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Abstract

IBASCO, REYNALDO R. University of the Philippines Open University, August 2018.
Collaborative Teaching; Effects on Science Teachers' Pedagogical Content
Knowledge and Students' Understanding of Particulate Nature of Matter.

This study is about an alternative school-based model of professional

development for Science teachers and sought to help address the research gap

about improving the Science teachers' pedagogical content knowledge to improve

science teaching and student learning. It is a qualitative case study that analyzed

the changes in the pedagogical content knowledge (PCK) of Particulate Nature of

Matter (PNM) of teachers who underwent Collaborative Teaching (CT), and how

these changes affected the conceptual understanding of PNM of their students. The

study involved six Grade 8 Science teachers, the Collaborative Teaching group who

underwent CT for almost eight weeks and six other Science teachers who were

assigned to the Conventional Teaching group. The changes in the PCK of PNM of

the teachers and their students' conceptual understanding of PNM were monitored

using multiple sources of data: classroom observations, semi-structured interviews,

focus group discussions, lesson plans, pre-lesson reflection guides, and

questionnaires. Analysis of data from these various sources using the constant

comparative method shows that the PCK of the six teachers from the Collaborative

Teaching group improved. Their knowledge of science content (KSC) about PNM

improved as demonstrated by their corrected misconceptions about PNM and ability

to explain phase changes using macroscopic, sub-microscopic and symbolic

representations. Their knowledge of students' understanding (KSU) improved as

they reflected awareness of students' misconceptions and learning difficulties in their

vii



lesson plans and adjusted teaching strategies to address these misconceptions and

learning difficulties. Their knowledge of teaching strategies (KTS) also improved as

they shifted from more lecture-based teaching to using interactive strategies, models

and higher order thinking skills (HOTS) questioning. These PCK improvements were

supported by data from the PCK-PNM Observation Rubric which showed that the

PCK of teachers from the Collaborative Teaching group improved from "Emergent" to

"Proficient" whereas that of the Conventional Teaching group remained as

"Emergent". Data from the PCK-PNM Questionnaire also showed a 40% increase in

the PCK of Collaborative Teaching group from 26.8 out of 48 in the pretest scores to

37.5 in the posttest. The KSC mean score of the group increased by 52%, the KTS

by 28% and the KSC by 40% in the posttest scores. The posttest scores in the PCK-

PNM Questionnaire of the Conventional Teaching group showed their PCK of PNM

increased by 26%. The posttest scores of the Conventional Teaching group

increased by 26% in KSC, 33% in KTS. and 7% in the KSU. In terms of the posttest

Particulate Nature of Matter Assessment (ParNoMA) mean scores of students, the

Collaborative Teaching group increased by 95 percent while that of the Conventional

Teaching group increased by 50.7 percent. The Wilcoxon Signed Ranks Test shows

that the ParNoMA posttest scores of students from the Collaborative Teaching Group

are statistically higher than their pretest scores (p = 0.000 at a = 0.05 and 1-tailed

test). Furthermore, the Wilcoxon-Mann Whitney Test shows that the gain scores of

the Collaborative Teaching Group students are statistically higher than that of the

Conventional Teaching Group (p = 0.000 at a = 0.05 and 1-tailed test). The empirical

data also shows that the observed improvement in the teachers' knowledge of
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science content, knowledge of students' misconceptions and knowledge of teaching

strategies helped students (a) correct various misconceptions about phase changes

of matter such as particle size of water molecules during evaporation and freezing;

(b) shift from the continuous view of matter to the particle view and (c) develop their

ability to visualize and to represent the particles of matter during various phase

changes. The results of the study showed evidence that Collaborative Teaching is an

effective mode of developing science teachers' PCK of PNM and of improving their

students' conceptual understanding of PNM. It is thus recommended that

Collaborative Teaching be used as a framework for designing professional

development programs of Science teachers with emphasis on the different

components of PCK in order to help improve students' conceptual understanding of

essential science concepts.
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Chapter 1

INTRODUCTION

Background of the Study

As I sat on a plane from East Asia to the Philippines for a vacation after two-

years of teaching Math and Science in an international school, it broke my heart to

hear about teachers being blamed about the downward trend in the science

achievement scores in our country. In my heart, I wanted to do something about it. In

fact, I decided that once I completed the remaining time of my contract I would go

back to the Philippines to do what I could as an educator. Doing this study is a baby

step towards fulfilling my heart's desire.

The task of improving the quality of science teaching in our country remains

daunting. The National Achievement Test (NAT) scores of high school students over

the last few years (Batomalaque, 2009; DepEd Factsheets, 2009 & 2013) show a

downward trend. The DepEd reports that the NAT mean percentage score (MRS) for

high school in school year 2012-2013 was 51.41 percent. This is 23.59 percentage

points away from the target. The MRS in science was 41.35 percent, and 46.83

percent in mathematics. A study shows that Filipino students have low scientific

literacy and difficulty applying scientific ideas to real life (UR NISMED Study, 2005).

Two key questions to ask are: Do schools provide the necessary inputs for students

to attain higher achievement in science? What teaching and learning practices could

help improve achievement in science (ADB Country Analysis Rrofile, 2006)? While it

is common knowledge that there are several factors that affect student learning, the

teacher and how he or she teaches certainly contribute significantly. Research



shows that quality of teacher instruction may be associated with teachers'

participation in professional development programs (Fishman, Marx, Best, & Tal,

2003). Borko (2004) and Fullan (2007) cite that teachers have the most direct impact

on student performance because of their regular and sustained contact with them.

Therefore, improving teacher practice through professional development is a key

aspect of school reforms that can lead to improved student performance.

One area that must be addressed in the professional development of science

teachers is their pedagogical content knowledge (PCK). Research shows that PCK

affects teacher practice (Appleton, 2008). Some science teachers are not confident

in teaching science or teach unsatisfactorily because of limited PCK (Goodrum et al.,

2001). It was Shulman who advanced the concept of PCK (Shulman, 1986). PCK is

a teacher's ability to create and represent content to make it comprehensible to

others to ensure student understanding of concepts. The knowledge bases of

teachers generally focus on content knowledge and pedagogical knowledge. PCK is

topic-specific and formed by blending content and pedagogy (Shulman, 1987). The

PCK of the expert teacher includes his or her understanding of what makes learning

of specific topics easy or difficult (Shulman, 1986, p.9). Therefore, professional

development of teachers must include the development of their PCK.

Shulman (1987) pointed out that teaching effectively goes beyond knowing

the content and knowing teaching strategies. Teacher professional development

needs to focus also on the PCK of teachers. PCK is an academic construct that is

rooted in the belief that teaching requires more than delivering subject content

knowledge to students (Loughran et al., 2006). PCK describes both the content and



pedagogical knowledge that teachers must have in order to provide students with

rich experiences in science. No matter how capable a teacher might be when

teaching his or her subject, both skills and ability are immediately challenged when

he or she is teaching content which he has little familiarity (Loughran et al., 2006).

