agreement to pass a proposal. Ile argues that this distinction will pave the way to see that
a consensus process can be used with different types of decision rules thereby implying
the possibility of having a collaborative, cooperative and agreement-building discussion
even if unanimity is not required. In the same way, this distinction also clarifies that just
because a group requires unanimity does nof mean that they are using a consensus

process.

Brief history of consensus. The use of consensus in making decisions has been
around in history. In the notes of Schutt (2001), it was reported to be utilized by families,
tribes, indigenous peoples, and cooperative groups in order to take care of everyone and
accommodate their needs. In the 1600’s, a religious group from England called the
Quakers or Religious Society of Friends, developed consensus as a way of balancing
individual rights and insights against the needs of the whole group by recognizing every
person’s access to the truth and by acknowledging that any person could be wrong. This
group thus viewed truth as an incorporation of every individual truths.

He went on recounting that the process improved with the introduction of
facilitation and emotional blocks in 1950’s by the Human Potential Movement. By
1960°’s several leftist groups encouraged participatory democracy. However, the process

broke down because of dominating leaders, power plays, manipulation and rhetorical
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speech-making. With the risc of the Feminist Movement in the 1960°s, the importance of
expressing feelings. vulnerability. compassion as well as strength for both males and
females was emphasized. However, the free-flowing meetings without leaders resulted in
the “tyranny of structurelessness™ worsened by hidden leadership, manipulation, and
power plays. In the mid-1970’s, prevailing ideas and conceptions of consensus were put
together by the Non-Violent Direct Action Movement and contextualized it as a non-
coercive, non-hierarchical, and facilitator-guided process of decision-making which
respects each person’s truth through decentralized decisions made at the lowest level
possible. From then on, activist groups, intentional communities, collective businesses
have all developed and refined the process which is now used by professional group
facilitators in a large variety of settings, from cohousing community, nonprofit board,
watershed council, international organizations, political protest to classroom management
thereby further developing the model and its effective application. More formal
consensus methods such as Delphi and nominal group have become visible tools for
solving problems in health and medicine (Fink, ¢t al.. 1984). While consensus is well-
practiced in several areas, there are a handful studies that apply the concept to the
teaching and learning processes in the classroom.

Consensus in the Classroom

In most classrooms, the teacher serves as giver of information and students are
recipients (MacDougall, 2013). Frequently, learners encounter authoritarian, top-down
classroom models that are constructed solely from the teacher’s interests, goals and
expectations or requirements, leaving little room for student input (Blinne, 2013).

Students’ voices are often left out in the educational processes because their parents and
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teachers make decisions for them which often block their innate desire to learn (Sartor &
Young Brown, 2004). When learners often have little say even in the most basic structure
of'a course, achieving optimal engagement is difficult. Learners learn best when learning
is most meaningful to them (Blinne, 2013).

[tis from the students’ innate desire to learn from which Sartor and Young Brown
(2004) contend that the consensus process can be a powerful approach in giving students
the opportunity to contribute to decisions that determine their learning environment. It
holds the promise of creating a more dynamic, democratic and egalitarian learning
community where learners feel comfortable to challenge the status quo (Hooks. 1994:
[reire. 1998: Wolk. 1998: Shor & Pari, 2000: Sartor & Young Brown. 2004) and where
participants collaboratively share their own ideas about teaching and learning styles and
the educational system as a whole (Blinne, 2013). When learners become actively
involved in their learning. they are thought to better adapt to both individual and the
group’s preferred learning styles, utilize alternative pathways, and provide the space to
make choices regarding the learning approach and learning environment that work for
everyone (Sartor & Young Brown. 2004; Blinne. 2013). The consensus process might
provide a way out in the long-time argument that has gone deadlock between a group of
researchers who claims that instruction is best provided in a format that matches the
preferences of the learner and those that argue that style match does not significantly
contribute to improved performance because students have the potential to accommodate
all teaching approaches (Zhang. Sternberg, & T'an, 2013).

Gergen (1982) claims that by recognizing knowledge as a communal creation,

consensus would be an experiment in negotiated problem-solving. Because the process
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requires some deal of negotiation (Schwartzman. 1989). Hartnett (2012) has a point in his
previous argument on thinking flexibly about the meaning of consensus. According to
Moscovici and Doise (1994). negotiation is another way of resolving conflict which
involves “trade-offs” between the parties leading to an acceptable level of compromise.
Sartor and Young Brown (2004) however arguce that consensus needs no compromise. In
compromise, people who are in disagreement about an issue each agree to sacrifice
something in order to reach a decision that is tolerable to cveryone. But consensus is a
conscious agreement by everyone in that a decision is not final until everyone in the
group agrees with it. It is synergistic which includes all concerns. needs and perspectives
without sacrifice —and in so doing, leads to a better decision. Nevertheless, they
encourage adapters of consensus to try the approach in their own way, style and flavor. In
the pedagogical context, however, both consensus and negotiation aim to promote
educational democracy and involve students in all the major decisions concerning their
learning.

Research literatures point at two levels by which the consensus process has been
applied in the context of making decisions in the classrooms. First is consensus at the
level of the whole class as a group, and the other one is at the within group level in the
context of a lesson.

Whole class consensus. Sartor and Sutherland (1992) and Sartor and Young
Brown (2004) documented their experiences about the consensus process in their self-
contained classrooms in one middle school in California (Sartor & Sutherland, 1992;
Sartor & Young Brown, 2004). The same process was replicated in an international

school in Helsinki. In these classrooms, all the decisions normally made by the teacher



alone are turned over to the class as a whole. A consensus is reached when everyone
agrees, including the teacher. Through this process. the group as a living organism is
allowed to emerge, so no two consensus classrooms look the same. Sartor and Young
Brown (2004) express this more profoundly in their book Consensus in the Classroom:
We believe that there are as many right wayvs to do consensus as there are groups
who have developed this decision-making strategy, and we want to encourage
each of you — in collaboration with your students — to find your own way to do
it...in your own way and style, with your own flavor. Teachers working in

secondary and college settings will no doubt have to make more radical
adaptations... (p. 4)

In contextualizing the consensus process in their classes, they spent the first day
and the first two weeks building a sense of community through trust activities,
cooperative games and development of a common vision out of everyone’s individual
goals. Then, they introduced the consensus process by giving students a single decision to
consider on the first day like deciding on what homework should be done. In grading the
homework, list of criteria for evaluation was generated through brainstorming the first
time it was due. The list was posted on the bulletin board all year where additional
criteria could be added to it anytime. In marking their work, students shared it first with
their classmates and received feedbacks on its strength and weaknesses. From these,
students graded their own work and gave reasons why they deserved the grade. On the
part of the teacher, he or she may agree or disagree with the grade based on personal
judgment of the quality of the work but more strongly based on the reason given by the
student.

On the second day, they conducted their first formal classroom meeting by

writing “Agenda” on the chalkboard and asked students what they wanted to talk about.
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Students and teacher suggested topics but decided on the topic that is most important to
discuss first. A corner of the chalkboard was sct aside for the ongoing agenda which can
be added by anyone at any time. The source of an agenda could be a problem someone
perceives, an administrative decision the teacher would make, or an idea someone wants
to try (i.e., judicial system, classroom management plan, room arrangement). Then the
next step was the discussion process. They advised adapters to stay with the discussion
and trust the consensus process even when the discussion seemed to be endless. They
argued that in the consensus process, it is not the content of the decision that is important
but the process that the group is going through.

And the final step was the call for consensus which could be expedited by voting.
When the decision is a selection among preferences, the choices were first listed on the
board and examined if there is anything anyone cannot go along with. Aside from voting,
students could be required to make any of these consensus decisions: say yes, stand aside,
or block. Or, they used colored cards: green for agreement, red for disagreement, and
orange for consent but with a concern to be heard. The authority could sometimes be
delegated to a committee by asking it to work out a recommendation which the group
approves or disapproves by consensus. The prefercnce with the most votes became the
choice.

In another investigation, Mitchell et al. (2009) explored how a veteran first-grade
teacher collaboratively negotiated the implementation of a project with her students while
at the same time, addressed grade-level standards. Negotiated learning is a process

involved when the teacher deliberately establishes a structure to enable students to have

an ongoing say, as a group in all elements of the learning process such as the content,



emphasis, teaching and asscssment methodology, evaluation, and even the selection of
guest spcakers, and other teachers. as well as the logistical elements like location. times.
days, child-care facilities, etc. The approach is mainly based on the theoretical paper of
Clark (2006) that described a more collaborative and dynamic process to the project
approach that involves children in: (1) developing their own questions about the topic. (2)
making predictions about possible answers. (3) thinking of ways to test their hypotheses,
(4) negotiating with the teacher various ways they might represent their findings. and (5)
taking time to solve their own problems through trial and error.

Literature report that the learning goals, the methods by which these learning
goals can be met, and the means by which achicvement of these goals can be assessed are
the typical negotiations that can be done in a classroom setting (Laycock & Stephenson,
1994). In the revelatory single-case study conducted by Mitchell et al. (2009), the teacher
worked out the negotiation process by first reviewing the benchmarks for the core content
arcas in order to determine the knowledge and skills the children still needed to learn.
Knowing the requisite standards and knowing students’ interests enabled her to
“manipulate the standards to fit the children’s interests rather than to manipulate the
children to fit the standards” (p. 342). Then, she organized a “grand conversation’ — a
student-directed class discussions in which children have the opportunity to critique,
debate, and extend upon one another’s ideas (Peterson & Eeds, 1990) — to encourage the
children to generate specific project topics. Third, she used participatory style in helping
students make decisions. She encouraged them to agree, disagree or expand upon one

another’s ideas. As a result, there was a negotiated decision between her and the children

in terms of project focus, project presentation, and the integration of writing. They
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appeared satisfied that the project incorporated individual needs and interests. and
addressed science standards.

In her study. Blinne (2013) integrated learners™ decision-making by involving her
students into the design process of the course structure and content of a svllabus which
she argues would invite a more democratic learning process. She contends that the
syllabus is crucial in setting the tonc for the type of learning community a teacher hopes
to create. Opening up opportunities for the syllabus to perform as a living, negotiated
document allows learners to explore their educational identities by taking a more active
role in establishing the ideological and discursive environment of the class (Barwashi.
2003; Hudd. 2003; Fasset & Warren. 2007). However, before she started with the
syllabus, she first employed the following guiding questions to help learners explore their
needs and interests:

I. What topics or areas are of greatest interest to the class? What are the goals,

expectations, and learning needs for this course?

2. How can the classroom space be best adapted to be conducive to cultivating
enhanced communication? Should the desks be kept in rows? In circle? Sit on
the floor? Go outside? Change the flow and open space? How often should the
space be changed to accommodate the learning goals?

3. How can the readings and discussions be best connected to everyday lives?

4. How can multiple learning styles be best supported and engaged with
throughout the semester?

Starting with these questions, Blinne (2013) claimed that she and her students

were able to discuss how learning spaces. content, and contexts have the power to



produce, affirm, or resist classroom interaction, allowing them to look deeply and
critically at how they have been socialized as learners. Likewise, they were also able to
explore multiple options for constructing a syllabus. For instance, they set aside time
during the first week of class. asking learners to work together in small groups to discuss
what their expectations are of themselves and cach other, their expectations of the
teacher, what constitutes disruptive behaviors and committed and active participation, as
well as “good” and “bad” discussions. After setting up their classroom policies and
expectations based on group consensus, they sign a classroom agreement. acknowledging
individual and group responsibility for their learning process.

In order to negotiate and balance their learning needs while still leaving room to
embrace or depart from their syllabus, Blinne's (2013) always returns to the guiding
questions repeatedly. To connect the readings and discussions to their everyday lives,
learners were required to submit teaching activities and various types of media. To stay
current on each learner’s process, she also incorporated process feedback through
journaling and in-class quick-writes. If something is not working, they know immediately
and create a new direction.

Other investigations related to negotiating the course syllabus include that of
Hudd (2003) who offers a “skeleton syllabus” which includes readings and some course
structure but allows learners to participate in the creation of classroom assignments as
well as the assessment of their work. Conversely, Fassett and Warren (2007)
experimented with a graduate pedagogy class, asking participants on the first day to build
the entire course syllabus from scratch, taking three class sessions to allow them to better

understand critical pedagogy. In Danielwicz and Elbow’s (2009) contract grading system,



they give up power over grading but not over rules and course structure, whereas

Moreno-Lopez (2005) and Shor (1996) negotiate class structure and policies but maintain
more control in grading. Moreno-Lopez (20003) offers yet another option in which she
recreates a syllabus and contract grading system: during the first week of class, she
allows learners to negotiate the policies by stepping out of the room and allowing them to
discuss in private. After participants present changes. she negotiates the process and
lcaves this open to re-negotiation throughout the course by continually redesigning the
syllabus.

Within group consensus in the context of a lesson. In Japanese clementary
schools, the use of consensus building discussion in the context of a classroom lesson is
one of the four significant components of structuring mathematical inquiry lessons:
hatsumon (initial math question/problem that the teacher gives to initiate a rich
conceptual discussion), kikanjyushi (students’ individual or group-based problem solving
as the teacher walks by their desks), neriage (whole class discussions) to compare and
contrast different strategies and build consensus on the problem solving, and matome
(summary) (Fernandez & Yoshida. 2004: Shimizu. 1999).

Among the four components, the neriage stage is considered to be the most
crucial stage where Japanese teachers encourage students to listen to other students’ ideas
carefully and consider the strengths and weaknesses of different problem-solving
strategies. Then the teachers facilitate discussions to co-determine which strategy is the
most reasonable and efficient one. According to Shimizu (1999):

The term Neriage describes the dynamic and collaborative nature of the whole-

class discussion during the lesson. In Japanese, the term Neriage means kneading

up or polishing up. In the context of teaching, the term works as a metaphor for
the process of polishing students’ ideas and of developing an integrated

—




mathematical idea through the whole-class discussion...Once students’ ideas are
presented on the chalkboard, they are compared and contrasted orally. The
teacher’s role is not to point out the best solution but to guide the discussion
toward an integrated idea. (p. 110)

In the study of Inoue (2010). the concept of neriage was used as a cross-cultural
[ramework for teachers to effectively orchestrate whole group discussions for deep
mathematical learning in order to implement an effective inquiry model in mathematics
classrooms. The investigation used video-based lesson study, participated in by six 4"
and 5" grade US teachers and three Japancse teachers who acted as advisors. Teacher
participants were asked to bring a 15-20 min videotaped segment of consensus building
discussions from their classrooms which became the focus of the lesson study, a cyelical
Japanese model of professional development for teachers. Through reflecting on their
lessons and other teachers’ lessons , teacher participants went through a process of self-
transformation and developed many realizations for incorporating consensus building in a
way that is congruent to what has been emphasized for students” meaning-making and
engagement, such as social negotiation of meaning (Cobb et al.. 1991: Voigt. 1991),
social involvement in mathematical discourses (Turner ¢t al.. 1998). and authoritative
teaching that support student autonomy and personal interest (Walker. 2008). The study
came up with guiding posts for teachers in order to effectively incorporate neriage in
their lessons: (a) teachers should know what they are asking; (b) anticipate students’
responses during lesson planning; (c¢) release control to students; (d) never hesitate to
provide traffic control; and (e) always follow up.

Likewise, MacDougall (2013) recognizes the need for students to be taught the
norms of social interaction and thus, urges science teachers to make explicit plans for

productive student-to-student dialogue on top of the cognitive demands required to learn

B R T
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science content. He then presented three critical components of this dialogue process: (a)
a focus question to engage student thinking about science content; (b) student-to-student
communication; and (c) coming to a consensus cither through text or through
demonstration. McDougall (2013) cited two examples of how general agreement is
arrived at through student-to-student collaboration. a case of the consensus process

operating in the micro-scale.

The first example is a rcading activity whose content focus is the Moon’s
gravitational effects on Earth. The anticipatory focus question was: A weather reporter
on TV said that hurricanes are more dangerous when the moon is full. Do you agree?
Explain your answer.” Student-to-student collaboration included partner talk and role
play. Consensus was arrived at through a brief section of text where students search for
the clues that will help answer the focus question and resolve any difference they have
identified in their initial thinking. Then they engaged in partner reading and modification
of answer to the focus question. If there were differences in responses, a “silent debate™
strategy was used where students could switch papers, silently read what was written by
their partner and then write their response. They continued to swap papers and argued
through writing and citing points in the text until the pair reached a consensus.

The second example is a demonstration activity. The focus question was to
predict the path of a marble as it exits a circular tube. The demonstration was preceded by
a think-ink-pair-share (TIPS) strategy. For think, student thought about what the answer
might be. For ink, student wrote the answer on the paper. For pair, students took turn
explaining and listening. When explaining, they gave an answer and provided reasons for

its correctness. When listening, students paid attention to the evidence given and might
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not interrupt. If there were widespread disagreements. the teacher may use the pair-square
technique. in which two pairs combined to form a team of four. For share, teams were
asked to share their answers. To come to a consensus, the teams voted for the likely
prediction. Only after all thesc were done that the teacher demonstrated the activity.
Benefits of using consensus in the classroom. Sartor and Young Brown (2004)
claimed that consensus process in the classroom is uscful for teachers and classrooms at
all levels, in all kinds of school settings. The major benefit revolves around the idea that
learning responsibility is shared between learners and teachers, which serves to “create
engaged, active, critically thinking citizens, that is to say. political subjects who can
participate as decision-makers in the organization of their socio-cultural realities”
(Moreno-Lopez. 2005. p.3). Sartor and Young Brown (2004) capsulized the benefits that
can be gleaned from the consensus process in the classroom as follows: (a) shared
authority and responsibility; (b) enhanced students’ sclf-expression; (c) full student

participation; (d) creative decision-making; and (¢) development of a conscious

community.

For teachers, Sartor and Young Brown (2004) believe that through this approach,
they can gain a broader understanding of their students’ needs, abilities, and concerns
such that even their “top-down” decisions will become more informed. They argue that
when teacher shares both the authority and the responsibility to the whole class,
innovative decisions that respond to the specific needs of the group members are likely to
arise. Students then can develop their personal authority and responsibility thereby
avoiding power struggles and victimhood. For instance, in her attempt at democratic

learning, Blinne (2013) found out that her students need H.E.L.P. in doing class content
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collaboration. First. learners want to be heard. They want to know that their ideas and
input matters and that they can influence class direction. Next, learners want to be excired
about their learning, and content should reflect their interests, making connections to their
daily lives. Further, they want to be /iked - knowing others support their contributions,
recognizing their participation in the course, expressing care if they do not participate.
Finally, lcarners want to be personal. They want their teachers to know their names, to
hear their stories, and to approach learning in their own style.

Also through consensus (Wolk, 1998; Bruftee. 1999: Sartor & Young Brown,
2004), learners can become co-developers of the class curriculum, potentially reinventing
how they see learning and themselves through a shift in structure, teaching them that
education can be a practice of freedom (Hooks, 1994; Freire, 1998), and encouraging
community building through democratic practice (Blinne. 2013). Involving students in
the design process allows them the creativity to work together to fulfill their own learning
goals within a group dynamic (Mitchell et al., 2009: Blinne, 2013). It helps children form
good self-concepts about themselves, motivate them to investigate authentic problems
(Mitchell et al.. 2009), heighten their levels of engagement and improve their ability to
apply learning to new contexts, their oral language, and their ability to make informed
decisions . In classrooms that promote collaboration, behavior problems are minimized
when students engage in productive and civil dialogue with guidance and structure
provided by well-prepared teacher (MacDougall, 2013). Similarly, students and teacher
alike can also develop more trust in one another and expand their capacity for self-

expression - to speak up, to listen, to synthesize ideas, to have a sense for the whole

community, and to recognize their own gifts, their wants, needs and feelings as well as
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their experiences. skills, and abilities. Likewise, the approach can give students the
opportunity to learn how to participate more fully and responsibly in their classrooms,
acquiring skills that will serve them well elsewhere in life especially in participating fully
in social decision-making. The open and inclusive discussion of consensus can therefore
enhance everyone’s awareness of the whole issue being addressed or of variety of
concerns and thus the class can move toward a conscious community (Sartor & Young
Brown. 2004).

However, most of the benefits and effects of the consensus approach are from
self-contained classrooms, and there was no attempt yet to scientifically measure its
effects on academic performance or standardized tests. Nevertheless, its proponents
maintain that when children feel sate and loved. they follow nature’s plan to develop
their higher intelligences. Pearce (2002) argued that such children will naturally and
eagerly learn whatever the curriculum offered to them. Moreover, they claim that the
consensus process possesses requisite models for developing critical and creative
thinking, an essential basis of sound education.

Challenges of implementing consensus in the classroom. In spite of its
philosophical appeal, Sartor and Young Brown (2004) admonish that consensus is often
construed as false unanimity due to social pressurc. When poorly practiced, it may seem
more frustrating and inefficient than the more familiar forms of decision-making. They
cited key concerns that must be addressed in its successful implementation: time, power

differentials and academic achievement.

When a group is first learning how to make consensus work, it can be time-

consuming to the point of abandoning it because many teachers feel they do not have




time for collaborative learning (MacDougall. 2013). Given sufficient skill and structure

however, the consensus process can be an efficient tool in engaging participants to listen
in a deeper way to each other’s perspectives and needs. not as debate points to be
countered, but as concerns to be creatively addressed and included. In this way. there will
be few or no more complaint as well as unanticipated roadblocks from the minority
(Sartor & Young Brown. 2004).

Consensus decision-making is vulnerable to manipulation. Someone can always
power play as it is a human vice. But if consensus is practiced well. it is no longer
needless to resort to such tactic because participants know that their concerns and needs
will be included. They will be empowered to speak up when something secems unfair,
misleading, or otherwise uncomfortable. In this way, the quality of communication will
be improved to a new level of honesty and intelligence (Sartor & Young Brown, 2004).
Moreover, what is needed is to shift teachers’ ideas about planning to embrace co-
creating and participating in the learning context with the students (Blinne, 2013).
Consensus in the classroom is more than just an instructional strategy or management
system. It requires and creates a paradigm shift in a tcacher’s relationship with his or her
students and in student’s relationship with each other (Sartor & Young Brown, 2004).

In an era when standards and testing drive curricula, creating this environment is
not easy as many learners have been silenced and excluded from their own educational
process (Blinne 2013). However, current brain rescarch and learning theory support the
use of consensus in improving academic performance. Pearce (1992, 2002) integrated
much of current brain and learning research in several books. He describes how fear and

stress undermine higher brain functions. He explained that any kind of negative

e
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experience brings an automatic shift of attention and encrgy from the lorcbrain to the
hindbrain. This shift shortchanges the intellect. cripples learning and memory. and locks
the neocortex into service of the lowest brain. Pearce (2002) looks at testing as a threat
that triggers the brain to shift to the hindbrain compromising what the higher intellect can
do. In the consensus process. tecachers provide an environment in which every learner
feels respected, affirmed and safe — practices that can mitigate the effect of threats and
stress among the learners — towards an improved performance on tests.

Philosophical and Theoretical Bases of the
Use of Consensus in the Classroom

This section presents the philosophical and theoretical support for the use of
consensus in the classroom. In terms of its philosophical elements, consensus is best
supported by the postmodern philosophy of education which emphasizes the legitimacy
of multiple perspectives. On how learning occurs during the consensus process and how
meanings emerge from different levels of interactions, these are supported by the
constructivist theory and the general systems theory. In terms of the authority, choice,
and decision-making, consensus is backed up by the model of democratic education.

Postmodernism. The use of consensus in the classroom and its manifold features
previously described is reflective of the postmodern philosophy of education. While Doll
(1993) and Berquist (1993) acknowledge the difficulty of grounding the definition of the
term “postmodernism” as it means different things to different people, Sartor and Young
Brown (2004) describe it as the paradigm shift characterized mainly by moving away
from the “modern” view of reality as linear, uniform, measured and determined toward a

sense of reality as emergent, contextual, and co-created through interaction. According to

Gojkov and Vrsac (2012) postmodernism emphasizes the contextual construction of
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meaning and the validity of multiple perspectives citing that in terms of old issues about
truth and knowledge. a postmodernist would sav: “The truth is what people agree about.”
Or The truth is what works.” Or *There is no Truth, but a number of small truths
wandering around.” They then characterized the key elements of this philosophy as
follows:

1. Knowledge is constructed by people and group of people;

2. Reality is multi-perspective;

3. Truth is grounded in everyday life and social relations;

4. Life is a text;

5. Thinking is an interpretative act;

6. Facts and values are inseparable; and

7. Science and all other human activities are value-laden.

Gojkov and Vrsac (2012) use the term “postmodern pedagogy” to describe what
education should be like in the postmodern age. In this paradigm, educators are viewed as
co-constructors of knowledge. It holds that all cultures are of equal value and constitute
equally important realities, thus, minority students must be empowered to fight against
enculturation. The role of education in this perspective is to help students construct
diverse and personally useful values in the context of their culture, yet not true or right in
any universal sense. These values include striving for diversity, tolerance, freedom,
creativity, emotions and intuition. Students are vicwed to have no true self or innate
essence, rather, selves are social constructs. Postmodern educators believe that self-

esteem is a precondition for learning while education is a type of therapy. Rather than

discovering them, education helps individual construct their identities in that only when



people are empowered to attain their own chosen goals that individuals and society will

progress.

Sartor and Young Brown (2004) expound on the demands this paradigm shift
entails. Foremost, it calls for an altered sense of authority for both teacher and students in
order to promote a more democratic social structure in the classroom. Then, it calls for
more emphasis on inquiry, experiential learning, the questioning of assumptions, the
blending of action and reflection, and seeking the synthesis of apparent polarities and
conflicts. It also calls for the celebration of diversity. and the inclusion of all voices in the
conversation. Ultimately, the postmodern paradigm calls for learning to be relevant to life
both inside and outside the classroom.

Gibbs (1994) characterized the emerging paradigm in postmodern education
which Sartor and Young Brown (2004) believed can be engendered by using consensus
decision-making in the classroom as follows: emphasis on learning, emphasis on the
whole, integrated knowledge and skills, student as active constructor of meaning, teacher
as co-learner and facilitator, learning as a social activity, collaboration, student-directed
learning, emphasis on process, learning grounded on “real world” contexts, open-ended
and non-routine multiple solutions, shared development of goals and criteria for
performance.

The use of consensus in the classroom is a timely response to the clamor of the
Global Alliance for the Transformation of Education (GATE) about the educational

challenges called for by the postmodern times (Sartor & Young Brown, 2004):

I. The recognition of cach learner — young and old — as unique and valuable;
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2. A true learning community in which people are taught to value their own
personal strengths, and are cmpowered to help one another;

3. Meaningful opportunities for real choice at every stage of the learning process
because genuine education can only take place in an atmosphere of freedom —
of inquiry, of expression, and of personal growth; and

4. A truly democratic model of education that will empower all citizens to
participate in meaningful ways in the life of the community and the planet.

GATE believed that these calls are all educational tasks and that the teaching and
learning process cannot foster these values unless it embodies them. Sartor and Young
Brown (2014) are convicted that the consensus process provides a structure that could go
far toward answering these calls.

Constructivism. There is growing evidence that learning is about making
connections, as such, learners must actively make connections in their own brains and
minds that produce learning for them (Cross, 1999). The way how knowledge is
generated through the consensus process is reflective of the constructivist theory of
learning. Resulting from dissatisfaction with the bchaviorist and traditional Western
theories of knowledge characterized by teacher-centeredness and transmissive pedagogy
(Yilmaz, 2008), constructivism which is anchored on the principles of meaning-making
and knowledge construction (Fosnot, 1996; Phillips. 1995) has become the leading
metaphor of human learning since the 1970s (Mayer, 1996). Cobern (1995) describes
constructivism as a learning model suggestive of the following ideas:

1. Student is always active when learning takes place;



2. Active process is a process of making sense. Learning does not occur by
transmission but by interpretation:
3. Interpretation is always influenced by prior knowledge; and

4. Interpretation is facilitated by instructional methods that allow for negotiation

of ideas.

However, constructivism is not a single or unified theory (Yilmaz. 2008). Akin to
all living religions. constructivism has many sects which venerate it as a “powerful
folktale” about the origins of human knowledge (Phillips. 1995). Despite differences in
constructivist doctrines, it could be said that all followers of constructivism agree with
the idea of viewing the learncr as an active builder of his/her knowledge. One of the most
obvious implications of this idea is that students are not tabula rasa because they already
have the so called prior knowledge when they try to learn in school which according to

Alexander (1996) is the one that serves as a “scaffold that supports the construction of all

future learning” (p. 89). Another well-known assumption of the constructivist view of
learning is the importance of connecting new and existing knowledge. Therefore,
teachers should take into account students’ prior knowledge to promote meaningful
learning (Limon. 2001). Two sects of constructivism prominently figured in literatures
are Piaget’s cognitive constructivist theory (also called personal or radical
constructivism) and Vygostsky’s socio-cultural constructivist theory (also referred to as
realist constructivism) (Liu & Matthews, 2005).

While Piaget’s cognitive constructivist theory is widely interpreted as an
intrapersonal process where knowledge is individually and idiosyncratically constructed

or discovered, Vygotsky, on the other hand emphasized the central role of social
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environment in learning (Liu & Matthews. 2005). Vygostky believed that by interacting
with their surroundings, learners are enculturated into their learning community and
appropriate knowledge based on their current understanding. Learning is thus considered
to be a largely situation-specific and context bound activity (LEggen & Kauchak, 1999:
Mclnerney & Mclnerney. 2002; Woolfolk. 2001). The central aim of education in
Vygotsky’s theory is the development of intellect and rationality beyond situations (Liu
& Matthews) which is both an internal and a social process that is complex and
interwoven. Three themes are at the core of Vygotsky's theory. First, is the reliance on a
developmental method to which a mental function is first thought of as an interaction
between people, then, as a process within individuals (Wertsch, 1992). The second
theme is ‘mediation’ to which he contends that mental processes can be understood only
when the tools that mediate them are understandable. Third, is the origin of higher mental
processes where he introduced the concept of Zone of Proximal Development (ZPD).
described as the distance between the actual and the potential development level of an
individual under the guidance of more knowledgeable others (MKO) (Vygotsky, 1978).
Vygotsky’s ideas have strengthened the use of cooperative and collaborative
group processes in classrooms (Slavin. 2000). The involvement of MKOs such as
teachers, tutors, parents, classmates, friends or even computers helps learners improve
their performance and develop new abilities, hence scaffolding. The concept of mediation
likewise helped current classrooms to situate learning and instruction in an authentic

context (McLeod. 2003). Brufee (1993) claims that in situations when the teaching-

learning process is collaborated, knowledge is socially produced by consensus among
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knowledgeable peers. It is “somcthing people construct by talking together and reaching
agreement” (p. 3).

General systems theory. In terms of how knowledge and decisions emerge from
the social group as a system, the consensus process demonstrates the General Systems
Theory (GST) (Laszlo, 1972; Macy. 1991: Capra. 1996) in action. Arising from the
biological sciences, this theory provides an explanation on how all systems work by
exploring various phenomena in terms of dynamic patterns or relationship which
underlies systems thinking. Systems theorists have noticed four patterns of relationship
and information flow called invariants that are inherent in all living systems (Sartor &
Young Brown, 2004): 1) nested hierarchy; 2) synergy; 3) homeostasis, and 4) adaptation.

The first pattern is called nested hierarchy or holonarchy where every Whole is
construed as a part of larger Wholes. This pattern vicws every system to be made up of
subsystems or systems within systems. The collective membership of a system governs
the whole through an intricate web of interrelationships and information exchange.
Similarly, if applied to education, all levels and parts of the educational system —
students, teachers, and administrators — can contribute to decision-making. Albeit the
currents school system operates under the top-down model of authority, teachers can still

shift the model of hierarchy within the classroom and guide students toward class

holonarchy.

The second pattern is synergy, better explained by the statement, “The whole is
more than the sum of its parts.” In this pattern, unpredictable properties and capacities
emerge in each new level of systemic organization, thus, emergent properties or synergy

in action. In the same token, consensus allows syncrgy to occur because of the full
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participation of all of members of a system. Through the dialogue that occurs in coming
to consensus, the wisdom, new idcas and creative solutions of the class as a whole can
emerge beyond anything any one individual member, even the teacher, might have
invented. This is contrary to the majority rule which may suppress the very real needs and
wisdom of one of the members. As a conscquence. the health of the whole system may
suffer. It is like letting the skin cclls determine the right way to be a cell. because they are
more numerous than the cells that exchange oxygen and carbon dioxide in the lungs.

The third pattern is homcostasis. Among living systems, homeostasis is a kind of
fluctuating balance that maintains their form over time. Each Whole is self-sustaining and
self-regulating, providing a resilience through all the internal and external fluctuations
inherent in life. Likewise, a consensus classroom encourages a high level of individual
responsibility so that each student can self-regulate rather than being constantly directed
by the teacher. And the last pattern is adaptation. Systems adapt themselves to changes in
their environment and it occurs constantly. Each Whole is therefore self-organizing and
self-evolving. In the classroom context, consensus provides students with manifold
opportunities to take in new information and reorganize themselves accordingly.

In GST, the third and fourth patterns of relationship have something to do with
how systems respond to change while the first two patterns complement with two general
principles — subsidiary and requisite variety. The principle of subsidiary indicates that
decisions are best made at the lowest possible level within a nested hierarchy of systems.
Similarly, consensus decisions need to be made at the level of the problem or question
being addressed. The principle of requisite variety on the other hand indicates that

systems need variety within themselves in order to respond to a variety of demands from
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their environment. Consensus encourages diversity, seeking out all the various
perspectives of the group and [inding a part for each member to play in decisions and
solutions.

Democratic education. Dewey (1983), the father of progressive education,
advocated democratic education as an educational approach more in accord with
democratic ideals than the autocratic procedures of traditional schools. He believed that
democratic social arrangements promote a higher quality of human expericence for more
people than do methods of repression, coercion or force. Gang (1989) asserts that
democracy cannot be taught through non-democratic methods. The principles of
democratic society have to be lived in the classroom if students are going to understand
the full impact of their meaning.

Cowan (1960) argued that consensus is inextricably bound to the idea of

democracy which concerns the consent of the governed:

...what distinguishes democracy from dictatorship...is not so much the number of
citizens consenting but the conditions under which the consent is elicited; the
vital point being the presence or absence of freedom not only in the process of
voting, but also and much more important in the preceding process of discussion.

(p- 24)

Waghid (2014) describes democratic education as an educational ideal in which
democracy is both a goal and a method of instruction. It brings democratic values to
education. Democratic schools are characterized by students’ involvement in the
decision-making process that affects what and how they learn. It is often specifically
emancipatory, with the students’ voices being equal to the teacher’s.

In the paper of Korkmaz and Gumuseli (2013) democratic education has been

defined as an educational context where young people have the freedom to organize their
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daily lives, where there exists equality between young people and adults, and where
democratic decision-making processes are adopted.

Regarding the characteristics of democratic education, Balme and Bennis (2008)
argue that it should promote the participation of students in the construction of the
school’s structure and vision, and allow students to regulate their own ways of learning
and living, with adults acting as guides and consultants instead of directing student
activities. One of the goals for democratic education articulated by Gang (1989) is to help
students understand that a variety of solutions may be valid in any particular
circumstance.

Democratic education may be embodied in various forms from the micro level
within class democracy to the macro level of whole school democracy (Morrison. 2009).
Korkmaz and Gumuseli (2013) elaborated on the features of democratic education as
follows:

I. It is an effort towards making school a democratic microcosmos which can be
realized by making democratic principles an integral part of school life (i. e.
by creating a democratic community that applies democratic procedures such
as elections or school councils);

2. It recognizes the multi-dimensionality of learners by taking inner motivation
as the starting point of learning;

3. It recognizes self-management and responsibility of the learner;

4. It supports the learner to develop self-learning strategies and self-assessment

by recognizing the ability of the learner to plan his/her learning;
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5. Its curriculum includes content on democracy which promotes democratic
principles as ordinary aspects of school life through dialogue based relations
(Korkmaz & Gumuseli. 2013).

The works of Dewey and the literature on democratic schools identify four basic
categories of the democratic education environment at classroom level. The first is
decision-making/participation, where students are given the right to participate in
decisions about class rules, values and principles, and sanctions to be applied in case of
breaches of those as well as the right to participate in decisions on educational objectives,
content, methods and evaluation. The second is curriculum-instruction, which refers to
the democratic formulation of objectives. content. instructional methods and materials,
and evaluation elements. The third is relations, which refers to the establishment of
interpersonal relations and relations with students’ families based on democratic values.
And the fourth is the teacher, which refers to the characteristics, roles and responsibilitics
of the teacher from an authority to a facilitator (Korkmaz & Gumuseli, 2013).

Sartor and Young Brown (2004) believe that participation in a consensus
classroom provides a structure for a democratic social arrangement in the purest sense —
government by the people. It provides a form of democracy in which decisions are not
reduced to “either — or” and multiple alternatives can be explored and synthesized.
Ultimately, consensus provides students with daily experience in their capacity to bring
about change, thus developing both the skills and attitudes necessary for effective

democracy, in and outside the classroom. While engaged in the consensus process in the

classroom, the teacher can function in the way Dewey (1938) hoped: “can exercise the
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wisdom of his/her own wider experience without imposing a merely external control™ (p.
38).
Learning Styles

The question on how people Icarn is still an area of great intercst, particularly in
higher education (Wilkinson, Boohan & Stevenson. 2014). Learning is a dynamic
process; Bankert and Kozel (2005) described it as the product of student and teacher
activity within a learning environment. However, the instructional methods teachers use
are not perfect as they may have their own share of pros and cons (Khanal, Shah &
Koriala, 2014). The basic role of teacher therefore remains the same nevertheless, that is
to recognize students’ potential and consciously plan for their balanced personal
development (Stellwagen. 2001). Literature report that teachers weave this role along
with their other activities by creating a harmonious Icarning environment and giving the
students tools that will assist them to become better learners (Dart et al., 2000;
McAllister, 2010). One tool that can be utilized to facilitate this is a learning style
inventory (Marcy, 2001), an important consideration in planning for an effective and
efficient instruction and learning (Childress. 2001; Li ct al., 2011). Learning styles is a
term used to refer to the methods of gathering, processing, interpreting, organizing and
thinking about information (Khanal, Shah & Koriala, 2014). Students have different
learning styles that are distinct and consistent (Hsu, 1999; Chou & Wang, 2000) favoring
particular methods of interacting with, taking in, and processing stimuli and information
when they learn (Sirin & Guzel, 2006). This is the reason for the diversity seen in
classrooms in regards to how students acquire information (Khanal, Shah & Koriala,

2014). When learning styles are considered, teachers can address learner’s needs by



43

utilizing a variety of teaching methods and teaching styles so that they will be exposed to
both familiar and unfamiliar ways of learning. ultimately giving learners multiple ways to
excel (Vaughn & Baker, 2001).

Wu (2014) reported that the concept of learning styles is rooted in ancient theories
of medicine during the second century A.D. through the Greek Hippocrates which was
further refined by Galen. Although originally a medical doctrine, the four humors
doctrine (sanguine, choleric, melancholic, and phlegmatic) serves as the origin of the first
temperament, trait or type theory of learning styles. As to its contemporary origin,
accounts are conflicting. Pashler et al. (2008) traces it to the Myers-Brigg Type Indicator
(MBTI) test which started to be popular in the 1940s while Buboltz et al. (2001)
attributes it to Allport in 1937. In the last few decades, learning styles has become a
highly influential area of tremendous attention (Pashler et al., 2008) comprising a large
body of research (Cofficld ct al., 2004).

Meaning of learning styles. Learning styles have been defined in many different
ways by different scholars including in their definitions aspect of individual’s preference,
ease, or even best way of learning (Wu, 2014). All however agree on viewing learning
styles as a way of learning (Cakiroglu, 2014).

The most cited definition of learning styles is that of Fleming (2001) who
describes it as the individual’s preferred way of gathering, organizing, and thinking about
information. Embracing the same idea, Felder and Silverman (1988) defined it as an
individual’s preferred way of acquiring, retaining and processing information, whereas
Maushak et al., (2001) believe that it represents the ways in which individuals interpret,

process, understand and integrate information. Savvas, I:]-Kot and Sadler-Smith (2001)
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contextualized the concept in terms of knowledge acquisition and drawing of
conclusions.

More simplistic and understandable is the definition advanced by Oxford. Ehrman
and Lavine (1991) who view learning styles as general approaches used by the students in
order to learn a new subject or to cope with a new problem. It refers to their unique
behavior in adapting to their environment (Foley. 1999).

The definition given by Keefe and Ferrel (1990) is more technical as they regard
learning styles as the composite of characteristic cognitive, affective, and physiological
factors that serve as relatively stable indicators of how a learner perceives, interacts with,
and responds to their learning environment. Along the same line of thought, Aragon,
Johnson and Shaik (2002) look at them as behaviors related to the psychological,
cognitive, and affective domains of interaction with learning environments. It involves
learners’ preferred ways to receive, process, and recall information during instruction
which is related to learners’ motivation and information-processing habits. Larkin and
Budny (2005) believed that learning styles are biologically and developmentally imposed
set of personal characteristics that makes the same teaching and learning methods
effective for some and ineffective for others, which in the argument of Curry (1981) are
related to the differences in cognitive approaches and processes of individual students’
learning.

Learning style models. Learning style theorics describe the extent of the learning
approach used by individuals in learning different subjects or topics. Assumptions and
foundations of learning style theories are different from each other as well as the basic

tenets of each of the learning style theories which influence the learning attitudes of the
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students. Dunn and Dunn (1978) stated that students with different learning styles have
distinct preferences during different instructional activities. Thus, various models have
becn proposed by theoreticians and used by educators in order to measure learning styles.
Various instruments have also been used. The most frequently used learning theories in
educational research are the following: Kolb experiential learning theory, Dunn and
Dunn, VAK, Felder-Silverman Learning Style Model, the Gregorc Model and VARK
model (Moayyeri. 2015).

Coftield et al. (2004) provided an extensive report which involved at least 71
learning style models. The models have some components ditferent from each other
related to the extent that they may change over time for learncrs. Some popular
instruments were various extensions of Jung’s (1970) psychological types and Gardner's
(1993) multiple intelligences. One of the widely used models in this area was developed
by Gregorc and Butler (1984) which has four combinations of perceptual qualities and
ordering abilities: concrete sequential, abstract random, abstract sequential, and concrete
random. In this model, it is considered that each individual can be strong in one or two of
the four styles. In contrast, Felder and Silverman (1988) did not consider learning styles
to be constant. According to them, learning preferences may change due to the time and
situation. Fleming's (2001) VARK inventory, which includes visual, aural, read-write,
and kinaesthetic perceptual styles, and the specific inventory of Felder and Soloman
(1997), which measures learning preferences across four bipolar preferences _active-

reflective, sensing-intuitive, visual-verbal, and sequential-global _ are well known

examples derived from those models.
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The Canfield learning style inventory. According to Francis ct al. (1995), the
Canfield Learning Style Inventory (LSI) is one well-known instrument for assessing
student instructional preferences. Teachers have used the Canfield inventories to
ascertain the learning preferences of their students and initiate class discussion of
learning styles and course assignments. It has also been used to assess learning style
preferences of various college student groups educator groups, incarcerated adults and
graduate students ([Zide, Geiger & Schwartz, 2001)

The use of Canfield LSI has gained support after the popular Kolb’s LSI received
substantial amount of criticism in the education literature particularly on its poor
psychometric properties and on its limited focus on preferences for learning modes only
giving rise to alternative learning style instruments (I'ide, Geiger & Schwartz, 2001).

Individuals’ preferences for learning is complex and multi-faceted. Based on this
supposition of multifaceted preferences, the Canfield LSI attempts to assess individuals
over several affective learning domains. The Canfield LSI is intended to be broader in
scope and thus was developed to address multiple aspects of learning. The Canfield LSI
includes 21 scales designed to assess four basic learning domains: (1) conditions for
learning, (2) area of interest, (3) mode of learning, and (4) expectation for course grade.
Scores from the first three domains are combined to create a learner typology that
categorizes individuals into preferred learning types. The four learning domains along
with the 21 scales that comprise them appear in Table 1.

The first learning domain, conditions for learning, refers to an individual’s

preferred dynamic surrounding the learning situation. These areas include the roles that

people in the learning task assume, the structure of course materials, the ways in which
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goals are set, and the source of motivation (Canficld. 1988). The eight scales that are
meant to comprise this domain are peer. organization, goal setting, competition,
instructor, detail, independence. and authority. As depicted in Table I, these eight scales
are meant to capture the settings that the individual prefers when learning and include
instructional type information as well as interpersonal preferences between the learner
and the learner’s instructor. Thus, Canfield derives the conditions for learning scales from
a traditional classroom setting based on teacher-assisted instruction, and not on the
independent acquisition of new information or skill (Eide. Geiger & Schwartz, 2001).

The second learning domain, area of interest. assesses the basic objects of study
or course subject matter dealt with (Canficld, 1988). The four scales that are meant to
comprise this domain are numeric, qualitative, inanimate, and people. The scales in this
domain are meant to reflect the preferred subject matter of the individual, but on the
surface seem to capture two different continuums — working with quantitative things, and
working with objects vs. people. Nonetheless, these four scales comprise the area of
interest domain and are intended to reflect an individual’s preferences for the subject
matter (Eide, Geiger & Schwartz, 2001).

The third learning domain, mode of learning, refers to the basic sensory and
cognitive modality in which new information may be acquired. The four modes of
learning assessed in the LSI are listening, reading, iconic (visual), and direct experience.

The fourth domain, expectation for course grade, is self-contained and scores on these

four scales are combined to give an overall expectation score (Canfield. 1988).
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Table 1. Canfield LSI: Description of Learning Domains and Scales (Canficld, 1988)

Domain 1: Conditions for learning (eight scales): Preferred Situations or Context of Instruction

Scale

1. Peer Enjoys teamwork, maintaining good relations with other students, having student friends, etc.

2. Organization Desires clearly organized course work, meaningful assignments, and a logical sequence of activities.

3. Goal Setting Wants to set own objectives, use feedback to modify goals or procedures, and make his or her own decisions on
objectives.

4. Competition Desires comparison with others, needs to know how he or she is doing in relation to others.

S. Instructor Wants to know the instructor personally and have a mutual understanding and liking for him or her.

6. Detail Likes to know specific information on assignments, requirements, rules etc.

7. Independence Prefers working alone, determining his or her own study plan, and doing things independently.

8. Authority Desires classroom discipline, maintenance of order, and having informed and knowledgeable instructors.

Domain 2: Area of Interest (four scales): Preferred subject matter or objects of study

Scale

1. Numeric Prefers working with numbers and logic, solving mathematical problems, etc.

2. Qualitative Likes working with words or language — writing. editing, talking.

3. Inanimate Enjoys working with things — building, repairing, designing, operating.

4. People Prefers working with people — interviewing, counselling, selling, helping.

Domain 3: Mode of Learning (four scales): Preferred manner of obtaining new information

Scale

1. Listening Prefers hearing lectures, tapes, speeches etc.

2. Reading Enjoys examining written information, reading texts, pamphlets, etc.

3. lconic Likes interpreting illustrations, movies. slides, graphs, etc.

4. Direct Experience  Desires hands-on or performance situations, such as shop, field trips, practice exercises. etc.

Domain 4: Expectation for Course Grade (five scales): Level of performance anticipated

Scale

1. A-expectation Outstanding or superior level.

2. B-expectation Above average or good level.

3. C-expectation Average or satisfactory level.

4. D-expectation Below average or unsatisfactory level.

5. Total Expectation = Weighted sum of A-, B-, C- and D- expectations.
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To arrive at a categorization of learner types, the Canfield LSI combines several
of the scale scores from the first three domains. The Canfield LSI Learner typology is
broadly categorized into pure. mixed and neutral types. For pure types, learners can be
typified as social, independent, applied or conceptual. Whereas, for mixed types, learners
can be classified as social/applied. social/conceptual, independent/applied,
independent/conceptual (Canficld. 1988).

For pure types, a social learner prefers extensive opportunities to interact with
peers and instructors; has no strong preference for cither applied or conceptual
approaches; instruction involving small groups and tcamwork will create the closest
match. An independent learner on the other hand, prcfers to work alone toward individual
goals; has no strong preference for either applied or conceptual approaches; instructional
techniques such as analysis of case studies or self-sclected and self-paced programs will
create the closest match. An applied learner prefers to work in activities directly related
to real-world experience; has no strong preference for cither social or independent
approaches; instruction involving practicums, site visits, and team labs will create the
closest match. A conceptual learner prefers to work with highly organized language-
oriented materials; has no preference for either social or independent approaches;
instruction involving lectures and reading will create the closest match (Canfield, 1988).