The current study focused on developing the science teachers' PCK of

Particulate Nature of Matter (PNM) using Collaborative Teaching intervention. The

study examined both content and pedagogy wherein the science teachers used their

PCK to develop deeper understanding of science content, represent content in a

variety of ways that is meaningful to their students and translating science content to

their students in the unique situations of their classes. There are still few studies in

the Philippines that sought to understand the role of teacher education programs in

the development of science teachers' pedagogical content knowledge. Most of these

have been spearheaded by National Institute for Science and Mathematics

Education Development (NISMED). This current study seeks to contribute to this

endeavor.

School-based professional development like lesson study, professional

learning communities (PLC's) and collaborative action research have contributed

significantly towards the continuing development of teachers (Lin, 2001; Hollins et

al., 2004; Ulep, 2008; Poekert, 2012; de la Cruz, Magno & Punzalan, 2013). In

general, collaborative action among teachers such as those aforementioned has

been recognized as contributing to the professional development of teachers (Levine

& Marcus, 2010). While conventional modes of teacher professional development

provide equipping and development, teachers do not always have access to such.



Moreover, some may not have the monetary means to afford such trainings.

Rationale of the Study

Due to various collaborative initiatives by different entities, there is a general

improvement in NAT scores in science since the downward trend observed about

five years ago. The 2014-2015 National NAT Mean Percentage Score (MRS) for

Grade 10 in Science and Mathematics rose to about 47% each (BEST Independent

report, 2018). There is minimal increase for Mathematics but a huge increase in

Science from the MRS in 2013 (almost 6 percentage points). The Collaborative

Lesson Research and Development (CLRD) Project by NISMED and the Learning

Action Cell (LAC) Program by the Department of Education (DepEd Order 35, 2016)

are some of these effective initiatives that are bearing fruit. However, there is still

much room for improvement, especially in light of the thrust to support the K to 12

Program. One area of continuing improvement is the quality of teaching. The quality

of learning is greatly influenced by the quality of teaching (Borko, 2004; Fullan,

2007). Different methods of teacher professional development are implemented

throughout the DepEd system to improve teaching-learning processes. The usual

way of teacher professional development is through in-service trainings and

seminars. However, most of these are top-down processes wherein expert

knowledge is shared or transferred. Examples of these are lectures or workshops

during teacher training and short-term courses. Due to financial constraints, only a

few teachers can avail these trainings. The few and chosen to attend these trainings

are expected to echo to their fellow teachers what they learned. Ulep and Reyes



(2013) pointed out that this model may often lead to dilution effects and lessen

effectiveness of teacher training. They point out also the generic nature of top-down

teacher development, which do not always address the unique problems

encountered by participant teachers. In contrast, there are fewer instances of

bottom-up teacher professional development programs where teachers study

content and pedagogies together, plan lessons collaboratively, and conduct action

research as a group. Examples of these are school-based learning action cells,

teaching circles, communities of practice, and lesson study.

This current study desaibes the use of Collaborative Teaching, as a viable

school-based teacher professional development mode. Being school-based.

Collaborative Teaching is more accessible to and affordable for teachers. A good

educational system of teacher development ensures that opportunities for

professional development programs are readily available and accessible to teachers

(Whitehouse, 2011). Research has shown that effective professional development

should involve teachers and be ongoing in order to provide continuing and

sustainable improvement of teacher practice (Gutierez, 2015; Loucks-Horsley et al.,

2003; Smith, 2001; Darling-Hammond & Sykes, 1999). Collaborative Teaching

addresses these needs and can therefore be adopted as an on-going school-based

teacher professional development strategy.

Statement of the Problem

The study investigated the effects of Collaborative Teaching on Science

teachers' PCK and their students' conceptual understanding of Particulate Nature of



Matter. Specifically, the study sought to answer the following questions;

1. What changes occurred in the PCK of PNM of science teachers after

Collaborative Teaching?

2. What changes occurred in the conceptual understanding of PNM among students

whose teachers underwent Collaborative Teaching?

3. To what extent did changes in teachers' PCK facilitate student conceptual

understanding of PNM?

Objective of the Study

This study sought to find the effect of collaborative teaching as a mode of

professional development on science teachers' PCK and students' understanding of

Particulate Nature of Matter. More specifically, the study aimed to:

a. Determine the changes in the teachers' knowledge of PNM concepts after

Collaborative Teaching.

b. Determine the changes in teachers' knowledge of their students' misconceptions

after Collaborative Teaching.

c. Determine the changes in the teachers' teaching strategies after Collaborative

Teaching.

d. Identify students' understanding of PNM concepts before and after Collaborative

Teaching.

e. Identify the extent changes in teachers' PCK facilitate student conceptual

understanding of PNM.



Significance of the Study

Teacher development. Developing the pedagogical content knowledge of

science teachers through collaborative teaching is one way to help science teachers

improve their practice. This research presented an alternative model of collaborative

teacher development that is characterized by three elements: social, situated and

teacher-directed. Schools or communities of teachers can benefit from the

professional development framework presented in this study as a guide when they

design professional development programs for their teachers. Thus, following these

tenets, those that design professional developments of science teachers should

intentionally incorporate these three elements of Collaborative Teaching framework

into the training curriculum and training materials used. In fact, this framework can

be applied to other disciplines as well. In addition. Collaborative Teaching can be a

sustainable teacher development alternative for schools since it is school-based and

require less expense on the part of the school and the individual teachers. For the

Department of Education supervisors and school administrators who conduct regular

assessments of teachers, the PCK-PNM Questionnaire (PCK-PNMQ) and the PCK-

PNM Observation Rubric (PCK-PNMOR) may be used as assessment tools in the

development of science teachers. Furthermore, the pre and post lesson reflection

guides may be used to help teachers develop a habit of reflecting on their teaching.

Student achievement. The study showed the extent that PCK development

facilitate students' understanding. Science teachers can benefit from the results of

this study of using their PCK to address students' misconceptions and their various

difficulties in understanding science concepts. Thus, for example, the increase of



usage of models by teachers helps students gain fluency in explaining macroscopic

phenomena using microscopic representation. An assessment tool like the

Particulate Nature of Matter Assessment (ParNoMA) may be helpful to anticipate

students' misconception and learning difficulties. The Particle Model and other

teaching tools can be valuable resources for science teachers to improve student

learning of PNM concepts

Theoretical significance. The Collaborative Teaching Model -social,

situated and teacher-directed, may be a valuable addition to existing professional

development frameworks and theoretical models for teacher development. The

Department of Education and private curriculum developers and designers can

make use of the findings of the study particularly in how the development of PCK

can be integrated intentionally into curricular materials used in teacher professional

development. As presented in the study, curriculum developers and planners can

specifically target the three components, Knowledge of Science Content (KSC),

Knowledge of Student Understanding (KSU) and Knowledge of Teaching Strategies

(KTS) when crafting trainings and seminars for science teachers. PCK can be

viewed as both an inner construct affecting teacher knowledge and an external

construct impacting teacher practice.

Resources for future studies. Because many consider measuring PCK

difficult and challenging, there is limited work done in developing assessment

instruments to measure science teachers' PCK (Lange et al., 2009; Rohaan et al.,

2009). This study sought to develop assessment instruments to measure science

teachers' PCK and contribute to locally developed assessment instruments. Finally,



the qualitative methods, findings and instruments developed and used in this

research can be used in other studies on PCK. There is still limited research linking

Collaborative Teaching and PCK development (Evens, 2015). Overall, the study

sought to contribute to the existing conversation on PCK in the scientific community.

Scope and Delimitation

The study was limited to twelve Grade 8 science teachers and their students from

a public high school during the third quarter of the school year 2015-2016. The

teachers went through six cycles of Collaborative Teaching. The cycles matched the

six lessons on Particulate Nature of Matter of the new K to 12 curriculum for Grade 8

Science. This section of the study took six weeks to complete.

The researcher observed only one intact class per teacher. This was a

necessary consequence of the Collaborative Teaching cycle. Each cycle consists of

planning, implementing, evaluating and revising the lesson. One class for each

teacher gave the researcher enough time to set up class observations and

interviews.

The study only attempted to measure the PCK of science teachers teaching

the chemistry portion of the Grade 8 curriculum. The author focused only on

Particulate Nature of Matter, a topic commonly found to have misconceptions among

students (Punzalan & Marasigan, 2009; Agas, 2003).

The research design of the study is a case study. Ideally, a longer period of

time is needed to collect data (Creswell, 2003). However, the new Kto 12 curriculum

is such that the Chemistry portion is taken up for only one quarter. The topic about
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the Particulate Nature of Matter is just one of three modules under the unit of matter.

Thus, the researcher had to pack the six Collaborative Teaching cycles in 18 actual

days (spread in six weeks). This limited the time for the pre and post lesson

reflection and discussions, interviews, processing of videos and pictures needed for

discussions and focus group discussions. There was also a one-week cancellation

of classes in the middle of the study due to APEC week. The researcher planned to

give the pretest during the last week of the second quarter. However, due to

changes in the schedule of second quarter examinations, the pretest was moved to

first week of third quarter.

The original intent was to use a quantitative design as well. However, there

were just exactly 12 science teachers assigned to the Grade 8 level. Two teachers

from the Conventional Teaching group were not able to complete the duration of the

study. The small sample size brought about by the limitations of the study made

inferential analysis of quantitative data on teachers' PCK not feasible.



Chapter 2

REVIEW OF RELATED LITERATURE

This chapter describes theohes and studies on PCK and the role of PCK

development on student understanding. The review also covers students'

misconceptions and understanding of PNM. Lastly, it discusses collaborative

teaching as it relates to improving teachers' PCK and student understanding. The

chapter opens with an introductory paragraph that highlights the researcher's view of

how critical professional development of teachers is in improving science education

in our country. The current study is a response to this view.

While there are several factors that influence student learning, teachers have

the most direct impact on student performance because of their regular and

sustained contact with them (Borko, 2004; Fullan, 2007). Therefore, improving

teacher practice through professional development is a key aspect of school reforms

that can lead to improved student performance. Professional development of

teachers should be central to improving science education in our country. Studies

show that improving teacher quality will improve student achievement (Darling-

Hammond, 1998; Vescio, Ross, & Adams, 2008). Deliverers of professional

development must strive for teacher learning whatever mode of professional

development is used. They must ensure that there will be changes in knowledge,

beliefs, and attitudes of teachers that lead to acquisition of new ideas and practices

(Fishman et al., 2003).
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Pedagogical Content Knowledge (PCK)

Definition of PCK

It was Shulman who advanced the concept of pedagogical content

knowledge or PCK (Shulman, 1986). According to him, PCK is a teacher's ability to

formulate and represent content in a manner that students understand the concepts.

The knowledge bases of teachers generally focus on content knowledge and

pedagogical knowledge. PCK is topic-specific and formed by blending content and

pedagogy (Shulman, 1987). To teach effectively goes beyond knowing the content

and teaching strategies. PCK is the expert teacher's understanding of what makes

the learning of specific topics easy or difficult (Shulman, 1986, p. 9). Park and Oliver

(2008) defined PCK as "teachers' understanding and enactment of how to help

students understand specific subject matter using multiple instructional strategies,

representations, and assessments while working within the contextual, cultural, and

social limitations in the learning environment." Loucks-Horsley et al. (2003) further

emphasized the complex, integrated nature of PCK when they described it as "more

than knowing content or how to teach in a generic way." PCK is about understanding

what aspects of the content students can learn at a particular developmental stage.

It is how to represent content to them and lead them into different conceptual

understandings. Wilson, Shulman and Richert (1987) defined teacher knowledge

base as "the body of understanding, knowledge, skills, and dispositions that a

teacher needs to perform effectively in a given teaching situation" (p. 106). Teacher

knowledge base then includes knowledge domains required for effective teaching. In

subsequent years, researchers have included PCK in their descriptions of

knowledge base of a teacher (see for example, Carlsen, 1999; Grossman, 1990;



Turner-Bisset, 1999). These definitions imply that "PCK is both an external and

internal construct, as it is constituted by what a teacher knows, what a teacher does,

and the reasons for the teacher's actions" (Park & Oliver, 2008). Hence, PCK

encompasses both teachers' understanding and their enactment.

Shulman (1987) suggested that teachers' content knowledge and their

pedagogy were being treated as mutually exclusive domains. Such dichotomy

produces teacher education programs focused on content or pedagogy, not both.

This dichotomy occurred when prospective teachers learned pedagogy apart from

subject matter (Hewson and Hewson, 1988). Efforts are already being done to

bridge the gap between the pedagogical and content aspects of science teacher

preparation that lead to development of a cohesive and integrated knowledge base

(Doster, Jackson, & Smith, 1994). PCK has been suggested as one knowledge base

for science teacher preparation (Anderson & Mitchener, 1994). Anderson and

Mitchener (1994) suggested that PCK could be an alternative perspective from

which science educators could view secondary science teacher preparation. The

epistemological concept of PCK offers the potential for linking the traditionally

separated knowledge bases of content and pedagogy. Science education students

typically take separate courses on pedagogy and separate courses on science

content but not an integrated course that covers both knowledge bases. Typical pre-

service trainings and workshops and even in-service ones also treat science content

and pedagogy separately. Linking these two using PCK as a guiding framework can

offer an alternative to science education courses and designing pre-service and in-

service trainings and workshops (de Jong et al., 2005).
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Nature of PCK

There have been a number of researches that explored the nature of PCK

(Shulman, 1986; Grossman, 1990; Cochran etal. 1993; Melladoet al. 1998;

Magnusson et al. 1999; Appleton, 2006). PCK, as conceptualized by Pamela

Grossman (1990), subsumes three knowledge domains that influence a teacher's

PCK. These knowledge domains include the following: (1) subject matter knowledge

and beliefs, (2) pedagogical knowledge and beliefs, and (3) knowledge and beliefs

about context. According to Grossman (1990), PCK is a type of knowledge

transformed by these three knowledge domains. He also states PCK is more

powerful than its constituent parts. Accordingly, PCK includes a) knowledge and

beliefs about purpose, (b) knowledge of students' conceptions, (c) curricular

knowledge, and (d) knowledge of instructional strategies. Some referred to science

PCK as including (a) teacher's orientation to teaching science, (b) knowledge of

science curricula, (c) knowledge of assessment, (d) knowledge of scientific literacy,

(e) knowledge of students' understanding of science, and (f) knowledge of

instructional strategies. Others further characterized PCK as (a) knowledge of

students, (b) knowledge of environmental contexts, (c) knowledge of pedagogy, and

(d) knowledge of subject matter.