For mixed types, a social/applied learner prefers to have opportunities to interact
with students instructors in activities closely approximating real-world experiences;
instruction involving role-playing, group problem solving and supervised practicums will

create the closest match. A social/conceptual learner prefers to have opportunities to

interact with students and instructors using highly organized language-oriented materials;
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instruction involving a balance of lecture and discussion will create the closest match. An
independent/applied learner prefers to work alone toward individual goals in activities
closely approximating real-world experience; instruction involving individual labs or
unsupervised technical practicums will create the closest match. An
independent/conceptual learner prefers to work alone toward individual goals with highly
organized language-oricnted materials; instruction allowing for independent reading,
literature searches, and reviews will create the closest match (Canfield, 1988).

A neutral type learner has a neutral preference. Ie or she tends to have no clear
areas of strong preference; may find adequate match in any other type, but may also find

it difficult at times to become entirely involved (Canficld, 1988).

Importance of learning styles. Learning styles make the framework through
which learners acquire knowledge and use their preferred approaches to process
information in order to learn successfully (Moayycri, 2015). The concept of learning style
is very useful for identifying the internal and cxternal variations in how individual
learners learn and process information. It helps individuals to improve their interaction
within education environments (Foley, 1999).

Researchers support that learning styles turn to have a real effect on the
achievement of students (Cassidy, 2004; Reese, 2002), in that significant relationship is
established between psychological preferences and academic performance (Bitran et al.,
2004). In particular Nolting (2002) emphasized that students’ academic achievement
positively increases if they are aware of their learning style and how they learn best.

Some studies had suggested that becoming aware of their learning styles help students
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learn. There was less agreement among students that knowing their learning style helped
their performance in exams (Breckler. Joun & Ngo. 2009: Kumar & Chacko. 2012).

Research studies on learning styles have shown that learning can be enhanced
through consideration of personal characteristics in design and delivery of the instruction
(Dziuban, Moskal. & Hartman. 2004: [Fcaring & Riley. 2005). Because some learners
tend to focus on facts, data or procedures, engaging with theories and mathematical
models is appropriate. Other learners use visual information like pictures, diagrams, and
simulations to understand better, while others can get more from oral and written
information. Researchers have argued that learning style also functions as a useful
indicator for potential learning performance (Kolb & Kolb. 2005; Smith & Ragan, 1999;
Sun et al.. 2008). The learning style inventory can likewise motivate teachers to move
from their preferred modes to student’s preferred modes. In so doing, they can reach
more students because of the better match between teacher and learner styles (Lujan & Di
Carlo, 2000).

Challenges in learning styles research. In the last few decades, despite the
fanfare and voluminous studies, learning styles research remains complex and steeped in
controversy with no consensus among scholars concerning research results and
pedagogical implications (Wu. 2014). Many issues contribute to the “opaque,
contradictory and controversial” (Coffield et al., 2004, p. 2) nature of this field such as
fragmented research, the continuum nature of learning styles, a vast number of
classification models, the potential dynamic nature of individual learning styles, the
potential bias of sample populations, and the commercialism of measurement

instruments. Additionally, there is no single definition of learning styles (Wu, 2014).
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The controversy concerning learning styles involves a philosophical debate of
whether learning styles are to be viewed as fixed or flexible. Coffield ct al. (2004) in a
literature review that identified 71 existing models of learning styles, evaluated in detail
I3 of those models, and provided a theoretical framework to classify learning style
models. The framework is a continuum based on how fixed or flexible learning styles are
viewed and is grouped into the following models in increasing order of flexibility:
constitutionally-based learning styles and preferences; cognitive structure; stable
personality type; “flexible stable™ (p. 12) learning preferences; and learning approaches
and strategies.

Theoretically, the controversy in learning styles also involves whether the
construct is viewed as dynamic and can change for an individual over time (Maushak et
al., 2001). Pragmatically, another controversy of this field of study involves the ever
expanding theoretical frameworks, instruments, and resulting commercialism (Cofficld ¢t
al., 2004; Pashler et al., 2008) of those measurement instruments. Perhaps, the most
controversial issue concerning learning styles is the tremendous conflict concerning the
results of existing research studies as well as the implications of the research. Much of
the controversy regarding research pertains to the meshing hypothesis or the idea that
matching learning style with teaching style will improve student performance, which is
one of the most common hypothesis (Pashler et al., 2008) or recommendations (Coffield
et al. 2004) in related research. Wu (2015) reported that majority of studies involving

learning styles pertain to this hypothesis.

However, the meshing hypothesis is strongly contradicted by some contemporary

scholars (e.g.. Coffield et al. 2004; Pashler et al.. 2008). Coffield et al.. (2004) based this
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criticism on conflicting research, complexity of interactions between other constructs.
complexity of the construct of learning, and the fact that it is pragmatically unrealistic.
Pashler et al. (2008) also contend that there is no empirical basis for this hypothesis on
the basis of lack of “methodologically sound studies™ (p. 103) to support it. They further
argued that causation has to be demonstrated by a crossover interaction shown through an
experimental research design. Zhang. Sternberg and I'an (2013) in particular found out
that the amounting research findings have not led 1o and are unlikely to lead to a
conclusion as to whether or not there is a need for a style match between students and
teachers. The mixed research findings, they averred. have brought the argument to a
deadlock.
Attitude Towards Science

Meaning of attitude towards science. Concerns about attitude towards science
are not new. In UK, a phenomenon called “swing from science™ was raised after a 1965
inquiry about the flow of science and technology in higher education (Ormerod &
Duckworth, 1975). Thenceforth, mounting evidence of the decline in the interest of
young people in pursuing scientific careers continue to endure in many countries such
that it becomes an international trend (Dcaring, 1996: Smithers & Robinson, 1998;
Osborne. 2003: Tytler, 2007: UNESCO. 2010; Campbell, 2013). The problem has
become even more acute and the topic has been the subject of considerable exploration.
These result in a better understanding about the nature of the problem but not the
understanding of its remediation (Osborne, Simon & Collins, 2003).

Among the explanations suggested for that “swing from science’ or ‘flight from

science’ crisis (Tytler. 2007) 1s the students™ lessening interest in science and their
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disaffection with science and technology (Ormerod & Duckworth. 1975). Osborne.
Simon and Collins (2003) cogently argue that for any society attempting to raise its
standards of scientific literacy. the decline of interest in science is a serious matter of
social concern and debate because it poses a serious threat to a nation's future and
economic prosperity. Today, people are becoming more dependent on individuals with
high level of scientific and technological expertise and competence (Osborne. Simon &
Collins, 2003). It has been recognized that the standards of a country’s achievement and
competitiveness are mainly based on a highly educated, well-trained and adaptable
workforce (Dearing. 1996). Hence, economic performance has a positive relationship
with the numbers of enginecrs and scientists produced by a society (Kennedy, 1993).
From these contexts, the development of positive attitude towards science among
students becomes an important goal of science education (Oliver & Simpson. 1998;
Ramsden. 1998; Stark & Gray, 1999: TIMSS, 1999; Osborne, Simon & Collins, 2003;
Martin, et al.. 2008: Usak et al., 2009; Ong & Yeo, 2012). For one, holding positive
attitude is positively related with increased enrolment in science courses, science
achievement and interest in scientific careers (Norwich & Duncan, 1990). Likewise,
positive attitude generated through formal science education could result in public
engagement with science which Osborne, Simon and Collins (2003) claim to be the sine
qua non of the public appreciation of science. Also, attitude is thought to predict
individual’s decision-making and action taking (Glasman & Albarracin, 2006). Unlike
the often ephemeral nature of knowledge, attitudes, once formed, are enduring and
difficult to change (Ajzen & Fishbein. 1980; Osborne, Simon & Collins, 2003).

However, the concept of attitude towards science is somewhat nebulous, often poorly

e —




55

articulated and not well understood (Osborne. Simon & Collins, 2003) hence further

investigation about it is current and relevant.

Osborne. Simon and Collins (2003) in their comprehensive review of several
literatures about attitude towards science concluded that there is a lack of clarity about
the meaning of the phrase. This appears to be brought about by its association with some

terms and phrases like behavior and scientific attitude as well as the notion of science as

either societal science or school science.

Merriam-Webster draws the line of difference by defining behavior as “the way a
person or animal acts or behaves” and atlitude as “a feeling or way of thinking that
affects a person’s behavior.” Osborne, Simon and Collins (2003) reported that in several
studies, instead of attitude, what was focused on was the behavior. They hold that
attitude towards science is an affective concept which are the feelings, beliefs and values

held about an object that may be enterprise of science, school science, the impact of

science on society or scientists themselves. However, they cautioned that while the

concept is essentially a measure of expressed preferences towards an object, it is not

necessarily be related to one’s displayed behavior. In contrast, scientific attitude is

cognitive in nature and is linked to scientific thinking. It refers to a complex mixture of

the longing to know and understand, a questioning approach to all statements, a search

for data and their meaning, a demand for verification, a respect for logic, a consideration

of premises, and a consideration of consequences (Gardner. 1975; Osborne. Simon &
k]

Collins, 2003) Societal science on the other hand refers to the science out of school

(Breakwell & Beardsell. 1992) which is perceived by the students in terms of the medical

and technological developments in the world around them and they usually associate with

_—_
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personal computers, television. video, telecommunications and developments in space
(Osborne. Simon & Collins, 2003). Researchers argue that this is the kind of science that
students usually perceive - high-tech. more socially rclevant and prospective (I:benezer &
Zoller. 1993: Sundberg. Dini & Li. 1994). Converscly. school science relers to the
science at school and is associated with science laboratories and science teachers
(Breakwell & Beardsell. 1992). It is usually perceived by the students as a series of
science milestones represented by the most important significant discoveries of the last
century (Osborne, Simon & Collins, 2003). Rescarchers refer to this as the version of
science promulgated by teachers - more theoretical, decontextualized and retrospective

(Ebenezer & Zoller, 1993: Sundberg. Dini & Li. 1994). Interestingly, research found out

that there is no significant association between attitude towards school science and

attitude towards societal science and thus the two must be treated as distinct and separate

entities (Breakwell & Beardsell. 1992).

Components of students’ attitude towards science. Attitude towards science do

not consist of a single unitary construct, but rather consist of a large number of sub-

constructs all of which contribute in varying proportions towards an individual’s attitude

towards science. However, research often concerns attitude towards science in general

Only few have studied attitude towards a particular discipline like Biology and Physics

(Cakici et al., 2011). Table 2 provides the summary of components of attitude towards

literatures. Some identified components are specific for

science culled from various

Biology.




57

Table 2. Components of Attitude Towards Science as Reported from Literature

Fraser (1981)

Cheng and Yang (1995)

Social implications of science
Attitude to scientific inquiry
Enjoyment of science lessons
Leisure interest in science
Career interest in science

VB W -

l.  Attitude to biology

2. Attitude to learning of biology

3. Attitude to participating in biology inquiry
activities

4. Aditude to biologists and biology-related
careers

Prokop. Prokop. & Tunnicliffe (2007)

Blalock et al. (2008)

. Impontance of biology
2. Interest in biology lessons
3. Understanding of biology processes

1. Attitude towards science
2. Scientific attitude
3. Nature of science
4. Scientific carcer interests

Shah and Mahmod (2011)

Prokop. Tuncer. & Chuda (2007)

1. Kecenness to learn science

2. Enjoyment in science learning
3. Teacher interaction

4. Disinterest

I. Interest

2. Career

3. Importance
4. Teacher

5. Equipment
6. Difticulty

However, the comprehensive review paper of Osborne. Simon and Collins (2003)

provides a more inclusive incorporation of a range of components in measuring attitude

towards science as follows:

The perception of the science teacher;

.

2. Anxiety toward science;

3. The value of science;

4. Self-esteem at science;

5 Motivation towards science;

6. Enjoyment of science;

7 Attitude of peers and friends towards science;
8. Attitude of parents towards science;

9 The nature of the classroom environment;

10. Achievement in scienc

e; and

11. Fear of failure on course.
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Factors influencing attitude towards science. From their exhaustive review,
Osborne. Simon and Collins (2003) reported that the factors influencing attitude towards
science are sex. socio-economic status, teachers, curricula, and culture among others. Of
these, they pointed out the crucial importance of scx and quality of science teaching.

Sex. It has been shown by several studies that boys have consistently more
positive attitude to school science than girls. This effect is stronger in physics than in
biology (Becker. 1989: Weinburgh, 1995). In the same way, girls’ attitude to science are
significantly lcss positive than boys (Breakwell & Breadsell, 1992: Erickson & Erickson,
1984 I larding. 1983; Harvey & Edwards. 1980; Hendley et al.. 1996: Johnson, 1987;
Jovanovic & King. 1998; Kahle & lLakes. 1983; Robertson. 1987; Smail & Kelly. 1984).
In an analysis of nationwide surveys taken from 1972 through 1990 showed that, at all
education levels and in all age groups from 20 to 79 years, females had less confidence in

science than males (Trankina, 1993). However, in the study of Weinburgh and Englehard

(2010) among 294 students from 10th, 11th, and 12th grades enrolled in a Catholic high

school in a major metropolitan area in the Atlanta, Georgia, they found out that females

had more positive attitude toward biology laboratory than males. The same observation

was gleaned by Abu-Hola (2005) among Jordanian pupils.

This sex difference is explained as a conscquence of cultural socialization that

offers girls considerably less opportunity to tinker with technological devices and use

common measuring instruments (Johnson, 1987; Kahle & Lakes, 1983; Smail & Kelly.

1984: Thomas. 1986). Lack of experience in science leads to a lack of understanding of

science and contributes to negative attitude 1o science (Kahle & Lakes, 1983). In the

Philippines, an nternational study of Relevance of Science Education (ROSE)
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commissioned by the Norwegian government among 6,943 Grade-10 random samples
reveals that Filipino students generally have positive attitude towards science in that it
does not significantly differentiate between boys and girls (Talisayon, de Guzman &
Balbin, 2006). They attribute this to the nearly equal participation of both sexes in
science classes. The researchers suggest that this positive attitude is a good beginning and

springboard for increasing student achievement nationally and internationally.
Clussroom environment. Several studies also point towards the influence of

classroom environment as a significant determinant of students’ attitude towards scicnce,

subject choice (Osborne. Simon & Collins, 2003) and the tendency to continue with
science education after high school (Woolnough. 1994). Of these, effective pedagogy
(Simpson & Oliver. 1990) or the quality of science teaching they experienced (Ebenezer
& Zoller, 1993) is claimed to have the strongest influence (Simpson & Oliver, 1990). In

a qualitative investigation conducted by Hendley et al. (1995), one of the most common

reasons given by students for liking or disliking the subject were teacher-related

comments. Too, most positive attitude towards science have been found to be associated

with a classroom environment having a high level of involvement, very high level of

personal support, strong positive relationship with classmates, and the use of variety of

teaching strategies and unusual learning activities (Myers & Fouts. 1992). Brown (1976)

in his study of 2,800 secondary students extracted variables that could explain students’

differences in attitude towards science: (a) nature of the teacher-pupil interaction in the

. ’ wunication with indivi i
science classroom, (b) teacher’s patterns of commut ividual pupils and

groups of pupils, () transmission of the teacher’s expectations to the pupils, (d) topics

actics within strategies adopted by

that are covered in the lesson, and (e) strategies and t
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the teacher. Wallace (1996) and Osborne and Collins (2000) also advance that in
environment when students have opportunities to take control of their learning and to
enhance their role for personal autonomy, student engagement improves. With these
reports from literature about the kind of classroom environment students desire, the use

of consensus process is worth trying in order to remediate the problem on declining

interest and attitude towards science.

Achievement in Biology

Imam et al. (2014) cited several reports documenting the disappointing
performance of Filipino students in mathematics and science during the last few decades.
They were stuck at the bottom in the 1984 and 1994 International Science Study. They
also performed poorly in the 1996 Third International Mathematics and Science Survey
and in the 1998 International Assessment of Educational Achievement. Nationally, they

showed poor mastery in science and mathematics as evidenced by the results in the 2003

to 2009 National Achievement Tests.

One of the main concerns in science education is the need to improve students’

academic achievement. This is not only because a higher achievement especially in

science is the foundation for technical skills but also because higher achievement is

particularly valued in a society which sets a high premium on academic success as the
r entrance into more prestigious occupations (Okoye & Okecha, 2008).

stepping stone fo

In the context of Biology in higher education, students’ achievement in Biology is

often looked up as a benchmark to evaluate the mode of teaching and learning (Osman &

ment in achievement is desired, knowing the causes

Kaur, 2014). In as much as improve

rmance in Biology has also been the focus of researchers. (Yusul &

of the poor perfo
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Afolabi. 2010). The growing disenchantment from science was also partly triggered by
the students perception of school science as difficult, dogmatic and correct (Fensham.
20042 Lyons. 2005). In Turkey, for example. students reported that the following topics
in Biology are difficult: endocrine system and hormones. genes and chromosomes,
mitosis and meiosis, nervous system, Mendelian genctics. matter cycles, and aerobic
respiration (Tekkava. Ozkan & Sungur, 2001: Cimer, 2012). Cimer (2012) cited several
literatures that explain the sources these difficulties which include the nature of the topic.

teachers’ style of teaching, students” learning and studying habits. students’ negative

feelings and attitude towards the topic, and lack of resources. A number of researches
have also been cited in the work of Yusuf and Afolabi (2010) about the factors affecting
students’ achievement in science such as test anxicty, attitude towards science, parental

socio-economic status. self-efficacy, sex, parental influence, self-concept, ability,

learning environment. peers and the teachers.
Sex and achievement in Biology. Findings of studies about the effect of sex on

achievement in science are conflicting. Thus, it was hinted that teacher’s attitudes,
behaviors and pedagogical strategies should be examined for sex bias (SWE-AWE-

CASEE. 2009) because several investigations suggest that males and females might react

differently to different approaches (Okebokula, 1986; Odubunmi & Balogun. 1991:

Young & Fraser, 1994).
Recently, Eddy Brownell and Wenderoth (2014) reported that despite numerical

domina f females, sex disparities remain an issue in introductory biology classrooms.
nce of ;

ge biology classes for majors and found out that females

This is after studying 23 lar

form on exams compare

| d with males with similar overall college
consistently underper




grade point averages. Their findings suggest that before sex equity in Biology can be
purported, the many unexplored aspects of science identity development must be
addressed first. One of these is to maximize the learning environment by modifying
teaching to respond to the ever increasing diversity of students in classrooms.,

Previous studies also showed that females scored lower than males in upper-
division biology courses (Creech & Sweeder, 2012) and they also underperformed
compared with males in an introductory-level biochemistry course when prior ability was
controlled for (Rauschenberger & Sweeder. 2010). In the U. S.. analysis of the 2005
results of the national assessment of students” achicvement in science conducted by the

National Assessment of Educational Progress (NAEP) revealed that males continue to

outperform females in science achievement in Grades 4, 8 and 12 for the third year in a

row. Females at all levels have made relatively little gains in their average science

achievement scores since 1996 (SWE-AWE-CASEE. 2009). The Trends in International

Mathematics and Science Study documents international trends related to science

achievement among 46 countries where among U. S. eight-graders, males scored

significantly higher overall than females in science (Mullis, Martin, & Foy, 2008). Levin,
Sabar and Libman (1991) also claimed that the achievement of boys in all subject area of
their study (earth science, biology, chemistry, and physics) was significantly better than
the achievement of the girls. In a meta-analysis research conducted by Fleming and
Malone (1983), they concluded that boys’ achievement in science is significantly better

than the achievement of the girls.
Contrary to the above results, the research of Ahmad (2013) among 289 grade 10
ontr
students led that girls have performed significantly better in life processes as
revea

.
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compared to boys. In cognitive domains, they also performed significantly better in

knowledge and reasoning levels. Among Jordanian primary pupils. it was revealed that
girls outperformed boys in the end of the unit test in science (Abu-Hola, 2005)

A recent study however saw no difference in academic achievement between males
and female in two courses: introductory biology and biochemistry (Lauer et al. (2013)
which supported previous studies that have also documented no significant differences

between boys and girls’ performance in science (Ajewole, 1991; Catsambis. 1995;

Greenfield. 1996).

Learning environment and achievement in Biology. Macbeth ct al. (2000)

found out that a learning environment that acknowledges the significance of student

views can make a substantial contribution to classroom management, to learning and

teaching, and to the school as a social learning space. Too, student views of teaching may

reflect the ways by which they learn best (Phocnix. 2000). What students say about

teaching, learning and schooling could probably provide the most important foundation
for thinking about ways of improving teaching, learning and schools (Cimer, 2012).

Thus, it is important that students’ views must be taken into consideration, a major

concern that will be addressed in this proposed study. While McKeachie et al. (1986)

contend that the most effective teaching method depends on the goal, the student, the
¢ next best method is, “students

content and the teacher, they are convinced that th

teaching other students” (p- 63)-
Alternative conceptions in Bioenergetics. Few if any students come to biology
r knowledge of the subject. Thus they can never be

classrooms without significant prio

inning with z&

X knowledge awaiting the recei :
considered blank slates, beg ro & & eipt of current
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scientific understanding (Tanner & Allen, 2005). In the science education literature,
many terms have been proposed to characterize their ideas: naive beliefs, preconceptions.
private versions of science, personal models of reality. persistent pitfalls, pre-
instructional ideas, unfounded belicfs, and even mistakes (Wandersee, Mintzes, & Novak
1994). While there are rationales behind the use of cach, Tanner and Allen (2005)
deemed the use of the term ‘alternative conception’ as more appropriate, denoting student
understandings of scientific concepts that are not aligned with the current understanding
of scientists.

It has been reported in literature that students have alternative conceptions in
metabolism, photosynthesis and cellular respiration, lessons that are covered in the
bioenergetics unit (Tatar & Oktay, 2007; Kose, 2008: Keles & Kefeli. 2010; Parker et al..
2012; Svandova, 2014). It is therefore necessary to focus on the misunderstood points
and carry out more studies on methods to reduce or eliminate such misunderstandings
that can hinder learning (Tatar & Oktay, 2007).

Shown in Table 3 are the reported alternative conceptions on bioenergetics as
reviewed from literatures (Tatar & Oktay, 2007; Kose, 2008; Keles & Kefeli, 2010;
Parker et al., 2012; Svandova, 2014).

Table 3. Students’ Alternative Conceptions in Biocnergetics

Metabolism
Enzymes only work for carbohydrates.

Enzymes are not made of proteins. .
Enzymes get used up in the reaction between its substrate.

Enzymes can be killed not denatured because they are alive.

Every enzyme has the same optimum pH. . o

Metabolism is a reaction that occurs in the stomach to increase digestion.

Enzymes are viewed as catalysts that speed up a reaction, but the reactant is being used up in the

Novs LN~

reaction. . . . .
8. Anenzyme is a substrate added which reacts with anything that has related properties — shape has

no influence. -
ubstrate react no matter what conditions are absent or present.

9. Anenzymeandas ) e
10. All enzymes hel break down a substance during a reaction.




Metabolism

1.

16.

Students incorrectly label for the substrate and the product. ofien using them interchangeably. The
substrate was described as having its own active site, and it underwent an induced fit (rather t'han the
enzyme).

Once an enzyme catalyzes a reaction, it is inactivated or used up, or that if the substrate was
exhausted, the enzyme would be denatured.

Most beginning students have heard the word enzyme but do not know what enzymes are or what
they do. Lack of concept is more common than misconceptions in this case.

Some students have heard that heat “kills” enzymes. [Heat does denature, and therefore deactivate
proteins including enzymes, buts since proteins are not alive to begin with they cannot be killed. ,
After learning about temperature and enzymes, some students believe that the optimum temperature
for all enzymes is human body temperature. This is true for humans, but is not necessarily true in
other organisms, which may have different internal temperatures.

Many students forget that enzymes are proteins. This is an important connection to make, especially

when studying genetics.

Thermodynamics

Energy is used up or lost.

If it stays in a system, energy will be conserved.

Energy degradation means decreasing in its quantity.
Energy degradation is opposite to energy’s conservation.
Energy conservation means saving.

Burning m substance produces encrgy as much as mc”.
Energy is stored in food and fuel.

Photosynthesis and Cellular Respiration

L.

Snaw

0 90 N

10.

12.
13.
14,
15.
16.
17.

. Gases, such as the COz2 u

Photosynthesis and plant respiration are the same processes which only differ in designation and

which part of the day the processes take place (photosynthesis — day; respirat ion — night).
Plants obtain all of their nutrients from the soil (matches everyday experience with plants, in which

the only visible inputs are through the roots.)
Sunlight is a material that is somehow incorporated into the mass of the plant.
Pigment is a reactant or product of photosynthesis.

Photosynthesis continues in the absence of light.
Instead of understanding that plants are autotrophs that make their own food, many students take

this to mean that plants are a source of oxygen or food for animals (by producing fruit for humans to

consume).

Plants do not respire at all.
Photosynthesis is the means by which plants respire.
Students appear to confuse respiration with breathing, and thus view the former solely as a gas-

exchange event. Because they believe that photosynthesis is the opposite of cellular respiration, it is
also viewed as gas exchange or how plants breathe.

Respiration is often seen as the opposite of photosynthesis, because some reactants of
photosynthesis, namely carbon dioxide and water, are the products of respiration, while oxygen, a
reactant of respiration, is a product of photosynthesis. However, students do not realize that there
are differences between the processes in chemical pathways, location in the plant, and when they
occur (many students believe that photosynthesis occurs in the presence of light and respiration in

the dark.) i
sed in photosynthesis, have little or no mass, are unimportant, or cannot

of photosynthetic organisms.

account for the mass gain '
roduct of photosynthesis.

ATP for cellular use isap

Atoms from CO2 end up in ATP. L. e
ke a significant contribution to the mass of the plant.

Minerals taken up by the roots ma
d throughout the plant.

ATP (from any source) is moved 1
ATP made during photosynthesis circulates throughout the plant.
Sunlight is converted into Sugar.
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To produce ATP, plant uses respiration when in the dark and photosynthesis when in the light
That plants grow is a sufficient explanation for mass gain, without referencing the source ofth.e
matter, the source of the energy or the processes of photosynthesis. ‘

The sunlight makes plants healthier, more powerful and in more beautiful color.

The food of a plant is water and minerals from the soil.
CO: is harmful for plants.

CO: is food for plants.

The sunlight is converted into food in photosynthesis.
Plants do not do respiration.

Plants do not use oxygen.

Respiration in plants only takes place when there is no light at night.

While photosynthesis in plants is the taking in of CO: and giving ofT of O: during the day. it is
taking in of O2 and giving of CO:2 at night.

Photosynthesis occurs with the rise of the rains to the sky and after evaporation, their return to the

ground.
Photosynthesis is a gaseous exchange process during which COz is taken in and O: is given off.

Plants grow up by photosynthesis, which occurs during the day.
Water moves into the leaves during photosynthesis.

Plant takes in CO: and change it to Ox.

Photosynthesis occurs in green plants all the time.
Photosynthesis is the production of energy for plant growth.
Photosynthesis takes place mainly in the leaves.

When plants carry out photosynthesis, they do not respire.
Photosynthesis can take place to not use water.

Photosynthesis can occur to not use sunlight,

The most important benefit to green plants when they photosynthesize is giving off oxygen.
Plants use CO; to carry out respiration and to produce Oa.
Plants photosynthesize and animals respire.

Plants use sunlight to live and grow.

Respiration occurs in no plant cells.
Respiration in plants does not take place in the presence of light energy.

Respiration in plants occurs only in their store roots.
Humans are giving off COz in respiration; plants are giving off Oz in respiration.
While respiration in green plants is the taking in of CO2 and giving off of Oz during the day, it is

taking in of Ozand giving off of CO; at night.
Respiration in plants is a gaseous exchange process during which Oz is taken in and COz is given

off.

Respiration in pla
Trees respire with t
Respiration in green p
Plants respire through the
Photosynthesis and respira
Photosynthesis and respirati
Plants eat minerals.

Plats feed on water.

The soil supplies water and food for plants.

Plants feed on the bacterial decompositions.

Plants get their food from the soil through their roots.

Plants are called producers since they are fooq and oxygen sources for the other organisms.
Plants are called producers since they give fruits and vegetables to humans.

Leaves have special pores 10 exchange gases. . '
capture the rain and the water vapor in the air.

The leaf’s main job is 10 €2
The leaf’s main job is to give off oxygen.
The leaf’s main job is to give off carbon dioxide.

nts is the taking in of CO2 and giving off of O at night.
he oxygen produced by the smaller green plants.
lants takes place only during the day.

leaf’s stomata.
tion function in an opposite and contrasting manner.

on in plants are only a gas exchange event.
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68. Photosynthesis is a chemical process to obtain energy.

69. Photosynthesis occurs mainly in the leaves.

70. Water moves into the leaves during photosynthesis.

71. Plants respire through their leaves because gas exchange occurs in the stomata in leaves.
72. Plants carry out anaerobic respiration at night.

73. Plants respire to digest their food.

74. Salt, minerals, air and sunlight are the plant’s food.

75. Fertilizer is the plant’s food.

Attitude and Achievement

In general, attitudes, goals, and interests have been identified as important for
student’s understanding, learning. and their academic success (Usak et al., 2009). A great
deal of research has accumulated concerning the importance of the relationship between
learner’s attitude and achievement, which is fundamental in science education (George.

2006; Osborne, Simon & Collins, 2003; Weinburgh. 1995). The essential premise
permeating much of the research is that attitude precedes behavior (Osborne et al.. 2003)

metaphorically reduced to a simplistic notion that the best milk comes from contented

cows (Fraser. 1982).

However, Osborne, Simon and Collins (2003) found out that within literature,

there are some disagreements about the nature of the causal link between attitude towards

science and science achievement. Their review of scveral research reports yielded

correlation coefficients ranging from none (o moderate to strong relationships. But there

is a limited literature concerning the relationship between attitude and biology

achievement in college because most studies addressed the issue on elementary and high

school students in general science subjects (Cakici et al.. 2011). Recent investigations

concerning biology however subscribe to such results as well. In a 2009 study among

1,301 university students in Turkey, Usak et al. found out that attitude towards biology

accounted only for about 2.5 percent of the variance on biology achievement suggesting a

I ——
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weak, although statistically significant association between the two variables. The study
of Caciki. Aricak and Ilgaz (2011) among 890 grade 9 and 10 students also in Turkey
found out that attitude towards the biology course significantly predict their
achievement in biology (3=0.17, p<0.001). In Pakistan, the study of Ali and Awan
(2014) among 1,885 grade 10 students found out that attitudes towards science are

significantly related with achievement in physics (R=0.24, p<0.01), chemistry (R=0.25,

p<0.01), and biology (R=0.26, p<0.01).

Osborne, Simon and Collins (2003) also raised another concern in the literature

about the disagreement on which should be taken as the dependent variable between
attitude and achievement. They cited some researchers contending that achievement is
the causal factor affecting attitude towards science while others suggested that attitude

affects science achievement. These scholars conclude that the only tenable position is to

acknowledge that the two are inescapably linked in a complex interaction citing research

findings that early childhood experiences serve as a major influence on academic interest.

They likewise claim that feelings of enjoyment and interest in science combined with

success in higher science courses are likely to lead to a positive commitment towards

science that is enduring. Nevertheless, they also cautioned that it was only a partial

picture and children can achieve highly in science without holding positive attitude

towards it. These various perspectives in literature justify the need to investigate the

ology and biology achievement in the context of

relationship between attitude towards bi

the Filipino college students.
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Need for the Study

While there are several studics that gave students the opportunity to negotiate and
co-construct with teachers the plans and designs of instruction, very few however
categorically mentioned that the consensus process was used in making those
instructional decisions. Some other studies employed the consensus process, not in
making a whole class decision but in the context of a classroom lesson within small
groups. Most notably, findings of studies thus far about the benefits and effects of

consensus and its variants are limited within the investigators’ self-contained classrooms.

This setup can inevitably cast reservations as to the generalizability of the reported
benefits. There was never a structured and objective attempt to investigate and test the

effects of the consensus process using a comparison group, particularly across two

significant goals of science education— students’ achievement and attitude towards the

subject. This study is perhaps, the very first experiment that developed a protocol in

conducting a consensus-based instruction in Biology and empirically tested its

effectiveness against the prevailing instructional approach.

Studies about students’ attitude towards science abound in literature but most of

them are focused on general science. Only very few surveys target students’ attitude

towards Biology. Moreover, most studies only covered elementary and secondary school

students and very few looked at the issue among college students. Determining college

students’ attitude towards Biology is very timely and current because many problems and
challenges the world faces are biology-related such as medical advancements,

environmental degradation, climate change, GMOs and the like. It has been

of a positive attitude towards science is one of the

acknowledged that the development




goals of science education because this is the sine qua non so that the public will

appreciate science and many would pursue carcers that are related to science and
technology. One major concern however is that the components of students” attitude
towards science and Biology vary from one context to another. This concern was
addressed by considering all the components together and extracting the significant

factors that are reflective of the college students’ attitude towards Biology within the

bounds of the locale of the study.

Bioenergetics is among the topics reported by students as difficult to learn. Aside
from being chemical and molecular, students find it hard to imagine several biochemical

processes included in this topic. Acknowledging that the main purpose of any educational

intervention is to improve learning, there was no hard evidence whatsoever that links the

consensus process to students’ performance in achievement test. This study developed a

misconception-based achievement test on bioenergetics consistent with the TIMSS

cognitive domains to be used as gauge in validating the alleged effects of the consensus

process.
Findings of the learning styles research are conflicting and as such, there have
been suggestions to study how those styles interact with other instructional variables in

improving performance. To match the teachers’ teaching style to individual student’s

learning style has been criticized to be pedagogically impractical due to its complexity in

implementation in the classroom setting. It has been suggested instead to employ

different teaching styles 10 allow students to learn in many different ways.

ons of other learning style inventory

Acknowledging reports about the limitati
idy used a learning style inventory that covers multiple aspects of

instruments, this st
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students’ learning and tested whether learning style moderates the effects of instructional

approach on attitude and achievement. Likewise. another moderator variable was

considered - sex.

Finally, the blur in literature about the rclationship between students’ achievement
and attitude towards science in general and Biology in particular makes this investigation

worth pursuing. With the contradicting findings reported, this study adds additional

evidence to the very nature of the ‘attitude-achievement’ hypothesis particularly when a

democratizing approach is introduced.

Conceptual Framework

Informed by the findings from the review of related literature and studies, the
conceptual framework of this study is depicted in Figure 1. The relationships of variables

from each other are also elucidated in the subsequent discussion. This framework

represents an effective instructional approach in Biology that is based on consensus

where students’ voices are incorporated into their cducational processes. Originating

from the manner by which pre-historic tribes and indigenous people make decisions in

order to take care of everyone and accommodate their needs, the use of consensus has

been applied in various settings thenceforth, and is now gaining the support of several

educators and researchers at all school levels (Sartor & Sutherland, 1992; Shore, 1996;

Hudd. 2003: Sartor & Young Brown, 2004; Fasset & Warren, 2007:; Danielwicz &

Elbows. 2009: Moreno-Lopez. 2005: Mitchell ct al.. 2009:; Inoue, 2010; Blinne, 2013;

MacDougall. 2013). The intervention is called Consensus-Based Instruction (CBI) which

veryone in all instructional decisions that are

upholds the conscious agreement ofe
[n this study, instructional decisions refer to the

normally done by the teacher alone.
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decisions made about the different aspects of a lcarning plan in bioenergetics. In the CBI
group, the students’ learning needs, learning styles, preferences and interests were
acknowledged. Then, they were allowed to negotiate with their teacher the teaching and
learning transactions to be implemented as stipulated in the learning plan. These were
decided upon via consensus to ensure the adherence of every participant, including the
teacher, to the agreed processes. These features of CBI reflect a postmodern,
constructivist, democratic and student-centered view of lecarning which are consistent to
the persistent call for a more dynamic, more democratic and more egalitarian learning
environment which are thought to produce better student outcomes (Hooks, 1994; Freire,
1998; Wolk. 1998; Shor & Pari. 2000; Sartor & Young Brown, 2004; Hartnett, 2012). On
the contrary, in the group that used traditional instruction, all aspects of the learning plan
emanated from the teacher. Students were not allowed to negotiate nor decide through
consensus. Two variables which are reported to be the main goals of science education in
nd biology in particular were used as the points of comparison between the two

general, a
groups to rule out the effect of CBI: students’ attitude and their achievement.

Two other factors prominently figured in literature that may moderate teachers’
instructional approach are students’ learning styles (Eide. Geiger & Schwartz, 2001;
Coffield et al.. 2004; Pashler et al., 2008; Zhang. Sternberg & Fan, 2013; Wilkinson,
Boohan & Stevenson, 2014; Khanal, Shah & Koriala, 2014; Wu, 2014; Cakiroglu, 2014;
Moayerri, 2015) and sex (Breakwell & Breadscll. 1992; Erickson & Erickson, 1984;
1983; Harvey & Edwards, 1980; Hendley et al., 1996; Johnson, 1987:

Harding,

Jovanovic & King, 1998; Kahle & Lakes, 1983: Robertson, 1987; Smail & Kelly, 1984).

They have been implicated to have correlative to causative roles in variation in student’s
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attitude and performance and thus their inclusion in the framework helped explain how

CBI affected the study’s dependent variables as influenced by these two factors.
Investigating students’ attitude towards Biology is not new. However. the
lessening interest in science and disaffection with science and technology are among the

reasons implicated to have triggered an international crisis in science masked by the
terms ‘swing from science’ or ‘flight from science’. a phenomenon characterized by the
declining interest of young people in pursuing science careers (Ormerod & Duckworth.
1975; Dearing. 1996: Smithers & Robinson, 1998; Osborne. Simon & Collins, 2003;
Tytler. 2007; UNESCO, 2010: Campbell. 2013). This crisis if not remediated would pose
threats to the future and economic prosperity of a nation because it has been
acknowledged that a country’s economic performance depends on the number of
engineers and scientists it produces (Kennedy. 1993; Dearing, 1996; Osborne. Simon and
Collins, 2003). Thus, developing positive attitude towards science is an important goal of
science education (Oliver & Simpson. 1998; Ramsden. 1998; Stark & Gray, 1999,
TIMSS, 1999: Osborne, Simon & Collins, 2003: Usak et al., 2009; Ong & Yeo, 2012 )
and so, of biology education. Relevant to this concern is the growing clamor from
literature that classroom environment particularly effective pedagogy or the quality of
science teaching the students experience plays the strongest influence in the development
of positive attitude towards science (Simpson & Oliver, 1990; Ebenezer & Soller, 1993;
Osborne, Simon & Collins, 2003). Such environment is further portrayed as one that
provides students with opportunities to take control of their learning and develop their
role for personal autonomy (Wallace, 1996; Osborne & Collins, 2000). The researcher

believes that this desired setting can be supported by the CBI approach and can contribute
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for the improvement of students’ attitude towards biology. Thus, the arrow linking the
box for instructional approach and the box for students’ attitude towards biology
illustrates this effect.

Students” achievement in Biology. as with other disciplines. is more often looked
up as the benchmark to evaluate the effectiveness of curricular and instructional
interventions. It is often considered as a valid indicator of students’ learning and thus,
becomes one of the main concerns in science education (Osman & Kaur, 2014). This is of
importance in countries where higher achievement is particularly valued because it serves
as a stepping stone for entrance into more prestigious occupations (Okoye & Okecha.
2008). To engender higher achievement, McKeachic ct al. (1986) expounded that
“students teaching other students” (p. 63) is one of the top teaching methods there is.
Likewise, it has been argued that learning environment that acknowledges the
significance of student views can probably provide the most important foundation for
thinking about ways of improving teaching, learning and schools (Macbeth et al., 2000;
Phoenix, 2000: Cimer, 2012). All these claims are addressed by CBI. As the arrow points
out, it is thought to be an effective approach in improving students’ performance in
biology.

The line that links the box for attitude towards Biology and the box for students’
achievement in Biology signifies a relationship, an investigation that is fundamental in
science education, popularly premised at the idea that attitude precedes behavior (George.
2006; Osborne, Simon & Collins, 2003; Weinburgh, 1995). However, the relationship
between the two variables as reported in literature is not precise. Too, there is a

disagreement about the nature of causal link as to which variable depends on what
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(Osborne. Simon & Collins, 2003: Usak ¢t al.. 2009; Caciki. Aricak & lgaz, 2011: Ali &

Awan, 2014). This blur in literature warrants the need to further look into the relationship

between these two variables.

Hypotheses

1.

The null hypotheses of the study are:
The overall mean scores of the attitude towards Biology and its components such as
importance of Biology. interest in biology lessons. perceptions of the biology teacher,
keenness to lcarn Biology, enjoyment of Biology. anxiety towards Biology and effort
in learning Biology of the class exposed to CBI are not significantly higher from
those of the class taught using CIA.
The mean score in Bioenergetics Achievement Test of the class exposed to CBI is not
significantly higher from that of the class taught using CIA.

Sex does not significantly moderate the effects of instructional approach on:

a. Students’ attitude towards Biology; and
b. Students’ achievement in bioenergetics test

Learning style does not significantly moderate the effects of instructional approach

on:
a. Students’ attitude towards Biology; and

b. Students’ achievement in bioenergetics test
The overall scores of students’ attitude towards Biology and its components such as

importanée of Biology, interest in biology lessons, perceptions of the biology teacher.

earn Biology. enjoyment ol Biology. anxiety towards Biology and effort

keenness to |
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in lcarning Biology are not significantly related to their bioenergetics achievement test

scores.

The research hypotheses of the study are:
The overall mean scores of the attitude towards Biology and its components such as
importance of Biology, interest in biology lessons, perceptions of the biology teacher.
keenness to learn Biology. enjoyment of Biology. anxiety towards Biology and effort
in learning Biology of the class exposed to CBl are significantly higher than those of
the class taught using CIA.
The mean score in Bioenergetics Achievement Test of the class exposed to CBI is
significantly higher than that of the class taught using CIA.
Sex significantly moderates the effects of instructional approach on:

a. students’ attitude towards Biology; and

b. students’ achievement in bioenergetics test
Learning style significantly moderates the effects of instructional approach on:

a. students’ attitude towards Biology; and

b. students’ achievement in bioenergetics test
The overall scores of students’ attitude towards Biology and its components such as
importance of Biology, interest in biology lessons. perceptions of the biology teacher,
keenness to learn Biology, enjoyment of Biology, anxiety towards Biology and effort

in learning Biology are significantly related to their bioenergetics achievement test

scores.

Definition of Terms

Achievement in Biocnergetics. According to the Encarta dictionary,

‘achievement’ is something that somebody has succeeded in doing, usually with efforts.

e —
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In this study it is operationalized as the student’s score in a 35-item misconception-based
Bioenergetics Achievement Test.

Attitude towards Biology. It is defined as an affective concept which are the
feelings, beliefs and values held by an individual about an object that may be enterprise
of science, school science, the impact of science on society or scientists themselves
(Osborne, Simon & Collins. 2003). In this study, it refers to the student’s overall score in
a 51-item Attitude Towards Biology Scale (ATBS) which is composed of seven
components as follows:

Importance of Biology. It refers to the significance, value and relevance

(Encarta, 2009) of biology as perceived by the students. It is operationalized in

this study as the average score of a student in 10 statements of ATBS.

Interest in biology lessons. It indicates the students’ feeling of curiosity or

concern about Biology that makes their attention turn toward it (Encarta, 2009).

The term is used in this study to refer to the average reversed score obtained by a

student in eight negative statements depicting disinterest in biology lessons.

Perceptions of the biology teacher. 1t refers to the students’ impression,
an attitude or understanding based on what is observed or thought (Encarta,

2009), of their biology teacher. It is contextualized in this study as the student’s

average score in eight statements of ATBS.

Keenness to learn Biology. It indicates the student’s enthusiasm,

eagerness and willingness (Encarta, 2009) to learn biology. As used in this study,

it refers to the average score of students in cight statcments of ATBS.
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Enjoyment of Biology. It refers to the students’ pleasurable experience of
biology (Encarta, 2009). It is used in this study to refer to the student’s average
score in eight statements of the ATBS.

Anxiety towards Biology. 1t is the student’s feeling of worry, nervousness
or agitation (Encarta, 2009) about the subject. This is operationalized as the
student’s average reversed score in five statecments of the ATBS.

Effort in learning Biology. It refers to the mental or physical energy
exerted (Encarta, 2009) by a student in order to learn Biology. In this study, it is
operationalized as the student’s average score in four statements of the ATBS.
Consecnsus-based instruction. It refers to the democratizing approach to biology

instruction that upholds the conscious agreement of everyone in all instructional
decisions that are normally done by the teacher alone which has two levels — whole class
consensus and consensus within groups in the context of a lesson.

Conventional instruction approach. It refers to the prevailing approach used in
college instruction which is generally teacher-directed and teacher-centered and is
characterized by lecture with slide presentation.

Learning style. It refers to the individual’s preferred way of gathering,
organizing, and thinking about information (Fleming, 2001). In this study, it refers to the
students’ preferred manner of obtaining new information such as listening, reading,
iconic and direct experience (Canfield, 1988) defined as follows:

Listeners. They are learners who prefer lectures, tapes, speeches etc.

Readers. They are learners who enjoy examining written information,

reading texts, pamphlets etc.
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Iconics. They are learners who like to interpret illustrations. movies,
slides, graphs, etc.
Direct experience learners. They are lcarners who desire hands-on or

performance situations such as shop, ficld trips, practice exercises etc.



Chapter 3

METHODOLOGY

This chapter is organized into six scctions: (a) discussion of the research design
(b) characterization of the samples, (c) protocols observed in the development, validation
and reliability testing of the research instruments, (d) procedure on how consensus-based
instruction was implemented in the classroom as compared to the comparison group, (e)
data collection procedure, and (f) data analysis procedure.
Research Design

The non-equivalent pretest-postiest control group quasi-experimental design
(Table 4) was employed because the respondents were from two intact classes in a natural

school setting where random assignment was not possible, and the distraction of class

structure was avoided to the minimum.

Table 4. Research Design

Group Pretest Treatment Posttest
1 Oa, O, 01, 02, O3 CBI Oc, O4, Os
2 01, 02, 03 CIA O4, Os

Where:

1 = Experimental Group

2 = Control Group

0, = Pretest - Canfield Learning Styles Inventory (CLSI)

03 = Pretest - Attitude Towards Biology Scale (ATBS)

03 = Pretest - Bioenergetics Achievement Test (BAT)

On Pretest — Questionnaire on the Importance of Democratic

Practices in the Classroom (QIDPC)

Os = Learning Needs Analysis Protocol (LNAP)

Os = Posttest - ATBS

Os = Posttest - BAT

Oc = Posttest - QIDPC
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Students in group | (CBI group) were pretested for Oa and Og. Then both groups
were pretested for O;. Oz. and O;. Immediately after the end of the implementation of the
intervention, posttests (Os and Os) were administered to both groups. However, only
students in group 1 were posttested for Oc. The dependent variables in the study are the

students’ posttest scores in Os and Os with their pretest scores as covariates (02 and O3).

These posttest data were used in comparing CBI group from CIA group. On the other
hand, Oa and Oc were used in determining change in students” perceptions in the

experimental group about the importance of practicing democracy in the classroom, after

being exposed to CBI.

The Sample

The subjects of the study are the college students enrolled in two NatSci 102
(Biological Science) classes at the College of Business and Accountancy in a state
university in the MIMAROPA region. Their schedules were arranged such that when
bioenergetics would already be the topic to be discussed, the researcher would take over

as class instructor. The classes were chosen based on the following criteria: same

academic program, same classroom, comparable size to achieve the 30 actual samples

needed for comparative analysis, and similar day yet comparable time schedule. Between

the two, the class that employed consensus-based instruction was selected by drawing of

lots. For the purpose of controlling variance error due to inequality of sample size and

other confounding factors, students from each group were further screened during data

analysis such that those with absences and incomplete data were excluded from the

. . ch group were drawn using random number
sampling frame. Thirty students from eacn group g s,

BI group who were all forced to become
except for the seven males from the CBI group the
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representative samples for their group. Data from these actual samples were used for
comparative analysis. Table 5 summarizes the sample sclection while Table 6 presents

the age structure of the actual samples by group and gender.