One useful way of unpacking the nature of PCK as a construct is through the

General Taxonomy of PCK by Veal and Makinster (1999). They described a so

called General PCK, Domain-Specific PCK and a Topic-Specific PCK (Figure 2.1).

General PCK is the first level within this taxonomy. The expert teacher with general

PCK would have a sound understanding of pedagogical concepts and the concepts
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and strategies employed specific to the disciplines of science, art, history, math, or

English. General PCK in science for instance, will refer to subject-specific PCK

strategies. Subject meant the content area of science or subject-specific PCK

Disciplines

Histor>' Matli

Science
English J

Science

Geology"! Biology

j Chemistry
Physics

Chemistry
Solubility Oxidation

Stoicfaiosnctry

Figure 2.1. General Taxonomy of PCK (Veal & Makinster, 1999).

strategies for teaching science such as activity-driven, discovery, project-based

science, and guided inquiry. These orientations represented "a general way of

viewing or conceptualizing science teaching" (Magnusson, Krajcik, & Borko, 1999).

The second level is domain-specific PCK. Domain-specific PCK focuses on one of

the different domains or subject matters within a particular discipline. A chemistry

teacher for instance, who possess a developed domain-specific PCK has

understanding of how to teach chemical concepts to students. Domain-specific PCK

is positioned between disciplines and domains of science to represent a different



level and specificity of subject matter and pedagogy. Topic-specific PCK is the most

specific and novel level of the general taxonomy. In this level of PCK a chemistry

teacher would have knowledge of skills and abilities in the previous two levels. In

addition he or she has knowledge of the skills and abilities to teach a specific

chemistry concept such as Particulate Nature of Matter.

Models also provide another way of unpacking the nature of PCK. Gess-

Newsome (1999) summarized the different representations of PCK by different

researchers and presented two models: Integrative Model and Transformative

Model. In the integrative model, PCK is formed by integration of other knowledge

domains. In the transformative model, PCK is a transformation of other knowledge

domains into a unique form for effective teaching. According to a transformative

model, other knowledge domains are only useful when they are transformed into

PCK (Gess-Newsome, 1999). Figure 2.2 shows the representations of these two

types of models.

Integrative
Model

Pedagogical
Knowledge

Subject Matter
Knowledge

Contextual

Knowledge

Subject Matter Pedagogical
Knowledge Knowledge

♦ Pedagogical Content ♦
Knowledge

Conte.vtual

Knowledge

Transformative

Model

* Knowledge needed for classroom teaching.

Figure 2.2. Representations of PCK Models. Adapted from Gess-Newsome (1999).



Cochran, DeRuiter and King (1993) described PCK with constructivist perspective as

pedagogical content knowing (PCKg). PCKg has four components; knowledge of

pedagogy, knowledge of subject matter content, knowledge of students, and

knowledge of environmental contexts (Figure 2.3).

y rNOWUC'GE
or V

PCDAGOG/ \

A  fNGV-LtGOE \

I  1

fc.NOVLtCiGl

Of ' / '
STUDENTS

Figure 2.3. PCKg Model of Cochran et al. (1993).

Magnusson et al. (1999) developed a transformative PCK model for science

teachers, by building upon the studies of Grossman (1990) and Tamir (1988) (see

Figure 2.4). According to this model, PCK emerges from transformation of five

components; orientations toward teaching science, knowledge of science curriculum,

knowledge of students' understanding of science, knowledge of assessment in

science, and knowledge of instructional strategies. The first component includes

beliefs and knowledge of science teachers about goals and objectives of science

teaching. This component shapes all the other components, since it serves as a

'conceptual map' for instructional decisions. The second component contains

teachers' knowledge about curricular goals and objectives, and applicable materials
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Figure 2.4. PCK Model Developed by Magnusson et al. (1999).

to achieve these goals and objectives. According to Magnusson et al. (1999),

knowledge of science curriculum should be especially included in a PCK model

since this type of knowledge distinguishes a content specialist from a pedagogue.

Third component includes teachers' knowledge about students' requirements for

effective learning and their learning difficulties. The fourth component, knowledge of

assessment in science, refers to teachers' knowledge of student learning and

scientific literacy that is important to assess and assessment procedures appropriate

for different aspects of student learning.The last component of the model includes

teachers' knowledge of subject-specific and topic-specific strategies. Scope of



subject-specific strategies (such as conceptual change strategies and learning cycle)

is wider than topic-specific strategies (such as illustrations and analogies).

PCK Development

PCK is a dynamic, rather than static, teacher knowledge construct that gets

molded and may be developed through various ways. A number of researches focus

about the development of PCK (van Driel et al. 1998; Appleton, 2008; 1999; Grotzer

et. al., 2011; Turner, 2012; Lucenario, 2013; Han, 2014; Nillsson, 2014). These

studies cited that contributing sources to PCK include classroom observation during

times as student and pre-service teacher education. Another contributing source of

PCK is teacher education programs. Science class and classroom teaching

experience are also sources of PCK. Other studies point that recommendations from

trusted mentors have also been found to contribute. The role of personal beliefs and

perceptions of teaching and learning also help develop and shape science PCK as

these determine how experiences are viewed and understood. The PCK of 12 pre-

service chemistry teachers were found to improve as a result of attending workshops

(twice a week for one semester) and the influence of their mentors (van Driel et al.,

1998). Appleton (2008) reports the result of two case studies that showed mentoring

supports the development of PCK. This is consistent with a similar study of nine

teachers by Koch and Appleton (2007). The mentoring described in these case

studies involved cooperative planning of lessons by mentor and mentee with

occasional visits and observation with feedback during teaching times. The

mentoring also involved modeling and constructive inputs and suggestions by



20

mentor. A longitudinal study by Turner (2012) involving 35 faculty instructors

revealed significant pedagogical differences between faculty who participated in the

NASA/NOVA professional development project and those who did not. Moreover,

the following characteristics regarding the pedagogical content knowledge of faculty

instructors who participated in the project emerged; (1) content knowledge about

science concept taught and observed during instruction; (2) orientations consistent

with reform instruction advocated by the National Science Education Standards for

effective science teaching; (3) purposeful selection of activities that best engender

student understanding of specific science concepts; and (4) reflective practitioner. In

a related study by Turner (2011) of 91 in-service elementary teachers who

experienced the undergraduate reformed science courses, it showed statistically

significant difference in PCK prior and after the reformed program. A study of four

high school chemistry teachers involved in PCK-guided lesson study showed

improved PCK competencies about solutions (Lucenario, 2013). This resulted in

enhanced student achievement in terms of conceptual understanding and problem-

solving skills involving molarity and percentage by volume of solutions. In a study

involving 14 middle school science teachers, intervention by providing web-based

curriculum materials resulted improvement of PCK of the teachers as shown by pre-

post testing (Grotzer et al., 2011). The PCK improvement of the teachers showed in

terms of their understanding of the need for appropriate classroom activities and for

focusing on structural information as part of pedagogy. The researchers also found

an appreciation for the deep understanding that the unit on density and density-

related topics encouraged. A qualitative study involving three high school science
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teachers indicates teacher efficacy plays a pivotal role in developing PCK through a

system of validation and evaluation of the teacher's cognitive belief structure (Han,

2014). Furthermore, it was determined that as teachers gain classroom teaching

experience, their sustained PCK growth is the result of increasing their knowledge of

student understanding. Nillsson (2014) presented in a study of three secondary

science teachers that PCK is enhanced through their participation in a learning

study. The results provided an insight into how the teachers developed their self-

understanding in which they questioned their own epistemological beliefs, aims and

objectives of teaching and taken-for-granted assumptions about science teaching

and learning.

Particulate Nature of Matter and Student Misconception

The Particulate Nature of Matter is a fundamental topic in science education.

There has been several research studies carried out about students' and

prospective teachers' misconceptions regarding particulate nature of matter

(Kokkotas et al. 1998; Nakhleh & Samarapungavan 1999; Kelly et. al., 2010; Bruck

et. al., 2010; Stains et al., 2011; Fang et. al., 2014; Agas, 2003; Punzalan &

Marasigan, 2008). One component of teachers' PCK is Knowledge About Students'

Conceptions. This refers to knowledge about students' specific conceptions and

ways they reason about a specific topic. From research findings, Filipino students

find it difficult to understand the meaning of the term "particles" and the nature of

space between particles. Filipino students also find it difficult to understand behavior

of particles across different states of matter. They find it difficult to understand
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changes in the arrangement of particles during the chemical processes (Agas, 2003;

Punzalan & Marasigan, 2009; Gutierrez. 2009; Campo, 2009; de Hitta-Catalan &

Treyes, 2013).

Punzalan and Marasigan (2009) detail several PNM misconceptions of high

school students such as distinguishing between atoms and molecules and difficulty

accepting the notion of space between particles of matter. Gutierrez (2009) cites the

difficulty of students and even teachers distinguishing between elements and

compounds. Distinction is typically based on the number of atoms in the particle unit

rather than on the kind of atoms present. De Hitta-Catalan and Treyes (2013) noted

in their study among high school students that students find it difficult to understand

and represent how diffusion and osmosis occur at the molecular level.

The expert teacher fully understands the challenge posed by the inherent

nature of chemical representations that consists of the macroscopic, the microscopic

such as molecules and atoms and the symbolic (Johnstone, 2010). Johnstone

(2010) noted that the practice of teachers moving from one representation to another

in the course of teaching overloads the working memory of the student. The student

can easily get lost in the midst of complex jargon of chemistry. The triangle he refers

to is a triangle diagram (Figure 2.5) representing the three aspects of chemical

representation (Johnstone, 1991). The challenge for teachers lies more specifically

in the inability of students to distinguish between macroscopic and microscopic

properties of matter (Bucat, 2004; Chandrasegaran, Treagust, & Mocerino, 2009).
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Macro and tangible

Molecular and invisible Symbolic and mathematical

Figure 2.5. Representation in the physical sciences (Johnstone, 2010).

Teachers' PCK and Student Understanding

The expert teacher is one who recognizes that students do not come to class

with empty minds. They come with their prior knowledge, both correct and incorrect,

picked up from various sources (Bodner, 1991; Sirhan, 2007; Stojanovska, 2012). It

has been known that misconceptions are powerful, extremely persistent and hard to

change, creating obstacles to further learning (Canpolat, 2006; Pabuccu & Geban,

2006). Research shows that students must undergo conceptual change in order to

do away with their misconceptions and replace the misconceptions with the correct

and complete ideas. The process of conceptual change can look upon

misconceptions as ideas that interfere with students learning (Smith, di Sessa, &

Roschelle, 1993). The teacher's ability to address students' misconceptions is

critical to conceptual change. The conceptual change students must undergo to

understand PNM involves moving from a continuous view of matter to a particle view

(Nussbaum & Novick, 1982; Lee et al, 1993; Vosniadou, 1994; Harrison & Treagust,

2002; Niaz et al, 2002). Students' conceptions are constantly changing due to both

their experiences and instruction (Strike & Posner, 1992). Thus teachers must be
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Intentional in addressing the students' misconceptions so they learn and develop

conceptual understanding. Teachers' knowledge of how to address such

misconceptions plays a vital role in ensuring that students understand clearly and

correctly these concepts. A well-developed PCK of Particulate Nature of Matter will

enable the teacher to address properly the students* misconceptions.

Research also shows that knowledge of subject matter influences the

development of teachers' PCK. Various reasons, such as teachers' beliefs about

teaching or learning science and their subject matter knowledge, may influence

differences of PCK among teachers. For example, it was found that differences

between the subject matter knowledge of the pre-service teachers led to different

PCK (Grossman 1990; Van Driel et al. 2002). Similarly, Smith and Neale (1989)

reported the influence of subject matter knowledge on teachers' knowledge about

instructional strategies, one component of PCK.

The influence of teachers' analysis of students' conceptions and types of

reasoning on the improvement of teachers' PCK has been mentioned in the

literature (Geddis 1993; Lederman et al. 1994). Some studies have been carried out

about prospective teachers' pedagogical content knowledge in various chemistry

topics, such as combustion (De Jong et al. 1999) and chemical equilibrium (Van

Driel et al. 1998). Van Driel et al. examined the effect of an in-service workshop on

the development of their PCK attended by chemistry teachers. The workshop done

for two afternoons per week for a month, provided chemistry teachers with

opportunities to gain understanding of students' misconceptions and reasoning

about the topic of "chemical equilibrium." It was found that chemistry teachers'
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ability to analyze students' conceptions and reasoning helped some of the in-service

chemistry teachers develop their PCK about chemical equilibrium.

There are still a few studies on toplc-speclfic pedagogical content such as

partlculate nature of matter (Magnusson et al. 1999; Boz & Boz, 2007). This

Indicates the need for more research In this area. The purpose of this study Is to

Investigate how collaborative teaching can Improve the science teachers' topic

specific, PCK of Partlculate Nature of Matter and students' conceptual

understanding of Partlculate Nature of Matter.

Collaborative Professional Development (CPD)

Teachers generally teach In Isolation away from scrutiny of fellow teachers.

They are left alone to practice their craft unless they encounter some problems or

they have to be evaluated. Schools are traditionally structured such that teachers

work alone, do not plan lessons together or share teaching strategies and materials

(Darling-Hammond et al., 2009). Research shows, however, that collaboration

among teachers is a powerful learning and change agent among teachers (Fullan,

2001; Lin, 2001). Collaborative professional development therefore is seen as an

effective means to improve teaching and learning (Alozle, 2010; Prytulla &

Welmann, 2012).

Nature of CPD

A comparison of the more common collaborative professional development

modes such as PLC's, lesson study and collaborative action research point to some

commonalities;
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1. There is open practice in ways that encourage sharing, reflecting, and taking the

risks necessary to change. The very nature of collaborative professional

development modes is collegial and having a sense of community among

teachers who participate.

2. There is focus on student learning. The driving force of CPD is to improve student

learning. The participating teachers collaborate to improve their classroom

practice that result in students learning better.

3. They are characterized by a development cycle that includes three basic

elements: planning the lesson together; implementation of the lesson; post-lesson

reflection and discussion to improve the lesson shown in Figure 2.6.