Table 5. Summary of Sample Sclection

Group Gender Class Size Nos. of students Nos. of Nos. of
with absences and Qualified Actual
incomplete data Samples Samples
CBI Group
Male 7 0 7 7
Female 47 5 42 23
Total 54 5 49 30
CIA Grou
Group Male 19 11 8 7
Female 45 19 26 23
Total 64 30 34 30

Table 6. Age Structure of Actual Samples by Group and Gender
Grou Gender Sample size Mean Age
P (n) (in years as of last birthday)
CBI Group Male ; 1757
Female 23 16.96
Total 30 17.10 17.05
CIA Group Male . 17.00
Female 23 17.00
Total 30 17.00
Instruments

Learning Needs Analysis Protocol (LNAP). This is a self-administered protocol

modified from Blinne (2013) which was used in assessing students’ learning needs (Refer
111

to Appendix G). These needs were used as inputs during the whole class and within
ppen .

rou cO i CUSSlonS ] he IISt Of queStlonS was Sub

by th rts: an instructor with a PhD in biology education, a campus director with a
y three experts:

i i and a master’s in science education, and an associate
PhD in educational psychology
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professor with a PhD in educational management and also with a master’s in science
education. The instrument was revised as suggested. The non-revised protocol of this
instrument was the one that was tried out in July 2015 of the first semester of School
Year 2015-2016 in a biological science class at the College of Education in the same state
university. Since the revision was mainly about providing options for respondents to
choose, it was deemed unnecessary anymore to try-out again the instrument.

Questionnaire on the Importance of Democratic Practices in the Classroom
(QIDPC). This is a 10-item researcher-made instrument administered for students in the
CBI group which determined their perceptions about the importance of democratic
practices in the classroom along a four-point Likert type scale, 1 as not important, 2 as
slightly important, 3 as important, and 4 as very important (Refer to Appendix H). This
instrument was submitted to the same experts who validated the LNAP. Their
suggestions were incorporated in the revised form in consultation with the researcher’s
adviser. It was pilot-tested in a biological science class of 50 students last November 24,
2015 in the same College as of the actual respondents, but this class was not chosen as a
sample. The data from the pilot-test were used in computing for the internal consistency
of the instrument, that is to check if all items within the questionnaire are measuring the
same thing. The Chronbach’s alpha value was 0.701 which means that the developed
instrument is acceptable for use and thus, reliable (George & Mallery, 2000).

Canfield Learning Styles Inventory (CLSI). This is a 30-item instrument
developed by Canfield and Knight (1983), with four options in each item that assessed

student’s preferences for learning over several affective learning domains: (1) conditions

for learning, (2) area of interest, (3) mode of learning, and (4) expectation for course




grade (Refer to Appendix I). The first three domains are combined to create a learner

typology that categorizes individuals into preferred learning styles which are further sub-

categorized as cither pure types or mixed types. For pure types, the typologies include

social, independent, applied and conceptual learners. For the mixed types, the typologies
are social/conceptual, independent/applied, independent/conceptual and neutral type. The

domain on expectation for course grade is self-contained and scores on these four scales

are combined to give an overall expectation score. Details about how the instrument is

scored

Table 7. Structure of the Canfield Learning Styles Inventory

Learning Domains Item Placement

Cronbach alpha ()
(Eide et al., 2001)

Conditions for Learning: Preferred situations or Context of Instruction

Peer la, 6a, | 1a, 16a, 21a, 26a 0.38 -0.65
Organization b, 6b, 11b, 16b, 21b, 26b 0.32 - 0.61
Goal Setting lc, 6¢, llc, 16¢, 21c, 26¢ 0.53 - 0.66
Competition 1d, 6d, 11d, 16d, 21d, 26d 0.44 - 0.63
Instructor 2a, 7a, 12a, 17a, 22a, 27a 0.54 -0.77
Detail 2b, 7b, 12b, 17b, 22b, 27b 0.70 - 0.77
Independence 2¢, 7¢, 12¢, 17c¢, 22¢, 27¢c 0.65-0.77
Authority 2d, 7d, 12d, 17d, 22d, 27d 0.58-0.71
Average 0.54 - 0.69
Area of Interest: Preferred Subject Matter or Objects of Study
Numeric 3a, 8a, 13a, 18a, 234, 28a 0.74 —0.83
Qualitative 3b, 8b, 13b, 18b, 23b, 28b 0.80 - 0.84
Inanimate 3¢, 8¢, 13c, 18c, 23c, 28¢ 0.84 —0.88
People 3d, 8d, 13d, 18d, 23d, 28d 0.77 — 0.81
Average 0.79 - 0.84
Mode of Learning: Preferred Manner of Obtaining New Information
Listening 4a, 9a, 14a, 19a, 24a, 29a 0.72-0.84
Reading 4b, 9b, 14b, 19b, 24b, 29b 0.80-0.88
Iconic 4c, 9c, l4c, 19¢, 24c¢, 29¢ 0.77 - 0-.87
Direct experience 4d, 9d, 14d, 19d, 24d, 29d 0.74 - 0.86
Average 0.78 - 0.86
Average for Instrument _ 0.67 -0.77
Expectation for Course Grade: Level of Performance Anticipated
Outstanding/Superior (A) 5a, 10a, 154, 20a, 25a, 30a
Above Average/Good (B) 5b, 10b, 15b, 20b, 25b, 30b Unreported

5c, 10c¢, 15¢, 20c, 25¢, 30c

Average/Satisfactory (C)
5d, 10d, 15d, 20d, 25d, 30d

Below A ve./Unsatisfactory (D)

Total Expectation Weighted sum of A-B-C and D

expectations
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and interpreted were appended. Table 7 shows how the instrument is structured as well as
the reported reliability coefficients of its subscales as normed from 531 university
students in USA.

Attitude Towards Biology Scale (ATBS). This is a 51-item researcher-made
instrument containing statements of students” feelings towards biology. Their degree of
agreement to each statement was measured along a four-point Likert type scale, 1 as
strongly disagree, 2 as disagree, 3 as agree, and 4 as strongly agree (Refer to Appendix J).
ltems were lifted from research literature which covered components of students’ attitude
towards science (which the researcher replaced with the word *biology’) such as specific
feelings towards biology, motivation to achieve in biology, biology anxiety, attitude
towards biology teacher, attitude towards biology curriculum, keennees to learn biology,
enjoyment in biology learning, disinterest, teacher interaction, importance of biology,
interest in biology lessons and understanding of biology processes. The original draft of
the instrument had 66 items but was increased to 67 after it was submitted to the same
experts who validated the LNAP and QIDPC instruments. Their suggestions in
consultation with the research adviser were incorporated in the preparation of the
instrument’s second draft.

To extract the components of students’ attitude towards biology, the revised scale
was pilot-tested from November 24 - 26, 2015 among 365 freshmen students who had
just taken biological science course during the preceding semester {from the College of
Education, and College of Arts and Sciences in the same university. This sample size

overly satisfied the desired ratio to run an exploratory factor analysis - that is to have five

observations per variable (Hair et al.. 2010) which would have been 335 samples only for
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a scale of 67 items. The instrument was scored in favor of the aflirmative, hence,
students’ ratings in negative statements were scored in reverse. When exploratory factor
analysis was performed, preliminary data screening revealed a Kaiser-Meyer-Olkin
(KMO) Mecasure of Sampling Adequacy value of 0.896, which is interpreted as a
meritorious distribution of values, adequate to conduct the procedure (George & Mallery,
2010). Based from the computed significance value of the Bartlett’s Test of Sphericity
which is less than 0.05, the distribution was approximately multivariate normal and did
not produce an identity matrix (factor analysis would be meaningless with an identity

matrix). Thus, the data were acceptable to run the procedure.

Table 8. Structure and Reliability of the Attitude Towards Biology Scale

Factor Label Nos. of Item Placement o
items
1 Importance of Biology 10 1,2,4,7,27 0.862
31, 39, 45, 46, 48
2 Interest in Biology Lessons 8 8%, 19%, 22% 23* 0.830
30%, 38%, 42%, 44*
3 Perceptions of the Biology 8 21,25, 35,40 0.846
Teacher 41,43,47,51
4 Keenness to Learn Biology 8 10, 17, 18, 20 0.817
28, 29, 33,36
5 Enjoyment of Biology 8 3,5%,6,15 0.820
24,26, 32,37
6 Anxiety Towards Biology 5 9% 1%, 14* 0.764
16*, 50*
7 Effort in Learning Biology 4 12,13, 14,49 0.790
Total 51

Whole-Scale Reliability 0.922

* negative statement, scoring reversed

Using Principal Component Analysis as the extraction method and Varimax with
Kaiser Normalization as the rotation method, 16 factors were extracted. Since the sample
size exceeded 350, a factor loading of 0.30 and above was used as basis in selecting the

items that clustered on a specific factor (Hair et al.. 2010). But further analysis revealed
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that only nine out of the 16 factors have items that indicated some plausibility and
rationale for clustering. Of these nine, only seven passed the second screening which was
the reliability test for each factor (o > 0.7). This gave rise to the final structure of the 51-
item scale (Table 8) which generated a Cronbach’s alpha value of 0.922 for the whole
test, an excellent scale (George & Mallery. 2010). The factors were labelled as informed

by literature and in consultation with the research adviser.

Bioenergetics Achievement Test (BAT). This is a 35-item researcher-made test
that assessed students’ learning from the topic bioenergetics (Refer to Appendix K). It
was developed by considering the unit plan contained in the course syllabus as well as the
students’ alternative conceptions about the topic. In the development of the test,
alternative conceptions on metabolism, photosynthesis and cellular respiration were
reviewed from literature and became the bases of constructing the instrument. The
TIMSS framework for science cognitive domain was the model adopted in initially
appraising the cognitive level measured by the test items. This model categorizes science

cognition into three domains: knowing, applying and reasoning. Each domain has

sublevels of cognitive skills as indicated in Table 9. The first draft was submitted to four
biology content experts from reputable universities in the country for content validation:
an associate professor with a PhD in biochemistry, a professorial lecturer with a PhD in
zoology, a researcher with a PhD in genetics, and an associate professor with a PhD in
plant biology. They inspected the questions and encircled those that were unclear and had
some grammatical issues, checked the consistency of the questions against the topics
indicated in the course syllabus, and wrote suggestions on improving the items. All these

rated in the revision of the achievement test.

were incorpo
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measured by each item against the TIMSS-based framework, the content-validated

achievement test was further sent to two biology education specialists for evaluation

Their comments and suggestions were incorporated in the finalization of the instrument

On January 7, 2016, the final form of the achievement test was pilot-tested to 80

students who had just undertaken their biological science course in the previous semester

from the College of Education of the same university. From the results of the pilot test. a

Chronbach’s alpha value of 0.719 was generated establishing the acceptability and

reliability of the instrument. Table 8 presents the specification of items for the developed

bioenergetics achievement test.

Table 9. Table of Specification for the Bioenergetics Achievement Test

Science Cognitive Domain Topic/ltem Placement Total
(TIMSS-based) Metabolism  Photosynthesis Cellular (%)
Respiration
Knowing T
Recall/Recognize 6,7,9 12,13, 14 G1%)
Define |
Describe 8 19, 29
Illustrate with examples 2
Demonstrate knowledge of
scientific instruments
Applying 12
Compare/Contrast/Classify/ 10, 11,18 20 (40%)
Distinguish
Use models
Relate 4 27
Interpret information/diagram 3,5 16, 17 26
Find solutions 30
Explain 28,23
Reasoning 10
Analyze . 31,32,33 (29%)
Integrate/Synthesize
Hypothesize/Predict 22 34
Design 21
Draw conclusions 15 35
Generalize
Evaluate 24,25
Justify
Total/ 6 13 16 35
I ) (17%) (37%) (46%) (100%)
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Aside from these research instruments, quantitative data were supplemented by
information from the video-recorded class sessions. rescarcher's journal and informal
interviews to students.

Consensus-Based Instruction

The intervention is termed Consensus-Based Instruction (CBI). In CBI, authority
and responsibility for making decisions about the learning plan (LP) are shared by the
teacher with the whole class. In the context of this experiment, the approach began by
introducing the CBI process to the class using slide presentation. After which the LP was
presented and discussed. It was initially prepared by the teacher to save time but it was
only meant as a template. Each student was given a copy of the LP. Thereafter, the CBI
process began working (Fig. 2).

In CBI, consensus was practiced in two levels — whole class consensus and
consensus within a group. In whole class consensus, students raised issues about items in
the LP on bioenergetics that they could not work with by negotiating and proposing an
alternative. The class then engaged in what is called the “grand conversation™ wherein
students and teacher brainstormed, discussed and built upon each other’s ideas. Only then
that a consensus decision was made. Consensus in this context means, unanimous
agreement. So until everyone agrees including the teacher, the class could not proceed. In
the call for consensus, three hand gesture options were used: raised open hand for yes;
close-open hand for abstain; and a closed fist for block. For those blocking and
abstaining, they were further asked by the teacher, “What one thing you would want to
change in order for you to clearly support the decision?” If consensus was achieved, the

class would adhere to the agreed process, otherwise the grand conversation would

D ———




of consensus process.

CONSENSUS-BASED, INSTRUCTION

WHOLE CLASS
CONSENSUS

RAISE AN ISSUE

Students raise an issue about the elements of the leaming
plan they cannot work with.

NEGOTIATE

Students negotiate with the teacher by proposing an alternative.

4
GRAND CONVERSATION

Students and teachers share their opinions and ideas about the issue
and the proposed alternative.

4

CONSENSUS DECISION-MAKING
YES (Raised open hand}; ABSTAIN (close-open hand); BLOCK (closed fist)
Everyone must agree. For those abstaining and blocking, ask:
What one thing would you want to change in order for you
to clearly support this decision?
3
ADHERENCE TO THE AGREED PROCESS

Change lo the agreed process needs another round of consensus
building process.

CONSENSUS
WITHIN GROUP

FOCUS QUESTION
Teacher asks an engaging question related 1o the topic.

1
GROUP DISCUSSION

Facilitated by a group leader, sludents discuss among themselves
possible/most plausible answers Lo the question.

CONSENSUS ANSWER
Sludents arrive al a consensus answer either by agreeing, abstaining
or blocking. They may uge hand gestures of may do il orally,

PRESENTATION OF CONSENSUS ANSWER
AND SCAFFOLDING

A representative presents the group’s consensus answer

in class. If answers to the focus question are not

unanimous for all groups, teacher does the

necessary scaffolding.

Figure 2. Process Flow of the Consensus-Based Instruction Approach
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continue. Change or modification to the general agreement would require another round
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The second feature of CBI as executed in this experiment was the generation of
consensus within the level of a group in the context of a lesson. Here, the teacher asked
specific focus questions related to a particular lesson under the topic biocnergetics. This
was labelled ‘consensus group activity.” It was addressed to the class who were grouped
based on their dominant preferred mode of acquiring information. Facilitated by a group
leader, students discussed among themselves the most plausible answer to the focus
question. Consensus answer to the question was arrived at by unanimous agreement. The
group was given a leeway on the manner by which they could arrive at a general
agreement - orally or by using the hand gestures similar to how it was done in generating
whole class consensus. The group’s consensus answer was presented to the class by a
representative. If answers to the focus question were not unanimous for all groups,
scaffolding was done by the teacher.

Employing the CBI process, the following items and issues in the learning plan on
bioenergetics were finally negotiated through consensus:

I. The use of Taglish rather than pure English as medium of instruction;

Students signing in the attendance sheet every meeting instead of the teacher

2.
checking it. They also negotiated that the one point deduction policy for every
absence will be waived when they have a valid excuse;

3. Non-enforcement of the non-acceptance Or a zcro-grade for a requirement that is

submitted late if there is a valid excuse;

4. Alphabetical seat plan;

5. Use of stootsies, a non-dictionary term suggested by a student that refers to

scorecards which the teacher can easily dispose in appraising quality of students’
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answers during recitation in which teacher would just give the appropriate

scorecard that matches the quality of students™ answers. The latter will just sign

their names on the scorecard;
6. The inclusion of the following strategies in the learning plan: trivia, video clips,
games, observation activities with worksheets which can be done at home,

experiment and hands-on activities, and slide presentation of quizzes with

accompanying visuals.

In the conventional instruction approach (CIA), the teacher stuck to the developed
learning plan and relied on his own judgment of what he thought was the best way to
deliver the topics without asking any input from the students. The students were not
allowed to negotiate their learning needs, difficulties and preferences. Thus, all of these
aspects remained as teacher’s assumptions. However, because of the faster pacing of

instructional delivery in the control group, CBI class was one meeting longer than the

control. To address ethical issues such as depriving the students in the CIA of the

possible advantages of CBI, the researcher ensured that the objectives of the LP were

attained for both groups in that they only differed in terms of the negotiated elements of

the LP and the consensus group activities. Thesc werc done by the researcher by studying

very well the LP as well as keeping a planner and a journal. Table 10 shows the

instructional comparison between the two approaches.

onal Activities between CBI and CIA

Table 10. Comparison of Instructi

Instructional Activities Consensus-Based Instruction Group Conventional Instruction
Group (CIA)

(CBD

tization to video-recording device

- i ] activities and acclima
Pre-Instructiona fization to ideo-secording deviee __

Pretest Attitude Towards Biology Scale (ATBS)

Administration of the Questionnaire *  Getting to know
on the Importance of Democratic each other/ Self-
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Instructional Activities

Consensus-Based Instruction Group
(CBI)

Conventional Instruction
Group (CIA)

Practices in Classroom (QIDPC)

introductions

=  QOrientation

Introduction of the use of consensus-
based instruction, both whole class
and within group consensus.
Presentation of the learning plan in
bioenergetics.
Negotiation of the learning plan
following the suggested whole class
consensus process:

o Raise an issuc

o Negotiate

o Grand conversation

o Call for a consensus

o Adhere to the agreed process
Consensus within group

o Focus question

o Group discussion

o Consensus answer

o Presentation and scaffolding
Administration of the Learning Needs
Analysis Protocol and discussion of
the results using whole class and
within group cOnsensus.

Presentation and
discussion of the
learning plan in
bioenergetics.

The learning plan
was good as
approved.

Students were not
allowed to negotiate
any part of it.

*  Negotiation of

Learning Plan

through
Consensus

ltems of LP Negotiated through
consensus:

Medium of instruction: Taglish
Checking of attendance: Students sign
at the attendance sheet.

If with valid excuse, student with
absence will not be deducted points.
If with valid excuse, students’
requirement will still be accepted and
not be graded zero.

Alphabetical seat plan.

Use of stootsies.

Suggested teaching slrategigs: trivia,
video clips, games, observation
activities with worksheets which can
be done at home, experiment and
hands-on activities, and slide
presentation of quizzes with
accompanying visuals.

English
Teacher checked the
attendance.

One point deduction
per absence, excused
or unexcused.
Non-acceptance and
zero grade for
requirement
submitted late.
Alphabetical seat
plan.

Use of teacher
signature in
recitation cards.
Pure lecture with
slide presentation.

Quizzes were also
administered with
slide presentation.
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Instructional Activities

Consensus-Based Instruction Group
(CBI)

Conventional Instruction
Group (CIA)

* Implementation
of the Learning
Plan (Trial)

» [nstruction was based on the agreed
process with additional group
consensus activities within group.

= Review of Cell Structures

o Trivia: What is the largest
known cell?

o Video clip with worksheet:
Overview of cell structures

o Consensus group activity
(CGA) #1: Make a consensus
group decision about the Top
3 most important structures
that are necessary for cell to
survive. Support your
decision with convincing

reasons.

* Based on the
teacher-prepared
learning plan.

Bioenergetics Achievement Test (BAT)

= Pretest
Instructional Activities

* Implementation of
the Learning Plan in
Bioenergetics

Metabolism
o Video clips: metabolic pathway;

feedback inhibition

o Trivia: Do you know that spicy
foods can boost your metabolic
rate?

o CGA#2: Based on the video-
based experiment, in which cup
do you think will the gelatin NOT
solidify? Support your decision
with what you have |carned about

enzymatic activity.

»  Photosynthesis
o Trivia: Do you know that the pea

aphid is the only insect that is
capable of photosynthesis-like
energy production? Do you know
that the enzyme RUBISCO is just
an acronym?

Video clips: Light dependent and
light independent reactions.
Game: Peel me, I peel you!
CGA#3: Which of the materials
needed for photosynthesis do you
think is converted to plant’s food
and contributes most 1o plant’s
mass? Why do you think so? (10

* Based on the
teacher-prepared
learning plan.

mins.)
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[nstruction livities S N — .
1al Activities Consensus-Based Instruction Group Conventional [rstruct
-0nV al Instruction

s Cellular Respiration

o Trivia: Do you know that the
mitochondrion has a limited
amount of DNA? Do vou know
that yeasts are very important in
beverage and baking industries?

o Video clips: Glycolysis, transition
reaction, Krebs cvlcle and
electron transport chain.

o Other visuals: Use of lego picces
and post-it notes in illustrating the
oxidation of glucose by NADH
and FADH; and production of
ATP.

o Game: Traffic lights

o (CGA #4: Do you think plants also
oxidize glucose to release energy
(cellular respiration)? Why or
why not? Be scientific in your

consensus answer.
o Experiment: Swell Lab:
Experiment on ycast fermentation
o CGA #5 (During the yeast
experiment). What do you think
will happen to the balloon in each
bottle? Why do you think so?

*= Based on criteria set
by the teacher.

* Poster making + Evaluated based on criteria generated

through whole class consensus.

(learning outcome)

Post-Instructional Activity
ATBS & BAT onl
y.

* Post-test IDPC, ATBS, BAT

Data Collection Procedure

Permission from the University President through the Vice President for

Academic Affairs and Dean of the College of Busincss and Accountancy was sought to

tudents enrolled in biological sciences in

introduce the proposed intervention among the s

the said college. Schedules of the classes to be studied as well as their subject teacher

were arranged. Prior to the introduction of the intervention, the following instruments

o the students both in the CBI and CIA groups

were administered by the subject teacher t

B R S
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on December 14-16, 2015: CLSI and ATBS. Unfortunately. typhoon Nona devastated the
province the next day. Classes were cancclled and preliminary data collection activities
were aborted. On January 6, 2016, data collection resumed when both classes were
already turned over by the subject teacher to the researcher for the experimental
investigation which covered the topic on bioenergetics. In the CBI group, two more data
gathering instruments were administered by the researcher: the QIDPC and LNAP. Four
dry-run sessions for the purpose of acclimatization to recording device, orientation and
familiarization were allotted before the respondents were pretested for BAT on January
18, 2016. Thereafter, lessons about metabolism, photosynthesis and cellular respiration

were discussed to both groups, following the agrecd process with consensus group

activities in the CBI group, and the prevailing method in the CIA group. On February 10,

2016, the QIDPC, ATBS, and BAT were administered as posttests to the CBI group

while the CIA group only answered the ATBS and BAT.

Data Analysis Procedure

Descriptive statistics such as the mean, standard deviation, minimum and

maximum scores were used in the ATBS and BAT scores to present preliminary

information.
The One-Way Analysis of Covariance (ANCOVA I) was run to test whether

significant differences in students’ posttest mean scores in ATB scale and BAT exist
between the CBI and CIA groups. Likewise, a Two-Way ANCOVA (ANCOVA 1I) was
employed in investigating the interaction effects between instructional approach and sex,
nal approach and learning styles on students’ posttest mean scores

and between instructio
T. Pretest values for their corresponding posttest mean scores in

in ATB scale and BA
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ATB scale and BAT were uscd as covariates. Preliminary checks were conducted to
ensure that there was no violation of the assumptions of normality, linearity. homogeneity
of variances, homogeneity of regression slopes, and reliable measurement of the
covariates. Instead of ANCOVA [, t-test for independent samples was used in testing the
significant difference in posttest scores in BAT between CIA and CBI, because the pretest
scores were the same for both groups.

Multiple Linear Regression Analysis was applicd to students’ posttest mean scores
in BAT with their global and subset posttest scores in ATBS as predictors taken singly.
This is to determine whether students’ attitude towards biology could significantly predict
scores in bioenergetics achievement test. Tests of hypotheses were all done at the 0.05
level.

In addition to these quantitative statistical analyses, students’ perceptions in the
CBI group about the importance of democratic practices in the classroom before and after
they were exposed to the intervention were analyzed using f-test for paired samples in

order to provide support to some findings of the study. Supporting qualitative evidences

were then gleaned from observation notes, data sheets, questionnaires, recorded videos

and interviews.

Scoring system for instruments. Students’ learning styles were assessed using

the scoring system suggested by Canfield and Knight (1983). However, to meet the
sample size for comparative analysis, students’ dominant preference for learning or
acquiring new information such as listening, reading, iconic and direct experience, was
sificatory variable instead of the learning typologies which yielded several

used as the clas

types and were dominated by the neutral lcarners. in scoring the ATBS, negative
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statements were scored in reverse. Then, the component and overall mean scores were

generated.



Chapter 4

RESULTS AND DISCUSSION

This chapter presents and analyzes the data gathered. This is organized into five
sections corresponding to the research problems as follows: (1) comparison of students’
attitude towards Biology across instructional approach, (2) comparison of students’
achievement in bioenergetics test across instructional approach, (3) moderating effects of
sex on students’ attitude towards Biology and their achievement in biocnergetics test, (4)
moderating effects of learning styles on students’ attitude towards Biology and their

achievement in bioenergetics test, and (5) relationship between students® attitude towards

Biology and their achievement in bioenergetics test.

Comparison of Students’ Attitude Towards Biology
Across Instructional Approach

Students’ pretest and posttest mean SCores in the administered ATBS were

compared across instructional approaches. It can be scen from Table 11 that students in

the CBI group have higher overall pretest mean scores in ATBS (2.91) as well as in the

four components of the scale: TEACHI (3.00), KEENI (2.78), ANXIETY1 (2.97) and

EFFORTI (3.31). Whereas, students from the CIA group scored higher than the CBI

group in the following components: IMPT1 (3.29), INTI (3.02), and ENJOY1 (3.06).

all the components and the overall posttest mean scores

However, after the intervention,
the CBI group were observed to be higher than the conventional

of the students from

group (Table 11).
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Table 11. Comparison of Pretest and Posttest Mean Scores in Attitude Towards Biology

Across Instructional Approach

Pretest Score

Attitude Towards Biology CBI Group (n=30) CIA Group (n=30)
Mean SD Mean SD
Importance of Biology (IMPT1) 3.17 0.39 3.29 0.20
Interest in Biology Lessons (INT1) 3.01 0.57 3.02 0.43
Perceptions of the Biology Teacher (TEACHI) 3.00 0.27 2.86 0.28
Keenness to Learn Biology (KEEN1) 2.78 0.33 2.71 0.28
Enjoyment of Biology (ENJOY) 2.94 0.35 3.06 0.39
Anxiety Towards Biology (ANXIETY1) 2.97 0.58 2.86 0.46
Effort in Learning Biology (EFFORTI) 3.31 0.43 3.30 0.39
Overall Pretest Mean Score (PREATB) 2.91 0.27 2.87 0.18
Posttest Score
Importance of Biology (IMPT2) 3.35 0.32 3.19 0.42
Interest in Biology Lessons (INT2) 3.21 0.40 3.10 0.54
Perceptions of the Biology Teacher (TEACH2) 3.08 0.31 2.79 0.31
Keenness to Learn Biology (KEEN2) 2.81 0.28 2.64 0.28
Enjoyment of Biology (ENJOY2) 3.07 0.28 2.88 0.41
Anxiety Towards Biology (ANXIETY2) 3.03 0.41 2.88 0.41
Effort in Learning Biology (EFFORT2) 3.23 0.36 3.13 0.57
Overall Posttest Mean Score (POSTATB) 2.98 0.19 2.83 0.29

A one-way between-group analysis of
test if the observed differences in the ove
ATB scale between the CBI and CIA

corresponding posttest mean sco
conducted to ensure that ther
homogeneity of variance
of the covariates. Presen
ANCOVA organized b

attitude towards Biology-

Importance of Biology. To test the main ef

(TREATMENT) on students’ attitude towards t

table (Table 12) generated an F value of 2.82

groups are significant. Pretest values for their

ased on the overall and individual components of students’

covariance (ANCOVA) was employed to

rall and components’ posttest mean scores in the

res were used as covariates. Preliminary checks were
e was no violation of the assumptions of normality, linearity,
s, homogeneity of regression slopes, and reliable measurement

b

ted and discussed in the succeeding paragraphs are the results of

fect of the instructional approach

he importance of Biology, ANCOVA

| with a corresponding p value of 0.099
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leading to the non-rejection of the null hypothesis. Thus, after adjusting for the pretest
mean scores, there was no significant difference between the CBI and CIA groups on

posttest mean scores as regard to students’ attitude towards the importance of Biology

Table 12. Tests of Between-Subjects Effects for Students™ Attitude on Importance of

Biology
Dependent Source Type of [I1 Sum df Mean F Sig
Variable of Squares Square =
IMPT2 Corrected Model 416" 2 208 1.483 235
Intercept 4.509 | 4.509 32.175 000
CV:IMPTI 066 1 066 472 495
TREATMENT 395 I 395 2.821 099
Error 7.988 57 140
Total 650.108 60
Corrected Total 8.404 59

@ R Squared = 049 (Adjusted R Squared = 016)

The non-significance of the mean difference in this component of attitude towards

Biology is probably brought about by a 0.10 point decline in posttest mean in the CIA

group (from 3.29 to 3.19)and a 0.18 point increase in posttest mean in the CBI group

(from 3.17 to 3.35). This opposing trend could have counterbalanced the mean difference

between the two groups but was not sufficient enough at attributing such variation to the
instructional approach used in Biology. The teacher also made it a point to integrate the
relevance and usefulness of learning the topics in their daily lives in both groups
whenever applicable. Likewise, both groups could have an inherent appreciation of the
importance of Biology: regardless of the instructional approaches used because many

problems and challenges the world faces today are biology-related such as medical
[«

advancements environmental dcgradation, climate change, GMOs and the like. These

are usually featured in Mass media to which both groups could have been exposed.

Moreover, today’s age is also named by scientists as the century of Biology. This

y students tend to develop positive attitude towards

supports the argument that generall
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science in the context of the society (Ebenezer & Zoller. 1993: Sundberg. Dini & Li.
1994 Breakwell & Beardsell, 1992).

Interest in biology lessons. It has been hypothesized that CBI can improve
students’ interest in biology lessons. Descriptive data show that there is an increasing
trend in interest in biology lessons for both groups (CBI = from 3.01 to 3.21; CIA = from
3.02 to 3.10), with those in the CBI demonstrating higher increase (0.20). However,
ANCOVA (Table 13) reveals that the generated / valuc of 1.101 has a corresponding p
value that is above 0.05. Thus, the null hypothesis was not rejected. Therefore, after

adjusting for the pretest mean scores, there was no significant difference between the CBI

and CIA groups on posttest mean scores.

Table 13. Tests of Between-Subjects Effects for Students’ Interest in Biology Lessons

Dependent Source Type of 11} Sum df Mean F Sig
Variable of Squares Square )
INT2 Corrected Model 2.516* 2 1.258 6.741 .002
Intercept 6.202 1 6.202 33.226 .000
CV:INTI 2.327 1 2.327 12.467 .001
TREATMENT .206 1 .206 1.101 298
Error 10.640 57 187
Total 610.082 60
Corrected Total 13.156 59

a. R Squared =191 (Adjusted R Squared = .163)

While the use of consensus process has been reported in literature to create

engaged students (Moreno-Lopez, 2005) to a higher level (Sartor & Young Brown,

2004), this engagement was not translated in this investigation into a higher interest in

biology lessons than those taught in the conventional way. Probably, interest in biology

lessons are triggered by other factors other than CBI. For example, one of the students in

the CBI group reflected upon the important role of the teacher in making the topic less

boring (emphasis supplied):
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Bioenergetics is not a boring topic because our teacher makes some activities that
make us happy. Example of this is the experiment time, trivia, games and
participation/ recitation with corresponding points. In that way | consider that
bioenergetics is a very interesting lesson.

In the above student’s reflection, it can be deduced that what makes bioenergetics
an interesting lesson is because of the activities done by the teacher. These activities
however were the results of the whole-class consensus decision about the negotiated
learning plan. But from the perspective of this student, interest in biology lesson was
mediated by the teacher. Moreover, both groups were exposed to slide presentation using
a LED TV and used similar module on bioenergetics, thus arousing students’ interest and
probably evening out the effect of instructional approach.

Perception of the biology teacher. Descriptive data (Table 11) show that there is
a decline in the students’ perception of their biology teacher in the CIA group (from 2.86
to 2.79) and an increase in perception in the CBI group (from 3.00 to 3.08). Results of
ANCOVA (Table 14) uncovered significant difference between the two groups on
posttest mean scores in terms of students’ perceptions of their biology teacher (F=9.164,
0.004). This leads to the rejection of the null hypothesis. Students in the CBI group

p.—_"

hold more positive perception of their biology teacher than those in the CIA group.

Table 14. Tests of Between-Subjects Effects for Students’ Perceptions of their Biology

Teacher
Dependent Source Type of HI Sum df Mean F Sig.
Variable of Squares Square
rrected Model 1.637° 2 819 8.821 000
TEACHE lcnct)ercept 2.079 1 2.079 22.404 .000
CV: TEACHI 402 1 402 4.328 042
TREATMENT 850 I 850 9.164  .004
Error 5.290 57 .093
Total 522.548 60
Corrected Total 6.927 59

2 R Squarcd = 236 (Adjustcd R Squared = 210)
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This finding is consistent with the claims of Sartor and Young Brown (2004), the
pioneering proponents of using consensus in the classroom, that consensus requires and
creates a paradigm shift in a teacher’s relationship with his or her students and in
students’ relationship with each other. They believe that through consensus, teachers can
gain a broader understanding of their students’ necds. abilities and concerns which they
can consider in teaching. The result also strengthens the position of Hendley et al. (1995)
that one of the most common reasons given by students for liking or disliking the subject
were teacher-related comments. Perhaps, the democratic and consensual manner of
identifying learning needs and difficulties and addressing them based on the agreed
process in the CBI group created a fecling of trust, thereby developing a better perception
of the teacher. The issue on student’s trust on the teacher was emphasized by Sartor and
Young Brown (2004) as an essential requisite for consensus in the classroom to work.
The following accounts from students who expericnced the CBI approach point to the
positive perception of their teacher’s competence, pedagogical skills and motivating

skills.

Magaling magturo ang aming teacher talagang malinaw para maunawaan. (Our
teacher is good in teaching, truly clear so that it will be understood.)

Bioenergetics lesson is very enjoyable, fun, challenging, and interesting not only
of its different topics but also the way our teacher teaches us.

Enjoy dahil magaling at masaya ang aming guro. Hindi sya boring magturo.
(Enjoy because our teacher is good and lively. He is not boring.)

I’m really amazed at the way our teacher teaches and how he makes our
bioenergetics class so much enjoying.

Our teacher encourages me to learn more about biology for more understanding
and it was amazing and interesting... By using consensus, our teacher gives us

chance to express our ideas, thoughts and feelings.
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Using consensus, our teacher gives us a chance to express the ideas we want to
share with others and he encourages us to speak and show our talent in facing
many people nang walang pag-aalinlangan (without reservation).

Keenness to learn Biology. The descriptive data in Table 11 shows a decline in
posttest mean score to those in the CIA group (from 2.71 to 2.64) and an increase to those
in the CBI group (from 2.78 to 2.81) in their keenness to learn Biology. Results of
ANCOVA as shown in Table 15 shows that the p (0.039) associated with the generated F

(4.455) is less than 0.05. Thus, the null hypothesis was rejected. After adjusting for the

pretest scores, there was a significant difference between the CBI and CIA groups on

posttest mean scores as regards students’ keenness to learn Biology.

Table 15. Tests of Between-Subjects Effects for Students’ Keenness to Learn Biology

Dependent Source Type of 11l Sum df Mean F Sig,

Variable of Squares Square

KEEN2 Corrected Model .782° 2 391 5415 .007
Intercept 2.924 I 2.924 40.488 .000
CV: KEENI 371 1 371 5.130 027
TREATMENT 322 1 322 4.455 .039
Error 4.117 57 .072
Total 449.837 60
Corrected Total 4.899 59

a. R Squared =.160 (Adjusted R Squared = .130)

Students’ keenness or eagerness to learn Biology is significantly higher in the CBI

group than in the CIA group. When students know that what has been agreed is

implemented and when they feel comfortable at speaking up on different issues that may

affect their learning, it was observed that they show eagerness in learning more about the

topic by having regular study schedule, doing home works and reviewing lessons.

Consistent with this finding were the observations of Mitchell et al. (2009) and Blinne

(2013) who reported that involving students in the consensus process allows them the

creativity to work together to fulfill their own learning goals within a group dynamic.
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This effect was also corroborated by the accounts of Sartor and Young Brown (2004)
who observed that students in the consensus classroom were developing personal
authority and responsibility of their own learning. Mitchell et al. (2009) further reported
that the consensus process improves students’ ability to apply learning to new contexts.

Some of the students’ reflections expressing their keenness to learn more about Biology

are presented as follows:

Attending biology class is fun and interesting. | have learned a lot from it, even
though it’s hard for me to understand it at first. I have tried my best to answer all
questions that were given in exams. I'm looking forward for my next topic and

hoping to learn more and more.

... nadagdagan pa yung dating mga kaalaman ko. And I really enjoy the topics na
tinuro sa amin... Yung feeling na gusto mo laging mag-experiment ng iba't-ibang
bagay. (...my previous knowledge was enhanced. And I really enjoy the topics
taught to us... That feeling when you always want to experiment with a lot of

things.)
Enjoyment of Biology. Based from the reports made in literature, the use of

consensus is expected to heighten students’ engagement and full-participation thus
fostering a lively learning community (Sartor & Young Brown, 2004). Descriptive data

from Table 11 show a decline in enjoyment of Biology (from 3.06 to 2.88) in the CIA

group against an increase in enjoyment in the CBI group (from 2.94 to 3.07). ANCOVA

results (Table 16) yielded an F value of 5.538 with the corresponding p value (0.022) that

is less than 0.05, thus, rejecting the null hypothesis. After adjusting for the pretest scores,

this result significantly differentiated the CBI group from the CIA group on the posttest

mean scores concerning students’ enjoyment of Biology.
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Table 16. Tests of Between-Subjects Effects for Students’ Enjoyment of Biology

Dependent Source Type of 11l Sum dfr Mean F Sig

Variable of Squares Square '

ENJOY2 Corrected Model 8317 2 415 3.541 .036
Intercept 4910 1 4.910 41.858 .000
CV: ENJOY! 304 1 304 2.595 113
TREATMENT 650 | 650 5.538 022
Error 6.686 57 117 -
Total 537.365 60
Corrected Total 7.517 59

a R Squared = 111 (Adjusted R Squared = 079)

This finding supports the claim of Sartor and Young Brown (2004) cited earlier
about the benefit of using consensus in the classroom adding that the open and inclusive

discussion of consensus can enhance everyone’s awarcness of the variety of issues and
y

concerns in the classroom. This also confirms Blinne’s (2013) observations in her attempt

at democratizing learning whence students get excited if course content is reflective of

their interests and is connected to their daily lives. Likewise, the result is a proof that

achieving optimal engagement is not difficult when learners have something to say in the

most basic structure of a course. This also supports the observation of Mitchell et al.

(2009) about the apparent satisfaction of students when their individual needs and

interests are incorporated in their learning. It also confirms the proposition that the

learning environment provided by CBI as one that gives students opportunities to take

control of their learning and enhance their role for personal autonomy contributes to the

improvement of students’ engagement (Wallace, 1996 Osborne & Collins, 2000).

From the reflective comments of the students in the CBI group, they mainly point

out that the consensus group activities, decision-making activities that everyone can

support, teacher’s adherence to the negotiated elements of the learning plan, the

democratizing process of consensus, the opportunity for self-expression, student-teacher
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interactions, as among those that gave them sensc of enjoyment. All these are embedded

in the following students’ utterances:

Using consensus in class is good because everyone understands cach other and
we’re free to decide about anything. It’s fun and great because everyone can show
their feeling about the decisions. [ prefer it than others like making decision with
everyone and also with our teacher. We’re comfortable in making decision. I also

learned everything using consensus.

It is a very good idea because we can share our ideas to our group even if we are
not sharing it 100% to the class.

Lahat kami na nandito ay nagkakaintindihan, sometimes yung iba disagree at
akaayusan naman. I'm happy when we have an

(All of us here are in agreement, sometimes
but in the end we were able to settle our

yung iba agree pero sa huli nagk
activity and experiment. | enjoy.
others disagree and some others agree

differences.)

Using consensus in making decision is a good idea. Yun bang nagkakasundo lahat
at nagcocooperate. ’m 5o happy for that. (That when all agreed and cooperated.)
para sa isang desisyon. Masaya kami dahil

nais sabihin sa ibang desisyon. (All of us unite
y because we can express what we want to say

Lahat kami ay nagkakaisa
naipapahayag namin ang aming
for a single decision. We are happ
in other decision.)

Nakaka-enjoy po talaga at marami kaming natulunan. Para kasing mas madali
ng klase. Hindi boring at the same time natututo

kapag ganun yung set-up n& isa .
- vable and we learned a lot. It seems easier if the class is set-

pa. (It was really enjoya : .
up that way. It is not boring at the same time, we are learning.)

Masaya dahil lahat ng students ay nagk_a{misa sa mga aktibidad. (Happy, because
all students are united in doing the activities.)

y and fun dahil binibigyan ng pagkakataon
desisyon. (My experience in consensus is
en an opportunity to speak if what is their

My experience in consensus is hE.lpp
ang bawat isa kung ano ang kam{ang
happy and fun because everyone 1S giv

decision.)
ve our group activity kasi dito kami nagkakasundo at nagsha-

Enjoy when we ha nag ) a
share ng thoughts. (Enjoy when we have our group activity because it is here
where we agreed with oné another and share our thoughts.)

ther with our teacher and classmates especially

g bioenergetics t0ge
ties like

[ enjoy learnin

ivi ivia.
if it involves activi games and trl
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Anxiety towards Biology. Descriptive data in Table 11 show an increase in
posttest mean score both in the CBI group (from 2.97 to 3.02) and the CIA group (from
2.86 10 2.88) in students’ anxicty towards Biology. In the instrument, all the statement ,‘

|

indicators of anxiety are expressed in the negative, thus an increase in score is interpreted

- -

as having less anxious feelings about Biology: Reflected in Table 17 is the result of

ANCOVA showing that the p value (0.247) associated with the F value (1.370) is above |

=S

0.05. Thus, the null hypothesis was not rejected. After adjusting for the pretest scores,

this result indicates non-significant difference between the two groups on posttest mean

—

scores regarding students” anxiety towards Biology.

It has been reported in literature that the consensus process can mitigate the effect

of threats and stress among learners (Sartor & Young Brown, 2004). In this investigation,

this suggested effect, however, did not distinguish CBI from CIA. Nevertheless, the

researcher observed that in the CIA group, there were occasional blank stares and yawns i

Table 17. Tests of Between-Subjects Ef‘f“ec-ls for Studellts"A|1x1ety Towards Biology !
Dependent Source Type mt [T Sum df Mean 5 5 i
Variable of Squares Square j
ANXIETY?2 Corrected Model 2.37}:n 2 1188 LT o ‘
Intercept 6.573 ] 6.573 15811 o
CV: ANXIETY 1.960 1 1.960 e
TR 252 ! 252 1370 )
; ! 247
éREﬁTME]\ 10463 57 184
Tgrt(;l 530.280 60
Corrected Total _ 12.839 59
a4 R Squared = 185 (Adjusted R Squared = .157)
probably brought about by the strict use of English as a medium of instruction. A loss of
interest in attending classes Was also observed evidenced by several unexcused absences
n at
incurred by students in the CIA group (47 times) than in the CBI group (7 times). In CIA,
rre y stu
] ' .« ranped from one to four times. These were committed by 21 |
the frequency of absences ranged f
. les. In CBI, on the other hand. frequency of absences |
students, 8 males and 13 females. |
i |
§

.
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ranged from one to three times which was recorded orly to be incurred by five female
students. One of the probable reasons why the two groups did not differ in this aspect of
comparison is that those students who were frequently absent in the class taught the
conventional way were removed from the qualified sampling frame and thus their data
were excluded in the analysis, and thus were not reflected in the findings. When this

concern was validated with the subject teacher, she mentioned that such degree of truancy

was not apparent in the class taught using CIA prior to the experiment. While attributing

truancy to instructional approach is less conclusive, the researcher suspects that it was

probably brought about by the teacher-centered policies and many autocratic decisions

implemented in the CIA class. Interestingly, MacDougall (2013) mentioned that behavior

problems like the one presented erstwhile are minimized when students engage in

productive dialogue with guidance and structure provided by the teacher.

Effort in learning Biology. Noticeably, the descriptive data presented in Table
11 show the decline in effort in learning Biology from pretest to posttest both in the CB]
(from 3.31 to 3.23) and CIA groups (from 3.30 to 3.13), with the latter decreasing more
(0.17). When ANCOVA was run, the associated p value (0.428) to the generated F°
| hypothesis was not rejected. After adjusting for

(0.637) is above 0.05 (Table 18). The nul

pretest scores, there was no significant difference between the CBI and CIA groups on

terms of students’ effort in learning Biology.

posttest mean scores in
shows that improving students’ efforts in learning Biology is

This finding only
al approach but possibly of other factors such as motivation,

not a function of instruction
getics is a challenging topic and given the same set of

self-drive, and the like. Bioener




modules, assignments and slide presentation materials, students from both groups might

have exerted comparable efforts in doing their best in learning Biology.

Table 18. Tests of Between-Subjects Effects for Students’ Effort in Learning Biology

Dependent Source Type of 11l Sum df Mean F Sig.

Variable of Squares Square

EFFORT2 Corrected Model 278 2 139 .609 .548
Intercept 7.010 1 7.010 30.715 .000
CV: EFFORTI 128 1 128 .560 457
TREATMENT 145 1 .145 .637 428
Error 13.010 57 228
Total 618.125 60
Corrected Total 13.288 59

a. R Squared = 021 (Adjusted R Squared =-.013)

Overall attitude towards Biology. For the overall score of students in ATBS, the
descriptive data in Table 11 indicate an increase in posttest score in the CBI group (from
2.91 to 2.98) and a decrease in the CIA group (from 2.87 to 2.83). After adjusting for the
pretest scores, ANCOVA showed a significant diflcrence between the two groups in
terms of their overall posttest mean scores on attitude towards Biology (¥=5.187, p =

0.027) as depicted in Table 19. The null hypothesis was rejected.

Table 19. Tests of Between-Subjects Effects for Students’ Overall Attitude Towards

Biology \
Dependent Source Type of 111 Sum df Mean F Sig.
Variable of Squares Square
POSTATB Corrected Model 529° 2 264 4613 014
Intercept 1.762 1 1.762 30.749 .000
CV: PREATB 185 1 185 3233 077
TREATMENT 297 1 297 5.187 027
Error 3.267 57 057
Total 510.370 60
Corrected Total 3.796 59

a. R Squared=.139 (Adjusted R Squared = .109)

This finding is very significant because to the researcher’s best knowledge, this is

the first time in literature that the consensus process has been empirically tested, since

most reports about its benefits originated only from the investigators’ self-contained



|
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classrooms. Too, this is the first time that students” attitude in Biology have become the
point of comparison in testing the effects of consensus against the conventional approach.
In the literature, the importance of developing positive attitude towards science is
an uncontested goal of science education. Osborne, Simon and Collins (2003) believe that
these positive attitude could result in the public engagement with science which they
argue is the sine qua non of the public appreciation of science. In the context of this
investigation, the use of CBl is a strategic response to reports in literature (Brown, 1976;
Myers & Fouts, 1992; Wallace, 1996; Osborne & Collins, 2000) about the kind of
classroom environment that can develop positive attitude in science in general, and in
Biology in particular such as high level of involvement, very high level of personal
support, strong positive relationship with classmates, the use of variety of teaching
strategies, and unusual learning activities. These ideals of a learning environment are
actually the major features of the CBI approach. In addition, the variety of teaching
strategies and learning activities in CBI are products of the consensual decisions of the
students and teachers — decisions that everyone in the class can support and work with.
On top of the cognitive demands required to learn science content, the use of CBI
provides students an opportunity for a productive student-to-student dialogue. With the
of this experiment, CBI can be proposed as a workable and sustainable solution

findings

to remediate the international trend on students’ declining attitude towards science. The

reflection of a student below is a compelling proof on the adoption of CBI.

Based on what we experienced in our bioenergetics class using consensus, I can
easily say that this is very effective. It tightened our relationship as classmates and
it strengthened our unity. Using consensus can improve and help everyone

express their thoughts and ideas freely and learn how to negotiate and interact

with others.




114

The above accounts is a reflection of what Ilarnctt (2012) claimed about the value
of consensus, that it embodies inclusiveness, cooperation, collaboration, maximizing
agreement, relationship building and respect for all viewpoints.

Comparison of Students’ Achievement in
Bioenergetics Test Across Instructional Approach

Both the CBI and CIA groups incidentally had equal pretest mean score in BAT

(10.40). But after the intervention, those in the CBI group obtained higher posttest mean

score (15.40) than those in the CIA group (15.27).