CPD on Teacher Development

A challenge of teaching is bridging the gap between what the teacher teaches

and what the students learn (McDermont, 1991). Approaching the issue from the

teacher side makes sense since teachers have the most direct impact on students

because of their regular and sustained contact with them. Improving

>  Planning Together a Lesson

> f

Implementation of the Lesson

>

Post-Lesson Reflection and

Discusssion

Figure 2.6. Development Cycle in CPD. Adapted from Ulep et al. (2013).
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for the teachers. There was sharing of ideas and resources. The unanimous desire

to continue Collaborative Teaching after the study is an indication of the positive

impact of Collaborative Teaching.

2. Collaborative Teaching is Teacher-directed.

The teachers themselves facHitated their professional development. The

teachers shared ideas, suggestions, stratégies and tools drawing from each other's

unique background and experience. By doing this, they helped each other improve

their PCK. The researcher merely guided the group during évaluation and

discussions. They were teaching each other, acting as "donor-and-acceptor" of

knowledge, borrowing from acid-base analogy in chemistry. The teachers

themselves are the "trainers" and "experts." Although the teachers expressed their

need for the researcher to support and encourage them, they aiso expressed that

ttey car, actually continaa CT as a professional learnlnB community in their school.
®ven after this intervention.

T„e teachers m ea,powered lo g,ow and The, realized that the,
♦k-eair tMchina through Collaborative Teachinghave found one way they can improve their teaching

The practice of using Collaborative Teaching during the intervention enabled them
r  s... fhcit fhpv can do it ©von after"eeksofColiaborativeTeaohinBmade them reaiize that the,

opd that perhaps the group can use CT for otherstudv Some of them expressed stoichiometry. They realized that despite
'^'demistry concepts, notably solu school, it is possible to improve the
'ddividual limitations and limited resour
'^dallty of teaching.
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3. Collaborative Teaching is Situated.

The context ofthe CTintervention was unique for the participants. This

included the unique situation of the students, teachers, and classrooms in that

psrticular school. In particular, the study took place in a public school where class

size is bigger than those in private schools. Moreover, the typical classroom size in

public schools is smaller than those in private schools. The teachers in the study had

to factor in these limitations in preparing their tesson plans. Here is one ofthe

strengths of Collaborative Teaching. The feedback and suggestions during pre- and

Post-lesson discussions were based on the realities the teachers encountered in
,, . ,. fp3chers revolved around what exactiy
their classrooms. The discussion of teacnei &

.pht Thev were aiso based on how the students
happened as the tessons were taug

^ i^ecnn The situatedness aIso pertains to the actuel
responded to the teacher and tesson.

■  ̂ iities and misconceptions of the students whoPrior Knowledge, learning difficulties, au

Participated in the study.
-, ..ohnr^tive Teaching facilitate the development of

The three éléments of Collaborative
-r. Qorial element of Collaborative Teaching wasthe teachers' PCK of PNM. The So

-  .r, tn Dian the tesson, implement and revise to«emplifi«las.e.chors«»ka5atMm.oP
other to improve their teaching. In an

'ftiprove it. Teachers learned from on w • f hk i-
they feel safe, teachers could give feedback,

Environment of mutual respaot w ^ u i u tu.  imorove the tesson and help each other.j contributeto iniH'"
corrections, suggestions, a teachers work together to analyze, reflect
The Situated element was exempHf ^ontexts. The feedback,

iflssroom and scnuuand address common c products of what just took place in the
^^9gestions, and improvern©^
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classroom as they taught each research lesson. The Teacher-directed element was

exemplified as teachers facilitated the professional development of each other,

receiving and giving input at the same time. Each teacher brought their expertise

and experience into their lesson discussions. Thus, teachers were learners and

facilitators at the same time. These three elements provided a rich environment and

experience for the teachers' professional development.

Collaborative Teaching In the context of this study was used as a mode of

professional development for science teachers teaching Particulate Nature of Matter

concepts to Grade 8 students. The three elements of CI impacted the knowledge

base and practice, the PCK of PNM of the teachers; hence the arrow towards the

hght. The knowledge bases Include particularly the teachers Knowledge of Student

Understanding (KSU) of PNM, the Knowledge of Science Content (KSC) about PNM
and the Knowledge of Teaching Stratégies (KTS) about PNM. The practice included
ail that the teachers did in response to the context of their students learning such as

students' misconceptions, learning difficulties, and thinking processes (Ulep, 2008;
Cerbin & Kopp, 2006). The practice aiso included their individuel and collective
expériences as they taught PNM using CT process (Oliver & Park, 2008). As Oliver
and Park emphasized, PCK is both the understanding and enactment of howto
"help a group of students understand spécifie subject matter using mul p

rr..Pnfations and assessments while working within the'nstructional stratégies, represeniaiion ,

W  -.1 limitations in the learning environment." Collaborativesontextual, culturel, and social limitati
,  f fpachers' PCK (understanding or knowledge

Teaching facilitated the development of teache
base, and practice) of PNM.
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The CT process is aiso impacted - enriched or made meaningfui by the

teachers' PCK development, as the teachers collaboratively contributed to the

development of Knowledge and practice of each member of the team. Individually

and as a group, each teacher' PCK of PNM influenced the CT process as they

brought into the process their unique and collective Knowledge and practice

contribution to the development of PCK of each member. This was facilitated as they

worked together, struggled, reflected, planned and implemented ways to make

students learn better. Thus, the arrow moving towards the left makes sense, Figure

5.2, where the Interaction between CT and teachers' PCK of PNM is depicted.

Knowledge
of Science

Curricula

Knowledge

of Studcnt
UnderstandlngSituâtcdSocial

Coilabofetlve ̂
Teaching }

Knowledge of
Teaching
StratégiesToachor'contorod ÏJmp:âGts:M

F/gure 4.43. Interaction between CT Process and PCK of PNM.

Reconceptualizad of this research as drawn from the

Figure 4.44 shows a reconcep (tgacher-directed, situated, social)
ThP éléments oisults and discussions. ^e,|esson collaboration, implementation of lesson

'^fluence and drives the iterativ
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and post-lesson reflection, discussion and revision the teachers did. The itérative

process leads to increasing improvement of teachers' content Knowledge of PNM,

Knowledge and awareness of students' misconceptions and leaming difficulties

(KSU) and Knowledge of teaching stratégies that addressed students'

misconceptions and learning difficulties (KTS).

Teacher

Dirccted

Situated

Social

r

Pre-Lesson

►  Collaboration

r-

Implementation of
planned lesson

Post-lesson
reflection,

discussion, revision

Show mastery of
content knowledge
of PNM concepts

(KSC)

Show awareness of
and addresses
students' PNM
misconceptions

and leaming
dilïlculties

rKSin

Use teacliing
stratégies to address

students'
misconceptions and
leaming difficulties

(KTS)

Improved
PCK of
PNM

Students develop
conceptual

understanding of
PNM

T
Va flous

misconceptions
corrected

Represent
phase change at
sub-microscopic

Figure 4.44. Reconceptualized frameworK for Collaborative Teaching.

From the traneforr,»!», View of PCK, fhe dfceot PCK cotopooeots were
transfooeed ahd oombined .htottgh the cotlatxt^tlve teachihg evperience of
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teachers inîo the improved PCK of PNM (Shulman, 1986; Grossman, 1990; Cochran

et al. 1993; Gess-Newsome, 1999). The improvement in the teachers' PCK, aiso

influences in return the CT process as teachers then use their improving PCK to give

inputs into the pre-lesson préparation, implementation, and post-lesson revisions.

Furthermore, the itérative CT process aiso leads to improvement of student learning

as students develop conceptual understanding of PNM. Consequently, the students

corrected their various PNM misconceptions and have developed their ability to

represent phase change at the sub-microscopic level.

Implications of the Study

1. Teacher development

The results of the study show that collaboration among teachers facilitâtes

change in the learning and practice of teachers. The teachers moved from teacher-

centeredstrategrnsm -»"dent-centered and constructivist
■  and HOTS questions). The teachers correctedstratégies (e g. games, using mode!

=,nd complété understanding of PNM
their misconceptions and developed a eep

^ Hnw to anticipate students' prior knowledge,
concepts The teachers aiso learned h

oHivities to enhance their lesson planning and
Tiisconceptions and possible learning

es and tools. Thus, perhaps in-service
choice of appropriate teaching s teachers in a

trainings or teacher developmen (eaching need not be individualistic,
collaborative context and enviro but instead be collaborative and
teacher development need not b ^ eoHegiality,
Collégial. From the study, chaPQ®
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camaraderie, teamwork or collective reflection, commitment and effort.

2. Lesson planning

Although lesson planning is only as good as what is actually implemented

during the actual teaching, it is still a powerful tool for teacher development. When

used by supervisors and teachers effectively, it can contribute to increased student

learning. This was shown in the study as teachers were asked to incorporate into

their lesson planning students' anticipated difficulties, misconceptions, and prior

learning very specifically. It is possible for a group of teachers In a school to préparé

Collaborative Teaching lesson plans for spécifie topics. For instance, the final

version of Particulate Nature of Matter CI lesson plans developed by teachers can

be used in the following school year by other teachers who will teach the same

lesson.

3. Support Systems

Like most changes, the changes that Collaborative Teaching has brought into

the teachers' learning and practice could not have taken place without the support of

the science levai coordinator, department head, and the principal. The researcher

was ab/e to meef with the teachers for discussions and interviews because of the

«rang support of tlia prncipal and f» science department head.

The mpiementafiort of Co»aboretl.e Teeclitng as a mode of teacrte,
H^rc: be aiven time to meet regularly. The

'^svelopment requires that teac
time for teachers to do this. Creating

^ciminlstratlon should designate P
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Collaborative Teaching communities within a school Is seen as viable and

sustainable for as long as there is a strong and consistent support from the

administration. When this is a reality, Collaborative Teaching can be sustained and

can become part of the culture of the school.

4. Teacher practice

The study shows that Collaborative Teaching facilitâtes changes in what the

teacher does at pre-lesson (planning), during the lesson (classroom teaching), and

Post lesson (reflection and revision). Slight changes at each portion of the teaching

process lead to great improvement in teacher learning and practice. Thus, the

additional step and more intentional habit of specifying in the lesson plan the

students' misconceptions, learning difficulties and prior learning help teachers in

choosing the most appropriate teaching stratégies and tools. Using HOTS

puestioning, models and interactive stratégies can entiance teactier-student

interaction and student engagement. Ttie habit of reflecting and revising lessons

immediately after teaching in a collaborative manner can inaease teacher learning
and practice. This itérative process of improving teacher practice can be

implemented by group of teachers, or by whole departments, or by an entire school.

Classroom teaching

The teachere in te siudy becate ter, inteSonal in addraa^ino siadants'
"ilaconcapliona aa «Ta waa «nphaaiaad rap««y duhng pra- and p<».dasa.n
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discussions. This had a positiva ©ffGct on studants conceptual undarstanding of
/

PNM. Teachers should be intentional in addressing misconceptions as they teach.

Teachers should be actively on the lookout for students' misconceptions while

teaching and make efforts to effectively address these. As studias have shown,

misconceptions are powerfui and can be stumbling blocks for students' leaming.

While the lecture has its place as a teaching stratagy. teachers should incorporât©

collaborative and interactive iearning stratégies that increase students' Interest and

motivation to ieam. Teachers shouid aiso be more intentionai in the use of stratégies

that promote student-teacher interaction and higher order thinking skiiis, and active
invoivement in the iearning process. As has been found to be effective in this study,

■I I thci I iQP nf models in teaching science conceptsteachers must intentionally include the use

to faciiitate and deepen student understanding. if the set of concepts covered by the
Particuiate Nature of Matter are understood weii by students, then they wiil be
enabied to understand more compiex chemistry concepts. In this study, as students

«contptif^n of matter, it became easier for themunderstood the sub-microscopic représentation ot

to understand the particle behavior of matter dunng phase chang

5. Student Achievement

Science teach« can u,» their PCK to aCdoess stodents' misconceptions and
iearning difficnlties to increase student Iearning. An assessmen
ParNoMA may ba hatptui to an.tdpate students misconception and Iearning

ci'fficuffies.



Chapter 5

SUMMARY, CONCLUSIONS AND
RECOMMENDATIONS

Summary and Conclusions

This research sought to provide data with the end in view of helping improve

the professional development of science teachers through Collaborative Teaching.

The study sought to answer the follo\A/jng questions:

1. What changes occurred in the PCK of PNM of science teachers after

Collaborative Teaching?

2. What changes occurred in the conceptual understanding of PNM among students

whose teachers underwent Collaborative Teaching?

3. To what extent did changes In teachers' PCK facilitate student conceptual

understanding of PNM?

Research Question #1: What changes occurred in the Science teachers' PCK

of PNM as a resuit of Collaborative Teaching?

The PCK rating of the six teachers from the Collaborative Teaching group
.  ..T r^ont» tn "Proficient" as assessed by PCK-PNMOR (seeirnproved from being Emergent

in thP PCK-PNMQ increased 40% from
Table 4.28). The mean score of the teachers m the PCK pin
26.8 eut of 48 in the prétest to 37.5 in the posttest.

Analys,s using constant comparative method reveals patterns that show

of the six teachers from the
Collaborali«e Teaching group. The PCK changas are



demonstrated In terms of improvement in the teachers' knowledge of science

content about PNM (KSC), knowledge of students' understanding of PNM (KSU).

end knowledge of teaching stratégies about PNM (KTS).

The teachers' knowledge of science content about PNM (KSC) improved after

Collaborative Teaching.