Table 20. Comparison of Posttest Mean Scores in Bioenergetics Achievement Across
Instructional Approach

Instructional Approach in Biolog Posttest BAT Score (POSTBAT)
Mean SD

CBI (n=30) 15.40 4.37
CIA (n=30) 15.27 4.69

A (-test for independent samples was conducted to compare the effectiveness of
the two instructional approaches in improving students’ achievement in bioenergetics
test. Levene’s test revealed that the two groups have equal variances (#=0.275, p =
0.602). It was found out that there was no significant difference between the two
instructional approaches on posttest mean scores in bioenergetics achievement test (1 =

0.114, df = 58, p = 0.910) as shown in Table 21. Thus, the null hypothesis was not

rejected.

Table 21. t-test Analysis for Independent Samples on Students’ Achievement in
cs Test across Instructional Approaches

Bioenergeti

Levene’s Test for Equality t-test for Equality of Means
of Variances
F Sig. { df Sig. Mean

(2-tailed)  Difference

POSTBAT
(equal variance
assumed)

0.275 0.602 0.114 58 0.910 0.133
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The effect of using consensus on academic performance or scores in standardized
tests is one of the major challenges against consensus. As of yet, there was no empirical
investigation from which results of the current study can be compared. Although the
posttest BAT mean scores of students in the CBI group was 0.13 higher than the CIA
group, it was not enough to establish that the difference was significant.

The use of gained scores for analysis neither established the difference (CBI =
4.87, CIA = 4.97) but when the gained scores were categorized in a five-point interval,

interesting results were gleaned as shown in Table 22.

Table 22. Gained Scores in BAT across Instructional Groups

BAT Gained Score Instructional Approach Total

CBlI CIA

0 and below 2 6 8

1 -5 points 13 13 26

6 — 10 points 10 10 20

Above 10 points 5 1 6

Total 30 30 60

Minimum Gain -2 -4

Maximum Gain 15 1

The range of scores gained by the students exposed to CBI was 18 (from -2 to
15), while those in the CIA was 16 (from -4 to 11). It is also noticeable that the CBI

group has two students whose scores did not increase or possibly decreased in the posttest

as compared to CIA which has 6. Interestingly, there were five students from the CBI
group whose gained scores were above 10 points as compared to one in the CIA. These

descriptive data are indicative of the positive effects of CBI on students’ achievement,

despite revelations of non-significance from statistical test.
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Likewise, when gained scores on an item-by-item analysis was conducted across
bioenergetics achievement scores disaggregated by topic and by cognitive domain,
another noteworthy trend was secn in the data as rcflected in Table 23.

Table 23. Comparison Between CBI and CIA on Frequency of Items with Gained Scores
across BAT Components

BAT Frequency of BAT ltems with Gained Score Total
Components Favoring CBI Favoring CIA Tie
By Topic
Metabolism 2 3 1 6
(1,15) (2,4,5) 3)
Photosynthesis 6 6 1 13
(7,9, 11, 16, 22, 24) (8, 10, 17, 18, 21, 25) (6)
Cellular Respiration 10 6 0 16
(13, 14, 23, 28, 29, 30, 31, (12, 19, 20,
32, 34, 35) 26,27,33)
Total 18 15 2 35
By Cognitive Domain
Knowing 6 4 1 11
(1,7,9, 13, 14, 29) (2,8,12,19) 6)
Applying 5 8 1 14
(11, 16, 23, 28, 30) 4,5,10,17, 18, 20, 3)
26, 27)
Reasoning 7 3 0 10
(15, 22, 24, 31, 32, 34, 35) (21, 25, 33)
Total 18 15 2 35

In terms of the topics covered, CBI group obtained higher gained score in 10 out
of 16 items (62.5%) related to cellular respiration. Of the three bioenergetics lessons,
cellular respiration is considered to be the most difficult, and it is probably due to the
consensus group activities, trivia, games, video clips and other negotiated items in the
t they were able to gain more points in the BAT posttest as compared to

learning plan tha

the CIA group.

As to the cognitive domains measured by the test items, CBI group outperformed
the CIA group in 7 out of 10 items (70%) at the domain of reasoning. The finding is a
reflection of what Sartor and Young Brown (2004) claimed that consensus serves as a

channel to create critically thinking citizens. It possesses requisite models for developing
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critical thinking (Pcarce. 2002). Didcoct and Delapa (2000) profoundly emphasized that
not everyone accesses wisdom through the intellect. By incorporating feelings, intuition,
experience, body wisdom, insights and personal reflection, consensus process gives
individuals opportunity to participate which is helpful in gaining access to multiple levels
of information.

Although statistical test results say otherwise, the above are some evidence
supporting the beliefs of Sartor and Young Brown (2004) that when learners feel safe and
loved, they follow nature’s plan to develop their higher intelligences and eagerly learn
whatever the curriculum offered them (Pearce, 2002). The latter author also argued that
an environment of respect and affirmation, which is reflective of a CBI classroom,
promotes learning, as against an environment characterized by fear, stress and threat
which can cripple memory and learning. It is just difficult to associate such environment
to the CIA group because the current investigation did not impose such negative
environment and experience to that group.

Most likely, the absence of statistical significance could be possibly explained by
the insufficient dosage of intervention due to the short duration of the experiment. Also,
despite keeping high degree of control in the implementation of the experiment to keep
the two groups equally matched, there was an instance, however, when the pacing of
lesson was ahead by two days in the conventional group. This was due to the time-
consuming administration of learning needs protocol and generation of whole class
s on the negotiated elements of the learning plan in the CBI group. Nevertheless,

consensu

the administration of pretest and posttest was conducted on the same date for both

groups.
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Despite this result, students showed preference in favor of CBI than CIA as
indicated by the following informal spot interviews with students:

Kapag ginamitan ng consensus, nagkakasundo at nagkakaayos kung ano man
yung dapat na gawin namin sa aming grupo. (If consensus has been used, we
agreed and resolved our differences in whatever it is that our group wants to do.)

Yung estudyante minsan, natatakot sya dun sa teacher. Dupat magkasundo yung
estudyante at teacher, para matuto yung estudyante. (Sometimes the student is
afraid of the teacher. It is important that the student and teacher must meet

somewhere so that the student will learn.)

Nung una talaga, hate ko yung biology kasi sabi ko ano ang makukuha ko rito,
parang nakakatamad, nakakaboring, nakakaantook. Pero yung nagconsensus na
parang enjoy s ya na ang dami mong natututunan. (At first, I hated biology
because | said to myself what can I get from it, it seems like it is boring. But when
consensus was introduced, it was seemingly enjoyable that you were learning a

lot.)

Noong una ay natakot kami, pero yung nagcoconsensus na ay doon lang namin
nalaman na malupit pala. Masaya. (At first, we were scared, but when we started

doing consensus, it was only then when we realized that it was great. Happy.)
Pinakagusto ko yung naggogroup lapos ganilo yung gusio ko, ganito yung gusto

nya, hanggang magkasundo sa sagol. (What I liked most was when we were
grouped, this is what I want, this is what s/he wants, until we agreed on an

answer.)

Moreover, in the CBI group, students’ perceptions about the importance of
democratic practices in the classroom changed after they were exposed to the
intervention. Results of the paired samples f-test (Table 24) show that there is a

significant difference between their pretest (3.23) and posttest mean scores (3.40) on the
QIDPC, ¢ = -3.009, p=0.005.

Table 24. Paired Samples Statistics for Students’ Perceptions on the Importance of
Practices in Classroom

Democratic

Variables N Mean Std. Mean t df Sig.

Deviation Difference (2-tailed)

Pair 1 PREDEMOC 30 3.23 0.29
pOSTDEMOC 30 3.40 0.34

-0.17 -3.009 29 0.005
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This is a proof supporting what Blinne (2013) observed that students wanted to be
heard, that they wanted to know that their ideas and input matters and that they can
influence class direction. They appear to appreciate and recognize the importance of
educational activities as a practice of freedom (Hooks. 1994; Freire. 1998) as well as the
development of a conscious community through democratic practice (Blinne, 2013). The
finding is also a validation of consensus as an approach that provides students with daily
experience in their capacity to bring about change, thus developing both the skills and
attitude necessary for effective democracy, in and outside the classroom (Sartor & Young
Brown. 2004). It appears then that students deemed it important that they are asked of
their difficulties and preferences, they are being involved in revising the learning plan, in
developing criteria of how their work will be evaluated, etc.

CBI has also challenged the researcher’s technological pedagogical content
knowledge (TPCK). It was noticeable that among the negotiated elements of the learning
plan, students wanted to include strategies that demanded teacher’s technological
pedagogical content knowledge such as the use of video clips. Assessing which of the
video clips available in the internet gives accurate information at the level of
understanding of the students also required a strong grasp of pedagogical content
knowledge. This challenge is doubly hard in an island where internet connection is very
slow. TPCK was also important in selecting which trivia to share, which game to be
played, which question to ask and which experiments or activities are to be done. These

things were beyond the influence of the students in this experiment and thus, were left to

_ , o , . ,
the teachers’ personal judgment, experience and consideration of the learners’ needs.
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Bascd on the researcher’s reflective experiences from this investigation, to be
successful at implementing CBI, biology teachers have to move from being the
authorities both in classroom management processes and content, down to facilitators.
They must be good group facilitators with effective communication and group dynamic
skills. Facilitation is central to consensus. thercfore, those teachers with high levels of
facilitating skills are likely to benefit from CBI. Morcover, other traits include teachers®
willingness to share with the students the authority and responsibility of learning. Too,
they must be good curriculum planners and implementers and demonstrate genuine
interest in hearing students” voices and addressing their learning needs. They must also
exude reasonable patience, honesty, friendliness. open-mindedness and cheerfulness,
among others. In general, they must demonstrate the postmodern, social constructivist,
democratic and student-centered features of biology teachers highlighted in literature.

In the context of consensus within groups, teachers can be successful in this
aspect of CBI if they possess average to high TPCK. In particular, they must be
knowledgeable of what they are asking. Focus questions in consensus group activities
can only be engaging if they are carefully thought of. They must involve higher level
thought processing such as decision-making and problem solving which are best
n groups. Likewise, good focus questions enable students to make

accomplished i

connections to real world objects, events, and situations and tap their diverse perspectives
and experiences.
For millennial learners, negotiations with the use of technologies in the classroom

will no longer be a surprise, thus a technology savvy teacher will likely find CBI a

feasible instructional approach.




121

Moderating Effects of Sex on Students’ Attitude Towards Biology and Achievement

in Bioenergetics Test

Moderating effects of sex on students” attitude towards Biology. The

possibility that sex or interaction between sex and instructional approach may affect

students’ attitude towards Biology was investigated. Report in literature that males have

more positive attitude towards school science than those of the females was explored.

Table 25 presents some information on the gender distribution and students’

pretest and posttest mean scores in ATB scale between the CBI and CIA groups.

Table 25. Descriptive Statistics for Students’ Attitude Towards Biology (Instructional

Approach by Sex)
Dependent  Treatment Sex n Pretest Posttest
Variable Mean SD Mean SD
Ml 7 3.30 0.34 3.46 0.35
IMPT Pl Female 23 3.14 0.40 331 031
Total 30 3.17 0.39 3.35 0.32
BiA als 7 3.23 0.24 3.20 0.42
Female 23 3.31 0.20 3.19 0.43
Total 30 3.29 0.20 3.19 0.42
Total Male 14 3.26 0.28 3.33 0.39
Female 46 3.22 0.32 3.25 0.38
Total 60 3.23 0.31 3.27 0.38
- ale 7 3.00 0.73 3.43 0.4]
T el gﬂmale 23 2.99 0.54 3.14 0.38
Total 30 3.01 0.57 3.21 0.40
CIA Male 7 3.04 0.36 3.32 0.52
Female 23 3.01 0.46 3.03 0.53
Total 30 3.02 0.43 3.10 0.54
e Male 14 3.05 0.55 3.38 0.45
Fernals 46 3.00 0.49 3.09 0.46
Total 60 3.01 0.50 3.15 0.47
lale 7 3.1 0.24 3.22 0.25
TEACH  CBI Female 23 2.97 0.27 3.03 0.32
Tatdl 30 3.00 0.27 3.08 0.31
o el 7 2.8 0.39 2.89 0.37
Female 23 2.88 0.24 2.76 0.29
Total 30 2.86 0.28 2.79 0.31
. ~Tale 14 2.96 0.35 3.06 0.35
Carel Female 46 2.92 0.26 2.89 0.34
Total 60 2.93 0.28 2.93 0.34
o 7 2.93 0.32 2.88 0.25
KEEN CBI E‘imale 23 2.74 0.33 2.78 0.29
Total 30 2.78 0.33 281 0.28
Male 7 2.67 0.24 2.74 0.34

CIA




Dependent  Treatment Sex n Pretest Posttest :
Variable Mean SE) Mean SD— I”
Female a3 2.72 0.30 2.61 0.25 {
Total 30 2.71 0.28 2.64 0.28 '
Total Male 14 2.80 0.31 2.81 0.30
Female 46 2.73 0.31 2.70 0.28 i
Total 60 2.75 0.31 2.72 0.29 i
ENIOY CBI Male 7 3.07 0.12 3.09 0.32 i
‘ Female 23 2.90 0.39 3.06 0.27 I
Total 30 2.94 0.35 3.07 0.28 3.
T Male 7 318 0.44 288 0.42 |
Female 23 3.02 0.37 2.88 0.41
Total 30 3.06 0.39 3.88 0.41 i
Total Male 14 j'b 0-.:1 ;9;3 828 I
Female 46 2.96 0.38 2.9 36 |
Total 60 3.00 8;; ;23 8‘31((; I
INIETY Male 7 3.00 : Lz .
aRmiEly B Ferisl 23 2.96 0.59 2.97 0.41
R
Male 7 3. -2 . .
A JFemale 23 2.80 0.50 2.85 0.49
Total 30 2.86 0.46 2.85 0.51
- Male 14 3.04 0.42 3.03 0.52
S Female 46 2.88 0.54 2.91 0.45
Total 60 2.92 0.52 2,94 0.47
Male 7 3.43 0.40 3.46 0.44
EFFORT CBI *‘ 23 3.27 0.45 3.15 0.31
Female 2
Total 30 3.31 0.43 3.23 0.36
Male 7 2.96 0.27 3.00 0.29
Cla 23 3.40 0.37 3.16 0.63
Female
Total 30 3.30 0.39 3.13 0.57
Male 14 3.20 0.41 3.23 0.43 |
il F Z;nalf: 46 3.33 0.41 3.16 0.49 K
Tota 60 3.30 0.41 3.18 0.47 ‘
MO le 7 2.97 0.13 3:11 0.19
ATB CBI F;r‘m[e 23 2.90 0.30 2.94 0.18
| 30 2.91 0.27 2.98 0.19
Tmla,] 7 2.89 0.15 2.92 0.25
cia Fermale 23 2.87 0.20 2.80 0.30
30 2.87 0.18 2.83 0.29
Tmlal 4 2.93 0.14 3.01 0.24
Total e 46 2.88 0.25 2.87 025
€IMc
Total 60 2.89 0.23 291 0.25 |
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teacher (3.06>2.89), keenness to learn Biology (2.81>2.70), anxiety towards Biology

(3.03>2.91), effort in learning Biology (2.23>3.16), and the overall score for attitude
towards Biology (3.01>2.87).

Within the instructional groups, the above trend was also observable. In the CBI
class, males scored higher than females in all posttest measures of attitude towards
Biology. However, in the CIA group, except for students’ enjoyment in Biology where
males and females obtained equal score (2.88) and cffort in learning Biology where
females scored higher than males (3.16>3.00), similar trend was evident.

A between-groups ANCOVA was conducted to assess the effectiveness of the
two instructional approaches in Biology in improving attitude towards Biology of male
and female students (Table 26). Pretest values for their corresponding posttest mean
scores in ATBS were used as covariates. Preliminary checks were conducted to ensure
that there was no violation of the assumptions of normality, linearity, homogeneity of

variances, homogeneity of regression slopes, and reliable measurement of the covariates.

Table 26. Tests of Between-Subjects Effects for Components and Overall Students’
Attitude Towards Biology (Instructional Approach by Sex)

Dependent Source Type of 111 df Mean = S
Variable Sum of Square
Squares

IMPT2 Corrected Model 506° 2 126 350 T
Intercept 4.565 1 4565 31,789 ‘00
CV: IMPTI 044 1 044 305 a3
TREATMENT 396 1 396 2757 s
SEX .059 1 059 .409 525
TREATMENT* SEX 032 | 032 P P
Error 7.898 55 144
Total 650.108 60
Corrected Total 8.404 59

INT2 Corrected Model 3.3140 4 328 7630 503
Intercept 6.711 1 6.711 37,501 000
CV:INTI 2.217 1 2917 12,387 001
TREATMENT 133 I 133 ad 399
SEX 796 1 796 4449 039
TREATMENT* SEX 001 | .001 .007 936




Dependent Source Type of 1 df Mean F Sig.
Variable Sum of Square
Squares
Error 9.843 55 179
Total 610.082 60
Corrected Total 13.156 59
TEACH?2 Corrected Model 1.882¢ 4 471 5.131 .001
Intercept 2.146 1 2.146 23.402 .000
CV: TEACHI 358 1 358 3.898 .053
TREATMENT .598 1 .598 6.517 013
SEX 245 I .245 2.674 .108
TREATMENT SEX 7.684C-7 | 7.684E-7 .000 998
Error 5.044 55 .092
Total 522.548 60
Corrected Total 6.927 59
KEEN2 Corrected Model .895¢ 4 224 3.075 .023
Intercept 2.826 ] 2.826 38.824 .000
CV: KEENI 356 1 356 4.894 031
TREATMENT 152 1 152 2.084 154
SEX .086 1 .086 1.185 .281
TREATMENT* SEX 025 ! 025 347 558
Error 4.004 55 .073
Total 449.837 60
Corrected Total 4.899 59
ENJOY2 Corrected Model .836° 4 209 1.721 158
Intercept 4.511 1 4.511 37.134 .000
CV: ENJOY1 304 1 304 2.501 120
TREATMENT .509 | .509 4.191 .045
SEX 003 ! 003 024 878
TREATMENT* SEX .003 1 003 022 882
Error 6.681 55 121
Total 537.365 60
Corrected Total ;gSI';f 53 =
> orrected Model . . 3.640 011
ANXIETY2 ﬁtemept 6.116 1 6.116 33133 .000
CV: ANXIETY1 1.975 ! 1975 10.699 002
TREATMENT 493 1 493 2.670 .108
SEX .038 | .038 .208 .650
TREATMENT* SEX 269 1 269 1.459 232
Error 10.152 55 185
Total 530.280 60
Corrected Total ]283322 52 o 5
cted Model : - 931 453
EFFORT2 l(inc::::etpt 7.331 1 7.331 32.399 .000
CV: EFFORTI .027 1 027 119 732
TREATMENT .489 1 489 2.163 147
SEX .071 1 .071 313 578
TREATMENT* SEX 475 1 475 2.101 153
Error 12.445 55 226
Total 618.125 60
Corrected ot I 178 3078 0
cted Model . . . .020
POSTATB  Coree 1884 1 1884 33612 .00
CV: PREATB 153 ] 153 2.727 .104
TREATMENT 245 1 .245 4.378 .041
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Dependent Source Type of I df Mean F Sig.
Variable Sum of Square
Squuares
SEX 180 1 .180 3.217 .078
TREATMENT* SEX .004 1 .004 .064 .801
Error 3.083 55 .056
Total 5$10.370 60
Corrected Total 3.796 59

R Squared = .060 (Adjusted R Squared = -.008)
R Squared = .252 (Adjusted R Squared = .197)
R Squared = 272 (Adjusted R Squared =.219)
R Squared = .183 (Adjusted R Squared = 123)
R Squared = .111 (Adjusted R Squared = .047)
R Squared = .209 (Adjusted R Squared =.152)
R Squared = .063 (Adjusted R Squared = -.005)
R Squared = .188 (Adjusted R Squared = .129)

STmomeee os

After adjusting for the pretest mecan scores in ecach of the posttest attitudinal
scores, no significant interaction effects were found between instructional approach and
sex in terms of the following dependent variables: importance of Biology (F'=0.222, p =
0.639); interest in Biology (F = 0.007, p = 0.936); perception of biology teacher (F =
0.000, p = 0.998); keenness to learn Biology (¥ = 0.347, p = 0.558); enjoyment of
Biology, (F=0.022, p = 0.882); anxiety towards Biology (F = 1.459, p = 0.232); effort

in learning Biology, (F =2.101, p= 0.153); and overall attitude towards Biology (F =

0.064, p = 0.801).

Generally, there was no significant sex elfect seen on students’ attitude towards

Biology except on students’ interest in Biology (F = 4.449, p= 0.039) where males (3.38)

tend to exhibit more positive attitude than females (3.09). This general trend seen among

the samples supports the findings of Talisayon, de Guzman and Balbin (2006) that

attitude of Filipino students towards science does not significantly differentiate between

boys and girls. However, a body of literature also supports that significant sex differences

exist between males and females’ attitude towards science, with the former exhibiting

more positive attitude (Harvey & Edwards. 1980; Kahle & lLakes. 1983; Erickson &




126

Erickson, 1984: Smail & Kelly. 1984: Johnson. 1987: Robertson. 1987: Becker, 1989:
Breakwell & Breadsell. 1992; Weinburgh, 1995: Hendley ct al., 1996; Jovanovic & King.
1998.) In this study, such difference was only obscrved on students” interest in Biology.
Factoring in the influence of scx, the effect of instructional approach, on the other
hand, was found to be significant only in the following attitudinal measures: students’
perceptions of their biology teacher (5 = 6.517, p= 0.013); enjoyment of Biology (F =
4.191, p= 0.045); and overall attitude towards Biology (/" =4.378, p= 0.041).
Interestingly, the effect of instructional approach on keenness in learning Biology became
insignificant (/=2.084, p=0.1 54) when sex was factored in as a moderator variable.

This only established the finding that indeed, the effects of instructional approach is

independent of sex.

In a nutshell, these results suggest that the attitudinal response of the males and

females to the two instructional approaches did not significantly differ, establishing CBI

as a promising gender-fair approach to biology instruction consistent with the call for

reexamination of pedagogical strategies that are not gender-biased (SWE-AWE-CASEE,
2009).

Moderating effects of sex on students’ achievement in bioenergetics test. The

likelihood that sex or interaction between sex and instructional approach may affect

students’ achievement in bioenergetics test was also investigated. Reports in literature are

conflicting about the effect of sex on achievement in science, particularly in Biology.

Table 27 presents some information on the sex distribution and students’ pretest

and posttest mean scOres in BAT between the CBI and CIA groups.



Table 27. Descriptive Statistics for Students’ Achievement in Bioenergetics Test
(Instructional Approach by Sex)

Treatment Sex n Pretest Posttest
Mean SD Mean SD
CBI Male 7 10.71 1.98 16.86 S0l
Female 23 10.30 3.02 14.96 4.14
Total 30 10.40 2.79 15.40 4.37
CIA Male 7 11.57 3.41 17.57 5.00
Female 23 10.04 2.65 14.57 4.47
Total 30 10.40 2.86 15.27 4.69
Total Male 14 11.14 2.71 17.21 4.87
Female 46 10.17 2.82 14.76 4.27
Total 60 10.40 2.80 15.33 4.49

It is evident that in the class exposed to CBI, males obtained higher posttest mean

score (16.86) than females (14.96). The same observation can be found in the
conventional class. The overall posttest mean score of the 14 males for this test was
17.21, whereas for the 46 females, it was 14.76. To determine if this observed difference

among males and females is significant and whether a sex-by-instructional approach

interaction exists, the two way ANCOVA was employed (Table 28). Pretest BAT score
was used as a covariate. Preliminary checks were conducted to ensure that there was no

violation of the assumptions of normality, linearity, homogeneity of variances,

homogeneity of regression slopes, and reliable measurement of the covariate. After

adjusting for pretest sCOres, there was no significant interaction effect (7= 0.026, p =

0.873). Neither of the main effects were statistically significant, treatment: F'= 0.000, p =

0.985: and sex: F = 2.081,p= 0.155, confirming reports of previous studies about the

non-significant difference of male and female performance in Biology (Lauer et al., 2013;

Ajewole, 1991; Catsambis, 1995; Greenfield, 1996).




Table 28. Tests of Between-Subjects Effects for Achicvement in Bioenergetics Test
(Instructional Approach by Sex)

Source Type of 11l Sum df Mean F Sig
of Squares Square .
Corrected Model 242,985 4 60.746 3.523 012
Intercept 315.469 I 315469 18.296 000
CV: PREBAT 174.832 | 174.832 10.139 .002
TREATMENT .006 1 006 .000 985
SEX 35.881 1 35.881 2.081 155
TREATMENT* SEX .443 1 443 026 .873
Error 948.349 55 17.243
Total 15298.000 60
Corrected Total 1191.333 59

a. R Squared = .204 (Adjusted R Squared = .146)

However, evidence from this study contradict those reports about females
performing better in Biology (Abu-Hola, 2005: Ahmad, 2013) or males dominating it
(Fleming & Malone. 1983: Erickson & Erickson, 1984: Levin. Sabar & Libman, 1991;

Mullis. Martin, & Foy, 2008; SWE-AWE-CASEE. 2009; Rauschenberger & Sweeder,

2010; Creech & Sweceder, 2012; Eddy, Brownell, & Wenderoth, 2014). One factor that

must be looked into this result is the sample size per group. Females are almost three

times more than males. thus offsetting the significance of mean difference (2.45).

earning Styles on Students’ Attitude

Moderating Effects of L :
hievement in Bioenergetics Test

Towards Biology and Ac

Moderating effects of learning styles on students’ attitude towards Biology.

Based from the conflicting results of learning styles rescarch, the possibility that learning

styles or interaction between learning styles and instructional approach may affect

students’ attitude towards Biology was investigated.

Table 29 presents some information on the learning styles distribution and

students’ pretest and posttest mean SCOres in ATBS between the CBI and CIA groups. It

is noticeable that after the intervention, four patterns were observed on the attitude of

students grouped by lear ning styles (preferred mode of learning). Listeners obtained




highest posttest mean score (3.03) over readers (2.99) and iconics (2.79) on anxiety
towards Biology. For interest in Biology and effort in learning Biology, readers obtained
|

the highest posttest mean score (3.21, 3.19) over listeners (3.14, 3.17) and iconics (3.11, }

|
3.16), respectively. For students’ keenness to learn Biology, enjoyment of Biology, and ‘
.
overall attitude towards Biology, rcaders obtained the highest posttest mean score (2.80, l
il |
3.05, 2.94) over iconics (2.68, 2.94, 2.89) and listeners (2.67, 2.91, 2.88), respectively. :
[/
For students’ attitude towards the importance of Biology and their perceptions of their f
|
biology teacher, iconics obtained the highest posttest mean (3.35, 3.00) score over readers l
(3.28, 2.95) and listeners (3.17, 2.83), respectively. However, this trend varies within [
; [
|
instructional groups. *
i
Table 29. Descriptive Statistics for Students’ Attitude Towards Biology (Instructional d
e ; ¢ b
ac ing Style [/
—/S{pr'o‘l(‘h by—IL—ei’%f;— Bearning n Pretest Posttest if' '
V(.pu;c}[cnt ree Style Mean SD Mean SD rf!
ariable # 2 d:!
IMPT CBI Listening 8 291 0';” :%8 0.35 i
! Reading 12 3.22 0.30 3.36 0.35 !
Iconic 10 3.34 0.32 3.39 0.28 J
Total 30 3.17 0.39 3.35 0.32 {
Listening 10 3.19 0.22 3.09 0.30 )
s Reading 10 3.27 0.18 3.18 0.25 [
[conic 10 3.41 0.17 3.31 0.62
Total 30 3.29 0.20 3.19 0.42 !
= Listening 18 3.00 0.37 ‘:'17 0.33 h
['otal Reading 22 3.24 0.25 3.28 0.31 i
[conic 20 3.38 0.25 3.35 0.47
Pl 60 3.23 0.31 3.27 0.38 |
l
Listening 8 2.91 0.78 3.14 0.41 4
INT CBI din 12 3.11 0.34 3.28 0.38 i
{"“;EC : 0 2.96 0.64 3.18 0.44 )
Total 30 3.01 0.57 3.21 0.40 j
Listening 10 3.17 0.31 3.13 0.44 ‘
CIA il 10 2.87 0.50 301 0.50 |
- 10 3.03 0.45 3.05 0.69 ﬁ
%?(‘)’t’;‘l 30 3.02 0.43 3.10 0.54 |
Listening 18 3.05 0.57 3.14 0.41 i
Total din op) 3.00 0.43 3.21 0.44 |
Reading 20 3.00 0.54 3.11 0.57 b
leon 2 60 3.01 0.50 3.15 0.47 i
Total i
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Dependent  Treatment Learning n Pretest Posttest
Variable Style Mcan SD Mean SD
TEACH CBI Listening 8 2.94 0.28 2.93 0.20
Reading 12 3.00 0.25 3.09 0.32
Iconic 10 3.05 0.31 3.18 0.36
Total 30 3.00 0.27 3.08 0.31
CIA Listening 10 2.74 0.31 2.76 0.25
Reading 10 2.91 0.19 2.79 0.32
Iconic 10 2.94 0.30 2.82 0.38
Total 30 2.86 0.28 2.79 0.31
Total Listening 18 2.83 0.31 2.83 0.24
Reading 22 2.96 0.22 2.95 0.35
Iconic 20 3.00 0.30 3.00 0.40
Total 60 2.93 0.28 2.93 0.34
KEEN CBI Listening 8 2.71 0.33 2.73 031
Reading 12 2.85 0.32 2.89 0.25
Iconic 10 2.77 0.37 2.77 0.29
Total 30 2.78 0.33 2.81 0.28
CIA Listening 10 2.69 0.27 2.62 0.19
Reading 10 2.76 0.33 2.70 0.39
Iconic 10 2.68 0.27 2.60 0.22
Total 30 2.71 0.28 2.64 0.28
Total Listening 18 2.70 0.29 2.67 0.25
Reading 22 2.81 0.32 2.80 0.33
Iconic 20 2.72 0.32 2.68 0.26
Total 60 2.75 0.31 2.72 0.29
Listenin y 8 2.79 0.39 2.93 0.24
ENJOY cBl Reading& 12 2.97 0.40 3.22 0.24
Iconic 10 3.03 0.23 2.99 0.27
Total 30 2.94 0.35 3.07 0.28
CIA Listening 10 2.95 0.30 2.89 0.35
Reading 10 3.00 0.21 2.85 0.33
Iconic 10 3.23 0.55 2.89 0.55
Total 30 3.06 0.39 2.88 0.41
Listenin 18 2.88 0.34 291 0.30
Total Readingg 22 2.99 0.32 3.05 0.33
Iconic 20 3.13 0.42 2.94 0.42
Total 60 3.00 0.37 2.97 0.36
Listenin 8 2.92 0.72 3.05 0.45
ANXIETY  CBI Readingg 12 3.17 0.44 3.03 0.41
Iconic 10 2.76 0.59 2.98 0.43
Total 30 2.97 0.58 3.02 0.41
CIA Listening 10 297 0.41 3.02 0.32
Reading 10 2.64 0.40 2.94 0.41
Iconic 10 2.98 0.51 2.60 0.67
Total 30 2.86 0.46 2.85 0.51
Total Listening 18 2.95 0.55 3.03 0.37
Reading 22 2.93 0.49 2.99 0.40
Iconic 20 2.87 0.55 2.79 0.58
Total 60 2.92 0.52 2.94 0.47
Listening 8 3.03 0.54 3.19 0.26
EFFORT  CBI Reading 12 331 0.34 3.25 0.37
Iconic 10 3.53 0.34 3.23 0.45
Total 30 3.31 0.43 3.23 0.36
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Dependent  Treatment Learning n Pretest Posttest
Variable Style Mean SD Mean SD
CIA Listening 10 3.34 0.34 3.15 0.54
Reading 10 3.33 0.26 3.13 0.53
Iconic 10 3.23 0.55 3.10 0.68
Total 30 3.30 0.39 3.13 0.57
Total Listening 18 3.20 0.45 3.17 0.43
Reading 22 3.31 0.30 3.19 0.44
Iconic 20 3.38 0.47 3.16 0.56
Total 60 3.30 0.41 3.18 0.47
ATB CBI Listening 8 2.80 0.38 2.96 0.19
Reading 12 2.99 0.27 3.02 0.18
Iconic 10 2.92 0.12 2.96 0.21
Total 30 2.91 0.27 2.98 0.19
CIA Listening 10 2.90 0.17 2.82 0.26
Reading 10 2.82 0.11 2.85 0.22
Iconic 10 2.90 0.25 2.82 0.39
Total 30 2.87 0.18 2.83 0.29
Total Listening 18 2.86 0.28 2.88 0.24
Reading 22 2.91 0.22 2.94 0.22
Iconic 20 2.91 0.19 2.89 0.31
Total 60 2.89 0.23 2,91 0.25

A between-groups ANCOVA was conducted to assess the effectiveness of CBI

and CIA in improving attitude towards Biology of students with different learning styles

such as listening,

posttest mean score

reading and iconic (Table 30). Pretest values for their corresponding

s in ATBS were used as covariates. Preliminary checks were

conducted to ensure that there was no violation of the assumptions of normality, linearity,

homogeneity of variances, ho

of the covariates.

Table 30. Tests of Between-Subjects Effects for Components and Overall Students’

Attitude Towards Biology (Instructional Approach by Learning Style)

mogeneity of regression slopes, and reliable measurement

Dependent _ Source Type of 111 df Mean F  Sig
Variable Sum of Square
Squares
d Model .659¢ 6 110 152 611
IMPT2 oot 4292 | 4292 29375 000
CV: IMPTI 004 1 004 02 873
TREATMENT 318 1 318 2177 146
LS 192 2 096 056 523
TREATMENT*LS 035 2 0138 A21 .886
7.745 53 146

Error
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Dependent Source Type of 111 df Mean F Sig.
Variable Sum of Square
Squares
Total 650.108 60
Corrected Total 23;0‘3’ 52 3 505 55
INT2 Corrected Model 031 . <. -
s gmoma
CV: INTI 2.300 I 2.3 80001
TREATMENT :gg > (1)55;? 256 775
LS . A . . .
TREATMENT*LS .0l6 _2 .008 041 960
Error 10.526 53 .199
Total 610.082 60
Corrected Total 13.156 59
N I
Intercept = " : 1 . 4
CV: TEACHI 6 1 6 o oo
ESEATME NT 017 2 058 611 547
) 631 536
NT*LS 120 2 .060 :
ERE:”ME 5063 53 096
T;'tal 522.548 60
Corrected Total 6991211 52 152 5018 079
KEEN2 C°"e°“’td Model 3.036 1 3.036 40352 .000
Intercep 300 1 300 3.987  .051
CV: KEENI 291 | 291 3867 055
TSEATMENT 122 2 061 812 .450
L 006 2 .003 041 960
* . .
TREATMENT®LS 3.088 53 075
'15,';‘; 449.837 60
0 4899 59
Corrected T°‘§' 1 1.303° 6 217 1.851  .107
ENJOY2 Corrected Mode 4.537 1 4537 38.695  .000
Intercept 258 1 258 2.203 144
CV: ENJOYI 530 I 530 4522 038
TREATMENT 185 2 093 790 .459
LS 266 2 133 1135 329
TREATMENT*LS 6215 53 117
Erfog 537.365 60
Tota 7.517 59
Corrected Total 3.7937 6 632 3.703 .004
ANXIETY2  Corrected Model 4.979 1 4979 29171 000
[ntercept 2.356 1 2356 13.802  .000
CV: ANXIETY1 256 1 256 1.500 226
TREATMENT 519 2 260 1.521 228
LS 879 2 439 2574 086
TREATMENT*LS 9.047 53 171
Error 530.280 60
Total 12.839 59
Corrected Total 2008 6 050 203 974
EFFORT2 Corrected Model 6.197 1 6.197 25288  .000
Intercept 117 | 117 479 .492
CV: EFFORT2 138 I 138 562 457
TREATMENT 012 2 006 024 976

s
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Dependent Source Type of 111 df Mean F Si
Variable Sum of Square ®
Squares

TREATMENT*LS .008 2 .004 0ls 985
Error 12989 53 245 ' '
Total 618.125 60
Corrected Total 13.288 59

POSTATB Corrected Model 5548 6 092 1.511 193
Intercept 1.629 ! 16 ) 000
CV: PREATB 181 | ot S ou) 092
TREATMENT 290 1 200 4748 034
LS 022 2 011 .176 .839
TREATMENT*LS .004 2 .002 034 967
Error 3241 53 061 ’ '
Total 510370 60
Corrected Total 3.796 59

TR Mo o0 o

After adjusting for the pretest mean scores, no significant interaction effects

R Squared = .078 (Adjusted R Squared = -.026)
R Squared = .200 (Adjusted R Squared =.109)
R Squared = .269 (Adjusted R Squared =.186)
R Squared = .186 (Adjusted R Squared = .094)
R Squared = .173 (Adjusted R Squared = .080)
R Squared = .295 (Adjusted R Squared = .216)
R Squared = .022 (Adjusted R Squared = -.088)
R Squared = .146 (Adjusted R Squared =.049)

between instructional approach and learning styles were observed in all eight measures

(all p’s > 0.05). Attitudinal measures also did not significantly differ across learning

styles (all p’s > 0.05).

Considering students’ learning styles, the effect of instructional approach, on the

other hand, was found to be significant only in the following attitudinal measures:
students’ perceptions of their biology teacher (F = 8.333, p= 0.006); enjoyment of

Biology, (F = 4.522, p= 0.038); and overall attitude towards biology, (F = 4.748, p=

0.034). In

became insig
moderator variab

independent of stude

nificant (F = 3.867,p= 0.055) when learning styles was factored in as a

nts’ learning styles.

terestingly, the effect of instructional approach on keenness in learning Biology

le. This only means that the observed effect of instructional approach is




134

These results suggest that the attitudinal response of the listeners, readers and
iconics to the two instructional approaches did not significantly differ from each other.
CBI therefore is an inclusive approach capable of addressing the learning needs and
learning styles of the students, without bias against students’ learning styles particularly
on their preferred mode of obtaining new information. This supports the suggestion that
rather than matching teaching style to individual student learning style which is
pedagogically impractical, it is better to employ different teaching styles to allow
students to learn in many different ways (Vaughn & Baker, 2001) because students have
the potential of accommodating all teaching approaches (Zhang, Sternberg & Tan, 2013).

Moderating effects of learning styles on students’ achievement in
bioenergetics test. The likelihood that learning styles or interaction between learning
styles and instructional approach may affect students’ achievement in bioenergetics test
was also investigated. Reports in literature are conflicting about the effect of learning
styles on achievement in science, particularly in Biology.

Table 31 presents some information on the learning styles distribution and

students’ pretest and posttest mean scores in BAT between the CBI and CIA groups.

Table 31. Descriptive Statistics for Students’ Achievement in Bioenergetics Test
(Instructional Approach by Learning Style)

Treatment Learning n Pretest Posttest
Style Mean SD Mean SD

CBI Listening 8 9.88 1.73 14.50 5.63
Reading 12 10.83 3.19 15.42 3.60
Iconic 10 10.30 3.13 16.10 4.43
Total 30 10.40 2.79 15.40 4.37

CIA Listening 10 9.30 2.58 14.60 3.41
Reading 10 9.60 1.96 13.50 4,25
Iconic 10 12.30 3.13 17.70 5.54
Total 30 10.40 2.86 15.27 4,69
Listening 18 9.56 2.20 14.56 4.38

Total

_f_______}e,aﬁiﬂL 22 10.27 2.71 14.55 3.94
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Treatment Learning n Pretest Posttest
Style Mean SD Mean SD
Iconic 20 11.30 3.21 16.90 4.95
Total 60 10.40 2.80 15.33 4.49

It is evident that in the class exposed to CBI. iconics obtained the highest posttest
mean score (16.10) over readers (15.42) and listeners (14.50). In the CIA class, however,
iconics also scored the highest (17.70) but listeners (14.60) scored higher than the readers
(13.50). The overall posttest mean score of the 20 iconics for this test was 16.90, whereas
for the 18 listeners and 22 readers, it was 14.56 and 14.55, respectively.

To determine if this observed difference among learning styles is significant and
whether a learning styles-by-instructional approach interaction exists, the two way
ANCOVA was employed (Table 32). Pretest BAT score was used as a covariate.
Preliminary checks were conducted to ensure that there was no violation of the
assumptions of normality, linearity, homogeneity of variances, homogeneity of regression

slopes, and reliable measurement of the covariate.

Table 32. Tests of Between-Subjects Effects for Achievement in Bioenergetics Test
(Instructional Approach by Learning Style)

Source Type of 11l Sum df Mean F Sig.
of Squares Square

Corrected Model 247.146° 6 41.191 2312 047

Intercept 297.276 1 297.276 16.687 .000

CV: PREBAT 140.629 1 140.629 7.894 007

TREATMENT 179 1 179 .010 921

LS 34.288 2 17.144 962 389

TREATMENT*LS 8.753 2 4.376 .246 783

Error 944.188 53 17.815

Total 15298.000 60

Corrected Total 1191.333 59

a. R Squared = .207 (Adjusted R Squared = .1 18)

After adjusting for pretest scores, there was no significant interaction effect (f=
0.246, p = 0.783). Neither of the main effects were statistically significant, treatment: F =

0.010, p = 0.921; and learning styles: "= 0.962, p = 0.389. This finding is consistent with



the assumption of consensus that when learners become actively involved in their

learning, they adapt better to both individual and group's preferred learning styles, utilize
alternative pathways, and provide the space to make choices regarding the learning
approach and learning environment that work for everyone (Sartor & Young Brown,
2004; Blinne, 2013). This unbiased effect of learning styles implied that CBI is a non-
discriminatory approach to biology instruction that is equally comparable with the
conventional method.

However, this result did not capture the learning typologies that were intended to
be generated as described in the CLSI due to sample size issue. The learning style utilized
instead was only the students’ preferred way or mode of obtaining new information, one

of the features only of CLSI. Yet, this classificatory measure is thought to be reflective of

students’ preference for learning.

Relationship Between Attitude Towards Biology
and Achievement in Bioenergetics

There is a blur in the relationship between attitude and achievement in biology.
To test their nature of association, a multiple linear regression using the stepwise method
was employed on students’ data after the intervention. The posttest mean score in BAT
was the dependent variable and the posttest attitudinal measures taken singly were the
independent variables as follows: importance of Biology (IMPT2), interest in Biology
(INT2), perception of the biology teacher (TEACH2), keenness to learn Biology
(KEEN2), enjoyment of Biology (ENJOY?2), anxiety towards Biology (ANXIETY2),

effort in learning Biology (EFFORT?2), and overall attitude towards Biology

(POSTATB).
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The subsequent table (Table 33) revealed that of all the independent variables
tested, interest in Biology significantly predicted students’ posttest mean score in BAT
explaining about 11.4 percent of the variance (3 = 0.337, R = 0.114). The regression
model is significant (p = 0.008), giving the following prediction equation for

achievement:
Predicted BAT Score = 5.205 + 3.21 [ (INT2 Score)

This means that in every unit increase in students’ interest towards Biology, a

corresponding 3.211 increase occurs proportionately in their achievement in BAT.

Table 33. Multiple Regression Analysis on Students’ Achievement in Bioenergetics as

Predicted by their Attitude Towards Biology
Unstandardized Coefficients Standardized Coefficients

Model B Std. Error Beta Sig.

1 (Constant) 5.205 3.751 1.388 171
INT2 3.211 1.176 0.337 2.730 008

Dependent Variable: POSTBAT

R?2=0.114

In this study, achievement in bioenergetics test was assigned as the dependent
variable, based on the premise that attitude precedes behavior (Osborne et al., 2003) and
best milk comes from contented cows (Fraser, 1982). This result is consistent with the
findings of Usak et al. (2009), Caciki, Aricak aind Ilgaz (2011), and Ali and Awan (2014)
who also found out small yet significant associations between attitude towards and
achievement in Biology. The fact that only one component of attitude towards Biology
was found to be a significant predictor of achievement, with small variance to explain,
keeps the argument up between the nature of relationship between the two variables.

However, further multiple regression analysis using gained scores within the

instructional groups was explored. In the CBI group, when the same model was run using
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the stepwise method, no significant predictor came out. When achievement was
disaggregated into topics and cognitive domains only one model yielded significant

findings as shown in Table 34.

Table 34. Multiple Regression Analysis on CBI’s Gained Scores in Metabolism part of
BAT as Predicted by Gained Scores in Attitude Towards Biology
Unstandardized Coefficients Standardized Coefficients

Model B Std. Error Beta ! Sig.

I (Constant) 1.560 349 4.472 .000
GAINTEACH -2.573 1.121 -.398 -2.296 .029

Dependent Variable: GAINMET

R?2=0.158

CBI students’ gained score in their perception of their biology teacher
(GAINTEACH) significantly predicts their gained score in the metabolism (GAINMET)
part of BAT (t = -2.296, p = 0.029). But the relationship is negative ( = -0.398)
accounting for 15.8 percent of the variance in GAINMET. This could mean that for every
unit increase in GAINTEACH, there is a corresponding 0.398 unit decrease in the
GAINMET.

This finding does not corroborate with what most researchers on attitude-
achievement hypothesis claim that the best milk comes from the most contented cows.
Attitude did not precede behavior in this case. Chances are in the CBI group, many
students developed positive attitude towards their teacher, but these attitude were not
translated into an increase in performance in GAINMET, in fact a significant drop in
performance was statistically supported. In the same way those students whose attitude
are not really high could possibly have higher score in GAINMET. This supports the
argument of Osborne, Simon and Collins (2003) that learners can achieve highly in

science without necessarily holding positive attitude towards it. For the CIA group, no
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significant regression model was produced using the same set of predictor and criterion
variables, across topics and cognitive domains.

To understand better the nature of the relationship between the two variables
considered, further multiple regression analysis was done within sex groups, with
GAINBAT as the criterion variable and the component and overall gained scores of ATB
as predictors. Results of analysis are shown in Table 35.

Within the male group, gained scores in BA'T were found to be significantly
predicted by the students’ overall gain in ATB score (§ = 0.541, r =2.228, p = 0.046),
explaining 29.3 percent of variance in the former. This amount of explained variance is
way over and above those reported in literature with significant multiple coefficient of
determination (R?) values ranging from 2.5 to 6.76 percent only (Usak et al, 2009; Caciki,
Aricak & llgaz, 2011; Ali & Awan, 2014). This means that the relationship between
attitude towards Biology and achievement in bioenergetics is strongly evident in males
than the females, where overall gained score in ATB was not a significant predictor.

Table 35. Multiple Regression Analysis on Gained Scores in BAT as Predicted by
Component and Overall Gained Scores in ATB

Unstandardized Coefficients Standardized Coefficients

Model B Std. Error Beta Sig.

Males

1 (Constant) 4.006 1.135 3.528  0.004
GAINATB 14.219 6.381 0.541 2228  0.046

Depend;amariable: GAINBAT;  R?*=0.293

Females

] (Constant) 4.926 0.602 8.184  0.000
GAINKEEN 3.441 1706 0291 2.017  0.050

e GA T R2=0088
Dependent Variable: GAINBAT; R*=10.085
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Within the female group, the only significant predictor of BAT gained scores is
their keenness to learn Biology (B = 0.291, 1 =2.017, p=0.050) which accounts for 8.5
percent of the variance in BAT gained score. It is apparent in literature that relationship
between attitude and achievement is scantily investigated within sex groups.
Re-conceptualized Framework

Based from the findings of the study, the CBI framework was re-conceptualized
as shown in Figure 3. In the original framework, CBI was assumed to affect students’
attitude towards Biology and their achievement in bioenergetics test. In the revised
framework, it can be seen that CBI only bears significant effect on students’ attitude and
not on their achievement. Especially, its effects are pronounced only among students’
perceptions of their biology teacher, their keenness to learn Biology, their enjoyment of
Biology and their overall attitude towards Biology. No significant CBI effects were seen
on other components like students’ interest in Biology, their perceptions on importance of
Biology, their anxiety towards Biology, and their effort in learning Biology. In the
previous framework, learning styles and sex were thought to moderate the effects of CBI
on both students’ attitude towards Biology and their achievement in bioenergetics test.
But these suppositions were not supported by the findings of the current investigation,
thus they were omitted. However, sex has been established to be acting as a variable
independent of instructional approach, and not a moderator, as previously thought of.
sex effect has been observed on students’ interest in Biology, which

Specifically,

interestingly, is the only component of students’ attitude towards Biology that can

substantially predict their achievement in bioenergetics test. But the finding is not true

within instructional groups, where none of the overall and component gained scores both
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in the CBI and CIA groups significantly predicted their achievement in BAT. Within sex
groups, however, significant relationship between the overall attitude of males towards
Biology and their achievement in bioenergetics has been supported by the data generated

from this experiment, as indicated by the thin lines. Likewise, females’ keenness to learn

Biology significantly predicts as well their achievement in bioenergetics.




Chapter 5

SUMMARY, FINDINGS, 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 aimed to determine the effects of consensus-based instruction (CBI) on
attitude towards Biology and achievement in bioenergetics among college students
enrolled in the biological science class at the College of Business and Accountancy in a
state university in the MIMAROPA Region during the second semester of School Year

2015-2016. Specifically, this study sought to answer the following questions:

1. Are the overall mean scores in attitude towards Biology and its components such
as importance of Biology, interest in biology lessons, perceptions of the biology
teacher, keenness to learn Biology. enjoyment of Biology, anxiety towards
Biology and effort in learning Biology of the class exposed to CBI higher than
those of the class taught using conventional instruction approach (CIA)?

2 Is the mean score in the Bioenergetics Achievement Test of the class exposed to
CBI higher than that of the class taught using CIA?

3. Does sex moderate the effects of instructional approach on:

a. Students’ attitude towards Biology; and

b. Students’ achievement in bioenergetics test?

4. Does learning style moderate the effects of instructional approach on:

2. Students’ attitude towards Biology: and




b. Students’ achievement in bioenergetics test?

5. Are the overall scores of students’ attitude towards Biology and its components
such as importance of Biology, interest in biology lessons, perceptions of the
biology teacher. keenness to learn Biology. enjoyment of Biology, anxiety
towards Biology and effort in learning Biology related to their bioenergetics
achievement test scores?

Covering the unit in bioenergetics, two NatSci 102 (Biological science) classes
were chosen and compared using the non-equivalent pretest-posttest control group quasi-
experimental design. One group was taught using conventional instruction approach
(CIA) while the other group used the CBI approach. In CBI, students were given the
chance to raise an issue in the learning plan, negotiate, propose an alternative, participate
in a ‘grand conversation’, decide using consensus, and adhere to the agreed
implementation process. Within groups, students in the CBI class were also tasked to
arrive at a consensus answer on a teacher-prepared focus question related to the day’s
lesson. The following research instruments were utilized: Canfield Learning Style
Inventory (CLSI), Learning Needs Analysis Protocol (LNAP), Questionnaire on the
Importance of Democratic Practices in Classroom (QIDPC), Attitude Towards Biology
Scale (ATBS) and Bioenergetics Achievement Test (BAT). All instruments were
r-made and expert-validated except for the standardized CLSI. Based on the

researche

results of pilot tests and reliability analyses, all instruments were acceptable for use.

CLSI was administered to both groups prior to the experiment, LNAP was accomplished

only by the CBI group prior to the experiment, QIDPC was administered only to the CBI

group prior to and after the experiment, while ATBS and BAT were administered to both




145

groups before and after the experiment. Quantitative data collection methods were
supplemented by video-recorded class sessions, researcher's journal and informal
interviews to students. Thirty students per group were randomly chosen for comparative
analysis afier those with incomplete data and absences were excluded from the sampling
frame. Descriptive statistics were used in profiling the respondents. Using pretest scores
as covariates, ANCOVA was used in comparing differences in posttest mean scores
between CBI and CIA groups in terms of students attitude in Biology and their
achievement in the bioenergetics test. [t was also utilized in testing the moderating effects
of sex and learning styles on the above mentioned dependent variables. In comparing
both groups in terms of BAT achievement, /-test lor independent samples was employed.
In the CBI group, the change in students’ perception about the importance of democratic
practices in classroom before and after the intervention was compared using the r-test for
paired samples. Multiple regression analysis was used in determining the relationship

between students’ attitude towards Biology and their achievement in the bioenergetics

test.

Findings

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

problems asked:

1. As to the students’ attitude towards the importance of Biology, the posttest mean

score of the CBI group was 3.35 compared to the CIA group which was 3.19.

After adjusting for the pretest mean scores, there was no significant difference

between the CBI and CIA groups (F=2.821, p=0.099). The null hypothesis was

not rejected.
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In terms of students’ interest in biology lessons, CBI group obtained a
posttest mean score of 3.21 as compared to CIA group which was 3.10. After
adjusting for the pretest mean scores, there was no significant difference between
the two groups (F=1.101, p = 0.05). The null hypothesis was not rejected.

As regards students’ perception about their biology teacher, the posttest
mean score of the CBI group was 3.08 while the CIA group was 2.79. After
removing the effect of the pretest score, ANCOVA uncovered significant
difference between the two groups (/" =9.164, p = 0.004). The null hypothesis
was rejected in favor of the alternative. Therefore, students in the CBI group hold
more positive perception of their biology teacher than those in the CIA group.
Many of them reported positive perceptions of their teacher’s competence,
pedagogical skills and motivating skills.

With regard to students’ keenness to learn Biology, those in the CBI group
obtained a posttest mean score of 2.81 while those in the CIA group was 2.64.
After adjusting for the pretest scores, it was found out that a significant difference
exists between the two groups (F =4.455, p=0.039). The null hypothesis was
rejected in favor of the alternative. Consequently, students in the CBI group are
keener to learn Biology than those in the conventional group.

As to students’ enjoyment of Biology, the posttest mean score of the CBI
group was 3.07 as compared to 2.88 of the CIA group. After the influence of
adjusted, ANCOVA results significantly differentiated the two

pretest scores was

groups (F= 5.538, p=0.022). The null hypothesis was rejected. Thus, students in

the CBI group enjoyed Biology more than those in the CIA group. They mainly
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point out that the consensus group activities. decision-making activities that
everyone can support, teacher’s adherence to the negotiated elements of the
learning plan, the democratizing process of consensus, the opportunity for self-
expression, student-teacher interactions, as among those that gave them sense of
enjoyment.

In terms of students anxiety towards Biology, students in the CBI group
scored a posttest mean of 3.02 while in the CIA group was 2.88. After adjusting
for the pretest score, ANCOVA found out that there is no significant difference
between the two groups (F=1.370, p = 0.247). The null hypothesis was not
rejected.

With regard to their effort in learning Biology, the posttest mean score
obtained by the students in the CBI group was 3.23 while those in the CIA group

was 3.13. After adjusting for pretest scores, ANCOVA revealed that there was no

significant difference between the two groups (£ = 0.637, p = 0.428). The null

hypothesis was not rejected.

For the students’ overall attitude towards Biology, those in the CBI group

attained a posttest mean score of 2.98 while those in the conventional group was
2.83. After adjusting for the pretest scores, ANCOVA showed a significant
difference between the two groups (F=5.187, p=0.027). The null hypothesis
was rejected. Thus, students in the CBI group demonstrated more positive attitude
in Biology than those in the conventional group.

The posttest mean score in BAT of the class exposed to CBI was 15.40 while that

of the class taught using CIA was 15.27. Levene’s test revealed that the two



148

groups have equal variances (F = 0.275, p = 0.602). It was found out that there
was no significant difference between the two instructional approaches on posttest
mean scores in bioenergetics achievement test (1 = 0.114, df =58, p = 0.910). The
null hypothesis was not rejected. However, descriptive and qualitative data show
some interesting support on the use of CBI.

. As to the interaction effects of sex with instructional approach on students’
attitude towards Biology, the following were the highlights of the findings:

a. Concerning the influence of sex on students’ attitude towards Biology,
males had higher posttest means than females in the following: importance
of Biology (3.33>3.25), interest in biology lessons (3.38>3.09), perception
of biology teacher (3.06>2.89), keenness to learn Biology (2.81>2.70),
anxiety towards Biology (3.03>2.91), effort in learning Biology
(2.23>3.16), and the overall score for attitude towards Biology
(3.01>2.87). The students’ enjoyment of biology posttest mean score was
equal for both males and females (2.98).

Within the instructional groups, males in the CBI class scored
higher than females in all posttest measures of attitude towards Biology.
However, in the CIA group, except for students’ enjoyment in Biology
where males and females obtained equal mean score (2.88) and effort in
learning Biology where females scored higher than males (3.16>3.00), a

similar trend was evident.

After adjusting for the pretest mean scores in each of the posttest

attitudinal scores, ANCOVA found no significant interaction effects




between instructional approach and gender in terms of the following

dependent variables: importance of Biology (¥ = 0.222, p = 0.639);
interest in Biology (F'=0.007, p = 0.936); perception of biology teacher
(7= 0.000, p = 0.998); keenness to learn Biology (¥ = 0.347, p = 0.558);
enjoyment of Biology (F'= 0.022, p = 0.882); anxiety towards Biology (F
= 1.459, p = 0.232); effort in learning Biology (¥ =2.101, p=0.153); and
overall attitude towards Biology (/= 0.064, p = 0.801).

Generally, there was no significant sex effect seen on students’
attitude towards biology except on students’ interest in Biology (F =
4.449, p= 0.039) where males (3.38) tend to exhibit more positive attitude
than females (3.09). Factoring in the influence of sex, the effect of
instructional approach, on the other hand, was found to be significant only
in the following attitudinal measures: students’ perceptions of their
biology teacher (F = 6.517, p = 0.013); enjoyment of Biology (F =4.191,
p=0.045); and overall attitude towards Biology, (£ =4.378, p = 0.041).
With regard to the interaction effect of sex and instructional approach on
students’ achievement in the bioenergetics test, males obtained a higher
posttest mean score (16.86) than females (14.96) in the class exposed to
CBI. The same observation can be found in the CIA class. The overall
posttest mean score of the 14 males for this test was 17.21, whereas for the
46 females, it was 14.76. After adjusting for pretest scores, ANCOVA

bared that there was no significant interaction effect between sex and

instructional approach (F= 0.026, p = 0.873). Neither of the main effects
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was statistically significant, treatment (&= 0.000, p = 0.985) and sex (F =

2.081, p=0.155).

4. As to the interaction effects of learning styles with instructional approach on

students’ attitude towards Biology, the following were the highlights of the

findings:

a.

With regard to the interaction effect of gender and instructional approach
on students’ attitude towards Biology, four patterns were observed in
students’ posttest mean score on ATBS when grouped by learning styles.
Listeners obtained highest posttest mean score (3.03) over readers (2.99)
and iconics (2.79) on anxiety towards Biology. For interest in biology and
effort in learning Biology, readers obtained the highest posttest mean
score (3.21, 3.19) over listeners (3.14, 3.17) and iconics (3.11, 3.16),
respectively. For students’ keenness to learn Biology, enjoyment of
Biology, and overall attitude towards Biology, readers obtained the
highest posttest mean score (2.80, 3.05, 2.94) over iconics (2.68, 2.94,
2.89) and listeners (2.67,2.91, 2.88), respectively. For students’ attitude
towards the importance of Biology and their perceptions of their Biology
teacher, iconics obtained the highest posttest mean (3.35, 3.00) score over
readers (3.28, 2.95) and listeners (3.17, 2.83), respectively.

After adjusting for the pretest mean scores, ANCOVA showed no

significant interaction effects between instructional approach and learning

styles in all eight measures (all p’s > 0.05). Attitudinal measures also did

not significantly differ across learning styles (all p’s > 0.05).
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Considering students’ learning styles, the effect of instructional
approach was found to be significant only in the following attitudinal
measures: students’ perceptions of their biology teacher (F = 8.333, p=

0.006); enjoyment of Biology, (F'=4.522, p=0.038); and overall attitude

towards Biology, (F = 4.748, p= 0.034).
b. As regards the interaction effect of learning style and instructional

approach on students’ achievement in bioenergetics test, iconics obtained
the highest BAT posttest mean score (16.10) over readers (15.42) and

listeners (14.50) in the class exposed to CBI. In CIA class, however

iconics also scored the highest (17.70) but listeners (14.60) scored higher
than the readers (13.50). The overall posttest mean score of the 20 iconics

in BAT was 16.90, whereas for the 18 listeners and 22 readers, it was

14.56 and 14.55, respectively.

After adjusting for pretest scores, there was no significant

interaction effect observed between learning style and instructional

approach, (F=0.246,p= 0.783). Neither of the main effects was

statistically significant, treatment (F = 0.010, p = 0.921) and learning

styles (F' = 0.962, p = 0.389).

5 The Multiple Regression Analysis revealed that of the component and overall
posttest mean scores of students’ attitude towards Biology, only interest in
Biology significantly predicted students’ posttest mean score in biology
achievement test explaining about 11.4 percent of the variance (R = 0.337, R?=

nt (p=0.008).

he regression model is significa

0.114). T
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CBI students’ gained score in their perception of their biology teacher
(GAINTEACH) significantly predicts their gained score in the metabolism
(GAINMET) part of BAT (t = -2.296, p = 0.029). But the relationship is negative
(B = -0.398) accounting for 15.8 percent of the variance in GAINMET.

No relationships between components and overall gained scores in ATB
and gained score in BAT were observed both within the CBI and CIA groups.
However, within sex groups, males’ overall gained scores in ATB significantly
predict their gained scores in BAT (B =0.541, t =2.228, p = 0.046), explaining
29.3 percent of variance in the former. Within the female group, the only
r of BAT gained scores is their keenness to learn Biology (B =

significant predicto

0.291, t=2.017, p=0.050) which accounts for 8.5 percent of the variance in BAT

gained score.

Conclusions

Based from the findings of the study, the following conclusions are drawn:

CBI is an effective instructional approach in improving students’ overall attitude

towards Biology, @ sine qua non for public appreciation and engagement with

science. In particular, the approach is effective in developing among students a

positive perception of their biology teacher, improving their keenness to learn

y and enhancing their enjoyment of the subject.

Biolog
CBI is not effective in improving students’ achievement in bioenergetics test but

there are evidences supporting it as a comparable and feasible alternative

approach that nurtures students’ reasoning skills and can be added to biology
gogical approaches. CBI also helps students appreciate

teachers’ repertoire of peda
more the importance of practicing democratic processes in the classroom.
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3. CBIl is an approach that does not discriminate between sexes which engenders

comparable responses between males and females as to their attitude towards
Biology and achievement in the bioenergetics test. Although males exhibit greater
interest in biology lessons, such is an independent observation and does not show
any substantial interaction effect with CBL.

CBI addresses students’ learning styles without bias. Listeners, readers and
iconics equally accommodate the teaching strategies embedded in the approach
and demonstrate comparable responses with regard to their attitude towards
Biology and their achievement in bioenergetics test.

Students’ interest in biology lessons is the only component of attitude towards
Biology that significantly predicts achievement in bioenergetics test. Within sex
groups, males’ overall attitude towards Biology significantly predicts their

achievement in bioenergetics while among females, it is keenness to learn

Biology-

Recommendations

recommendat

1.

Based from the findings and conclusions of this study, the following

ions are put forward:
hers, teacher trainers and educators, they may consider the use of CBI in

For teac

their respective biology classes if they want to experience the benefits reported in

literature and those that have been empirically revealed in this investigation. They

can start by modelling from the consensus building procedures developed from
this study, either whole class, within groups, or both. They can also use the

developed primer in helping students understand consensus in comparison with
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other decision-making rules and processes. It is also important that they have to
assess first the learning needs of the students, allow tolerable amount of time for
students to ponder on these needs and pay sincere attention to their suggestions
and concerns. The Learning Needs Analysis Protocol used in this study can help
them do this efficiently. In starting with consensus activity within groups, using
carefully chosen and relevant video-based experiments which can be downloaded
from the internet will be a good start. They can blend this with predict-observe-
explain strategy, but predicted outcomes must be decided consensually. This can
be done by pausing the video right before the results of the experiment are shown.
In generating consensus decisions, the class can come up with creative techniques
aside from doing it orally and through hand gestures. They may also consider
adding other consensus practices reviewed in this study or they may design their
own way of doing consensus based on their own style and own flavor within the

students’ context. It is also recommended that they do their own reading or attend

a crash course, seminar or training about postmodernism, constructivism, and

democratic education in order to have a strong grounding on the philosophical and

theoretical bases of this emerging pedagogical approach.

For curriculum developers and textbook writers, they may add consensus-based

instruction as an approach that teachers can try to narrow the gap between the

intended and the achieved curriculum. If possible, curriculum developers and

textbook writers may make use of the opportunity of attending students’

conventions and conferences when they would have the chance to interview

students about their interests and needs, and reflect them in the curriculum they
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are developing or textbooks they are writing. In this way, curriculum standards
will be contextualized to the learners’ needs. Among textbook writers, the
benefits of consensus can be integrated to their book writing by adding a section
about carefully thought-of consensus-group activities, similar to the ones used in
this study, for every lesson or every after the end of the unit. In this way, students

will have the privilege of experiencing a quality social interaction where their

own voices matter.

For the University officials particularly those who are in-charge of instruction, the
idea of consensus as an approach gives students the voice in the teaching-learning
transactions like negotiating the course syllabus without sacrificing the standards
can be considered as a topic for one in-service training just so the approach can be
deliberated at the academic level. The literature reviewed and the empirical results
generated from this investigation can be presented as evidences for consideration

and a springboard for considering it as among the researchable areas in the agenda

for quality instruction.

Since this investigation covers only one unit, the sufficiency of the dosage of

intervention cannot be ascertained. Thus, a similar semester-long experiment in

college or in senior high school or a yearlong investigation in junior high school is

recommended, using the same instruments as necessary.

To truly establish the interaction of learning styles with CBI, other learning style

inventories that comprehensively typify the learners can be used.
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BAT items can still be polished to improve its reliability coefficient by studying
or revising those test items that would increase the Cronbach™ alpha when they are
deleted.

In order to capture consensus-based instruction within groups. it is recommended
that during consensus group activities, the videographer should focus only on one

group, so that the group processes such as the grand conversation and consensus

building can be better examined and analyzed.
The following are recommended for future research:

a. The effects of consensus-based instruction on students’ 21* century skills

like decision-making skills, among others;
b. The effects of consensus-based instruction on teachers’ technological

pedagogical content knowledge and students’ attending behavior;

The effects of video-based consensus activity on students’ academic

c.
performance;

d. Comparative effects of consensus, democratic and autocratic approaches
in improving students’ self-concept and performance in authentic
assessments in Biology; and

e. Qualitative investigation on the kind and characteristics of teachers who

perform better in CBL
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2. Biology is boring. D
3. | really like biology. =
4. Biology is fascinaling and fun.
5. | have good leelings tovzards
biology -

6. | would enjoy being a biologist.
7. Biology is a very inleresting
subject.

8. | do not like biology and it
scares me o have to take it.

9. | am always under a terrible
strain in a biology class.

10. Biology makes me fecl
secure and al the same time it is
stimulating.

11. Biology makes me feel
uncomfortable, restless, irritable
and impatient.

12. When | hear the voord
‘biology .’ | have a feeling of
dislike.

13, | approach biology vith a
feeling of hesitation.

14. It makes me feel nervous to
even think aboul doing an
expen'menl in biology.

15. | feel at ease in biology and |
fike it very much.

16. | feel a definite positive
reaction to biclogy because it is
enjoyable.

17. 1 feel real pleasure in my

piology class.
18. | like biology more than other
subjects.

19. Biology
for me. .
20. 1 vould like to have biology
Jessons moré often.
21. | hate biology lessons.
22. Biology is on¢ of the casiest

subjects for me.

M)

lessons are difficult

000000000 0 000000000
000000000 0 000000000

CC0C00000 0000000
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revisions?

23. Biology lessons become @
source of boredom for me.

24. The lessons taught in biology
are not interesting.

25. | cannot understand the
biology lessons after class.

26. | do not have the interest to
discuss biology topics afler the
school time.

27. 1 do not have the interest lo
complete my homevvork in
biology -

28. Biology makes me feel as
though | am lost in the jungle of
terms.

29. My mind goes blank when |
am studying biology .

30. Biology lesls make me
nervous.

31. | would not probably do well
in courses related to biology .
32. | always try hard no matter
how difficult the lesson in biology

is.
33. When | fail in biology exam, |
alwrays try much harder.

34. | always try to do my best in
biology -

35. | try hard to do well in

biology - .

36. My biology teacher
encourages me to learn more
about biology .

37. | enjoy talking to my biology
teacher after class.

38. My biclogy teacher makes
good plans for us.

39. Sometimes, My biology
teacher makes me feel } am
unintelligent.
40. My biology teacher expects
me to get good grades.

41. Whenever | want to ask
anything about biology. | consult
my biology teacher.

42. | consult my biology teacher
in any topic/s that | cannot
understand during science class.
43. The imponanl points
emphasized by my lgacher
during class discussion helps me

in leaming biology - o
44. We do @ lot of fun activities

in biology class

Relevant

D0 00000000000000C0 00000

Fairly
Relevanl

000000000000C0C0 0 0CGCO0

)0
)0

lrelevant

0 0000000000000 0 00000
)0 000000000000000000COC

15. For items 1-22, what are your suggestions for those you rated to be needing

Needs
Revision
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revisions?

45. We learn important things in
biology class.

46. We cover inleresting topics in
biology class.

47. | like our biology
textbook/reference.

48. Biology knowiedge is
essential for understanding other
courses and phenomena.

49. The progress of biology
improves the quality of our lives.
50. Biology is our hape for
solving many environmental
problems.

51. Biology is not imporant in
comparison with ather courses.
S2. Biology is imporant part of
our lives.

53. Nobody needs biology
knowledge.

54. Bioloyy helps in the
development of my conceptual
skills.

55. | make many effoils to
understand biology.

56. | find biological processes
very interesting.

57. The work with living
organisims in biolagy lessons is
very interesting.

s8. [ follow a regular schedule to
study biology at home.

59. | understand biology lessons
taught in class by the teacher.
0. | can focus in biology

lessons.
61. | review lessons In biology

daily at home.
62. | complete first my home

work in biology before doing other
things.
3. During biology lectures, | can

comprehend the important points.

64. | fully concentrate on the
topic discusse

class. ]
65. | can explain biology

y own words.

Jate the previously

biology with

d in my biology

concepls in m
66. | usually re
teamed lessons in
the new one.

Relevant

0000000000000000000000

|

Fairly

Relevant

0000000

000 00000000003

J

lirelevant

0000000000000000000000

17. For items 2344, what are your suggestions for those you rated to be needing

Needs
Revision

0000000000000000000000
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19. For items 44-66 what are your suggestions for those you rated to be needing
revisions?
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Appendix E

Letter to Content Validators of the Achievement Test
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4 October 20153
Dcar Content Validator.

Grecetings!

| am EDDIE G. FETALVERO. a graduatc student of UP Open University taking up PhD
in Education major in Biology Education. Iam currently doing my dissertation about
Consensus-Based Instruction and now on the process of validating my rescarch
instruments. Onc of the dependent variables ol my study is student’s achievement in

a unit included in the GE course NatSci 102. The target students who will

biocnergetics.
are the freshmen from the College ol Business and Accountancy.

be taking the test
atly help improve the instrument in order to yicld valid and
reliable results. Attached is the proposcd test. Kindly inspect the questions and highlight

(hosc that arc not clear and have somc grammatical issucs. Alter which. please check
whether the questions arc consistent with the topics indicated in the coursc syllabus. Most

ol the questions arc bascd (rom students” misconceptions as reported in literature.

Your expertisc will gre

After vour suggestions arc incorporated. this test will be sent to science education experts
(o detenmine the cognitive level measured by the items according to the TIMSS
ramework for science cognitive domains.

atc il you could c-mail me back your inputs on or belore October 18, 2015,

I will appreci . |
God blcss you indeed!

Morc power and may

Respectfully yours.

PR R e T
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.
I
PROPOSED ACHIEVEMENT TEST IN BIOENERGETICS
The topics to be covered « iecliv » Tt for T
s red and the objectives of the Unit for Bioenergetics i e .
(based on the proposed K to 12 Grade 11 curriculum guide 11 'L(I_‘m-%d-ks AFrFIemss Elalans
; ) guide:lort.ore (-OIII'SCS) are the followine:
e \etabolism S
o Photosynthesis
e Cellular Respiration i
Objectives:
At the end of the unit, students are expected to:
o explain how cells carry oul functions required for life.
e explain how photosynthetic organisms use light energy to combne carbon diexide and
water to form energy-rich compounds.
e trace the energy flow from the environment to the cells.
e describe how organisms obtain and utilize energy.
e rccognize that organisms require encrgy to carry out [unctions required for life.
e make a poster that shows the complementary relationship of photosynthesis and cellular
respiration.
PROFILE OF VALIDATOR -
Before proceeding to the items, kindly provide some information about you. Thank you.
——
T - ‘
Sex: | [ ] Male [ ] Female |
_ | B e—
Age (In years as of last birthday): {
) il T
e e oy Sy
Current positlow’des;glmtlon.
(T
Institution:
st |
Field/s of Discipline:
e ——
i linE
Nos. of years practicing the discipline:
-—-ﬁ_,____‘b_,__r————'—‘.’—r-—"”'—'f_
Spccializanon in PhD:
——— __T___,,,_._,,ﬁ_r_r—-r— '_—"‘—’”‘"""__),"-NW"‘_{':'
Institution where PhD was obtamec

%]
e e
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TOPIC: METABOLISM (6 items). Correct answer is in red.

L I.'sil_lg a microscope, a student observes a small, green organelle in a plant cell
Which energy transformation most likely occurs within the observed o,t-wm .L” ;

A. ATP to light ST

B. lLight to chemical

C. Heal to electrical

| D. Chemical to chemical

[ ]No'

Is this item consistent with the topic metabolism? [ ] Yes

Validator’s Comment:

Carbon dioxide and water are low energy molecules compared to the
ate product formed when they are chemically combined under the aid

carbohydr
“reaction does this tllustrate?

of sunlight. What kind of
A. Endergonic reaction
B. Exergonic reaction
C. Oxidation reaction

o D. Decomposition reaction o
[ INo

Is this itern consistent with the topic metabolism? [ ] Yes

Validator’'s Comment:

Study this metabolic pathway.

Enzyme 2 —— Enzyme3

Enzyme 1
[a}—¢] c >
Product

Starting
molecule

Which of the foll
A. A is the substr
B. Enzyme I cata
C. Enzymes 2 can

owing is NOT correct about the pathway?

ate for enzyme 1 and B is the product.

lyzes substrate A to produce B.

catalyze the substrates B, C, and D.

first reaction that forms the product B.

D. Alsa reactant in the
[ ]No

Is this item consistent with the topic metabolism? [ ] Yes

Validator’s Comment:

For a bird, the energy 10 keep itself alive comes ultimately from
A, the worm it just ate.
B. the oxygen in the air.

C. the sceds it just ate.

D. thesun. e o e )
with the topic metabolism?_ [ JYes [ ]No

Is this item consistent
Validator’s Ccomment:

191




Is this item consistent with the topic me
Validator’s Comment:

I'he figure illustrates a chemical reaction catalyvzed by an enzyme
b b ZY1me.

,"’6' B E
I_" 7 ',‘-\ -~ 1 B
PPN [ '1 f“":.\"
e Tl " ol o
—_— ( R —
w —"‘j—-‘— ‘;"_- w
B (o} D

All of the following statements about the reaction are true EXCEPT
A, Als a substrale

B. Band D are enzymes

C. B catalyzes A and becomes E

D. D and E are products ol the reaction
tabolism? [ ] Yes [ ]INo

Is this item consistent
Validator’s Comment:

ixamine the following grap
enzymatic activity.

Iis showing the relationship between pll and

Enzyme A Enzyme B Enzyme C
enzymalic enzymatic enzymatic
activity aclivity actwiy
EIREK:

"H H

-aphs, it is reasonable to infer that ata pH of 4

d be inactive.
A will be denatured.
ould lack a functional active site.

From these &1
A, enzyme C woul
B. all the enzyme

C. all the three enzymes W

B has the highest activity ol the three enzymes.

D. enzyme

tabolism? [ ] Yes [ ]No

with the topic me
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TOPIC: PHOTOSYNTHESIS (13 items)

1. Which of the following materials needed for photosynthesis is converted to food
\ g 00

and contributes most to plant’s mass?

A. Carbon dioxide

B. Sunlight

C. Water

D. Mincrals

Is this item consistent with the topic photosynthesis? [ ] Yes

Validator’s Comment:

[ 1No

Which of the following does NOT oceur during the Calvin cycle?
A. Carbon fixation ’

B. Oxidation of NADPH

C. Release of oxygen

D. Regeneration of the CO; acceplor

Is this item consistent with the topic photosynthesis? {

Validator’s Comment:

] Yes [ 1No

3. The oxygen released during photosynthesis comes from

A. Carbon dioxide
B. Water

C. NADPH

D. Glucose

s this ,iEMJEEﬂMl%BDQ@ﬂ[‘FPEE[ ] Yes [ ]No
Validator’s Comment:

4, The following are needed during the light-dependent phase of photosynthesis

EXCEPT

A. light

B. water

C. chlorophyll

D. carbon dioxide
Is this item consistent with the topic

Validator’s Comment:

photosynthesis? [ ] Yes [ 1No

sses is carried out more efficiently by a C4 plant

Which of the following proce

o than by a C3 p]an.t?
A. Light absorption

B. Photolysis
C. Fixation of

D. Transport of sugars
Is this item consistent with the topic Ehotosynthesns? [ ] Yes [ ]No

Validator’s Comment:

carbon dioxide




6. Which of the following pai i
g pairs of location and proce is i
e onctly matehed? process related to photosynthesis is
A. Thylakoid membrane: usc of carbon dioxide
B. Thylakoid membrane: production of oxygen

C. Stroma: Calvin cycle
D. Stroma: production of sugar

Is this item consistent with the topic photosynthesis? [ ] Yes [ ]No

Validator’s Comment:

7. The following diagram shows a sim lifi i
— am s S plified representation of the
photosynthesis. first stage of
‘7‘(‘ light-dependent
—e——p] reactions of >
X N photosynthesis Y
What does the input item X represent?
A. glucose
B. water
C. carbon dioxide
D. Either carbon dioxide or watcr
he topic photosynthesis? [ ] Yes [ INo

Is this item consistent with t

Validator’s Comment:

__8 -
e
E
[-]
7]
=
B
E
Q
(%]
g
violet = Blue T Green | Yellow Orange " Red
wavelength of Light
The graph represents the absorption spectrum of chlorophyll. The graph
hotosynthesis is most likely obtained from

¢ encrgy used in p

indicates that th
m?

which regions of the spectru
A. Yellow and orange red
B. Violet blue and green
C. Orange red and violet blue

D. Green and Xellow
he topic photosynthesis? [ ] Yes [ ]No

Is this item consistent with t

Validator's Comment:

194
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Which is the correct order by which light energy is absorbed by photosystems in

the thylakoid membrane of the chloroplast?
1. Pigment molecules in the antenna complexes absorb energy from the

incoming light.
2. One of the clectrons in the pair of chlorophyll molecules becomes

excited.
3. Electron is passed to an electron transport chain.
4. Energy is transferred to a reaction center consisting of a particular pair of
chlorophyll molecules.
A 1,2,3,4
B. 1.4,2,3
C. 1,3,4,2
D. 1,2,4,3

Is this item consistent with the topic pho

tosynthesis? [ ] Yes [ INo

Validator’s Comment:

ants need sunlight for healthy growth. In order to

10.

A girl has an idea that green pl

test her idea, she uses iwo pots of plants. She sets up one pot of plants as shown

below.
e
Sunlight Y
e
28
X,
54
sand, so;l:—and water
Which ONE of the following should she use for the second pot of plants? (B)

195




D) B @

Dark cupboard

-

Sand and water Soil and .
and water

® ®
s
Sunlight V
| —_—
Dark cupboard A A-—,
/.—‘r\ / -
P2 J/ \/I\ \

7

~

L Sand and_sml

5and, soll, and water

] Yes [ ]No

I
ith the topic photosynthesis? [

I
Is this item consistent W

Validator's Comment:

a1 |

2 List of supplies that arc available in the laboratory

The box below shows

Four flasks with stoppers
o Tap watcr
o [Flasks
gmall aquarium plants
« Tour small fish
a chemical indicator that changes color from blue to

o Bromothymol bluc (
yellow as the level of carbon dioxide in a solution increases).

an experiment with the four flasks as shown.
ter, 1 mL bromothymol blue, plant

Flask 2: 100 mL water, 1 mL bromothymol blue, 2 small fish
Flask 3: 100 mL waler, 1 mL bromothymol blue, 2 small fish, plant

Flask 4: 100 mL walcr, 1 mL bromothymol bluc

The class scts UP
Flask 1: 100 mL wa

-
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I'lask ) IMak 2
All four flasks are stoppered and laced : > :
flasks will have yclloxrz'pcolor aﬁc:) a few ll?:)(liler:‘f ual amount of sunlight. Which
A. 1only
! B. 2only
: C. land3
D. 2and 4
Is this item consistent with the topic photosynthesis? [_] Yes
Validator’s Comment: -

[ ]No

all water plant in bright sunlight for five hours as

12. Yaya Dub placed a sm
She observed bubbles of oxygen gas being

indicated by the set-up below.
released from the plant.

\
3
£
1]
<

L Test tube
— E'odea

Gince oxygen gas i being released, it can be inferred that the plant is
A. Producing glucose
B. Transpiring
C. Releasing energy {rom water

h the topic photosynthesis? [ ] Yes [ 1No

Is this item consistent wit
Validator’s Comment: _____—




_ 13,

A student investigated the effect of temperature on the rate of photosynthesis i
ynthesis in

a water plant. The results are shown in the following table

r - ;
lemperature <C Volume of oxygen
released per cm! per 5
minules

5 2

15 4

25 7

35 10

45 12

Which of the following statements accurately describes the relationship between

d rate of photosynthesis?

temperature an
lant produced the most amount of oxygen.

A. AL 45:C, the watcr p
B. As the temperature increases, the
plant also increases.

C. As the temperature inCreuscs. the rate of photosynthetic activity becomes

amount of carbon dioxide absorbed by the

Is this item con

faster.
D. As the temperature increases, the amount of oxygen released by the water
plant doubles.
sistent with the topic photosynthesis? [ 1 Yes [ ]No

Validator’s Comment:

198
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TOPIC: CELLULAR RESPIRATION (16 items)

1. Cellular respiration releases energy by breaking down
A. food molecules

B. ATP

C. carbon dioxide

D. oxvgen
Is this item consistent with the topic cellu

Validator’s Comment:

lar respiration? [ ] Yes [ INo

2. The products of acrobic respiration ina mammalian cell are

A. water, ATP and oxygen

13. water, ATP and carbon dioxide
C. lactic acid and ATP
D. ethanol and ATP

Is this item 9%5)2!391,@.*15!!3@195,e'.lt_!'if_£€59i.@£i2ﬂ_U.,-J Yes [ ]No

Validator’s Comment:

Jolecules passes high-energy ¢lectrons into the electron

3. Which of the following n
transport chain?

A. NADH and FADIT
B. ATP and ADP

C. Citric acid

D. Acetyl-CoA

Is this item consistgn_t,.vyi_t_h.tbf.z%i_c_s?.!hilar,.f,ezpi.r_etje@_?_d [ 1Yes [ INo

Validator’s Comment: ___———

4 Glycolysis. a pathway that is common 10 both fermentation and aerobic
respiration, begins with and cnds with
A. glucose: pyruvate

B. glucose; acetyl CoA
rbon dioxide

C. glucose; ca

D. glucose: ATP .
h the topic cellular respir

ation? [ ] Yes [ INo

Is this item consistent wit
Validator’s Comment:
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T —

5 Which of X 1 i
T ich of the following stateme s NOT
g st ents 1s NOT correct abo - an
) £ u s =Y 4 .
hieroc t fermentation in animal .
A ~ YU - : > AT [
A. It can provide a rapid burst of ATP when there is limited oxygen |
) - : : Xygen st '
B. In our bodies, muscle cells more than other cells are likely m:é-u ; "P[) .
[ermentation. ’ A
C. Pyvruvate c: P : Ao chanal
yI ldh. can build up in muscles, changing the pH and causing the muscles
to latigue. N seles |
- . . . ’
D. Only animal cells can carry oul [ermentation.
iration? [ ] Yes [ 1No

[ Is this item consistent with the topic cellular resp

Validator’s Comment:

hich of the following processes does not match with its

0. In cellular respiration, W
specitic location?
A, transition reaction: ma

B. electron transporl chain: cristae o
- infermembrane space ol mitochondrion

trix of mitochondrion
f mitochondrion
i

C. Krebs cycle
D. Glvcolysis: cytosol
sistent with the topic cellula

s this item con

rrespiration? [ ] Yes [ ]No

Validator’s Comment:

curately represents the use of gases in both

g diagrams ac

7 Which of the followin
] pho[os_ml]lcsis? (A)

cellular respiration anc

Plictosynthesis

Wrotosyithests

> m@ |

the topic cellular respiration? [ ] Yes [ INo

N

Is this item couwfistEQt,V!iF}l

Validator’s Comment:
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— Which of the followi 3
ing products of Krebs cycle will diffi
the stream, ¢ cycle will dittus -
¢ bloodstream, and be releascd from the lungs during 'lcrzl;)iut °f|‘ llhle: cell, enter
¢ ¢ cellular

respiration?
A. Carbon dioxide
B. ATP
C. Oxygen
D. Electron carriers
ent with the topic cellular respiration? [ ] Yes [ 1No

Is this item consist
Validator’s Comment:

The table shows the relati ip of
ationship of glucose mol
s ecules used to g
as molecules

9.
released during ccllular respiration.
Number of glucose rpolgcules Number of gas molecules
used during respiration released during respiration

1 6
2 12
3 18

4 24

ss would result in a cell releasing 120 gas molecules?
erting 20 glucose molecules into carbon diO\'id'e

Which cellular proce
molecules into carbon dioxide

A. The mitochondria conv:
B. The chloroplasts converting 30 glucosc
C. 'The mitochondria converting 30 glucos¢ molecules into oxygen

20 glucose molecules into oxygen. .

D. The gbﬂloroplasts_ggm_'gr_tj_gg
llular respiration? [ ] Yes [ 1No

Is this item consistent with the topic ce
Validator’s Comment: ______—
cally important to the beverage industry

mmon fungus, is cconomi

{aced in grape juice. it
that react with alcohol in the juice

break down juice into alcohol

e juice and releases alcohol

juice sugars to form alcohol
]Yes [ 1No

10. Ycast, a co
because when P
A. releases sugars
B. acts as an enzyme 10
C. ferments carbohydrates in th
| D. producsss starch that bonds with
Is this itef;_czjnsistent with the topic cellular respiration? [

Validator’s Comment:
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break down proteins for energy. However, this proce s

exhausting the animal’s reserves of ’ ess occurs only after

A. carbohydrates only

B. lipids only

C. both carbohydrates and lipids

D. carbon dioxide and water

Is this item consistent with the topic cellular respiration? [ ] Yes [ ]No
g

1. When an animal has to survive without food for a long time, it will eventuall {
s ntually o

|

\

Validator’s Comment:

12. Humans engage in cellular respiration. Which other living things engage i
age in

|

cellular respiration? !

I Snail |

II. Bacteria [

[I.  Rose plant T

1Iv. Cow l
V.  Mushroom i |

I

{

A. IV only
B. I, I and Il only

Cc. LILIV and V only ;f
D. LIL 1L IV and V ]?i
Is this item consistent with the top

Validator’s Comment:
i

nvolved in the process of cellular respiration:
u; i

[ 1No

ic cellular respiration? [ ] Yes

__13 The following are i
1. Energy
[I.  Carbohydrates
1. Carbon dioxide ]g
v. Water
V. Oxygen
ations correctly represents their involvement

Which one of the following combin

in the above process?
S>1+1v+V

C.
1D n+Vv ->1 "
Is this item consistent with the topic cellu

Validator’s Comment:

lar respiration?T ] Yes [ 1No




__ 14 During aerobic respirati
q piration, electrons travel downhill in whi
v X . Vil i SO
A. Food =& NADILFADII: = clectron transport chain = 151\1 ?:rflucme?
B. Glucose = pyruvate > ATP - oxygen e
C. (_}Iucose > ATP = electron transport chain > NADH/FADH
D. Food > glycolysis > Krebs cycle 2NADH/FADH; - ATP 2

Is this item consistent with the topic cellular respiration? [ ] Yes [ ]No

Validator’s Comment:

15 A weightlifier is using heavy weights in short bursts for a competition. B

his muscle cells are not able to take in enough oxygen to make ver o : D
the weightlifler begins to get fatigue in his muscles. Which of the t?;nn::lb!] AP
processes 1s most likely going on in the muscles of the weightlifier as h\;mg

competes in his event?
A. As the cells run out of oxygen, they switch to anacrobic respiration which

allows the cell to make small amounts of ATP in the absence of oxygen
B. As the cells run out of oxygen, they dic ofl gradually and the \veigl-llliﬁc;r’
muscles have fewer contracting muscle cells. $
C. The cells will never run out of oxygen if the weightlifter is breathing
D. As the cells run out of oxygen, they will continue to make the same an
of ATP, since oxygen is not required to make ATP. 1ount
ith the topic cellular respiration? [ ] Yes [

] No

Is this item consistent W
Validator’s Comment:

1 below shows the change in blood glucose level during prolonged

16. The grap!
exercise.
6.0

S5
504

154 o~
404

3.5

,,_u—__.-—-{—-——-f"":;l‘,

0 30 60
Exercise Time (min)

. Blood Glucose
Concentration (imM)

of the following statements explains the change in blood glucose level
shown in the graph?

A. Glucose was broken ¢
B. Glucose diffused from musc

C. Proteins combined with gluc9se
D. Pol saccharides were made from
. ith the topic cellular respiration? [ ] Yes

Is this item consistent W!

Validator’s Comment:

Which
jown to produce ATP for cnergy

le cells into the bloodstream

to produce ADP for energy
lucose in metabolic pathways.
[ 1No
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Appendix F

Letter to Validators of the Bioenergetics Achievement Test Items
Based on TIMSS Taxonomy of Cognitive Domains




3 November 2013

Dear ltem Validator.

Great™ g #
cean 2s:

la £77' G FETALVERO. a graduate student of UP Opua Um\crcm taking up PhD

in Edmratiowneajor in Biology Education. [ am enrrentl =i 5wy tanie i

e R e Wi bty a1 G DENCESE LW ubn'wg‘... dissciaucn abou
NS'™=11 sea susBe sc'd ,(]SII{I,LCUQJ Anelas daosels: iy ‘,Illd\ gt 441G ﬁL Jn\"l(,&(.ﬂl'.ch

eoenden wereekirseivnoet Y02 Thauint siaciiey ment mill

bro “wemens. Unz ol thec
be ' enilyeucs. a topic meluded indhe @ coneue’ s l‘llL\‘l]Eludg_n[q who w

wning e le Lare the frashmen o ke 2900 6555 00es anu e ntanev.,
Yot <gs = B0 B als SEloe g WSLUMEN mdu to vield valid and
Y Lvm b clby

rdmblauuswl:mm‘umuhuﬂcn el propescd: teat whizlr has ates; -
e pure /INQE Pty f"lm veeimconten yalicater

" ooy I
el i . e AR

cxp -’ !
mac “ery mon URD. ind JPLR. Braaave weved 2t el thassier she moiniar gpprsal
TIMTGE ot rescar: her ahou - e 2 ageititades 15 Geassclou L Berasack Gram.: 10

¢ and g Blignt vour go nowenvsared foodh e Vol Lac i ariek Una e
:tion of’ h(. MS Wod's L o Moo
iv wwwn cOUr inputs on or before November 9, 20 5

[api]t mee o’ w7y S L5
Morc pou.ppmuhum Cuoul ddadd 3 \‘emmﬂﬂt'd'””‘ S

writ~ =155 i igworh for 5t:|<.x|ct‘lx,mm.llnh-d e O e e 2eaCl v aSt iel gree 10

[unc

Respectlully yours.

] uyfv(i/\(\\
- vert
cletalyro g gmailce
i 0919-9:309098

VAt

AV}

. —



KNOWING (35%)

e Covers science facts, procedures an

Recall or recognize ap
Possess knowledge of vocabulary,

o Select appropriate apparatus, equipme
operations to use in conductin
Select illustrative examples in suppo

O

—
1. Recall/ Recognize

2. Define

e |
3. Describe

S ——
4. llustrate with

examples

—
5. Demonstrate

knowledge of
scientific instruments

SCIENCE COGNITIVE DOMAINS

d concepts students need to know.

propriate science sta tements
facts, information, symbaols and units
nt, measurement devices, and experimental

g investigations
rt of statement of facts or concepts.

Make or identify accurate statements about science facts, relationships
processes, and concepts; identify the characteristics or properties of >

specific organisms, materials and processes.
Provide or identify definitions of scientific terms; recognize and use
scientific vocabulary, symbols, abbreviations, units and scales in relevant

contexts.
Describe organism, physic
demonstrate knowledge o

al materials, and science processes that
f properties, structure, function and

relationships.
Support or clarify statemen
appropriate examples; identi

ts statement of facts or concepts with
fy or provide specific examples to illustrate

knowledge of gen eral concepts.
Demonstrate knowledge of how to use science apparatus, equipment

easurement devices and scales.

tools, m
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APPLYING (35%)

s Focuses on the ability of the student to apply knowledge and conceptual understanding to a sci
ience

problem

Require students to compare, contrast and classify

cientific information in light of a science concept or principle -

cepts and principles to find a solution or develop ;
|

o Interprets
o Useand apply understanding of science con
an explanation.

o Involve the directap

contexts likely to be familiar int

(1. Compare/ Contrast/ | Identifyor describe similarities and differences between groups of

Classify organisms, materials, or processes; Distinguish, classify, or order
individual objects, materials, organisms and processes, based on given

plication or demonstration of relationships, equations and formulas in i
he teaching and learning of science concepts. |

characteristics and properties.
Use a diagram or model to demonstrate understanding of a science
|

concept, structure, relationship, process or biological or physical system
or cycle (i.e. food web, electric circuit, water cycle, solar system, atomic

2. Use models

structure).
3. Relate Relate knowledge of an underlying biQIOgicaI or physical concept to an
observed or inferred property, behaviour, or use of objects, organisms or
materials. :
evant textual, tabular, or graphical information in the light of |

Interpret rel

= a science conceptor principle.

5. Find Solutions Identify or use a science relatior)shi_p, equgtion, or formula to find a :
qualitative or quantitative solution involving the direct |

application/demonstration of a concept.
n for an observation or natural

N — J ]

6 i Provide or identify an explanatio

. Explain : ‘ : | |
henomenon, demonstrating understanding of the underlying science :

p
L concept, Brincieie, |]aw or theory.
|

4, Interpret information




REASONING (30%)
* Goes beyond the i
s i i
olution of routine science problems to encompass unfamili m
miliar situations, co
, plex

co i r
O Engage in scientific reas ni S eve nation
I
4 asoning to solve prob!ems,d velop explanati d
g ions, draw co i
nclusions

maxe
k dECFSIOI"IS, and eXtEl d the I k”OVUIEdge to new 5|tuat|0n
S.

Analyze prob i
pmb'yemio]vfems to determine the relevant relationships, ¢
R T e proos 'mg steps; develop and explain problem-sofv.' oncepts, and
dr;vn e solutions to problems that require consid ng sUategies.
EP% v ideration
: t factors or_related concepts; make association of @ number of
etween concepts in different areas of science; demo 5t0r connections
; nstrate

L “(IEISta |d “g Oi Un!iled co PtS and tl emes ac
nce em ross "!e domains Of
Oncepts or p OCEdUIES i|| the SOIUtlon t
’( s to

[1. Analyze

science; integrate mathematica

science problems.
Combi [
mbine knowledge of science concepts with information from
experience

or observation to formulate questions thatcan be answ

investigation; formulate hypotheses as testable assum f.red bY_

knowledge from observation and/or analysis of scientigclf)ns using

.conceptual understanding; make predictions about the ef‘fnfOFmatmn and

in biological or physical conditions in light of Evidenceandi:::tf-;_:hang%
Imc

3. Hypothesize/Predict

2 understanding.
. Design Design or plan investigations appropriate for answering scienti
questions or testing hypotheses; describe or recognize the cEtlﬁc :

of well-designed investigation in terms of variables to be meaaraCte”Stics
controlled and cause and effect relationships; make decisiOnSSUbFEd and

or procedures to use in conducting investigatioan ot
data, describe or summarize data trends ands.
from data or given information; IJﬂake .
evidence and/or understanding of scievalld
clusions that address questions O:CE

N hypotheses, and demonstrate understanding of cause and effect
6. Generalize Make general conclusions that go beyond the experimental or i\:r
conditions, and apply conclusions to new situations; determineg en
L e pressing physical relationships. general
7. Evaluate Weigh advantages ~nd disadvantages to = kedenisions sboutalternat
processes, materials, and sources; consider scientific and social factrnatwe
evaluate the impact of science and technology on biological Sw’tem:'rs to
evaluate alternative explanations and problem-solving strategies an(;
solutions; evaluate results of investigations with respect to suffici
——— data to support conclusions. ency of
8. Justify Use evidence 2nd scientific und
problem solutions; constructar
solutions to problems, conclusions

explanations.

measurements
Detect patterns in
interpolate or extrapolat
inferences on the basis of
concepts; draw appropriate con

5. Draw Conclusions
e

formulas for ex

erstanding to justify explanations and
guments to support the reasonableness of
from investigations, or scientific °

\_’//-J




PROPOSED ACHIEVEMENT TEST IN BIOENERGETICS

The topics to be covered and the objecti it for Bi
jectives of the Unit for Bioenergetics in th
(based on the proposed K to 12 Grade 11 curriculum guide tor Core Courses) igiluls; |S|y"a'bus
o Metabolism e fhe foTlowing:
o Photosynthesis
e Cellular Respiration

Objectives:

At the end of'th
e explain how cells car
e explain how photosynt

water to form energy-rich compounds.

e trace the energy flow from (he environment to the cells.
e describe how organisms obtain and utilize energy.
e recognize that organisms require energy to camy out functions required for life.
o make a poster that shows the complement jonship of photosynthesis and cellular

ary relati
respiration.

¢ unit, students ar¢ expected to:
ry out functions require
hetic organisms use light en

d for life.
ergy to combine carbon dioxide and

PROFILE OF V ALIDATOR . )
dly provide som¢e information about you. Thank you.

Before proceeding to the items, Kin

-
Name:

______________..'-——-—-‘-‘_,_,._._f
T Gex: | [ ] Male [ ] Female

_______/
t birthday):

l_

Age (In years as of las
|

Current position/designation:

Institution:
——

Field/s of Discipline:

Nos. of years practicing ihe discipline:

Highest Educ’l Attainment (HEA):
ion where HEA was/is taken:

209




FOPIC: MITTABOLISM (6 items). Correct answer isin red

a student observes a small. green organelle in a plant cell
L a plant cell.

R Using a microscope,
ost likely oceurs within the observed organelle?
anelle?

Which energy transformation m
A. ATP to light

B. Light to chemical

C. Heat to electrical

| D. Chemical to chemical
DOMAIN: | Knowing — Describe

Students describe the encrgy translormation process that demonstrates thei
knowledge of the structure and function ol the chloroplast. stes fhewr
(oninmon 1ssue addressed:
 Students usually do not re

late photosynthesis with energy transformation.

Validator’s Comment:

rare low energy molecules compared to the
ned when they are chemically combined under the aid
reaction does this illustrate?

[r—

2 Carbon dioxide and wale
carbohydrate product fort
of sunlight. What kind of
A, Endergonic reaction
B. Excrgonic reaction
¢. Oxidation reaction
Decomposition reaction

rowing — Tlustrate with examples
concepl of endergonic reaction
and water 10 form carbohydrate.

S

DOMAIN: | K1
Gudents identily based on the specific reaction
between carbon dioxide

Common Issie addressed:
[used between cxcrgg:_qg,:mgigglcrugn_iircnciions:.

Students are con ve

Validator’s Ti////'
”_T— Study this metabolic pathway-
Enzyme 1 Enzyme 2 Enzyme 3
A" ] o]

Product

Starting
molecule
Which of the following i NOT correct & ‘
A, Bis acted upon by enzyme 210 produce C.

B. Enzyme | catalyzes A o produce 13.
: <. Coand D.

pout the pathway?

C. Enzymée 2 catalyze -
D. Cis Uﬂh]]yzcd by enzyne 30 produce D. S B
Splyin ? ¢ rmation
_ Interpret Infornms: - o ‘ ‘
g P \formation in the light of how a metabolic

/ :\J A -l\.;ill . i
DOMALI S[ﬂ{;c.lllb' Y nt gmphlcu] i1

aterpret relev

pathway works. _

; 7y misconceplion: . o | | I.

'(T-‘U”””O ! 1zyme can be used geveral times with difterent substrates in the
he samg €14 1 ﬁ
e — S |
| | pathwa®— P |
Validator’s comment: i
4@
1y}
4
b
|
n“"
b
i
i
]

o . e
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For a bird, tl

e 3 'lc » S ’ Arad e N =

e H energ) 10 keep itsell alive comes ulti :
A, the worm it just ate. Wi
B. the oxygen in the air.

C. the sceds it just ate.

o . the sun.
YOMAIN: | Applying — Relate
Students relate the faws : g
e elate the laws of thermodynamics Lo sun as the ulti
ommion 1ssue addressed: as the ultimate energy sourc
] e,

ar back 25 i1
ar back to the sun the different forms of en
§ erpy.

Many students cannot relate |

Validator’s Comment:

2 chemical reaction catalyzed by an enzym

]
% I'he figure illustrates
A E

1

PR | B
b 1

All of the following statements about the reaction are true ENCEPT
A. A is a substrate h [
B. Bisanenyne
C. B catalyzes Aan
. D. Dand E are roducts of

DOMAIN: | Applying— Interpret [nformation

Students interpret relevant gralphicul information in the light of how ar

works in a reaction. RS

Common misconceplion:
tly label the substrate and
nzyme as part

d becomes I

"the rcn_c)linn

I the product often using them
of the products of the

gtudents incorret
inlcrchﬂngcubly. They also consider €
I reaction.
Validator’s Comment: ]
r_?/ [ xamine the lollowing graphs showing the relationship between pIland
enzymalic activity.
Enzyme A Enzyme B Enzyme C
enzymauc enaymatic enzymatic
Activity activity activity
P )
24:..310 T4 6 8 10 T
pH oH = 10
From these gr;)phs_ itis 1'eason.1blc to infer that at a pH of 4
A, enzyme ¢ would be inactive.
B. enzyme A activity is reduced. o o
C. all the three enzZymes would lacka functional active site.
D. enZyme B has the highest aclivity ol the three enzymes.
; Com‘lusions ) ) !
ffect of pllon enzymatic activity.

o eoning — Draw
Reasoning— = - dat ted tothe €

gtudents deserib :
! 'sconcap.’ron:

Common mi

4 trends rela

I
DOMAIN:

ufopl!“]l“}_lplI e AT —_—

Lvery enzyme has the sar
mment:
4

Validator's CO




TOPIC: PITOTOSYNTHESIS (13 items)

f and contributes most to plan
v, Carbon dioxide

3. Sunlight

C. Water

). Minerals

Knowing — Recognize

TDOMAIN:

¢ ‘opmon misconceplion:
Gases such as CO2 psed in
unimportant, or cas
The sunlight is the
minerals from the soil.

validator's Comment:

2 Which of the followin

A, Carbon fixation
3. Oxidation of NADPH
C. Release oloxygen
I Repeneration of the
DOMAIN: | Knowing = Describe
Students describe the
associated with it.
Connnon misconceplion:

L Oxyeen is released
Validator’s Comment:

The oxygen released during

A. Carbon dioxide
3. Water
C. NADPH
D. Glucose

cvoen 18 e wased [rom €&
Oxygen is releaset ===

Validator's comment:

4 | The following are!
EXCEPT

A, light

B. water

C. ch[orophyll.

Carbon dioX!

omment:

validator’s C

o - ; .
Which of the following materials nee
1's mass?

Sudents recognize pnrliculur m
p]mlos_\'nthcsis, have |

mnot :|CCOU]]1
food of the pl

g does NO'T occur duris

COa acceplor

Calvin Cycle

{ from 9_211'_!‘1(\!1

pholosmﬂhcs

’—d____-‘ - .
DOMAIN: [ Knowing = Recall
Students identily water molecul

—o————|
Common m."scom,-epncm: o
pon dioxic
bon C1Y2=

/’ﬂm during

ded for photosynthesis is converted to food

aterial for photosynthesis given ils function

. ittle or no mass, are
for the mass gamn of photosynthetic organisms
v 5 T > ¥ i - 1 - k -
ants. The food ol the plants is water and

1g the Calvin cycle?

process by identilying an event that is not

dioxide fixed during Calvin Cycle
N Ned durmg ;

is comes from

¢ as souree of oxyeen in hotosynthesis.
uree 01 B oo n in pIoRosy e

aterial ['orJ)ll)_losynlhcsis.

fe, am

the [ight-dcpcmlen: phase of photosynthesis

—

light dependent phase of

T .Q;ﬂﬁﬁmﬂig;{,ss;;m 2
POMATY ;i:g;:::%;b}ﬂt[‘;ﬁm ;‘tl:l[dt'i:l] {hat is not needed inthe

hotos_\m]wsis. .
Cwm”o” ””.‘,"f“!i”ii‘j?‘i!:;}ihll'i!lg_[igh[_'(lep“eg_](l_cm_,-‘?z[gt—ipl.]:___ -

e




[ Which of tl i i 5
ol the following processes is carri
CSSCS 1S carried out more efli i
elliciently by a C
2 J 4 ]J[nlll

than by a Cs plant?

A. Light absorption

B. Photolysis

{ ¢ Fixation of carbon dioxide

| D. Transpon of sugars

DOMAIN: | Applying - Contrast

Students identify a pro

Common issue addressed:

Students distinguish Ca plants only becausc of their ability to thrive i

1ents. They cannotl relate yet spatial separation of carbon E\”:hl::: 1c
X )

cess by which C3 and Ci plants differ

environn

that.

L\.’ahdator's Comment:

pairs of location and process related to photosynthesis i
synthesis is

T_G_/ Which of the following
not correctly matched?
¢ of carbon dioxide

A, Thylakoid membrane: us
B. Thylakoid membrane: production of oxygen
¢. Stroma: Calvin cyele
. Stroma: production ol sugar
DOMAIN: | Applying — (.’Iussil}'/l)islinguis]l

Qrudents classily oplions based on their location and process related to

p!mlo.‘:_\mlhcsis.

Common Misconception:
point thyl
hotolysis.

akoid space and membrane as site for Calvin Cycle

They mistakenly

and stroma as site 01D

Validator’s Comment:

od representation of the light-dependent

1 shows & simplili

The following diagran
reaction of phmos_\-'nlhcms,

light

ligt jdepande it
raactions of
;:h-)la-,','lnh-'_--:»e

—F
x__.._-—-——-—"""

what does the input it

em X rcprcscm?

A. glucose
3. water

¢. carbon dioxide
rbon dioxtde or walter

e

D. Either ¢ xide
/ I- ing — Use nodels o i .
it App]y"miemonx‘lrmc umlcrﬁizlnding of seience concept by using & diagram or

gtudents €

iction.

model. .
Common misconception:
Carbon dioxide and waler

are needed in Vligl_]t-n!cpqidgnl__m_;

Valida{or's comment:

(]
(U]

e

e




o

Percent of Absorption

1
!IIIllll]ll\l|

The graph represen
indicates tha
which regions ol'th

B. Violet blue and
C. Orange red and

DOMAIN: | Applying
Student interpret ¢ ar

Conn
Plants absorb green

Valadator s Comment

e corree

9. Which is the

the thyla
1 Plﬁmem mo

2. One of the ¢
L\Lilb(l

Sre—_
Validator’s Comment.

Violet Blua

{ the energy

A Yellow and orange red

1. Green and vellow
— Interpre

on M. sbona,p.'m

ar '1p]1 mons_,l\ -
koid membri
incoming light.

3, Electron is passe
v 18 transfe

4. Lncrg)
chlorophyll molecules.
% 1.8 34
B L4 2 3
c. 1,3.4 2
. |pL2A% e S
DO\_-i‘_\ Applying — Cl: assify JOrder o -
. Qt{zgcyms order gvents pased on the process by which light cnergy 1s ahspibedin
hotos‘,slem
L *ommon 1551€ addressé 2
[
Mﬂ\ nix up U the s¢ sequence: —

Green Yellow Dr ang«
wavelength of Light

1s the absorption spect
used i|1 photosynt

m .ot chlorophyll. The graph
hesis is most likely obtained from

e \pu.lrum

alu.l]
violet blue

t lnihrnm'tim-l

.1plm. | information based on light energy absor banc
i ance.

light that 's why they are green. They also interpreted the

S SRR

is absorbed by photosystems in

by which light energy

f the chlor oplast?
1na complexes

{ order

me o0

ules in the ante! absorb energy from the

lec
sJectrons in the pair of chlorophyll molecules becomes
wsport chain.

o an electron {ra
Jer consisting of a particular pair of’

st
4 reaction cet

Jpred 10

‘-.“::A__m

e




DOMAIN:

that photosymh .
being called the ‘dark reaction’ of Qholosvnthcsm.

S
validator’s Com

-
Reasoning — Design
appropriate for test

an idea that green plants need sunlight for healthy growth. In ord
) . erto

.A gil‘] hﬂs
B I N e Qhe o a
wo p()tq Of plﬂl“&. n'hl.. sets UI) one pot 0“[)'("“5 as ‘:hown

test her idea, she uses
below.

sand, soil, and water
g should she us¢ for the second pot of plants? (B)

©

Which ONE of the followin
@

-
Dark cupboard

SRR

B

e
Y7
¢

Soi and water

Sand and water

e —

-

®
A
Suntght ‘ﬁ"

Sand ;JS'OII

sand, soil, and water
,‘_-__—-————"—"—"———

——

gn invest igation ing hypothesis.

¢ addressed:

problems wi
esis can proc

Students desi
Common issu
Students have

and manipulating variables. They think

th controlling
f light because the Calvin cycle

eed in the absence ©

ment:
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1.

]Toﬁ?u N:

Thre box below shows a list of supplies that ar¢ available in the laboratory.

e Four Nasks with stoppers
Tap water

Flasks

Small aquarium plants
Four small {ish

Bromothymol b
yellow as the level of car

Jue (a chemical indicator that changes color from blue to
bon dioxide in a solution increascs).

p an experiment with the four Iasks as shown.
1 m}. bromothymol blue, plant

Flask 2: 100 mL water, 1 mI. bromothymol blue, 2 small fish
Flask 3: 100 mL water. 1 mL bromothymol blue. 2 small fish, plant

Flask 4: 100 mL water, 1 ml. bromothymol blue

The class sets
Flask 1: 100 mL water.

Hlasa &

HITUR

Ik !
pered and placed under equal amount of sunlight. Which

All four flasks are stop
lor afler &

flasks will have yellow co few hours?

A. lonly

13. 2 only

¢. land3

D. 2and 4 S o
Reasoning — Hypothcsizc/l’ redict ' . .

Students make prediction about the effects of changing variables in an
experiment. » y
non issue ad ressed’ ) ‘

gtf::i’:ams are confl used which gas 18 more abundant 1n each flask and how it will
) the color of the CO2 indicator.

cause change in

I
Validator’s Comment:

216
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2 small water plant in bright sunlight tor five hours as
:

2 Yava Dub placed
-up below. She observed bubbles being released from the

indicated by the set
plant.

Bubblot
bt SiRRer
Gloss (ubo
Water

Tos! tubxr
Eioded

If these bubbles were oxygen gas, it can be inferved that the plant is
A. Producing glucose

B. Transpiring

C. Releasing energy from
| D Respiring _____ -
DOMAIN: | Reasoning - Evaluate

Students make general conclusion that go beyond the experimental condition.
Common misconceplion:
Photosynthesis is a type ©

watcr

{ respiration.

Validator’s Comment:




13

DOMAIN:

A student investigated the effect of temperature on the rate of photosynthesis in

a water plant. The results are shown in the following table

Temperature ¢ Volume of uxygen
released per e’ per 5
tnutes
5 2
15 4
25 7
35 10
45 12

Which of the following statements accurately describes the relationship between

temperature and rate of photosynthesis?

A. At 45C, the water plant produced the most amount of oxygen.

B.

plant also increases.

C.
faster.

D. As the temper:

lant doubles.

As the temperature increascs. the amount of carbon dioxide absorbed by the
As the temperature increases. the rate of photosynthetic activity becomes

\ure increases, the amount of oxygen released by the water

Reasoning — Draw Conclusions
Students make valid inferences on the basis of evidence.

Common Issue addressed:

Students do not usually relate temp

crature increase to rate of photosynthetic

activity.

S—
Validator’s Comment:

11
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TOPIC: CELLULAR RESPIRATION (16 items)

1. Cellular respiration releases energy by breaking down
A. sugar from food ’

B. ATP

C. carbon dioxide

D. oxygen

DOMAIN: | Knowing — Recall/Recognize
Students make accurate statement about cellular respiration.

Common misconception:
Cellular respiration is the exchange of gas similar to the respiratory system

Validator’s Comment:

2 The products of acrobic respiration in a mammalian cell are
A. water, ATP and oxygen

B. water, ATP and carbon dioxide

C. lactic acid and ATP

D. ethanol and ATP

Knowing — Recall/Recognize

Students identity science facts.

Common issue addressed:

Students consider lactate and ethanol.

DOMAIN:

Validator’s Comment:

Which of the following molecules passes high-energy electrons into the electron

3
transport chain?
A. NADIH and FADI:
B. ATP and ADP
C. Citric acid
D. Acetyl-CoA
T . | .
DOMAIN: | Knowing - Recall/Recognize

Students identify science facts.

Common misconception:
ers because they are high energy molecules.

ATP and ADP are electron carrt

Validator’s Comment:

ay that is conumon to both fermentation and aerobic

_
4. Glycolysts, a pathw
T respiration, begins with andendswith .
A. glucose; pyruvate

B. glucose; acetyl CoA
C. glucose; carbon dioxide

D. glucose; ATP

DOMAIN: | Knowing ~ Describe .
gtudents describe the process of glycolysis by demonstrating knowledge of its

end-products.
Common misconceplion:

ATP is the end-product of glycolysis.
.
validator’s Comment:




Which of the following statements is NO'T

ents is NOT correct about {x ion i i
’ R erments i
b ntation in animal
A. Itcan prov'lde a rapid burst of ATP when there is limited oxvgen supply.
B. In our bodies, muscle cells more than other cells are likely l(') carry out o

fermentation.
> 7 M 1 H
C. Pyruvate can build up in muscles. changing the pITand causing the muscles

to fatigue.
D. Only animal cells can carry out fermentation.

DOMAIN:

Knowing — Describe
Students describe the process of fermentation by identifying which process s not
related to it. :

Comnion misconception:
Only animal cells can carry out fermentation.

Validator's Comment:

6.

DOMAIN:

Which of the following processes in cellular respiration does NOT oceur in the
mitochondrion?

A. transition reaction

B. electron transport chain

C. Krebs cycle

D. Glycolysis
Applying — Classify/Distinguish
Students classily options based on their location and process related to cellular

respiration.
Commion issue addressed:
Students usually mismatch the location and process.

7]

J—
DOMAIN:

—
validator’s Comment:

Which of the following diagrams accuratcly represents the usc of gases in both
cellular respiration and photosynthesis? (A)

Models

[—
Applying — Use
del to demonstrate understanding of a science concept.

Students use a mo
Common misconception:

Photosynthesis is cellular respiration in plants. Photosynthesis gives off carbon

)_-——-—-—
validator’s Comment:

dioxide for cells that undergo cellular respiration.

13
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| -8 Which of the following products of Krebs cycle will difTuse out of the cell, ent
‘ the bloodstream, and be released from the lungs during acrobic cellular > et
respiration?
‘ A. Carbon dioxide
B. ATP
C. Oxygen

DOMAIN: | Applying — Relate

Students relate knowledge of cellular respiration to circulatory and respiratory
systems. ’
Common issue addressed:

Students do not relate the process of cellular respiration to the bigger

Ehvsiological event that occurs in the body.

Mo e ¢
Validator’s Comment:
9 The table shows the relationship of glucose molecules used to COz molecules
released during cellular respiration.
Number of glucose molecules Number of CO, molecules
used during respiration released during respiration
1 6
2 12
3 18 |
— |
4 24 ;
Which cellular process would result in a cell releasing 120 gas molecules? ’
A. The mitochondria converting 20 glucose molecules into carbon dioxide. )
B. The chloroplasts converting 30 glucose molecules into carbon dioxide. ;
C. The mitochondria converting 30 glucose molecules into oxygen. ‘
D. The chloro lasts converting 20 glucose molecules into oxygen.
____.-—-'-—. . » .
DOMAIN: Applying— Find Solutions
la to find a quantitative solution involving the

Students use a fonmu
demonstration of the concept of cellular respiration.

Common issue addressed:
Students have roblems extrapolating from the data given.

\

.

————— ( L
—] ‘ ‘|
validator’s Comment: ‘
10 Veast, a common fungus, =5 cconomically important to the beverage industry l
. because when placed in grape juice, it N !

A. releases sugars that react with alcohol in the juice |
. acts as an enzyme to break down juice into alcohol |
C. ferments carbohydrates in the juice and releascs alcohol |
[

1]

|

|

D. produces starch that bonds with juice sugars 1o form alcohol

| - -
.| Applying — Explain o
DOMAIN ;tﬂge);us provide an explanation for a natural phenomenon demonstrating
underst? ding of the concept of fermentation.

Common misconception:

Fungi do not undergo fermentation.

R
validator’s Comment:




e e o — —
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' ety 2 antm: aQ . M M M
| When an animal has 1o survive without food for a long time, it wil
break down proteins for energy. However. this process 1wl eventually
.| . . : * < CCSS occurs
\ exhausting the animal’s reserves of cours only after
A. carbohydrates only

B. lipids only

C. both carbohydrates and lipids
| D. carbon dioxide and water
DOMAIN: [ Applying — Explain
Students provide an explanation for a natural phenomenon demonstrati
general understanding of the concept of cellular respiration Hne
Common issue addressed: .

Students usually think that it is only the oxidati )

H s xidation of carbohydrate

senerate ATP, ydrate that can

Validator’s Comment:

umans engage in cellular Thic e -
H engage in cellular respiration. Which other living things engage in

cellular respiration?
[ Snail
[I. Bacteria
I Rose plant
IVv. Cow
V.  Mushroom

12.

A. IV only

B. I, Il and Ill only

Cc. L1, IVandV only

p. LILILIV and V
DOMAIN: | Reasoning - Analyze

Students analyze information to determine relevant relationship.

Common misconceplion:

Plants do not undergo cellular respiration.

validator’s Comment:

3. | The following are volved in the process of cellular respiration:

1.  Energy
[I. Carbohydrates

1. Carbon dioxide
Iv. Waler
y. Oxygen

Which one of the following combinations correctly represents their involvement
in the above process?

A I+ I Iv+V
B LI+IV> 1+1I+V
c. 1+~ m+Iv+Vv
D H+V-21% ul+1Iv
Reasoning - Analyze
Students analyze inform
Common issie addressed:

Students mix up the combinations.
_____,___.'-——p_,,___—-——_ )

.
validator’s comment:

L
MAIN: . .
DOMAIN ation to determine relevant relationship.

15




14.

During acrobic respiration, clectrons travel {i
] { roms Y samer 1

B awhich seiquence? ¢l from source to carrier to final
A. Food © NADIEFADIL: = electron transpo i

‘ 2 ansport chain = oxy;
B. Glucose = pyruvate > ATP - oxygen por eham = oRyEen
C. Glucose > AT > clectron transport chain & NADH/FADH:
5 Food > alyeolysis - Krebs eycle SNADIEFADIL > ATP

DOMAIN:

Valic'iia'tgr's Comment:

Reasoning - Analyze
Students analyze information to

Common issue addressed:
Students do not realize the role of ¢lectrons as cnergy carriers in cellular
;

determine relevant relationship.

respiration. o

EIS.

16.

"DOMAIN:

I
DOMAIN:

I
validator’s Comment:
——— T The graph below shows the change in blood glucose level during prolonged

[ Reasonin

Alden’s muscle cells are not able to take in enough

oxygen to make more ATP. His muscles begin to fatigue. Why? s

A, As the cells run out of oxygen, they switch to anacrobic rc.b'piralion which
allows the cell to make small amounts of ATP in the absence of oxygen

B. As the cells run out of oxvgen, they die of ' gradually and his muscles h:.we
fewer contracting muscle cells.

C. ‘The cells will never run out of oxygen if' Alden is breathing.

D. As the cells run out of oxygen, they will continue to make the same amount

of ATP, since oxygen is not required to make ATP.

In a swimming competition,

Reasoning - Hypothesize
Students formulate hypothes
scientific information.
Common misconceplion:

¢s as testable assumptions using analysis of

The cell will never run out of oxygen.

exercise.
5.1

5
4.9
4.8
4.7
4.6

4.5
0 20 40 60 80 100

Exercise Time (min)
ains the change in blood glucose level

Blood Glucose
Concentration (mM)

Which of the following statements expl
shown in the graph? o
A. Glucose was broken down to produce ATP tor energy.

i3‘ Glucose diffused from muscle cells into the bloodstream.

¢. Glucose Was used in buming fats. ‘

I, Glucose was converted into muscle protems. - 7
LS Ty aw Conclusions

Students make valid inferences on the basis of evidence and understanding of

science concep!

e addressed: . .
tc interpretation of graphs and diagrams.

o 1SSt ) i
co ally arnve at accural

___r_———";""
validator’s C

Students cannot usu
omment:

16
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! b
FEEDBACK FORM L
Aside from your comments above, what else are your suggestions to unprove the instriment. 5
Thank you. f
4

17
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Appendix G

Validated Learning Needs Analysis Protocol
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LEARNING NEEDS ANALYSIS

Name: (required)
Course:

Sex: [ ]Male [ ] Female

Age (in years as of last birthday):

1s will assess your needs about the topic bioenergeti
ergetics.

Directions: The following questior
y that dcals with the study of how organisms utilize en
ergy.

Bioenergetics is a branch of biolog
Freely provide the information asked.
1. The following topics will be covered in the unit for biocnergetics:
a. Metabolism .
b. Photosynthesis
c. Cellular Respiration

Given those topics, which one interests you the most?

S

Why?

.-
-

—_—
—

aming Needs

ations and Le

2. Goals, Expect
what I am expecting myself to KNOW:

bioenergetics, this is

AFTER studying

energetics, this is what I am expecting myself to DO:

AFTER studying bio

ass in bioen ergelics:

xpecting about my cl
the TOPIC to be :

This is what I am €
1. Tam expecting

'ACHER t0 be:

tingmy TE

2. I am exp




3. I am expecting my CLASSMATES to be:

4. I am expecting STUDEN'I‘-TO-S'I‘L'DEL\'T INTERACTIONS to be:

5. I am expecting the TEACHER-STUDENT INTERACTIONS to be:

6. Ilowever, I personally think that the

following will LIMIT me from learning the topics
g &

very well:

add/change this topic in the discussion of

7. If given the chance, [ would want to

bioenergetics:

3. Preferred Medium of Instruction

ass discussion is:

‘The LANGUAGLE 1 prefer to be used in our ¢l

because

4. Preferred Learning Environment
assroom {0 be orgnnizod‘? (seal plan, sealing arrangement, etc.)

How would you want your cl

S. Preferred Teaching Approach
include the following in his/her teaching

appreciate if the teacher will

1. Iwould
strategies:

following Jctivities to be

included in the teaching of

u ggest the

2. T would want oS
bioenergetics:

Thank yoth




Appendix H

Validated Questionnaire on the

Importance

of Democratic Practices in Classroom
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DEMOCRATIC PRACTICES IN CLASSROOM

Name: (required)
A
Course:

Sex: [ ] Male [

] Female

Age (in years as of last birthday):

Directions. FEach of the statet
f:lassroom. This is not
important this is for you.
corresponding descriptors:

For

] — Not important

atest. You wl

nent:q] lbel:):)v signifies some processes that are happening i
not be scored. Please rate each process on the e\1entgolt"1| the
2 10w

cach, you may encircle the f i
ollowing nu
mber codes wi :
with their

2 _ Slightly important

3 — Important
4 — Very important

[}

Teacher invo
activities.
8 Teacher an
arrive at

~3

10| The teacher
the classroomnl.

Note: This section was only inC'“d"d

Give your comme

1o learn 18 shared

1 The responsibility
students.
2 Students participate i making decisions that affect their 1 12
jearning (i.¢. class rules and sanctions, formulation of 3|4
instructional methods and materials. evaluation ¢lements etc.)
3 Students’ VOICES; views and ideas ar¢ freely expressed and T 12 13
heard. , 4
4 Topics reflect Students” interests and are connected to their T 12 13 T2
daily lives.
tudents’ leamnin styles. T 12 3
and difficulties. 1 12 [3 :

b Teacher considers S i
‘T'eacher considers students’ learnin needs

Jves students in designing Class lessons and T3 T

d students disc

a decisiont e
des opportumtl

9 Teacher provi '
instructionl and take control of their le N _
and students observe democratic principles instde ErEEEY

nts or remarks

botween the teacherandthe | 1 |2 13 14

uss Tnstructional issues togetherand |1 |2 |3 (4

acceptable 10 everyone.
os for students 10 11€8
arning.

hat is :
otiate 1 2 |3 n

¢ class experience using CONSENSUS:

229
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Appendix |

Canfield Learning Style Inventory




S
(O8]

CANFIELD LEARNING STYLE INVENTORY
(Canfield & Knight, 1983) .

Name: I
A uml,. (Required)
Sex:| | Male [ )F |
& - Course/Year/
se/ Year/Blk:
v to describe how you le: y
you leamn best. There are no right or v
a Vrong answers
£ answers.

Directi This 1
ctions e i
. This inventory gives you an 0]);)0:1uni[
according to how we i
g well lhc_\‘ deseribe your reaction 1¢
J s or {eclings. 1

3, or 4) the responses

) ;
Read the questions and rank (1, 2
it preferred rank.

ih L =] } T [
the most preferred rank. 4 is the le
ribe the classes you "ve liked most

erms ol how well they dese
shared our idcas and feelings with cach other.
lowed one another in a meaningful sequence

{ most interest to me.

1. Rank the following in
l-'I. l enjoved the ether students and we

] J [“u.: coursc was well Urg;mizud and the topics fol
ﬁ_:l I lj:::_l\: xl)r IL:-bs -,'.ci fn?'nu‘wn goals :m_d studied the things o
wow my work compared with others and the best work was fairly recognized

p L)

in the ord
ke a personal interest in me.
ation about assignments and requirements

i
2. .\l N . . -
I[l[!htr the descriptions of teachers from 1to4
3 e 1o 3 - e
_ l- - }..!Lhuh who arc pleasant, friendly. and who ta
] aaliere w R N 1 inf
_“T'eachers who provide specific and clear inform
¢ me the opponunily to decide what [ want to study and how [ want to do thi
1 standards and make me do the work nceessary Lo '!ccumpliah([;n e
ylod sh them.

\
‘
}
er in which you normally prefer them |
|

¢. Teachers who giv
d. Teachers who imposc higl
3. Rank the following courses in terms of their gcncr‘.ll appeal to you.
a. Mathematics and physical science. -
b. Language and literature.
¢ Houschold and craft repair skills. |
. Interviewing and counscling.
4. Rank the following in terms of their gmmrni value to you as ways to learn.
a. Listening to others talk about a subject.
_b. Reading what others have written about it
¢. Sceing picturcs, graphs. movics, cle:

d. Handling or working with something tangible.

arades 10 indicate how likely you are {0 receive them on i piperor report.

5. Runk the following
ding.

a. Excellent or outstan
b. Good or above average:
¢. Satislactory or about average-
|
\

d. Unsalti
np oving your sc X

most help ful lor

6. Rank the following in {he order in which they would be
know other students.

sses were all about.

als Tormy performance.

¢ wilh others.

genceral.

a. More group activities and oppm'lunilicx {o get to
___b. More class outlines and clearer statements about _\\'lml the cla
__ ¢ More opponunilius to think through mY capabilitics nml.s‘ul _gr.) : 7

{ information o1 how my performance compare

d. More objective and frequen
{ teachers you've ever known

» describe the wors
in the students.
as uxpcclud of me.

1g 10 my OWn conclusions, ete.

v accurately they
| matter than
J [ was pever sure what W
on my own- comit

for them.

7. Rank the following in terms of hov 3
a. They were more intcrcslcd in the subjec

b, They were vague about ass! Gt
3 £ ¢ do thngs

¢. They were 100 169 A
Jost respect

== (rictive i Jetting M
___d. They were too gasy

udents

and the s
hent.

order in which you enjoy doingl

ingin the er |
i differ 100 cosl.

8. Rank the lollow
__a. Figuring out how 1ngs
__b. Writing 2 report o letter.

¢. Building or repairing something: ’
: i i itha slranger

_d Carrying on 4 cunvcrs;ilson W
hem in the order in which you

o qivities. Rank €
i inds nf'icuchmw activities. 1%
9. Classes typically involve the following kinds g
generally prefer them as ways 10 fearn.
a. Lectures, qudio tapes: and (|uc.'5,£|0‘n“‘.dings‘
_b. Textbook assignments ¢ ml1 olJ1u,r Ilr:
5 M MY MW ' 5 L‘
¢ Movies, slides, graphics: charts; N
e O ts in the Jaborator}:

d. Experiments

or [)I‘O‘IGC




10. Imagi
. gine that you have just rec ived y
ot yons ot the |owes(‘ar'{j st received your grade on the final exam in a course that y
{ You o (e gradein .tho class. Rank the following as to how you'd il fell was pretty casy and
b by madc‘a mistake in grading the papers. you'd most ikely fecl -
N c' o ¢ ;;(;nlc sumnscd, because that doesn't happen very often
__d- | ‘ou surprisc me a little. but that sometimes lmppéns.
It wouldn't surprise me very much at all.

ance is evaluated on some basis. R
sis. Rank the following i
ngin termsofh
§ ow you feel

11. In most courses, student perform
about such evaluations.
2 'l:hc)' sometimes create jealousics
__b. Sometimes they arc unrelated to the supp
. c 'lv‘hc_v spmctimw aren't very helpful in cvaluat
__d. Sometimes they don't really distinguish betwe

and hard feclings among the students.
oscd.conlcnt and purposcs of the course.
ing my progress or in helping me focu
‘ N s my study activiti
cn those who arc doing well and thosc not doing S0 \\\r:llllcs'

heir value to you in learning.

Ily and develop an eilective relationship with the teacher.

12. Rank the following in terms ol t
2. laving a chance to visit informa

b, Hav.mg specifics on what courses include and what they require.

_ . Haw‘ng the chance to adopt my own approach and to makc som¢ contri
___d. Iaving scholarly tcachers explain the material and direct my study in the most mc;

bution of my own.
aningful and useful dircction,

at required everyone o visit a home for the clderly and y
AP L you could do a
heir interest to you- ny of the

13. If you were in a course th
ance their ¢

following, rank them in the order of t
___a. Help them compute their income
___b. Write a lctter or rcad to them.
¢ Help repair or replace something for them.
__d. Sitand visit with them about their feclings-

taxes or bal heckbooks.

14. How do the following appeal to you as ways (o find out about new occupations or types of work?
____a. Ilave someconc in the ficld tellme about il. )
" b. Read a recent study explaining il

___¢. Walch a classroom demonstration of the work.

__d.I'rving to do the work itsclf.
k how you think it would be evaluated

Ran
¢ Average
~_d.Below Average

15, Imagine that you have just (urned in a paper to an instructor:

_a. Excellent
b. Above Average

sibility to:
and help them when I can.
\e course i confusing

can accomplish
1s and work accordingly-

1it is my respo?
other students
estions when tl

16. As a student, I fee
___a. Cooperale with the
___b. Ask the teachers gt
¢ Make my own decisions as 10 what I
. Assess the ability of the other studen
acher {raining @

nd rank them in the order in which you think they would

17. Consider the followin
od rclalionships with them.
cle.

generally be most helpfu i L 00
i udents d .

th st <. the basis for grades, )

more or less on their own.

_ . How to get along W1 ; : i
b How loi (s of requiremens: \ e
o i ind v dent st?xdv techniques 50 students €an work m

y and get students 10 do the assigned work.

___c. How to utilize indepen

~_d.Howto maintain classroom discipline

rder in whicl cal to you.

. they 2

18. Rank the following classes the o 1 they 1P
a. F M b ematlcs' .

___a Formal logic and ma i65: | ort storics.

___b. Developing the plota hing

¢ Operating a machine 0 make someth! 3]7 sions.

___d. Human behavior and the whelping” 0¢° P
d (vpicall_\' like to learn about the properties of a new plastic.

19. Rank the following in the
___a. Iecaring a lecture-
"_b. Reading a book of text.
¢ Viewing a movie of glides. )
11 sample:
k the followin

__d. Experimenting ¥ i
years ran

¢ evaluations in the order in which you think

th asma
i ext
20. Assume you ar¢ going 1© be in school ®
you'd receive them-
_a.Inthe top 10 percent or SO-
- 33 pcrccnt.

__b.Inthetop 250~
dle 50 pereent
2

¢. In the mid
33 pcrcenl.

___d. In the bottom

5or




wrately they described the classes you have DISLIKED

ke 'ﬁ ghting among the students.
nd I couldn't tell what topic was coming next

21 i

f}“;‘llk-‘hc following in terms of how accy

— \ere was a lot of arguing, bickering, o

—> —ll'::c class was disorganized a ’
ol ere was no opportunity formetop

___d. No matter how well or how much any

ursue my own special interests
n or brand| i
onc did, the teacher just accepted it neh off on anyhing

orderi i , i
I:'Ill which you feel they describe your most effective t
a sincere desirc 10 understand and help them eachers.

___b.The ‘ g i i
- ey leave no confusion about what 1 lo be done and how it is o be done.
dividual and let each student work to their abilities and int
erests.

_(‘; :?]lc_v consider each person as an in
__d. Theyco cir class i
y control their classrooms and require cveryonc {o mecl some minimum requiren
cnts.

22. R:‘mk (h? following in the
___a.'They like studenls and have

23.CI i
ub members are gcncrall,v' required to lelp; rank the following in order of your prefer {
ence for doing the club

duties.
___a. Keeping the books on income, expenses. and finances.
d doing the correspondence.

_*: ;‘\ccping the minutes of the mectings an
*i‘d. G«.llmg; up the room and keeping club equipment in order.
___d. Greeting newcomers and helping everyone fecl welcome.

24, Imagine you're taking an Ecology course. Ra
___a. lcar speeches by qualificd peaple.
~b. Read reports and studies.
__ ¢ Watch movies, TV, films, etc.
__d. Take field trips-
be your feelings about your school performance.

25. Rank the following in terms of how well they descri
___a. I've been at or near the top of my class.
__b. I've been better than average.

___c. I've been near the middle.

~_d.I've been in the Jower hall.

nk the way you'd like to study the topic.

way classes are handled.

importance 10 )
i ¢ students support on¢ another.
topics follow in an understandable and meani
4! n ]
o what areas ['ll pursue. gful sequence.
fair recognition

26. Rank the following in their

__a. Thereis an opporlunit)' to

__ b. Class sessions arc logically rela i
“¢. Based upon the topic and my abilities, I can elermin A

"4, Students' grades and the evaluation © their performance give

and credit to those doing best.

s a reason for you to dislike a class.

they would be 8

erms of how likely 0
considerate.

27. Rank the following in !
a. The teacher was hostile, easily angered: o i i
tandards and vague of frequently changte requiremen:
.. my OWD aclivittes.

b. There were vague 8
1 the class.

___c¢. There was too litle opporlnmt ter
; irect and contro

___d. The teacher lacke
ral ficld of work.

28 Rank the following in terms of their interest 10 you as @ gene

__a. Mathematics, cnginecring, accounting:

" b. Language, Wriling, speaking- .

= Building, istalling, oPeT2" cquipment
aching-

__d. Interviewing sclling, té
mally appcul {o you.

. s . nor

29. Rank the following class activities 1P the order i which they

___a. The teacher Jectures and a{xswers qucshon:.o side ading.

___b.Ican read about the topic If or sox:tr ° o

—c. Pictures, movies, &8 hs, displays: etc., tcriz;l

~ d.Ican experiment with of actually us® {he material
alts of 8 final exan

s of how yo! wo

ery difficult course and your grade was the

pin 8 V!
Y feel.

uld most likel

39. Imagine that
highest in the class. X
__ a.I'd have expecle to
"~ b.I'dbe surprised, put it ;loul(: h::gpeﬂ- sed alot of the correct ansslvers.

. 0 o1 - ut & . o 1 the t sf.
R:i Il'((-ll f];erf)llaladl:fylll}:zil:kh:l‘::l so(r)naon 1ad made 2 inistake 17 grading 1h¢ e
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Summary of Scores

Directions: Be sure you enter a different number in cach blank to indicate the order in which you ranked
the responses to cach item: 1, by the letter of the most descriptive response; 2, by the second most
descriptive, cte. through 4. The item numbers go down the page as in the test. Add the figures across the
page. Example: add the scores for 1a, 6a, 11a, 16a, 21a, and 26a. Place the total on the P line. Do the same

lor the remaining lines.

Name: (Required)
Sex: [ Male [] Female
Course/Year/Blk: . ——

CONDITIONS
la __  6a __ 11a ___ 168 __ 2la __ 26a P
b b ___ b ___ b __ b __ b __ O __
B [ c I [ _ G .
2 7.a 120 _ 172 — 2a __ 212 __ I __
T .b — b b __ b ___ b __ D __
. _ : e
C B - — —
d B d 4 49— 4 4 _ A __
CONTENT s " g
8.a s 188 B — - .
30 a : . y S
b — b - c ¢c . I __
c ___ c - —
- — d ¢ 4 _ P __
d d d ___ —
MODE s Pa -
4.a 9a ___ 143 _— X b b R —
J— b _
b — b — c c ___ c _ |
C — el
: — S - ¢ . 4 __ D __
: /
EXPECTED PERFORMANCE s e Na os
154 _—— by NG
5.a 108 — b b
. v — SRS p—
T I ; T 4 _ BU __
—_— i .

d _—




What Does It Mean?

Circle your score for each category from the previous page in the appropriate column i
nin

thet matrix below. The categories read from left to right, i.e., P is Peer, O is Organizati
G is Goal, C is Competition, €tc. The higher your score in each categ:)ry falls gn tilZ: o

matrix, the more important that style is to your learning.

Conditions Content Mode Expectancy
% |p fo |G|C|N 1 lafunfe]! plurf1|]O]A B [C plel %
99 ls-716 [6-7[6") 6 | © 6-5 [66] 6 | 6 ]6-7 6 |68 o 6-7 6 [6-15 99
8 sl 12 212 |2 |8 9 28] 8 2
os | 0 10 86|10 s |s 1669
o |14 10 9 9 wlé 7 95
11
wo |7 o148 LA RL __._'0._8--'° 8 14242 ? 8 1 4
90+ 15 raid I B ER B BB B :? 7] :; o3| 0
a0 | 12]° 1] e o0 | :3 g 0 2 5 | o] " 10 8
4| so
| 174 —— 14-——‘;—1; - 111131 15 = ; :; 1120 1‘34-‘1‘:
1 9 N
20 9 10| 11 s 14 6 12 ” 12 | 29 70
14 13| 1] 12 16] 16 12 | 10 1217 13| |} 8 |3 |22s
60 18 17 1 15 60
10 12 16 (17 13 ® 13118 26-9
13 18 1l 2
15 14 i 9 B L PR S TS §
50 "______19,_____,_._,_..._— 14 141197 14 ; 14 30-3] 50
16 12! el 17 119" 12 16
15 14 17 sl 15 | ™ 5| [B4? a0
40 | 17 wol20 15| | 13{ ¥ 17 23
CEEL 14| 45| 18 |16 |1 384
21| 16] 18] 14 16 18 |10 30
30 [ ) __._15.__.._1?—_20_.___-_--1;-17--22-—17--“‘ 6T
— 22| 4719 1 20
20 | 19 14 |7 211615 | 20] " 23 18] " f0 46-9
17 Ig1¢ 18
17 23 20'1_6__1_3______13__19__20_ 12 {17 | 5,150-3 4
| L15 18] 221181 --2|"22r“""2' 2] 19 20| 20 13 54e7 0-
101207 [0 4 8 2022/ 18] 00 | 212 2! o214 (10| |56
s 23| 1o| 19| 22| 3| 242 2poi[ 2! Mol P hs- [ Bo:6d
22| 1a 2] 28 20( 29| 23 A 2% aafh,| 24 [20] 24] OB 1
i [azaf924 224 2'-24|2'-24,2ﬁ.31-————-"‘”""'"
compute for the following dimensions and refer to the

pe of learner you are,
further analysis-

+ Qualitat

. b4 n
X-dimension: Organizatioh T ooje
Inanimate -1

gructor ~ G

To determine what ty

subsequent pages for
ive + Reading — Direct Experience

oal Setting — Independence

Y-dimension: Peer + Ins
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FIGURE 2
Canfield LSI Learner Typology*
X less than -15 X from ~15 to 15 X greater than 15

Y greater SA S

than 10 (Social/Applied) (Social) (Social/Cscfxceptual)

Y from A N C
~10to 10 (Applied) (Neutral Preference) (Conceptual)

Y less 1A I IC

than -10 (Independent/Applied)

(Independent)

(Independent/Conceptual)

Description of Learner Type

Pure Types:
Social—prefers extensive opportunities to

interact with peers and instructors; has no
strong preference for either applied or
conceptual approaches; instruction involving
small groups and teamwork will create the

closest match.

nt—prefers to work alone toward
has no strong preference for
or conceptual approaches;
hniques such as analysis of
selected and self-paced
the closest match.

Independe
individual goals;
either applied

instructional tec
case studies or self-
programs will create
Applied——prefers to work in activities directly
related to real-world experience; has no strong
preference for either social or indepgndent
approaches; instruction involving practicums,
site visits, and team labs will create the closest

match.

Conceptual—pre
organized language-

fers to work with highly
oriented materials; has no
preference for either social or independent
approaches; instruction involving lectures and
reading will create the closest match.

Mixed Types:
SociallApplied-—-prefer§ to hav:
opportunities to interact with stude{nts an
instructors in activities c}osely a;‘)pro'xxmat!ng
1-world experiences; instruction l-nvolvmg
rol em solving, and

. ing, groupP probl
:3lpirr:zligd gracticums will create the closest

match.
1988).

Social/(;onceptual-—prefers to have
Ppportumties to interact with students and
ln§tmctors using highly organized language-
oriented materials; instruction involving a
balance of lecture und discussion will create
the closest match.

Independent/Applied—prefers to work
alone toward individual goals in activities
f:lose!y a?prm.cimating real-world experience;
instruction involving individual labs ox:
unsupervised technical practicums wil

the closest match. Hereate

Independent/Conceptual—oprefers to work
alone toward individual goals with highl
Prganized language-oriented materials)t
instruction allowing for independent readin '
literature searches, and reviews will create thgé
closest match.

Neutral Type: Neutral Preference—tends
to have no clear areas of strong preference;
may find adequate match in any other type'
but may also find it difficult at times to becOmé
entirely involved.

-
» Adapted from Canfield (

ith permission of the copyright own

er. Further reproduction prohibited without permission
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Appendix J

Validated Attitude Towards Biology Scale

2

7




Name: (optional)
Course:
Sex:

Age (in years as of last birthday):

ATTITUDES TOWARDS BIOLOGY

[ ] Male [ ] Female

Directions. Each of the statements below expresses a feeling toward biology. Please rate each

statement on the extent to which you agree. For each, you may (1) strongly disagree, (2) disagree
(3) agree, or (4) strongly agrec. This is not a test. There are no correct answers. You will not be

scored. Just encircle the number code as best and as honest as you can.

1 Everybody needs knowledge of biology. 11213734
2 Biology helps in the development of my conceptual skills. 11233
3 Biology is a very interesting subject. 1T 2132
4 | Biology is an important part of our lives. I 21313
5 Biology is boring. ] > 3 .
6 Biology is fascinating and fun. 1 > 3 7
7 Biology is our hope for solving many environmental problems. 1 2 | 3 7]
8 Biology lessons become a source of borcdom fo.r me. 1 > 3 y
9 | Biology makes me feel uncomfortable, restless, irritable and 1| 232
impaticnt. . .
10 | During biology lectures, I can comprehend the important points. 12134
11 | For me, biology class seems scury'. __ . 1 2 3 3
12 | I always try hard no matter how difficult the lesson in biology is. 1 2 3 3
13 | 1 always try to do my best in bio!ogy. ‘ BERER:
14 | I am always under a terrible strain in a biology class. ] 5 3 a
15 | 1am looking forward to atlenc! our blolo.gy -class. ] > T3 T2
16 | approach biology with a feeln'lg of hesitation. 1 BERR
17 |1 can cxplain biology CIOHCCPtS in my own words. : ; g ::
y in biology lessons.
ig i g:::nfgtc ziclierstand the biologv.less.ons after clftss. ‘ __ 112134
20 | I complete firstm home wox:k in biology before doing other things. | 1 [ 2 [ 3 [ 4
21 | I consult my biology teacher m any topic/s that I cannot understand 1 213 [ a
during stlzle\r:: Thcelz;istcrcst 1o complete my homework in biology. 1] 21313
gg i gg EZ: l:::ve {he interest 10 discuss biology topics afler the school 1| 2314
time. __ __—— e
24 |1 ellj:gx'l‘cw—’jm;%o y teacher after class. T T2 13 2
25 |1 em%on 1o biology because it is enjoyable. T 1213 3
26 |1feela d eﬁn-l ] processes very interesting. 1 5 3 y
27 |1 ﬁnﬂ%?’ study biology at home. ] 2 13 a
28 |1 1"0:][0w a Tee ntr:le on Lhe topic discussed in my biology class. 1 2 3 1
29 [T fully concemIzm———""




30 | I hate biology lessons. 1 2
31 | I make many efforts to understand biology. 1 2 g 4
32 | I really like biology. ] 5 3 4
33 | I review lessons in biology daily at home. 1 2 3 3
34 | I try hard to do well in biology. T T2 133
35 | I understand biology lessons taught in class by the teacher. 11213132
36 |1 usually relate the previously lcarncd lessons in biology with the 1| 21314
new one.
37 | I would enjoy being a biologist. T T2 13 Ta
38 | I would not probably do well in courses related to biology. 1 2 [ 3 3
39 | Knowledge in biology is essential for understanding other courses 1 2 13| 4
and phcnomena.
40 | My biology teacher encourages me to learn more about biology. 1 2 3 3
41 | My biology teacher makes good plans for us. T 213 2
42 | My mind goes blank when I am studying biology. 1 ) 3 2
43 | The important points cmphasized by my teacher during class 1 2 3 p
discussion helps me in learning biology.
44 | The lessons taught in biology are not interc?sting. 1 5 3 m
45 | The progress ol biology imwove§ lh-‘:a quality ofour' lives, 1 2 3 2
46 | The work with living organisms in biology lessons is very 1 2 13 3
interesting. :
47 | We do a lot of fun activities in .bxolog\/ class. 1 3 3 )
48 | We leamn important things in biology class. 11234
49 Wllwy cxam, [ always try I}'Ill(fh lmxzdc.r. . 1 2 3 3
50 Wheil_lh__g_a_[_ﬂ_,__fwo“l ‘biology,” I have a.leelmg of dislike. 1| 2133
51 | Whenever I want to ask anything about biology, I consult my 1 2 |3 | a

biology teacher.
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BIOENERGETICS TEST

Directions. Do NOT write anything on this test pa i
. v per. Use your answer sheet i i
in the following items. Use CAPITAL letters  ehoosing the latter of the corract answer

Using a microscope, a student observes a small, green organelle inside a plant cell. Which of the en
; ergy

transformation below likely occurs within the observed organelle?
A. ATP to light B. Light to chemical C. Heatto electrical D. Chemical to chemical

1.

Carbon dioxide and water are low energy molecules compared to the carbohydrate product formed when th
n ey

are chemically combined under the aid of sunlight. What kind of reaction does this illustrate?
C. Oxidation reaction

A. Endergonic reaction
D. Decomposition reaction

B. Exergonic reaction

3. Study this metabolic pathway.

Enzyme 1 Enzyme 2 Enzyme 3
A r B —n C ~ . D
Starting Product
malecule

Which of the following is NOT correct about the pathway?
C. Enzyme 2 catalyzes B, C, and D.

A Bis catalyzed by enzyme 2 to produce C.
B. Enzyme 1 catalyzes A to produce B. D. Cis catalyzed by enzyme 3 to produce D.

t keeps the bird alive comes ultimately from

B. the oxygeninthe air. C. the seedsitjustate. D. the sun

4. The energy tha
A. the worm it just ate.

The figure below illustrates a chemical reaction catalyzed by an enzyme.

A E
fg t

>
4 —_—
w
g c D

tatements about the reaction are true E

XCEPT
C. Bcatalyzes A to produce E

All of the following s
D. Dand E are products of the reaction

A Aisa substrate
B. BandD are enzymes

6 Which of the following materials needed for photosynthesis is converted to food and contributes most to plant’s

mass? _
A. Carbon dioxide B. Sunlight

C. Water D. Minerals

i thesis comes from
released during photosyn
" ;he(g::(goe: dioxide B. Water C. NADPH b, Glucese
cle?
C. Release of oxygen
D. Regeneration of the COz acceptor

s NOT occur during the Calvin ¢y

8.  Which of the following doe

A. Carbon fixation
B. Oxidation of NA
; d during the Iigm-dependent phase of photosynthesis EXCEPT
g The following are neede B. water C. chlorophyll D. carbon dioxide

A. light
ciently by a Csplant than by a C3 plant?
C. Fixation of carbon dioxide

D. VWater absorption

10 Which of the following processes is carried out more effi
i icl !
A. Light absorption
g. Photolysis
process related to photosynthesis is not correctly matched?

i irs of location and ‘ .
following pa se of carbon dioxide €. Siroma: Calvinoys
D. Stroma: production of sugar

11.  Which of the )
id membrane: u :
S- I;;::tg:d membrane: production of oxygen
caking down
- ses energy by bre2 -
12, Cellular re-%l:'”a*f"’;1 relos B ATP C. carbon dioxide D. oxygen
A. sugar from L
i ell are
e rospiration N d mammalian ¢
5 of aerobic respirall G laclic acid and ATP
en D. ethanol and ATP

13, The product
A vfra!er, ATP and 0xY0
' ATP and carbo

n dioxide
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Which of the following mo ;
g molecules passes high-energy electrons into the electron tr
ansport chain?

A. NADH and FADHZ B. and . . -Ci
ATP ADP C Citnc acl
n d [»} Awtyl oA

Th j
e graphs below show the relatonship between pH and enzymati
C activity.

Enz
yme A Enzyme B Enzyme C
N e
c.nzzg:.:‘l::: enzymatic enn
actwmity A acu::l::
2 4 6 8 " >
o 0

15.

"2 4 6 8 10 B3
ot 240?_'010

From these graphs, it is reasonable to infer thatata pH of 4

enzyme C would be inactive.

enzyme A activity is reduced.

all the three enzymes would be inactive.

enzyme B has the highest activity of the three enzymes

cow»

. . shows a si i
The ’O"OW’lllg dlaglalll |mpllﬁed represemation of the |lght depende t reacti
ction of photosynthesi
.

hght hH‘

hght-dependent
—p reactions of >
photosynthests >Y

16.

X

What does the iflput jtem X represent?

A. glucose
B. water
C. carbon dioxide

D. Either carbon dioxide or water

17.
100% -

111

Percent of Absorption

TS AN NN AR R

| T
Blue = Green Tellow ' Orange  Red

0 Myiolat
wavelength of Light
The graph represents the absorption spectrum of chlorophyll. The graph indica
g d from which regions of the spectFr,um? icates that the energy used in

photosynthesis is most likely obtaine

A. Yellow and orange red

B. Violetblue and green
and violet blue

C. Orange red
D. Greenand yellow
by which light energy is absorbed by photosystems in the thylakoid membra f
ne of the

s the correct order
na complexes absorb energy from the incoming light

18. Whichi
lorophyll molecules becomes excited.

chloroplast? )
1. Pigment molecules!
2. Oneofthe electrons
3. Electron is passed toane
4. Energyis transferred to @ rea

n the anten
in the pairof ch

|ectron transport chain.
ction center consisting of a particular pair of chlorophyll molecul
es.

A. 1' 2v 3' 4
B. 1,423
c. 1,342
D. 1,243
s —— (hatis common to both fermentation and aerobic respiration, begins with
CoA C. glucose; CO2 D. glucose; ATP

19. Glycolysis, @
and endSWlth;.ra;-t-;""”’ B. glucose: acetyl

A. glucose; P




‘ 20.

# 21,
:

22,

23.

Which of the following processesi

r in cellular j i
T € ion reaction respiration doce:s NOT occur in the mitochondrion?
B. electron transport chain D. g;:; cycle

. ysis
A girl has an idea that green plants need i
sunlight fo

of plants. She sets up one pot of plants as sho%\n berlg‘i/?lmy growth. In order totest her idea, she uses two pots

N—ea o
Swrd, Wi 90C Ralwr

Which ONE of the following should she use for the second pot of plants?

®
- ® © ®
Sunlight _ e
Dark cupboard pare cupboard Sunlight
A
N
Sand and soil

Soll and water

Sand and watef Sand, soll, and water

a list of supplies that are available in the laboratory.

The box below shows
-
« Four flasks with stoppers
o Tap water
o Flasks
. Small aquarium plants
. Four small fish 5
. Bromothymol blue (a chemical indicator that changes color from biue to
dioxide in @ solution increases)- yellow as the level of carbon
th the four flasks as shown.

The class sets up 2

Flask 1: 100 mL water, 1mL bromothymol blue, plant
Flask 2: 100 mL water, 1 mL promothymol blue, 2 small fish
Flask 3: 100 mL water, 1 mL bromothymol blue, 2 small fish, plant
Flask 4: 100 mL water, 1 mL bromothymol blue

X “'M 3 l‘z:;; 1 Flish, 3
Flesh §

Al four fasks are Siop pered and placed under equal amount of sunlight. Which flasks will have yellow color after
a few hours?

A. 1only

B. 2only

Cc. 1and3

D. 2and4

ive without food for a long time, it will eventually break down i
to su fier exhausting the animal’s reserves of proteins for energy.
C. both carbohydrates and lipids

When an animal has
However, this process ocours only @
A carbohydrates only
B. lipids only

D. carbon dioxide and water
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27.

28

29.

25.

26.

Pia placed a small water in bri
i plant in bright sun!
bubbles being released from the pla?lt. 'ght for five Nours as indicated by the set-up below. St
. She observed

Bubblos

Glass lube

If these bubbles were oxygen gas, it can be inferred that the plant s

A. Producing glucose
B. Transpiring
C. Releasing energy from water
D Respiring
A student investigated the effect of temperature on the rate of
photosynthesis in a water plan
t. The results are

shown in the following table.
Temperature <C Volume of oxygen
released per cm' per §
minutes

5 2

15 4

25 7

35 10

43 12

which of the following statements accurately describes the refationshi
photosynthesis? ip between temperature and rate of
A At 45C, the water plant pr

8 As the temperature increas!
C. Asthe temperature increases,
ture increases, the amoun

D. As the tempera

oduced the most amount of oxygen.
es, the amount of carbon dioxide absorbed by the plant also increase
5.

the rate of photosynthetic activity becomes faster.
t of oxygen released by the water plani doubles,

Which of the following diagrams accurately represents the use of gases in both ¢ irati
photosynthesis? ellular respiration and

A

3.

1
1

s of Krebs cycle will diffuse out of

Which of the following product yole
from the lungs during aerobic cellular respiration?
A Carbon dioxide B. ATP C. Oxygen 5. Gieatoncarioe
Yeast, a common fungus, i$ economically jmportant to the beverage industry because when placed in g
, oo
with alcohol in the juice

uce, that react
rs S
A releases SUO7 to break down juice into alcohol
nd releases alcohol

B. actsasané : wi
grates in the juice @
G e cat"bgrr:)t(hat ponds with juice sugars to form alcoho!

D produces staf
is NOT correct about fermentation in animal cells?

; i atements bout?
Which of the fql(;c;\ngf:g st { ATP when there is limited oxygen supply
A Itcan prov! muscle cells more than other cells are likely to carry out fermentation

- muscles, changing the pH and causing muscle fatigue. .

B o puild up in M
ate can .
g g!r/TrI;Nanimal celis can carry out fermentation.

the cell, enter the bloodstream, and be released

244




— e o m—

RN

245

lationship of glucose as mol
molecules used to g se
lecules relea: i
d during cell
ular

|
|
| 30. The table shows the rel
|

respiration.
! Number of glucose m
l mbe dugn : olfecules Number of gas molecules
| g respiration released during respiration
| . :
2 12
3 18
4 24

| Which cellular process would resuttin a cell releasing 120 gas m

A. The mitochondria converting 20 glucose mo!ecul%s intog carb:rinezil:::ii
B. The chloroplasts converting 30 glucose molecules into carbon dioxide '
C. The mitochondria converting 30 glucose molecules into oxygen '
D. The chloroplasts converting 20 glucose molecules into oxygen..

31 . Human N . - . .
" ssunnat?lergo cellular respiration. Which other living things undergo cellular respiration?
Il.  Bacteria
. Rose plant
Iv. Cow

V.  Mushroom
g. |, 11 and il only C. L, 1,1V andV only D. LI I IVandV
- LN TV an

A. IVonly
32. The following aré involved during the process of cellular respiration:
. Energy
1. Carbohydrates
1. Carbon dioxide
Iv.  Water
V. Oxygen

tions correctly represents their involvement in the abov
C I+UN+IV+V @ process?

Which one of the following combina
D. H+V=21+lit+IV

A II+I|I—)I+IV+V

B. N+l I+IN+V
om source to carrier to final acceptor in which sequence?

trons travel fr
rt chain => oxygen

33.  During aerobic respiration, elec
2> NADH/FADHz - electron transpo

A o - ATP - oxygen
8. Glucose 2 pyruvate oxy! .
C. Glucose ATP = electron transport chain - NADH/FADH2
D. Food >glycolysis Krebs cycle ~SNADH/FADHz = ATP
34, Inaswimmin competition, Alden’s muscle cells are not able to take in enough oxygen to make mo )
muscles begig weaken due to fatigue- Which explains why this h?p’?ens? . re ATP. His
A. Asthe cells run out of oxygen. they switch to anaerobic¢ respiration which allows the cell to make small
amounts of A P in the absence of oxygen- .
B. As the cellsrun out of oxygen they die ;,\f!fdgraguslly ::'r:.d his muscles have fewer contracting muscle cells
will never run out of oxygenilf en is breathing. .
g: ;rs\irmceet;ls run out of oxygen: they will continué to make the same amount of ATP, since oxygen is not
required to make .
35. The graph below shows the change in plood glucose level during prolonged exercise.
51 ;
g5
g Ea9
$6a8
S E a7
-2 .
S @ 46 |
@ g 1
g 43 . 20 40 o 80 100
gxerclse Time {min}
. explains the change in blood glucose level shown in the graph?
Which of the follow!®? Stateaner;}:pro%uce TP for energy. grap
A. Glucose Wt _ iy O iscle celis into ploodstream.
B. Glucose diffused 0 e fats. ‘
into muscle proteins.

C. Glucose wasu "ed
D. Glucose was conve!
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Course Syllabus in NalSci102 1

Romblon State University
COLLEGE OF BUSINESS AND ACCOUNTANCY
Odiongan, Romblon

UPDATED SYLLABUS (OBE)
NATSCI 102: BIOLOGICAL SCIENCE

First Semester 2015-2016
RSU Vision:

Romblon State Universtly as a premier insttution of fugher education inthe MIMAROPA Region for a globally compelitive province of Romblon
RSU Mission:

Romblon State University is commited to provide advance education, technalogical, professional instruction and training in agnculture and fishery
relevant fields of study 1t shall undertake research and extension services and provide progressive leader

. forestry, science and technology, arts and other
shipin its areas of specialization
Goals:

Quality education,

Globzlly competilive graduates;

Innovative and scientific approaches in teaching and learning,
Research compelence and capability;

Community extension services; and

Values, attitudes, critical thinking and lifelong skills.

WA WN =

Objectives:

To develop relevant experiise and competence in the academe and deliver quality education for the total development of graduates skilled in their mazjor field of specialization
To develop creativity and scientific approaches. and encourage innovative ideas in the academe in order fo provide efficient and effeclive services in the secondary level;

To develop research competence among BSED sludenis in order to contrbute to the general advancement of knowledge;

To facilitate the development of skills and attiudes necessary for success of the pre-service secondary

eachers who shall be employable locally and abroad,
To extend educational and entrepreneurial experttise for community development: and
To develop students ‘moral character and eritical thinking.

DN -
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Course Syllabus in NatSci102 2

\ COURSE TITLE: Biological Science
i COURSE NUMBER: NaiSci 102
. COURSE CREDIT: 3 unils
W, COURSE PRE-REQUISITES: None
V. COURSE DESCRIPTION

This course is designed to provide a general background in understanding the basic principles and processes in the siudy of biology. It covers life processes and interactions at the

cellular, organism, poputation and ecosystem levels.
Vi COURSE REQUIREMENTS:
The hybrid nature of the mode of delivery requires every student to have an e-mail address and connect 10 the inlernel 2l least once a week. In order 1o pass the course, students should
be able to get 60% of the required points in the following requrements:
a. Midterm and Final Exams
b. Performance Tasks and Demonstration
c. Quizzes.
d. Recitation
e. Attendance
V. COURSE POLICIES:
The following important course policies are to be observed and remembered from tme to time:
a. Thisis an introductory course You will be exposed to diferent levels of organization of Ife which requires you to undersiand how the life processes work and are sustained
b. You are expected to have a genuine desire to learn and fo seek the truth ihrough the skills you have developed.
c.  You are expecied to observe the University rules and policies.
d. Your greatest satisfaction is to have achieved your academic success fhrough your own effort.
e. Agraduate of Romblon State University is expected to have academic integrity. Refer fo Student Manual for sanciion for cheating and plagiarism.
Vil.  GRADING SYSTEM:

2 Major Exams 200 points 484 -500 1.0 369 - 391 225

5 Performance Tasks 100 points 461 - 483 1.25 346 - 367 25

Quizzes 60 points 438 - 460 1.5 323-345 275

Recitation Logs 10 points (max) 415-437 1.75 300 -322 30

Altendance 30 poinis 392-414 20 Below 300 Failed

Demonsiration 100 points

= e — —— P —— - = =




X.

COURSE LEARNING OUTCOMES:
Adter finishing this course, students should be able to.

a. Explain how ife is understood and investigated by scientists;
b. Describe how energy is used at ihe cellular level,

c. Explain the mechanism df the continufly of ife;

d. Describe how plants and animals are able fo carry on with life processes;

e. Explain how life forms change through lime;
{.

9. Demonsirate short and simple aclivity/experiment that demonstrales important biclogical concepts.

Exptain the interaction of iving organisms with their environment as well as their interdependence with other life forms: and

Course Syliabus in NalScii02 3

COURSE CONTENT:
\ Topic and Time Allotment Student Learning Outcomes Teaching-Learning Assessment Evidence of Inputs/Remarks
Strategy Strategy Outcomes
LINTRODUCTION TO LIFE SCIENCE | Students can: Computer-Aided Lecture | Paper and Pencil Scote in a paper and
a Historical development of | a. Explain the evolving concept of life Inquiry Test pencil test
the concept of life based on emerging pieces of Reading Assignment
b. The origin of the first life evidence.
forms b. Describe classic experiments that
C. Unifying themes in the mode! condtions which may have
study of life enabled the first forms to evolve.
¢ Describe how unifying themes (e.g
structure and function, evolution and
ecosystems) in the study of lfe show
the connections among living things
and how they inleract with each other
and with their environment,
d. Value life by taking good care of all
beings, humans, plants and animals.
Il. BIOENERGETICS Students can: Computer-Aided Lecture | Paper and Pencil Score in a paper and
a The Cell as the basic unit | a. Explain how cells camy out functions | Inquiry Test pencil test
of life required for life. Demonstration
b. How photosynthetic b. Explain how photosynthetic Worksheet-Based
organisms capture light organisms use light energy to Activilies

6v¢




Course Syliabus in NatSci102 4

Topic and Time Allotment Student Learning Outcomes Teaching-Learning Assessment Evidence of Inputs/iRemarks
Strateqy Strategy Outcomes
energy lo form sugar combine carben dioxide and water to
molecules form energy-rich compounds.
c. How organism ottainand | c.  Trace the energy flow from the
ulilize energy environment to the cells.
d. Describe how organisms obtain and
utilize energy.
e. Recognize that organisms require
energy 1o carry out functions required
tor lite.
f.  Make a poster that shows the
complementary retationship of
photosynihesis and cellular
respiration.
lll. PERPETUATION OF LIFE Students can: Computer-Aided Lecture | Paper and Pencil Scote in a paper and
a. Plant and animal a. Descrbe the different ways of how tnquiry Test pencil test
reproduction plants reproduce.
b. How genes work b. llusirate the relationships among
c. How genelic engineering structures of flowers, fruits, and
is used to produce novel seeds.
products ¢. Describe ihe different ways of how

representative anmals reproduce.

d. Explain how the information in the

DNA allows the {ransfer of genelic
information and synthesis of proteins.

e. Describe the process of genetic

engineering.

f.  Conduct a survey of ihe cumrent uses

of genetically modified organisms.

g. Evaluate the benefits and risks of

using GMOs.
h. Conduct a survey of producls
cortaining substances thai can
ingger genetic disorders such as




Course Syllabus in NatSci102 5

Topic and Time Allotment Student Learning Qutcomes Teaching-Learning Assessment Evidence of Inputs/Remarks
Strategy Strateqy Cutcomes
| phenylkelonuria.
V. HOW ANIMALS SURVIVE Students can: Computer-Aided Leclure | Paper and Pencil Score in a paper and
a. Nultrtion: Getting foodto | a. Explain the different metabolic Inquiry Tes! pencil test
cells processes involved in the various Performance
b. Gas exchange with the organ systems. Assessment Scoreina
environment b. Describe the general and unique performance-
c. Circulation: the internal characteristics of the different organ assessment test
transport system syslems in representative animals.
d The need for ¢. Make a presentation of some
homeostasis diseases that are associated with the
e Salt and waler balance various organ systems.
and waste removal
f The immune system:
defense from disease
g How hemmones govern
bedy activities
h The nervous system
i The body in motion
V. HOW PLANTS SURVIVE Students can: Computer-Aided Lecture | Paper and Pencil Score in a paper and
a Plant form and function a. Describe the structure andfunction | inquiry Test pencil test
b Plant growth and of the different plant organs. Performance
development b. Explain the dfferenl metabolic Assessment Scorein a
processes involved in the plant organ performance-
systems. assessment test
c. Design a setup on propagaling plants
using other methods as hydroponics
and aeroponics.
V1. THE PROCESS OF EVOLUTION Students can: Computer-Aided Leclure | Paper and Pencil Score in a paper and
a. The evidence for evolution a. Describe evidence of evolution such | Inquiry Test pencil test
b. The origin and exlinction of as homology, DNA/protein Performance

16¢
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L Topic and Time Allctment

Student Learning Outcomes

Course Syllabus in NatSci102 6

species

\

Teaching-Learning
Strategy

Assessment
Strategy

Evidence of

InputsiRemarks

sequences, plate tectonics, fossil

record, embryology, and artificial
selection/ agriculture,

Explain how populations of
organisms have changed and
continue to change over time
showing patterns of descent with
modfication from common ancestors

to produce the organismal diversity
observed today.

c.  Describe how the present syslem of

classification of organisms is based
on evolutionary relationships.

d. Design a poster tracing the
evolutionary changes in a crop plant
(i.e. rice or corn) that occurred
through domestication

Assessment

Outcomes
Scoreina
performance-
assessment {est

Vil. INTERACTION AND
INTERDEPENDENCE
a. The principles of the
ecosystem
b. Biotic potential and
environmental resistance
c. Terestrial and aquatic
ecosystems
d. How human activities
affect the natural
ecosystem

Sludents can:

a  Desaibe the principles of ecosystem.

b. Categorize the different biotic
potential and environmental
resistance (e.g. diseases, availability
of food, and predators) that affect
population explosion.

c. Describe how the different terrestrial
and aqualic ecosystems are
inferlinked with one another.

d. Prepare an action pian containing

mitigation measures to address
current environmental concerns and
challenges in the community.

Inquiry

Computer-Aided Leclure

Paper and Pencil
Test
Periormance
Assessment

Score in a paper and
pencittest

Scoreina
performance-
assessment test
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Xl REFERENCES:

Rabago, L. M., Joaquin, C. C., Lagunzad, C. G. B, & Carvajal, J. C. (2006). Functional biology. Modular approach. Quezon City: Vibal Publishing House
= Mader, S.S. (1998). Biology 6th Edition. USA. MgGraw-Hill Companies, Inc. 679 pp

* Reece, J. B, Umy, L A, Cain, M. L, Wasserman, S. A, Minorsky, P. V., & Jackson, R. B. (2011). Campbell Biology (9" ed.). San Francisco, CA' Pearson Benjamin Cummings.

Prepared by:

EDDIE G. FETALVERO
Course instructor
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LEARNING PLAN
TOPIC: BIOENERGETICS

LEARNING OUTCOME:

Make a poster that shows the complementary relationship of photosynthesis and cellular respiration. (50 point
. p0| S
TOPIC 1: REVIEW OF CELL STRUCTURES )
Objectives Students can 1hr
o Identify cell parts and their functions.
D « Determine the parts that are related with how
Teaching-Learning | Lecture with powerpoint presentation the cell uses energy.
Strategy
Assessment e Paper and Pencil Quiz (5 pis.)
Strategy ¢ Asgn.(10)
Evidence of Score in a paper and pencil quiz
Outcomes
Inputs/Remarks Hand-outs
[PRETEST"
1hr ]
TOPIC 2: METABOLISM
Objectives Students can 3 hes
. Identify the forms of energy.

« Differentiate between anabolism and catabolism; i ineti
chemical and mechanical energy. + potential and dnetic energy,
Trace the energy flow from the environment to the cells

Explain the two laws of thermodynamics and how they work in natire
Differentiate between exergonic and endergonic reactions. )

Explain how reduction-oxidation reaction works.

Describe the role of enzymes in chermcal reaction.

Describe @ metabolic pathway and explain how it 1s controlled.

Lecture with powerpomnt presentation

e & ¢ o o o

e
Teaching-Learning

Paper and Pencil Quiz (15 pts.)

“Assessment .
Strategy « Asgn. (10) __
Evidence of Score in @ paper and pencil quiz
Outcomes
‘Inpu Fs/ﬁé?n’a’rﬁ’"" Hand-ouls
TOPIC 3: PHOTOSYN'I;IFESISI — —
j udents ¢
Objectives . Describe how plants obta in and utilize energy.
. Describe why light is a source of energy.
ctra of common plant pigments and how they are

Describe the absorption spe
affected by weather and amount of daylight.

Describe @ photosystem, its composition and how it works.

identify the structures of chloroplasts that are responsible for photosynthesis.

Explain how photosynthetic organisms use light energy to combine carbon dioxide

and water to form energy-rich compounds.
Differentiate petween light dependent and independent reactions by focusing on the

inputs and outputs and tracing the flow of electrons.
Explain why photorespiration oceurs.
Differentiate amang C3, C4 and CAM photosynthesis.
Explain how plant cells carry out functions required for life.

to carry out functions required for life.

Recognizé that plants require lenerqy
Wﬁ?ng Lecture with cowerpoint presentation
Strategy__— . Paper and Pencil Quiz (15 pts.)

“Assessment
i Asgn. (15) __
::lrizteer?cye of .:Score in a paper and pencil quiz
Outcomes

Tﬁf@lﬁéﬁﬁ?k? —THand-outs

L4

e o @
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ngl'c_'s: CELLULAR RESPIRATION
jectives Students can
3 hrs

: 8::2::22 thhtzzw animais obtain and utilize energy

roce i i '

papuriie c?h e sses involved in cellular respiration i
« Differentiate betwggfw :2? :)riacmg e o v eessnaen e e
' obic respiration ti
- and fer
R:?:c,;:\ irz'agv;/hp:ta;\;'cells carry'oul functions requirgg?ct)?tlli?: .
imals require energy to carry out functio'ns required f
or life.

Teaching-Learning Lecture with powerpoint presentation

Strategy
Assessment Pa|
. per and Pencil Quiz (15
e o Score in

e a paper and pencil quiz

Inputs/Remarks Hand-outs
[POSTTEST"
REQUIREMENTS e l
Attendance 10 pts. 1 i

. 1 point deduction for eve
Reqtat;on 10 pts. Use of recitation cards Fy absence
Ass:gnmgnt 10 pts. (45/4.5 = 10)
Short quizzes 50 pts.
Project 50 pts.
Long Test 35pts.
TOTAL 165 pts. Conversion: (Score x 50)/ 165) + 50
POLICIES ON CLASSROOM MANAGEMENT:
1. Must come to school in complete uniform except during wash-day. The teacher res
. . 1he erve i
entering the class, depending on the graviwsotft}(;ar‘sg:rilto
S.

2
3.

10.
11

12.

refuse a student not in proper uniform from
No earrings and unbuttoned shirt for men.
gefore the class begins:

a. Arrange the chairs properly.

b. Pickupthe litters.

~ Keepthe classroom

d. Cellphones must be
Upon teacher's arrival

a. Stand up.

b, Must start the cl
Stay standing un

in order.
switched to silent mode.

r. This will be done alphabetically starting with the males

ass with a praye
s is over (i.e. "Good morning/afternoon class” “Good

til the exchange of greeting

c.
afternoon sir!”
Checking of Attendance
a. Aclass monitor will be assigned to check the attendance
tag for the entire period. . For the purpose of the study, please
ing of places. Seat plan only expires upon the

wear your name
p. Follow the seat plan. There shall be no switch

instruction of the teacher. (Needto submit picture.)

During Discussion/Lesson Proper
= wvaittobe recognized before speaking.

Stand up when reciting.
c. Strictly gpeakin English durind class discussions elc.
d. Strictly no eating of whatsoever.

e Nosleepind . o .
se/causing disorder, disrespecting teacher and classmates.

.~ No making nol
on Examination ) .
a. Arrangé chairsina pumper to bumper orientation (6x10).
Some examinations aré in the form of test papers. Students must pay th )
photocopyi ng fees. pay the corresponding
c. No cheating. )
Oon Requirernents and Assignments '
. Requirements not passed on the due date will not be accepted and will be graded zero
jsmissal .
or 2 Stand up when teacher says sGoodbye class.”
" Respond by saying, «GGoodbye and thank you sir!”
Each‘violation committed will be deducted one point per case.
Others: o )
ighti i jass and coming to school i
. Fighting. cheating, smoKing in class @ 100! under the infl i
g nses. O caught and found guilty, the student will be dropped fr omu?t’;'ge’SOL!'quor are grave
Disciptinary measures consistent with the Student manual await erring students. ubject

e e e e e
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Appendix N

Results of Learning Needs Analysis




SUMMARY OF LEARNING NEEDS
(Results of Within Group Consensus)

AREAS OF CONCERN
1. TOPIC OF MOST INTEREST

GROUP 1
Photosynthesis. More easy to
understand than other topics.

Want to gain more knowledge
aboutit.

GROUP 2
Cellular Respiration: Because it
occurs in living organisms; want
to know about the breaking of

the chemical bonds in food, and
the use of the released energy

| 2. EXPECTATIONS ON |

Photosynthesis, Because aside
from the knowledge that we've
learned from high school days;
we know that we can learn
more from this topic.

Metabolism. Because of its
peculiarity, the topics under it,
and it would be best to go on
the lessons according to what
should be tackled first. Some of
us found this topic exciting
because here, it will enable us to
know how plants, and animals
use food, water etc. to Brow,

GOAL: To Know

and heal and to make energy.

The forms of energy.

How metabolism,
How plants obtain and utilize

photosynthesis, and cellular

energy. respiration differ from each
How animals obtain and utilize other in terms of utilization of
energy.

energy.

About the environment and how
this topic will work or can help
in our daily lives,

How energy is transformed
between living things and their
environment; how the energy is
exchanged; sought answers to
questions regarding this topic;
Achieve (meet) the objectives of

this topic.
GOAL: Todo Understand more about More research related to Make a poster about what we Some practical application from
bioenergetics. bioenergetics for information have learned; share our what we have learned and to
Apply those knowledge about support. knowledge. finally give our part to our
bioenergetics that was taught by environment after knowing
our teacher, things like this,
Topic Interesting and exciting. Challenging since itis already More exciting and clear., Interesting, more challenging,
familiar. and exciting; will surely give us
or provide new ideas; could
broaden our critical thinking;
Teacher

will amaze us.

Sometimes to be funny and

Responsible enough to satisfy
nice.

our expectations/learning
needs,

Patient in explaining the lessons
and artistic in using visual aids,
powerpoint and etc.

Understanding, open-minded,
smart, slightly strict, provides
specific and clear information,
give us the opportunity to speak
and to share; friendly; will
encourage us every time.; give

everyone importance; and for a

8¢¢C
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AREAS OF CONCERN

GROUP:1 GROUP2

Classmates/Student-to-Student

GROUP.4
better communication, having a
nice humor is best.

Active in participating in every More cooperative, participative, | Confident in participating and
topic and activity that we will be | active and friendly.
doing.

Interactions cooperate in class discussion,

Always there everytime we need
them (depends on the
situation); fill our emptiness,
honest, friendly, open-minded,
have a nice humor, selfless,
know their limits,
understanding, know how to
cooperate; a good listener and a

Smooth and mutual.

\ \Teac‘ner-Student Interactions Nice. More confident in cooperating

follower; and helpful.
Give and take.

in the class discussion.

\ \ Limitation l Assignments and quizzes.

Trivias related to this
topic/discussion, Trivia may help

Add/Change topic
to catch up student’s interest.

3. PREFERRED MEDIUM OF INSTRUCTION TAGLISH because it is where we | TAGLISH for better

TAGLISH because in this way, we
understand and learn more.

can express our feelings or what
we are thinking clearly and so
that everybody can understand.

understanding

More on ENGLISH, because we
are looking forward towards our
future, it would help us to be
prepared when we graduate;
new opportunities will come,
example, presenting some
proposal, we will be pushed to
present it using English language
whether we like it or not, you
will like it, so it would be best
for us to adopt this kind of
language. And for a better
communication outside the
country. Speaking in English will
give us high respect specially if

4. PREFERRED LEARNING ENVIRONMENT Seats in random arrangement. Seating arrangement in

Proper seating arrangement in
alphabetical order

alphabetical order.

you are fluent and good enough.
We prefer to have a seat plan,
so that the teacher would easily
identify us and to give justice to
those whose surnames start
with A. That we believe will limit

2]
i
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AREAS OF CONCERN GROUP 1

| 5. TEACHING APPROACH

GROUP 2

GROUP3

GROUP 4.
them from talking, cheating and
etc. (Joke)

Suggested Teaching Strategy

'|

\

Teacher will let us participate
and share our own ideas about
the topics he is going to present.

Suggested Activities Laboratory activity.

Any way the teacher wants as
long as we are learning.

Powerpoint presentation and
video clips.

Entertainment

Games

Practical application of what we
have learned

Laboratory experiments
Outdoor activities

Pre-testand games

Actual activities or experiment
time,

Quizzes will be accompanied by
tangible materials (i.e. putting a
stone on top of the table, was
there a kinetic energy?)

Activities like observing with
matching questionnaires.

Recitation. Graded with cards.
Example: stootsies ( a piece of

paper, numbers 1-5, write on it.)




Appendix O

CBI Orientation Material
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CONSENSUS-BASED
INSTRUCTION: A PRIMER:

What is Consensus-Based Instruction?

« A conscinus agreement of everyone (teacher and
students) in all instructional decisions that are
normally dene by the teacher alone.

o,

.’ ;‘J“

‘\UTOCRACV
(DICTATORSHIP)

CONSENSUS
(UNANIBIOUS AGREEMENT)

DEMOCRACY
(MAJORITY RULE)

j

done? (Whole Class)

How is CBI

. Raise anissue.
. Propose an alterna
+ Participate in 'gmnd

i, e
g fscuga!! T, ok
spp's ideas; ST ek UPy

n. i
Ca]] for consensus dBCstiir‘_"‘ Tmich Closed fist:
Raised 76 2t
o Hand west jures (
Cinse-Dper hatt d

nve (C]mlDES)
wnver‘;ahﬂﬂ

mque debate, extend upod

adhere to the agreed process-

I

what can | negotiate with my teacher
in class?
. Practically, any decision that is normally done by
your teacher.
» Specifically:
¢ The coutent, objectives and processes of lea
plan
o The rmethods, strategies, activities and |
tasks by which the cantent will be del
r ¢, class rules and s
formance measures, assignments, language of
uction ete.

arning

What does your decision mean?

. Razsetl opr.-n hand: YES
mgwo m;ppuu the decision and srand i

solidarity
. Close-Open hand ABSTAIN
= You cannot au t the decision but fe
right for the rest of the group to ad
+ You wi il ke absolved from any resy
mmplementing the devision in question.

1itwill be all

ility for

o You prevent the de
nn late the moral

ng, lowever s L

m to go forward beeause itwill
and safety of the whole ¢lasa.

262




e 87 S o e e o St S s el P e e .
. — o e, 8 s e o B T2 8=

Whole Class

Teacher: As & project for s subject, Consensus
everyane will be subruitung .
et Creatatisian A Tia: The idea of warking in pair bs geod. However, inroy
experiment en growing baderta case, 1 ars connfortabie warking alone because | ara i
oxunuting ko away everyday  And 1 propose that those
who are commuting will have the opticn to weric a.’u;:

s I,

Student 12 But Sir, daing it
individually would be tre-ansurming
since we also have projcts in other
subjects 1propose thatit will be done

Colawbla: Yes, Ifeel the same way

Teacher: Will that Le okay with everyone?

l
by pairiratead
i (YES: Raisad open-t NO: i
¥ Teaclier: What do yeu think? (calls on pen) parhand, NO: dosed E3t, ABSTAIN: dase-
cther students )
(Duawsion continues until consensus is reachal)

Student 2: 1agree with rey clussnate
Sirbecanel better lear when lam
with somedne

Consensus within

Small Groups Teaclier: Alright, g6 to your respective
groups and corue into a consensus
answer on the question: “What coraes
finst, Egg ar Clicken?

How is CBI done? (within Group)

. Teacher gives an engaging focus question
es the problem through student-
tion/discussion

jon within group

« Group selv s

student commu nica Group Les
« Call for Consensus-Decis
. Whole class discussion
. Coming to a consensus

Group Leader: Olay, o

a: ¥, apparently th
explanation of Harvey Is :.ffnr d:m:l
plausible What bs the decsion of
everyone? (Deddes: Hand Gestures)

answer to the focus
(Growp Leader reports to the class the

corsensus dedsion )

question

k means a long

yone to tal

! To allow ever
NG!

process of TALKI

« Yes.

. But adap
thing about the cons

content of the decisi0
democratizing process
through-

-

at the most significant
ensus process is N(_ZTI' the
n but the Jiberalizing and
the group is 80115
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What if consensus is impossible to
achieve?

. Fallback: ‘Voting’
. The proposal with the most votes becomes the END

preferred choice.
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Students’ Reflections about their Experience with CBI
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STUDENT | COMMENTS
Maganda ang pa
gtuturo n gamin -

Binibigya nya n g guro sa aming lesson sa bi :
gin gya nya ng pa.nahon o oras na magsalita ang b a bioenergetics.
B I ya marami kaming natutunan. awat mag-aaral. Dahil sa

n my bicenergeti :

beca)tljse S : egaez;:: dasi | experience a lot of activities. Itis n :
e et r make some activities that make us ha ot a boring topic
correspond‘nn ime, trw:a, games and participation/ ,edtpt?y example of this is
intere:tin Il g points, in that way I consider that bioener :t'lon- witha

g lesson and | want to say Thank you to our teafhe'csb's avery
r, because he did
a

= lot efforts for us to understand the lesson clearly
Angkcim.mfent'ko dito ay pag mayroong COnsenSl',ls na =

nag akaintindihan ng m'aayos ang estudyante. Atang :;I?adah ito at

pinapagawa na activity ito ang gingamit kung gusto mo b ng guro pag may

gumagawa ng paraan para maging parehas ang iyong s a ito o hindi at

—— T Nak - - agot indii

Ne'akakaenjoy ang lahat ng mga ginagawa naming. E"efyt?mekung hindi ito pareho.

minsan nachachallenge din kami. Di nawawalan ng tawanan :: I:'I\av consensus

ase at lalo pa

t:, |:gang r'mak: ka interesado ang bioenergetics.
en we're having our consensus group during bi
n ' " ing bioenergeti ’
tl;at it is really lmpo'rta'n.t that in every activity, the particgip:;iﬁlass' fd realize
of your-group be prioritized. I'd enjoyed lot of things in this subj;;t(lj ?: majorlty
! 1Gonna miss

this..

My class experience in biology using our consensus is enjoy be
d we already hav? games, experiments, and‘»’Qurctaeuse we do a lot
' - him s much. | miss you sir Ed acher also funny
nsens'us l.n our class is nice. It is way of "pagk.aka. -~
hindi na?apagkasunduan ay naaayos agad (;?,:_'Te.amwork. if
think seriously what will be happen afterlt:::;,And

nsensus

A

of activities an
and because ©

For me using €0
ron man kaming

me
before the consensus you
maibubunga nito sa amin.

at kung ano ang
ya dahil sa paggamit ng Consensus ay nagkakasundo ang b
g bawat

____——'_——-_
para 53 akin masa
g at masaya ang aming guro. Hindi sya boring

f that | will mis

H
jsa. At tsaka enjoy dahil magalin
magturo.
! Ang lahatay nagkakasundo sa anumang napagkasunduan. Usi
im po‘rtant pecause it make us more cooperative in our grc;u l:gdconsensus is very
din para hindi magkagulo ang isang group in studying bioen:rgzticr;akakatulong
sa magandang process sa pag derive na

Sa bawat discussion sa bioenergetics,
agawin pare sa lessons mas magiging masa

aan natutunan namin.
K About our pioenergetics class experience using CONSENSUS we als
the fact that some students or my classmates can agree or disagree()s;r;zerstand
i at
kung sino man ang hindi sang ayon dito

nagkakasundo Kkami at napag-uusapan
Dahil sa Consensus doon namin malalaman ang isang
grupo namin kung i
g ito ay

may sasabihin pa o wala.
Dahil sa pagkakaroon ng consensus ang klase, madali ng magkai
- ;

estudyante, Nd ang bibigyan lang ng pagkakataong magsalita ay:&:‘ang mga
laman din dito kung sino ang ayaw sa g salungat ng

karamihang pumoto at nala

pina gbobotohan.

ya ang klase at maraming knowledge
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STUDENT | COMMENTS

M It was a helpful each and every one to decide if what is the best thing to do in
class. Every one cooperates and if someone disagree our teacher will asked if
“What is the reason why?” And we will have a consensus again until everyone will
agree to the decisions.

N Bioenergetics lesson is very enjoyable, fun, challenging, and interesting not only
of its different topics but also the way our teacher teach us.

fo) Hindi ko favorite subject ang biology, but it is slightly interesting for me. | enjoy
learning about biology. During my secondary level wala akong masyadong
natutunan about biology at ngayon ko lang nalaman yung iba’t ibang terms about
biology and it is because of our teacher he has a good strategy in teaching.

P Lahat kami ay nagkaka-isa para sa isang desisyon. Masaya kami dahil
naipapahayag namin ang aming nais sabihin sa ibang desisyon.

Q About bioenergetics class | experience using consensus | was understand of what
my classmate opinion and about consensus this is a good idea for us. At para mas
lalong mapalawak ang bawat idea ng bawat isa. Natatawa ako sa ibang topic sa
biology.

R  really appreciate the experience about bioenergetics in class because more
knowledge and nadagdagan pa yung mga dating mga kaalaman ko. And | really
enjoy the topics na tinuro sa amin marami pa kaming natutunan about biology
yung feeling na gusto mo lagging mag experiment ng mga iba’t —ibang bagay. |
hope other students enjoying the subject about biology.

S About our experience in our bioenergetics class using consensus help us to
communicate toour teacher of what learning style that we need, we are able to
connect or concile with our teacher and it really help to provide opportunities to
every student.

—T——"_' Kapag ginagamit namin ang consensus s.a aming bioenergetics class ay nalalaman
kung ano ang MEa sariling opinyon ng aking mga kaklase at dahil sa mga opinyong
ito kami ay nagkakasundo sa isang desisyon.

—J—_—_— Using consensus, our teacher gives us a chance to express the ideas we want to
share with others and he encourage us to speak and show our talent in facing to
many people ng walang pag aalinlangan.

7—-—-——-—— ['s so enjoying and | really learn a lot at new things and information that | read
only in our bioenergetics class. 1 c?on't feel' bored every time | enter the class
because | know that there’s new information that \_Nould be .discuss I really amaze
the way our teacher teach and how he make our bicenergetics class so much

] enjoying. 3 student’s ay nagkakaisa sa mga aktibidad

w Masaya dahil lahat ng mg :

7______,_._ Ny bioen ergetics cla'ss exp‘eriences. Honestly | cannot fmderstand some other

ns, during the discussion of our.teacher. Byt tljat is not the fault of my
Iessc;]er:' vs my fault because sometimes my mind is flying away haha... But of
zi:ﬁse |'lea rn a lotinour bioenergetics class. I'll try my best to help myself, to be
) in biology.
Mﬂag'g'”g ang resulta ng mga
——
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STUDENT | COMMENTS
aktibidad na ginagawa. Nagiging maayos ang samahan ng bawat isa at
nagtutulungan.

Z Attendur)g biology class is fun and inter'estin‘g. I have learned a lot from it, even
though it’s hard for me to understand it at first. | have tried my best to answer all
quejstlons that was given in exams. I'm looking forward for my next topic and
hoping to learn more and more.

AA In my bioenergetics class experienced. Our teacher encourages me to learn more
about biology for more understanding and it was amazing and interesting. | learn
important things in biology on how photosynthesis, cellular respiration take place
and what metabolism is. And using consensus our teacher give us chances to '
express our ideas, thought and feelings.

BB it is fun and interesting | learned ma!ny things a.bout bioenergetics maraming
natutunan tungkol sa photosynthesis, metabolism, structure of cells, at cellular
respiration na malaking tulong sa araw- araw nating pamumubhay,

cc Using consensus in class is good because everyone understand each other and
we're free to decide about anything. It’s fun and great because everyone can
show their feeling about the decisions and it's my prefer than the others. Like
making decision with everyone and also with our teacher we're comfortable in
making decision. | also learned everything using consensus.

DD |t's more interesting to study a bioenergetics because you will know about the
things in the environment and the different function on how they support their
self and how they survive.

EE My comments of remarks about our bioenergetics class experience are it was an
interesting topic because we learn more about it. It was an acting topic because
we do a lot of activities related toit. Our teacher is very active in teaching us and

FF It is effective to everyone because it gives to the learners for them to share their
ideas and express their feelings during the class consensus/ group activity.

— | | enjoy €X eriencing the bioenergetics lessons. Knowing the

GG [t's so fun and | enjoy exP getl g
important of group consensus. | learned more in biology lessons and | learn
important things in each lesson in biology.

HH If we have a consensus everybody agree of what we're talking so there’s a
decision that is acceptable to everyone.

T For me bioenergetics class experience using consensus is a good way to share the

I opinion of other student to do good for them to work or activities that they
encountered in their class lesson. .

- My experienceé about bioenergetics class consensus s a very happy because by
1] us\i/ng consensus in making @ decision is a good idea. Yun bang nagkakasundo lahat
t nagcoceo erate. ’'m so ha for that.
: ensus is 3 good way to how teacher and students interact andithelps

KK Ctouf:ent to share what they want to say a?out the topic in the class.

] stuc our consensus experience, | experienced the equality treatment | all

LL Duzr;its. o one feel regretted in our consensus time. They can express their
stu ns why they didn’t want thator why they like that. But as an introvert
reaso _ .
student, 1just follow the majority and let them decide.

I
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STUDENT | COMMENTS
MM Do consensus activi
ty was very good, because na i
¢ ! ver , gkakaisa tayo and
::at;nallfunismo ang mga hindi payag at sa mga gusto. Gamityang co::;: e
dali nating naresulba ang mga bagay bagay at malaki ang naging tul sus ay
:lm'l(ng mga student sa paggawa ng mga group decision g tulong nitosa
akaka enjoy po talaga at marami kamin .
: g natutunan. Para kasi i
kapag gant.m. yung set up ng isang klase. Hindi boring at the sasr:mnegtrinas made!
= Sana maulitito. Ang galling ni Sir Ed! See you again Sir! me natutu pa.
Maganda po ang na experience ko sa bioen i
ergetics. Dit i
natutunan, kahit na minsan mahirap intindihin. © po madamiakong
Enjoy when we have our group activity kasi ditt i
o kami nagkakasund
nagshashare ng thoughts. Masaya ako kasi madami akong natutu:az ::

bioenergetics.

QQ Yung remarks or
natutunan. Yung pro
nag coconsensus kas

NN

PP

comment ko about bioenergetics class is napakadami kon

f. naming is hindi gumagawa ng desisyon kapag hindi kga .

j gusto nya negotiate ang bawat isa so thathe can knOWmlh
is agree or disagree in every activities or lesson that we will do. So sir thank who
for being part of our lives and I'm very proud to you because you're a gaodS you
make our day completely with your jokes and trivia. So

teacher to everyone. You
d thank you for choosing us to be your student. And that’s all

sir don't forget us an
thank you again and god bless always.
We are freely to share our ideas during the bioenergetics class, we shared

RR

different ideas that is being faired to make a decision that acceptable for
everyone. Itis nice to have consensus because noone feel disappointed if what
they wants did not follow because itis being explain to us why thatkind of
ded and whatis the importance of it.

decision is nee
g they have 2 consensus lahat kami na nandito ay

'—__—-——__- 0
SS In every meetin

na gkakaintindihan, sometimes hindi kasi yung iba disagree at yung iba agree pero
sa huli nagkakaayusan naman. I'm happy when they have an activity and

experiment | enjoy-.
T | Mybioenergetics class experience was sO great by using consensus mas lalo pa
akong nagging open sa mga classmates ko at yung mga gusto kong sabihin ay
la at kung an0 naman ang mali sa pagkakaintindi ko ay kino-

pinapakingga" ni
Biology/ pioenergetics is 2 very interesting subject fascinating and fun.
Biogenetics makes me happy and interested when | had comprehended some
ints and information. | enjoy learning bioenergetics together with
d classmates especially it involves activities like games and trivia.
My teacher discussed the lesson very well. AMAZING!
e our ideas to our group even we are

—— | Itis avery good idea because We can shar
not sharing it 100% to the class. We enjoy it during the ideas were out to our lips

that means we jearned more in biology class and make us interesting to the

ubject. -
> | We have the righ

_————"‘-_'_ -
ww Interesting
ganda ang mga pla no/ tinuturo sa amin ng aming teacher marami
//——waintindihan kung ano iyong mga under ng

our teacher an

ts to express our opinions by sharing to others

|
XX For me ma
tunan at mas

akong naty




STUDENT

COMMENTS

bioenergetics. Magaling magturo an gaming teacher talagang malinaw par
a

maunawaan.
It's more effective dahil nagkakaintindihan ang bawat isa

2z

Epektibo ang consensus kapag may activity na pinapagawa ang guro

ce in bioenergetics class unforgettable dahil marami akong

AAA

My Experien
natutunan at nalaman about biology. My experience in consensus is happy and

fun dahil binibigyan ng pagkakataon ang bawat isa kung ano kanilang desis
Ang masasabi k okay Sir kahit maikling panahon na nagging teacher ka nam\;::

marami po kaming natutunan.

BBB

Based on whatwe experienced about our bioenergetics class using consensus.|
can easily say that this kind of class is very effective and it tight our rela tionshi.p as

mate and it strengthen our unity. So using consensus in a class can improve
press their thoughts and ideas freely and develop how to

th others.

aclass
and help everyone ex

jate and interact wi

negot
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Appendix Q

Transcript of Students’ Informal Video-Recorded Interview about CBI




Q: Nagustuhan nyo ba yug consensus”?

A: Yes sir.

Q: Bakit sa anong paraan?

A: Di ba kunyari yung bawat 1sa may mga gustong sabihin or ipatupad na kailangan
c c

dapat eawin natin. Kapag ginami ) 5 cale
apat gawin . Kapag ginamitan ng consensus, nagkakasundo tayo. Nagkakaayos

tayo kung ano man yung dapat nating gawin sa ating grupo.

yung idea na bago magsimula ang klase ay magkasundo or mag
ng ibigay ng teacher yung magmemeey ba yun
pressure, walang pamimilit. °

Q: Gusto nyo ba
usap muna kung ano lang yung kaya

teacher at estudyante na walang napi
ir yung estudyante minsan, natatakot ya dun sa teacher, hindi nya ano
. ’ [
yung ugali ng teacher. Dapat parang magkakasundo yung estudyante at teacher, para
3 dlc

matuto yung estudyante kasi sir pag hindi sya close doon sa teacher, parang hindi nya
alam kung saan sya kukuha ng source ng tamang sagot kasi yung iba kasing estudyante

hindi rin naman alam sir.

B: Yessir. Dibas

han mo ba yung teacher mo sa consensus?

ang natutunan. Nung una talaga sir hate ko yung biology kasi
akukuha ko rito, parang nakakatamad, nakakaboring, nakakaantook( 1
s sir na ganun nga sabi ko’y parang enjoy sya sir na ang dami ,
bagay. Madami pa palang mga bagay na matututunan ab
bagay na hindi mo pa alam sir. ahout

Q: Nagustu
B: Kasi ay andami ko talag
sabi ko ano ang m
pero yung nagconsensu
mong matututunan, na ganug
biology, para lang dun sa mga
napagusapan natin na ito ang gagawin, lahat bay un ay naipatupad

Q: Doon sa mg2
us class?

doon sa consens

B: Yes sir.

gtuhan mo doon lahat?

Q: Ano ang nagu
arang sabl mo na, ganito yung gusto ko, ganito

mga sagot sir na dapat talaga yung a point na
amang sagot at yun ang napagkasunduan nila

B: Yung naggogrouP sir, tapos YUng p
yung gusto nya hanggang mabuo{ yung g
tinatanong NuUNg teacher. Yun talaga yung

SIr.
video clips: yung mga trivia, yung mga observation activities, yung
Q: Yung mgd s, isa yun s2 mga naagusapan ninyo di ba? Saan talaga yung sat
nes a akin ito ah, gusto koi to ah?

mga experime ;
tingin ninyo ay s akma talag? S
na may kasamang visual aids, mga tangible na

a powerPOi“t .
4. Para imbes na yun lang malalaman naming ay

1ga trivi

C: Yung an > e saka yung

bagay para ex
alama

ample >
may mal n pang i




Q: Ano ang mahalagang naidulot sa iyo ng consensus?

D: Malaki po s.ir kasi yung pagkakaisa ng bawat estudyante, you interact between the
teacher kunyan.ma.y tinatanong yung teacher sa yo, kung ano yung gusto mo, kung oka
bay un. Kung hindi mag-aagree yung isa hindi magagawa or mabubuo yung ginaSabingy

consensus.
Q: Nagiba ba yung paningin mo sa biology? Mas natuwa k aba sa iyong biology

class?

D: Yes sir. Kasi po talaga yung biology, yung science ang pinakweakness ko na subject
para sa akin. Kaya po talagang yung sa biology, talagang mas ’

yung pinakamahirap
awak yung kaalaman ko,

maraming natutunan, mas lalong lum
Q: Sa pakiramdam nyo ba natakot kayo or nagging free kayo sa pagexpress ng idea
sa consensus class?

t kami, pero yung nagcoconsensus na sir ay, dun lang naming

C: Noong una Sir ay natako
masaya.

na nalaman na malupit pala,

a iba ninyong subjects?

Q: Gusto nyong gawin din ito s
e. Kung pwede. Kasi sir mas enjoy.

Group: Yes. Depend
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Appendix R

Factor Analysis of Attitude Towards Biology Scale
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Summary of Analyzed Factors and their Labels

FACTOR FACTOR LOADING FACTOR LABEL
,FT:;I; (:R 1.0'7‘128 IEMPOKTANCE OF BIOLOGY
R B\i:;lr;/bm:]y negds knowledge of biology.
iTEMS1  0.6814 Biologz i:":; :‘o::!efgf\;fz'l?mem D e o
::::: gﬁ::: :ri‘ology is an important panlr;gf lc‘:uar'‘I‘i'\::s"tlImnmemal problems.
iTEMss 05437 Th: ::rzfgk“:;ihﬂfi;rglo:! im.p o ﬂte auatie of our fves.
\TEMS6  0.4613 | make many efforts tog:::::::a:‘dbl;‘i’tl)?gy fessons Is very Interesting.
\TEMS?  0.4605 | find biological processes very interest‘i):;'
::::: : :::: we learn iverorFant th'ings in biology class:
Knowledge in biology is essential for understanding other courses and ph
ngd pnenomena.

INTEREST [N BIOLOGY LESSONS

! FACTOR 2
. Iem2s  0.6907 The lessons taught in biology are not interestin
iTEM26  0.6735 | cannot understand the biology lessons after clg.
\TEM27  0.6591 | do not have the interest to discuss biology to| ia:s. £
\TEeM28  0.6180 | do not have the interest to complete my hom:w: : .er fhe school time.
My mind goes blank when | am studying biclogy. rk in biology-

iTEm30 05742
1TEm22 05605 | hate biology lessons.

\tem32 05382 1 would not probably do well in courses related to biolo
\TEm24 05292 Biology lessons become a source of boredom for me 8

i
|
i
| PERCEPTION OF THE BIOLOGY TEACHER
want to ask anything about biology, | consult my biology teache
T

FACTOR 3
‘ iTemaz 07236 whenever |
‘ 1Tema3 07198 ! C°"f”" my biology teacher in any topic/s that| cannot understand during sci
‘ 11em39  0.6860 My biology teacher makes good plans for us. uring science class.
‘ \TEM37  0.6446 My biology teacher encourages me to learn more about biolo
} |7em3s  0.6341 1 enjoy talking to my biology teacher after class. BY:
1 \TEmas 05828 wWe do a lot of fun activities in biology class.
\TEMda 04933 The smportant.pounts emphasized by my teacher during class discussion h
Eme0 04237 | understand biology lessons taught in class by the teacher elps me in learnir

KEENNESS TO LEARN BIOLOGY

FACTOR 4
| Temes 07834 | complete first my home work in biology before doing other thin
\TEme2 07489 | review lessons in biology daily at home. €s-
\7emss 05657 { follow a regular schedule to study biology at home.
ieme1 05339 1 can focus in biology lessons.
] | remes 05205 | fully concentrate on the topic discussed in my biology class.
f \7Emes 04671 | can explain biology concepts in my own words.
: \Tem67 04667 | usually relate the previously learned lessons in biology with the new o
| | TEM64 0.4209 puring biology lectures, | can comprehend the important points. ne
FACTORS ENJOYMENT OF BIOLOGY
| TEMa 0.7106 giology is fascinating and fun.
\TEM3 0.6786  really like biology-.
\TEM6 05677 t would enjoY bei{\g a biologist.
1TEM1 0.5530 | enjoy leaming biology-
| rems 05216 tam Iooking forwa@ ’to attenl.i our bi9logy class.
w17 0 4235 [ feel a ftefnmfe positive reaction to biology because it is enjoyable.
| TEM2 04165 Biology !s boring. .
M7 03517 giology is @ very interesting subject.
ANXIETY TOWARDS BIOLOGY
FACTORS | am always under a terrible strain in a biology class.
rews 07177 for me, biology €13ss seems scary.
rews 09547 | approach bioloBY with a feeling of hesitation.
rewae 05572 giology makes me feel uncomfortable, restless, irritable and impatie
ITEM12 05742 when | heaf the word ‘biology.’ | have a feeling of dislike. "
|TEM13 0.495%
EFFORT IN LEARNING BIOLOGY
FACTOR? | always UY to do my best in biology.
i TEM3S 07978 ) try hard 10 do well in biclogY-
| TEM36 0.7314 when | fait in biology exam | always try much harder.
| TEM34 0.6970 | always &Y hard no matter how difficult the lesson in biology is.

0.6150

|\ TEM33




Appendix S

Reliability Analysis of the Factor Analyzed Attitude Towards Biology Scale
! (n=365)

R
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1.

Overall Reliability of the Scale

Case Processing Summary

N %
Cases Valid 365 100.0
Excluded® 0 .0
Total 365 100.0

a. Listwise deletion based on ali variables in the procedure.

Reliability Statistics
onbach's
CrAIpha N of ltems
.8922 51
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item-Total Statistics

Scale Corrected Cronbach's
Scale Mean if Variance if llem-Total Alpha if ltem
ltem Deleted | ltem Deleted Correlation Deleted
ITEM1 143.2027 232.992 540 920
ITEM2 143.1808 232.956 .490 920
ITEM4 143.2740 233.595 486 920
ITEMS 143.4192 234.552 390 921
ITEM30 143.3068 232.785 494 920
ITEM36 143.0082 234.211 445 921
ITEM46 1431233 231.685 576 920
ITEMS2 143.3096 238.390 200 923
ITEM53 142.9041 235.543 392 921
ITEM5S 143.0932 234,859 461 921
ITEM9 143.4466 235.028 389 921
ITEM22 143.1644 233.094 500 920
ITEM25 143.0959 233.906 487 821
ITEM26 143.2767 233.261 502 820
[TEM33 1431616 237.422 297 822
ITEM44 143.2822 231.978 ig; :g?
ITEM49 1431479 234.225 .443 .921
ITEMS51 143.0822 234.762 .459 .921
ITEM24 143.2575 233.22; 490 o
TEM28 s 23:'509 310 922
ITEM40 143.4986 232.431 s pos
TEM47 g 331 524 543 920
ITEMA9 e 233842 478 821
ITEMS0 142,097 234,496 468 821
ITEMS4 142848 732244 565 920
ITEMS8 jhigten 231,895 541 020
ITEM13 14323 238:316 228 923
ITEM20 1428582 237.252 290 0922
TEM21 143609 229104 198 923
ITEM23 1440512 237.993 232 923
ITEM31 143'7203 235.096 402 821
TEM32 143'4767 235.012 364 922
ITEM38 143.7232 236,086 .355 822
ITEM41 1433 47 232.448 524 920
ITEM3 14342 234.825 440 821
ITEMS 143.2603 233,963 448 821
ITEME 143'3?35 235.562 396 921
ITEM18 143 530 231.337 577 920
[TEM27 143-j822 235.882 353 822
[TEM29 : :2'20 - 231.860 500 920
ITEM37 143:5205 236.976 270 922
[TEM42 55534 230.764 188 923
[TEM11 143’ e 237.297 322 922
s | | e
ITEM17 43.8575 233.892 : .
ITEM19 14 231.948 598 920
143.2767 199 923
ITEM57 239.034
5 1435689 8.675 237 923
i 143.7425 oty 473 921
[TEM16 43,3014 232.035
ITEM39 145 236.015 401 921
1431534 | ——
ews |25
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2. Reliability Analysis of Factor 1 (Importance of Biology)

Reliability Statistics

Cronbach's
Alpha N of ltems
.862 10
ltem-Total Statistics
Scale Mean if Vaﬁgglcee if Iﬁacm-ql%?ac: ;ﬁ;?{;'%?ﬁ’;}?,
ltem Deleted | Item Deleted Correlation Deleted
ITEM54 27.8356 14.308 646 842
ITEM55 28.0795 14.507 619 845
ITEM51 28.0685 14.399 608 845
[TEM53 27.8904 14.664 531 852
ITEMS0 28.0849 14.375 594 847
ITEM58 28.1452 14.295 .618 844
ITEM56 28.1397 15.148 475 856
[TEMS? 28.2630 14.612 567 849
ITEM46 28.1096 14.532 544 851
ITEM49 28.1342 14.924 512 853
3 Reliability Analysis of Factor 2 (Interest in Biology Lessons)
Reliability Statistics
__E_r_O&'E___—I’E:gWi—— N of lems
— e ¢
tem-Total statistics
r__..--——-—-—""""-"W Scale Corrected Cronbach's
gcale Mean if variance if item-Total Alpha if ltem
jtem Deleted item Deleted Correlation Deleted
| 20.5452 10.249 577 807
ITEM25 10.150 576 807
ITEM26 20.7260 or :
20.7123 793 .642 .798
TEM27 20,6164 10.259 549 811
ITEM28 $0.7562 10.037 561 809
(TEM30 0.51 37 10.243 537 812
ITEM22 20'9260 10.519 470 821
ITEM32 20 58 10.279 524 814
ITEM24 /—2—9—&"‘ l
/




4. Reliability Analysis of Factor 3 (Perceptions of the Biology Teacher)

Reliability Statistics
Cronbach’s
Alpha N of tems
.846 8
item-Total Statistics
Scale Mean if Vaﬁglawlcee if I?e%%?ae{ Alc,',?{;'i?ﬁ';ﬁ,
item Deleted item Deleted Correlation Deleted
ITEM42 19.3973 12.652 562 830
ITEM43 19.4575 12.326 .642 820
ITEM39 19.1781 12.042 667 816
ITEM37 19.0795 12.365 .628 822
ITEM38 19.6274 12.773 551 831
ITEMAS 19.4027 12.543 554 831
ITEM44 19.1589 13.052 570 829
ITEME0 19.2932 13.719 472 840
5. Reliability Analysis of Factor 4 (Keenness to Learn Biology)
Reliability Statistics
C"}{}gﬁgh ® N of Items
[ 817 8
item-Total Statistics
[ Scale Corrected Cronbach's
gcale Mean if variance if item-Total Alpha if ltem
item Deleted ltem Deleted Correlation Deleted
T ITEMB3 18.8027 8.098 645 779
ITEMB2 18.8932 9.332 589 788
[TEM59 18.6685 9.887 451 808
ITEMB1 18.6438 9.494 585 789
ITEMB5 18.6384 8.275 613 784
[TEMB6 18.8164 9.793 462 806
[TEMB7 18.4932 9.861 483 803
(TEMB4 -____1_3_@552 10.099 447 807
|
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6. Reliability Analysis for Factor 5 (Enjoyment of Biology)

Reliability Statistics
Cronbach's
Alpha N of ltems
.820 8
litem-Total Statistics
Scale Correcled '
Scale Mean if Variance if ltem-Total ﬁ,ﬁ?,’;ﬁ?ﬁg,%
ltern Deleted Item Deleted Correlation Deleted
ITEM4 20.3726 9.778 .603 790
ITEM3 20.5233 8.657 607 789
ITEMB 20.6548 9.886 502 805
ITEM1 20.3014 9.980 580 794
ITEMS 20.3589 10.286 491 805
TEM17 20.4110 10.001 548 798
ITEM2 20.2795 10.185 458 810
ITEM? 20.2466 9.895 529 800
7 Reliability Analysis for Factor 6 (Anxiety Towards Biology)
Reliability Statistics
—
h's
Cr%r;gﬁ; N of ltems
764 5
B ltem-Total Statistics
r"""' v Scale " I(t.‘,orr@rct?e: Cronbach's
nif ariance | em-Tota Alpha if ltem
.Sé?#eo'ﬁ?eatea item Deleted Correlation Deleted
CITEMS 11.4712 4173 579 705
ITEM8 11.4438 4.176 532 722
[TEM14 11.4658 4.689 -460 745
TEM12 11.2904 3.965 574 707
[TEM13 11.2603 4.308 524 725
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8. Reliability Analysis for Factor 7 (Effort in Learning Biology)

Reliability Statistics

Cronbach's
Alpha N of ltems
.790 4
Item-Total Statistics
Scale Mean if Vaﬁgzlfe if I(t:eonrnr-?rcé?ao: ﬁ;r;%gﬁ?ﬁg;i
ltem Deleted ltem Deleted Correlation Deleted
ITEM35 9.4411 2170 .696 688
ITEM36 9.4932 2.152 645 714
ITEM34 9.4986 2,503 .593 744
ITEM33 9.6466 2.471 478 799
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Appendix T

Reliability Analysis of Questionnaire on Importance of
Democratic Practices in Classroom
(n=50)
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Reliability Statistics

Cronbach's
Alpha N of ltems
.701 10
item-Total Statistics
Scale Mean if Vaﬁg?llcee if I%%r-%rcotteaq ;ﬁ,ﬂ?{;ﬁ?ﬁg,ﬁ
item Deleted | Item Deleted Correlation Deleted

item1 29.72 12124 211 700

item2 30.36 10.194 .489 657

item3 29.74 11.625 429 684

item4 30.40 8.857 627 620

item5 30.50 10.255 .367 678

itemb 29.90 10.908 453 670

item? 3112 8.965 478 655

item8 30.26 9.584 526 646

item9 30.30 11.561 .218 699

item10 30.46 11.396 .058 749
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Appendix U

Reliability Analysis of Bioenergetics Achievement Test
(n=80)




Reliahility Statistics

Cranbach's
Alpha N of ltemns
719 35
item-Total Statistics
. Scale Corrected Cronbach's
Scale Mean if Yariance if ltern-Total Alpha if ltemn
ltem Deleted Iterm Deleted Correlation Deleted
itern 156.5949 24,270 198 714
itemZ2 15.7975 24.010 246 711
‘ 20R 9 9
itema 15.2785 -4.8?\6 .:li\E’_i1 ;1?
16 48° 24125 ,25¢ k&l
iternd 16.4810
150114 24.005 22 710
iterns 15.9 ) i - s
iternB 16.7975 £ -
15.6203 23.469 363 704
L p— 23916 277 708
tern 125 24,579 141 717
i 15.8987 243 -
iternd : - - 209
15.8734 23.932 27 A
itern10 > '41 93.892 303 708
itemn11 1694 . 24.236 108 714
it 2 137?}]; 23.984 251 21
itern13 15 04 605 138 718
E A .
itern14 lﬁ;i;j 24.781 084 721
itern15 15.¢ th 24.189 208 713
Qro )
itern16 '1’2.;10‘] 25105 021 725
itern 17 ];'8728 23.994 258 711
itern8 15'65?5 24.575 131 ;lg
itern19 1o 24.703 108 720
tern20 15.8354 74 259 711
itern<# 57 24.1 _
itern21 o 24.462 201 714
| 16.0000 e 290 708
iten22 o 23.778
itern23 3 24.922
16.025 2,884 337 706
itern24 s 33, | iy
15.88¢2 073 271 :
itern25 S0 24.073 i 5
. 15.481 2871 621 694
itern28 3861 AL 5 704
itemZ - 0734 3. 119 o
: 15.87° 26.917 '
iternZ 15,6570 74'0'70 273 710
ternZ9 15.9241 ;3'459 350 704
tem3 15.7408 24.705 138 i
tern3’ 15.9873 23'633 325 706
item3§ 15.7848 24635 A67 ;13
itern3 ¢ ' 119 .
ftel’r‘l34 15,5003 /Q,‘Lﬁl@———-""_t
iterm //ﬁ—w
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Appendix V

Tests for Normality of Distributions
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1. Pretest Score in Bioenergetics Achievement Test

PREBAT
Mean =10.4
Std- Dev. 528
N =60
12,5
10.07]

Frequency
~
)

N

257 R e q
oo-j T iA 12 14 16 18
PREBAT

7 Posttest Score in Bioenergetics Achievement Test

POSTBAT

Std. Dev. =4.494
N =60
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3
o
@
o
.
U 1
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3. Pretest Score in Students’ Attitude on the Importance of Biology

IMPT1

]
.Dev, =0.
/\ | N =60

12.59

10.07]

Frequency
~
wn
1

5.0
257 (I
\ 00 2.00 250 3.0

150
IMPT1

4. Pretest Score in Students’ Interest in Biology Lessons
. Prete

INT1
| / Mean =3.01
Std. Dev. =0.504
26 N =60
207
>
o o
e 15
9
3
o
@
Lo
¥ 10
5
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S Pretest Score in Students’ Perceptions of their Biology Teacher

TEACH1

i Mean =2.93
| Sid. Dev. =0.28
N=60

-
v
1

Frequency

-
(=]
1

nts’ Keenness to Learn Biology

6. Pretest Scorc in Stude

KEEN1

Mean =2.75
V Std. Dev. =0.308
3 N =60

oo

1571

Frequency




e

7. Pretest Score in Students’ Enjoyment of Biology

Frequency

8. Pretest Scor

Frequency

ENJOY1
104 —
a— \
61 1 } : :
o 250 T 300 350
2’00 ENJOY1

¢ in Students’ Anxiety Towards Biology

ANXIETY1
25+
]
207
151
107
5-

o~

Mean =300
Std. Dev. =0.371
N =60

Mean =2.92
Std. Dev. =0.52
N =60
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9. Pretest Score in Students’ Effort in Learning Biology

EFFORT1

Mean =3.30
Std. Dev. =0.41
N =60

1254 B

10.07] , /_\
/

Frequency
9
\
/

5.0

257

300 350 4.00
EFFORT1

0.0 250
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> Atli the Importance of Biology
in Students Attitude on
10. Posttest Score in

IMPT2

Mean =3.27
Std. Dev. =0.377
N =60

207
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]

5=
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11. Posttest Score in Students’ Intcrest in Biology Lessons

INT2
r [ ] Mean =3.15
Std. Dev. =0.472
N =60
1257
10.07]
>
[y
c
S 75
o
o et
e
u- N
5.0
257
1
s 1.00 200 3.00 400 b0
| INT2

TEACH2

Mean =2.93
Std. Dev. =0.343
N =60

10

Frequency
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13. Posttest Score in Students™ Keenness to Learn Biology

KEEN2

7 Mean =2.72
Std. Dev. =0.2688
N =60

10

A1 TN
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-;LE—J “,t0 280 300 3 340
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14. Posttest Scor€ in Stud
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15. Posttest Score in Students’ Anxiety Towards Biology

ANXIETY2
| 5-[— r— Siy. m.ﬂzb%ss
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17. Pretest Score in

Students’ Overall Attitude Towards Biology

PREATB
T Mean =289
Std. Dev, =0.229
[ | N =60
15
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c
a
=]
o 10
Y
153
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0™, 60 250 3.00
. PREATB
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Mean =291
Std. Dev. =0.254
N =60




B e

299

Appendix W

for Linear Relationship between the Dependent Variables
and the Covariates for Each Group

Tests
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1. DV: Postiest Score in Bioenergetics Achievement Test

CV: Pretest Score

pOSTEAT
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75

2. DV: Posttest Score in Stt
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3. DV: Posttest Score in Students’ Interest in Biology Lessons
CV: Pretest Score

TREATMENT
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7. DV: Posttest Score in Students’ Anxiety Towards Biology

CV: Pretest Score
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9. DV: Posttest Score in Students’ Overall Attitude Towards Biology
CV: Pretest Score
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Appendix X

Tests for Homogeneity of Variances

(Main Effects of Instructio
and their

nal Approach on Students® Attitude Towards Biology
Achievement in Bioenergetics Test)

305

PR




1. DV:IMPT2; CV: IMPTL; IV: TREATMENT

Levene's Test of Equality of Error Variances®

Dependent Variable:MPT2
F dft dar2 Siq.
.290 1 58 592

Tests the null hypothesis ihat the error variance of the dependent variable is equal

across groups.
a. Design: Intercept + IMPT1 + TREATMENT

REATMENT

5 DV: INT2; CV: INTL IV: T
Test of Equality of Error VVariances®

Levene's
Denenden Variable'INT2
F df df2 Sig.
005 1 58 842
othesis that the error variance of the dependent variable is equal

Tests the pull hyp
across groups.

a. Design: Intercept + INT1 + TREATMENT

11; IV: TREATMENT

2. CV: TEACE
Test of Equality of Error Variances?

3. DV: TEACH
Levene’s

-W[ ya[iable'TEAQZ
l o2 Sig.

,_F____—-____—q--—-'-—f
1 58 632

Tests the null hypothesis that the error varia
across groups:

a. Design: intercep

cv: KEENL; 1
Levene's

ENZ
df2 Sia.

58 .438

hesis that the error variance of the dependent variable is equal

nce of the dependent variable is equal

{ + TEACH1 * TREATMENT

v: TREATMENT

4. DV: KEEN2;
Test of Equality of Error Variances®

1+ TREATMENT

IV: TREATMENT
est of Equality of Error Variances®

cv: ENJ oYl;
Levene's

5. DV: ENJOYZ; .

___——-—-—‘-‘
Sid.
.094

rror variance of the dependent variable is equal

s.
ntercept + ENJOY1 * TREATMENT
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6. DV: ANXIETY2; CV: ANXIETY1; IV: TREATMENT
Levene's Test of Equality of Error Variances®

Dependent Yariable ANXIETY2
£ dft dr2 Sia.
142 1 58 .708
Tests the null hypothesis that the error variance of the dependent variable is equal

across groups.
a. Design: intercept + ANXIETY

FORTI; 1V: TREATMENT
's Test of Equality of Error Variances?

1 + TREATMENT

7. DV: EFFORTZ; CV: EF
Levene

Denenden Variable'EFFORT?
F df df2 Siq.

2.956 1 58 .091
Tests the null hypothesis that the error variance of the

across groups.
a. Design: Intercept + EFFORT1 + TREATMENT

8. DV: POSTATB; CV: PREATB; 1V: TREATMENT
Levene's Test of Equality of Error Variances®

wﬂﬂman@ﬂ’ﬂ—ATB
F dft df2 sia.
154

r——"‘_'——"_——-
o7 | l— 58 :
ull hypothesis that the error variance of the dependent variable is equal

———--
Tests the n

across groups.

a. Design: Intercept * PREATB *+ TREATMENT

cBAT; IV: TREATMENT
Test of Equality of Error Variances?

dependentvariable is equal

Lefvene 'S

www%?wﬁwm =
/ -
e error variance of the dependent variable is equal

pothesis thatth
EBAT + TREATMENT

T sts the null hyl
across 9f roups.

a. Desigh: Intefc

ept+ PR
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Appendix Y !

Tests for Homogeneity of Variances
ects of Instructional Approach and Sex on Students’ Attitude Towards :

Biology and their Achievement in Bioenergetics Test)
|

(Interaction Eff




1.

2.

5.

DV: IMPT2; CV: IMPTL; IV: TREATMENT; MV: SEX

ull hypothesis that the error variance of the dependent variable i
is equal

GENDER + TREATMENT * GENDER

hesis that the error variance of the dependent variable is equal
ua

Levene's Test of Equality of Error Variances®
Dependen variable:MPT2
F dft g2 Sig.
109 3 56 .954
Tests then
across groups.
a. Design: intercept + IMPT1 + TREATMENT +
DV: INT2; CV: INTI; IV: TREATMENT; MV: SEX
Levene's Test of Equality of Error Variances®
Depenpden Variable'INT2
F df df2 Siq.
554 3 56 648
Tests the null hypot

across groups.

3. Design: intercept + IN

3. DV: TEACHZ2;

cv: TEACHL IV:

_QpnendentVariable'TFACHQ
| F df1 df2 Siqg.
924 3 56 435
Tests the null hypothesis

across groups.

a. Design: Inter
GENDER

4 DV:KEENZ CV:

Tests the

across groups:

a. Des

ign: Interce®

GENDER

pV: ENJOYZ cV:
Leve

EN

T1 + TREATMENT * GENDER + TREATMENT * GENDER
TREATMENT; MV: SEX

Levene's Test of Equality of Error Variances®

thatthe error variance of the dependent variable is equal

cept * TEACH1 + TREATMENT

+ GENDER + TREATMENT *

KEENI; IV: TREATMENT; MV: SEX

/
null hypothesis that the error variance 0

| + KEEN1 + TREATMEN

56

S
" sig. |
403

Levene’s Test of Equality of Error Variances®
ENZ
df2 Sig.
3 56 .392
fthe dependent variable is equal

T + GENDER + TREATMENT *

joY1; IV: TREATMENT; MV: SEX
ne's Test of Equality of Error variances®

i the error variance of the dependent variable is equal

NJOY1 * TREATMEN

T + GENDER + TREATMENT *
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6. DV: ANXIETY2; CV: ANXIETY1; IV: TREATMENT; MV: SEX

Levene's Test of Equality of Error Variances®

Dependen variable ANXIETY2
F df1 df2 Siq.
233 3 56 873

Tests the null h othesis th i
Ber0es groups.yp at the error variance of the dependent variabie is equal
a. Design. Intercept + ANXIETY
GENDER

FFORTZ2; CV: EFFORT; IV: TREATMENT; MV: SEX (Tolerable)

1 + TREATMENT + GENDER + TREATMENT *

DV:E
Levene's Test of Equality of Error Variances®
Depende riable.EEFORT2
F df df2 Sig.

2.794 3 56 .049

Tests the null hypothesis that the error variance ofthe de ;

acr0ss groups. pendent variable is equal

ORT1 + TREATMENT + GENDER + TREATMENT *

a. Design: Intercept + EFF

GENDER
pDV: POSTATB; cV: PREATB; IV: TREATMENT; MV: SEX
Levene's Test of Equality of Error Variances®

_Q_e_mn.dﬁﬂL\_/a_riable'P STATE
F dft df2 Sig.
 1.229 3 56 308
__’.-’—'—-f " -
Tests the null hypothesis that the error vanance of the dependent variable is equal
across grouprs:
a. Design: Intercept * PREATB + TRE

ATMENT + GENDER + TREATMENT *

GENDER
pv: POSTBAT; cV: PREBAT; 1V: TREATMENT; MV: SEX
‘ Levene's Test of Equality of Error Variances®
STBAT
df2 Siq.
56 .903

3 | ssmamammre= N
e null nypothesis that the error variance of the dependent variable is equal

Tests th

across groups-
{ + PREBAT * TREATMENT + GENDER + TREATMENT *

a. Design: intercep
OENDER
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Appendix Z |

Tests for Homogeneity of Variances
teraction Effects of Instructional Approach and Learning Style on Students’ Attitude
Towards Biology and their Achievement in Bioenergetics Test)

(In




1. : . .
DV: IMPT2; CV: IMPT1; IV: TREATMENT:; MV: LEARNING STY
‘ LE

Levene's Test of Equality of Error Variances®

Dependent Variable:i PT2
F df df2 Sig.
1.236 5 54 305
Tests the null h othesi i
Tes s groups.m is that the error variance of the dependent variable is equal
a. Design: Intercept + IMPT1 + TREATMENT + LS + TREATMENT * LS

V: INTI; IV: TREATMENT; MV: LEARNING STYLE
Levene's Test of Equality of Error Variances®

2. DV:INT2;C

Dependen variable JNT2

F dft df2 Sig.
127 5 54 .986
hesis that the error variance of the dependent variable is equal
ua

Tests the nuil hypot
across groups.

a. Design: Intercept + INT1 + TREATMENT + LS + TREATMENT * LS
TEACHI; IV: TREATMENT; MV: LEARNING STYLE

3. DV: TEACH2; CV:
Levene's Test of Equality of Error Variances®

_Dpependen Variable‘TFACH?
F dft df2 Sig.
685 5 54 637
s thatthe error variance of the dependent variable is equal

// -
Tests the null hypothesi
across groups.

a. Design: Intercept * TEACH1 *+ TREATMEN
TREATMENT; MV: LEARNING STYLE

4. DV: KEENZ; cV: KEENL IV:
Test of Equality of Error Variances®

T + LS + TREATMENT *LS

Levene's
ENZ
df2 Sid.
5 54 .307

_-—-'—'——'— A
Tests the null hypothesis that the error variance of the dependent variable is equal

across grours:
a. Desion: intercept + KEEN1 + TREATMENT * LS + TREATMENT " LS
1;IV: TREATMENT; MV: LEARNING STYLE

5. DV: ENJOYZ; CcV: ENJOY
Levene's Test of Equality of Error Variances®

dft df2 Siq.
54 022
error variance of the dependent variable is equal

Jov1 + TREATMENT + LS+ TREATMENT * LS

tercept * EN
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6. . 2 . OV
DV: ANXIETY2; CV: ANXIETY1; IV: TREATMENT; MV: LEARNING
Levene's Test of Equality of Error Variances® STYLE

Dependent Variable ANXIETY2
F dft df2 Siq.
1.018 5 54 417
Tests the null hypothesis thatthe error variance of the dependent variable i
eis equal

across groups.
a. Design: Intercept + ANXIETY1 + TREATMENT + LS + TREATMENT *LS

7. DV: EFFORT2; CV: EFFORTI!; IV: TREATMENT; MV: LEARNING STYL
Levene's Test of Equality of Error Variances? 5 |

Variable‘EFFORTZ

Dependen
F dft df? Sid.
907 5 54 .483
at the error variance of the dependent variable is equal

Tests the null hypothesis th

across groups.
a. Design: Intercept + EFFORT1 + TREATMENT + LS + TREATMENT * LS

8. DV: POSTATB; CV: PREATB; IV: TREATMENT; MV: LEARNING STYLE

Levene's Test of Equality of Error Variances®

variahle:PQSTAIB
dft df2 Siq.

5 54 313

thesis thatthe error variance of the dependent variable is equal

__D_enenden
F

1219 |
Tests the null hypo

across groups.
a. Design: Intercept * PREATB + TREATMENT + LS + TREATMENT * L8
TB; IV: TREATMENT; MV: LEARNING STYLE

9. DV: POSTATB; CV: PREA
Levene's Test of Equality of Error Variances®
tya[jgble‘POSTBAT
F ____gl_ﬁ.___—____(ﬂ?_ Sig.
5 54 195
or variance of the dependentvariable is equal

1.534 |
Tests the null hypothesis that the err
across groups.

REBAT + TREATMENT + LS + TREATMENT * LS

a. Design: Intercept +P




Appendix AA

Tests for Homogeneity of Regression Slopes
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1. Interaction Between Instructional Approach and the covariate IMPT1
Tests of Between-Subjects Effects

Dependent VariableIMPT2
Type Il Sum

Source of Squares df Mean Square F Si
Corrected Model .82¢° 3 275 2.034 “:.1 g9
Intercept 1.859 1 1.859 13.738 .UUU
TREATMENT 473 1 473 | 3492 067
IMPT1 331 1 331 2.445 124
TREATMENT * IMPT1 410 1 410 3.030 087 |
Error 7578 56 135 ' |
Total 650.108 60
Corrected Total 8.404 59

a R Squared =.098 (Adjusted R Squared =.050)

9. Interaction Between Instructional Approach and the covariate INT1
Tests of Between-Subjects Effects

Dependent varighleINT2
Type lll Sum
Source of Squares df Mean Square_ F Sia.
Corrected Model 2917° 3 872 5317 003
Intercept 4.961 1 4.961 27.133 000
TREATMENT 485 1 485 2.650 109
INT1 2.689 1 2.689 14.708 000
TREATMENT”NH .400 1 .400 2188 145
Error 10.240 56 183
Total 610.082 60
M_—___F 13.156 59
a. R Squared = 272 (Adjusted R Squared =.180)
3 Interaction Between Instructional Approach and the covariate TEACH1
' Tests of Between-Subjects Effects :
1¥a (iahle TEACH?
Type 1l SUM
| ouce ———"" |_ofSquares df | MeanSquare | F Sig,
& 1.639° 3 546 5.784
wodel . .002
C?" sz::td 2.070 1 2070 | 21915 000
Inter 002 1 .002 025 8
T ' ' 874 .
TE:QLTEN 403 1 .403 4.263 044 ;
T 001 1 001 |
+ TEACH1 : . 015 802 ;
TREATMENT 5.288 56 094 |
Error 522.548 60 |
Total al 6.927 59 |
corrected TO — 7 Adjusted R Squared = .196) ‘1

2. R Souare




4.

_

Interaction Between Instructional Approach and the covariate KEEN
1
Tests of Between-Subjects Effects

Dependent Yariable: KEEN2
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Corrected Total

\

a.R Squared = 200 (A

djusted R gquared =.157)

Souyrce TOVPE il Sum
guares df
Corrected Model 8272 3 Mean Square F Sig.
) .276
Intercept 2.750 1 2.750 33-794 015
TREATMENT 075 1 e | TR 0
KEEN1 404 ' : 315
: 1
TREATMENT * KEEN1 045 , ;2; 5.553 022
Error 4.071 56 073 622 434
Total 449.837 60
Corrected Total 4.899 59
a. R Squared = .169 (Adjusted R Squared =.124)
5. Interaction Between Instructional Approach and the covariate ENJOY1
Tests of Between-Subjects Effects
DenendentVariable'ENJ Y2
Type Il Sum
Saurce of Squares df Mean Square F .
Corrected Model 1.009° 3 3 Sig.
336 2.895 043
Intercept 5.023 1 5023 | 43221 '
TREATMENT 267 1 27 | 2900 | 138
ENJOY1 259 1 .259 2‘231 135
TREATMENT * ENJOY1 178 1 178 1635 141
Error 6.508 56 116 22
Total 537.365 60
corrected Total 7.517 59
a. R gquared = 134 (Adjusted R Squared = .088)
6. Interaction Between [nstructional Approach and the covariate ANXIETY1
Tests of Between-Subjects Effects
Wﬂﬁmﬁﬁa—me'ANX'E 2
Type Il SumM
of Squares df Mean Square F i
d Model 2577 3 857 L
Correcte : 4.675 006
Intercept 5.820 1 5.820 | 31.742 000
TREATMENT 271 L 271 | 1477 299
ANXIETY? 2.144 1 2144 | 11693 001
TREATMENT*ANXIET‘H 195 L 185 1.063 307
Error 10.268 56 183 '
T;tal 530.280 60
12.839 59
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7 Interaction Between Instructional Approach and the covariate EFFORT1
Tests of Between-Subjects Effects
Deapendent Variable.EFFORT2
Type lil Sum
Source of Squares df Mean Square F Sig
Corrected Model .782° 3 .261 1167 331
rterc?:;ENT 7.321 1 7.321 32.783 .000
REA 433 1 433 1.040 189
EFFORT! 080 1 080 357 553
TREATMENT * EFFORT1 504 1 504 | 2.256 139
Error 12.506 56 223
Total 618.125 60
Corrected Total 13.288 59
a. R Squared = .059 (Adjusted R Squared = .008)
8. Interaction Between Instructional Approach and the covariate PREATB
Tests of Between-Subjects Effects
Dependent Variable'POS"ATB
Type Il Sum
gSource of Squares af Mean Square F Siq.
Corrected Model 707° 3 236 427 009
intercept 1.203 1 1.203 21.806 000
TREATMENT 212 1 212 3.849 055
PREATB 305 1 305 5.534 022
Error 3.089 56 .055
Total 510.370 60
a R Squared = 186 (Adjusted R gquared =.143)
9 Interaction Between [nstructional Approach and the covariate PREATB
' Tests of Between-Subjects Effects
M'POS’PRM
2 Type lil SUM
of Squares df Mean Square F Siq.
269.727% 3 89.909 5.463 002
d Model :
C°"e°tet 287.012 1 287.012 | 17.440 000
Intercep 60.844 1 60.844 | 3697
TREATMENT .060
; 200.477 1 200477 | 12.182 001
PREBA ENT*PREBAT 62.970 1 62.870 3.826 055
TREATM 921.606 56 16.457
Error 15298.000 60
Total 1191.333 59

al o =
mezd I::ed —75 (djusted R Sauared = 189
a.RSd ’




Appendix BB

Differences in Gained Scores per Item of BAT Between CBI and CIA
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Appendix CC

Multiple Regression Analyses
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1.

Variables EnteredRemoved*

Mode variables Variables
| Entered Removed tethod
1 Stepwis
e
(Criteria:
Probabili
{y-of-r;'-
0-enter
INT2 <= 050,
Probabili
ty-of-F-
to-
remoye
>=.100).
a. Dependent Variable: POSTBAT
Model Summary
Adjusted R Std. Error of
|M°de R R Square Square the Estimate
1 3372 114 .099 4,266
a. Predictors: (Constant), INT2
ANOVA®
Sum of
Model Squares df Mean Square F Sig.
1 Regression 135.658 1 135658 7.453 .008?
Residual 1055.675 58 18.201
Total 1191.333 59
=, Predictors: (Constand), INT2
p. Dependent variable: POSTBAT
Coefficients®
[ ) . Standardized
UnstandardlzedCoeﬂ‘menls Coeflicients
B Std. Error Beta t Si
Mgggl iq,
1 (Constanl) 5.205 3.751 1.388 17
INT2 3.211 1.176 .337 2.730 .008
3. Dependent variable: POSTBAT
Excluded Variabies®
m—————— . .
Collinearity
Statistics
) Partial
Beta In ! Sia. Carrelation Tolerance
—Mﬂ'd'ﬂ""1 MPT2 .065° 455 651 .060 769
TEACH?2 018 128 .898 017 832
KEEN2 .100? .808 422 106 .994
ENJOY2 .026° 181 873 021 660
ANXIETY2 -.293 -1.503 138 -.195 .3093
EFFORT2 -.030? -.207 .836 -.027 .765
POSTATB -.065? -.342 734 -.045 .429

a. Predictors intl

b. pependent variable:

POSTBAT

he Model: (Constani), INT2
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Model: DV: POSTBAT; IV: Overall and Component Posttest Scores in ATB (All Groups)

|
]



322 i
2 Model: DV: GAINMET; IV: Overall and Component Gained Scores in ATB (CBI Group)

Variables Entered/Removed®

Mode Variables Variables
| Entered Removed Method

1 Stepwis

e
(Criteria:

Probabili '
e
o-enter
GAINTEACH ) 050,
Probabili
ty-of-F-
to-
remove
»=_100).

a. Dependenwariable: GAINMET
Model Summary

Mode Adjusted R Std. Error of
i R R Square Square the Estimate
1 .3987 158 128 1.664
a. Predictors: {Constant), GAINTEACH
ANOVA®
Sum of
Model Squares df Mean Square F Siq. ,
1 Regression 14.603 1 14.603 5.272 0292 '
Residual 77.564 28 2.770
Total 92.167 29
nstant), GAINTEACH

a. Predictors: (Co
pendent variable: GAINMET

bh. De
Coefficients®
[ Standardized
Unstandardized Coefficients Coefficients
B Std. Error Beta _ t Sig.
'W—?Constant) 1.560 349 4.472 .000
GAINTEACH -2.573 1121 -.398 -2.296 029
——Dependent Variable: GAINMET
Excluded Variables®
— Collinearity
Statistics
Partial
Beta In i Sig. Correlation Tolerance
W 261° | 1.396 174 259 831
GAININT 2012 1.158 257 .218 986
GAINKEEN .086° 444 .660 .085 816
GAINENJOY 167 213 370 73 961
GAINANXIETY 015 .087 93 017 996
GAINEFFOF\’T .309° 1.835 .078 333 979
GAINATB -.323° -1.954 .061 -.352 999
——predictors in the Model (Constant), GAINTEACH

h. DependentVariable: GAINMET
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3. Model: DV: GAINTEST; IV: Overall and Component Gained Scores in ATB (Males)

Variables Entered/Removed?
|
Mode Variables Variables ‘
[ Entered Removed Method
1 Stepwis
e
(Criteria;
Probabili
}y—of-l:-
o-enter
GAINATT . <= 050,
Probabili
ty-of-F-
to-
remove
»=.100).
a. Dependent Variable: GAINTEST
Model Summary
Mode Adjusted R Std. Error of
i R R Square Square the Estimate
1 5412 .293 .234 3.73254
o, Predictors: (Constant), GAINATT
ANOVA®
SSum o df M S F
quares ean Square Sig.
Model
1 Regression 69.175 1 69.175 4,965 .046°
Residual 167.182 12 13.932
Total 236.357 13
a. Predictors: (Constant), GAINATT
b. Dependent Variable: GAINTEST
Coefficients®
Standardized
_@standardized Coefficients Coeflicients
B Std. Error Beta t Sig
1 (Constan) 4.006 1135 3.528 004
GAINATT 14.219 6.381 .541 2.228 046

pendentVariable: GAINTEST

~ a.De
Excluded Variables®
" Collinearity
Statistics
) Partial
Modsl Bela In t Siq. Correlation Tolerance
S GAINIMPT -.023* -.083 935 -.025 817
GAININT -162° -.648 530 -192 987
GAINTEACH -.370° -1.609 138 -.437 982
GAINKEEN -.082° -.324 752 -.097 .999
GAINENJOY -142° -.564 584 -.168 992
GAINANXIETY -.0743 -.289 178 -.087 984
GAINEFFORT .098° .290 777 .087 561

— a. Predictors inthe Model: (Constant), GAINATT
b. Dependent variable: GAINTEST




4. Model: DV: GAINTEST; IV: Overall and Component Gained Scores in ATB (Females)

Variables Entered/Removed?

Mode Variables Variahles
[ Entered Removed Method
1 Stepwis
e
(Criteria:
Probabili
e
o-enter
GAINKEEN <= 050,
Probabili
ty-of-F-
fo-
remove
»=.100).
a. Dependent Variable: GAINTEST
Model Summary
Mode Adjusted R Std. Error of
1 R R Square Square the Estimate
1 2912 .085 064 4.07430
a. Predictors: (Constant), GAINKEEN
ANOVA®
SSum of of v S
quares ean Square F Sig.
]
e ssion 67.539 1 67539 | 4069 |  .050°
Residual 730.396 44 16.600
Total 797.935 45
a. Predictors: (Constant), GAINKEEN
b. Dependent variable: GAINTEST
Coefficients®
[~ Standardized
Unstandardized Coefficients Coeflicients
B Std. Error Beta { Sig.
del g,
"E’m'f (constant) 4.926 .602 8.184 .000
GAINKEEN 3.441 1.706 .291 2.017 .050
. Dependent Variable: GAINTEST
Excluded Variables®
— Collinearity
Statistics
Beta | 1 S C ParlﬁatlI
etaln iq. orrelation Tolerance
gl al
‘%ﬂgﬂ" GAINIMPT -.093° -.602 .550 -.091 .889
GAININT -.080° -.548 586 -.083 .899
GAINTEACH 4592 .989 323 A51 .822
GAINENJOY -155% -.870 .389 -132 663
GAINANXIETY -184° -1.266 212 -.190 973
GAINEFFORT 0122 .078 938 012 948
GAINATT -.188° -1.311 197 -.196 1.000

2 Predictors in the Model: (Constant), GAINKEEN
p. Dependent variable: GAINTEST
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