The mean KSC score of the Collaborative Teaching group increased by 50%,

from 12 out of 20 in the prétest to more than 18 in the posttest (see Table 4.29). In

this study a "Proficient" KSC rating meant that the teachers have a good grasp and

understanding that matter is made of discrète particles and that there are spaces in

between the particles. The teachers aiso understand that particles of matter are m

constant motion and their motion influences the forces of attraction between

particles. In addition, the teachers were able to explain phase changes using
macroscopic, sub-microscopic and symbolic levels of représentation as well as
invoking the Kinefic Moiecular Theory.

foarhprs showed several misconceptions
Prier to Collaborative Teaching the teachers snow

fhrr.. ,nh PT the teachers showed improved
about PNM concepts. After going through

understanding of PNM concepts in the following:

a, .The dominant teacdars' cona.mct cd
alamants and compoonda prier to CT is basad on tha numPar of atoms. Th,
teachers perceived elements as

monoatomic (only one atom) while compounds as

polyatomic (two or more similar or
différent atoms). They made the association that

A
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atoms are to elements while molécules are compounds. The pre and post lesson

discussions of Learning Activity 1 ("Which Is matter, which is not? ) surfaced

teachers' misconceptions. Enlightenlng to teachers was the realization that

polyatomic molécules made up of one kind of element such as H2, N2 and O3 are

classified as elements. In an open and collégial environment, teachers from the

Collaborative Teaching group corrected their construct of elements and compounds

to the one based on the kind of atom instead of the number of atoms.

b. Construct on betiavlor ofparticles during phase changes. Before CT, the following

spécifie misconceptions were observed:

1 ) The teachers held a wrong construct that particles stop moving dunng freezing.
They thought that water molécules stop moving during freezing as described in other
studies.

2) Teachers thought that water breaks into hydrogen and oxygen molecule during
evaporation and melting. They wrongly thought that liquid water breaks d
hydrogen gas and oxygen gas during evaporation and/or melting. They th g
heat causes the covalent bond between oxygen and hydrogen to break during
evaporation and melting.

After CT, the teachers from the Collaborative Teaching group deve p
correct understanding that water molécules do not separate into hydrogen and
oxygen molécules. The correct understanding became consistent with the teachers
prior understanding that phase change is only a physical change, not a chemical
change. They aiso developed the correct understanding that molécules continue to

II



move even during freezing.

c. Teachers' level of explanation of phase changes ofmatter. The level of

explanation of the teachers about evaporation, freezing and condensation were

analyzed according to levels of représentation in chemistry — macroscopic, sub-

microscopic and symbolic. Their explanations were aiso analyzed for consistency

with the Kinetic Molecular Theory (KMT). Evidence of connections between these

levels in their explanations was aIso noted.

Before CT, the teachers used largely the macroscopic level of représentation

in their explanation. Explanations of those that used both macroscopic and sub-

microscopic levels did not show conceptual connections between the levels. The

teachers who used the KMT in their explanation showed limited Knowledge of KMT:

1 ) There was no mention about forces of attraction between particles and how they

are affected by the température change.
oi=n nnt verv clear that increased or decreased2) The teachers' explanations were aIso not very cie

.  • ^nornu of the molecules to increase or decrease,
heat causes the average kinetic energy

which eventually détermines the distance between partides.
3) Th, conceptuai reiationship .«tween température, beat, kinetic enerpy e,
partides, forces of attraction and distance between padides were no, ciearty
described.

The teachers aiso heid the wrong censtruc. attributinp bdk preperties such as sise.
Shape, mass, .oiume, coior and bardness, o, substances to partides of the
substance.
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After CT, the teachers improved in their level of explanation about

evaporation, freezing and condensation of water in terms of the levels of

représentations and the use of KMT. They could describe more completely and

correctiy the particle nature of matter and phase changes at the macroscopic, sub-

microscoplc, and even symbollc levels of représentation. Explanations moved from

the macroscopic level towards more to the sub-microscopic level when using the

KMT. The teachers aiso improved in their symbolic représentation of phase changes

as indicated in the increased use of models as CT progressed. The conceptual

relationship between the levels of représentation was aIso more apparent. Lastly,
the explanations using KMT showed the relationship among température, heat,

*  forces of attraction, and distance between particlesspeed of movement of particles. forces ui cai
. ̂ I oHHîtinn the teachers' explanations that included

are more logically connected. In addition, the teacr
^ o .orrprt and complété understanding of KMT in relation toKMT aspects showed a correct ana cor p

phase changes as follows.

a, lacased haa, causes a.apora.ion and mal.ing .o .aKe place.
P) The Ihcreas, in the movement of particles was associated with increased
heat and kinetic energy (KE).

^ .„_sed heat cause molécules in liquids to become
c) Increased KE and inc

disorganized.
_,,ces the particles to move farther apart.

d) Increased kinetic energy eau c  es is larger (or farther) comparede) The distance between particles

to that in liquids. nnolecules to move slower.
f) Decrease in température c
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g) Decrease in température and release or removal of heat are related.

h) Lower kinetic energy causes particles to mover slower.

1) Particles moved doser together after water vapor is cooled because of
decrease in température.

j) When gaseous particles (water vapor) are cooled, ttiey lose heat energy.
The open collégial and safe environment during the Collaborative Teaching
Intervention faclHtated the change In the teachers' knowledge of content about PNM.

thPir lack of understanding and confusion about theTeachers were willing to admit their

j: r/ioHor rpnuired to be taught In spécifie Grade 8concepts of Partlculate Nature of Matter requirea

lessons As a communlty of learning, teachers were able to give feedback, correct
eech orner ar,0 ai.e ir,pUs for,hoir profession,. Impro.omen, as weif .n ,his

or, thpm and theIr students were Identified and
manner, the misconceptions among th

addressed more successfully. The teachers working as a feam fachtated the
,.proven,an. of fhe .now.enpe of s.enca ooo.on. aPoo. PNM of e.a, .a.Oer of
,na proop. ™s is an i„us.ra,ionof-ho soofafaspaof of Co,,aPora.i»Teacnio.
Collaborative Toaoning empowors the toaotiers le improva Iheir Knowledge and
pracfice fbu, fadIHa.ing Ihe professional de.elopnron. cd Ibe padidpan. leaobers

•  fhP nrocess. Such Is the teacher-centeredness of
while Improving student learning m

ori oiwinn inouts to one another

CI. The teachers giving feedback, correcting a ,
.  nf collaborative Teaching. The collaborationillustrâtes the teacher-centeredness of G . ,

c fnrused on teaching of PNM conceptsamong teachers to learn and improve w The feedback
fhP Grade 8 Science students. The feedback,

and how best to effect learning among the
e  ,orP based on what the teachers

correction and suggestions for Improvement were

il
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6xp6ri©nced in th6ir r©sp6Ctiv6 class©s. This is an illustration of th© situstQd nsturs

of Collaborative Teaching.

2. The teachers' knowledge of student understanding about PNM (KSU)

improved after Collaborative Teaching.

The mean KSU score in the PCK-PNMQ of the Collaborative Teaching group

Increased by 40%, from 3.8 out of 8 In the prétest to more than 6 In the posttest. In

thIs study, the teachers with a '■Proficlenf rating of KSU used their
knowledge of students' learning difficultles, prior knowledge and misconceptions In
both planning and teaching PNM concepts. In addition, the teachers addressed the
learning difficultles and misconceptions of students that lead to correct and deeper
understanding of PNM concepts. Prior to Collaborative Teaching. the teachers did
not specify In theIr lesson plans the prior learning and misconceptions of students.

As the CT progressed, the teachers Improved theIr lesson plans to reflect
their knowledge of students' misconceptions and learning difficulties about PNM.
Pre- and post-lesson discussions became Intentlonal In surfacing students'
misconception and learning difficultles so lessons could be adjusted and Improved.
Through CT, teachers leamed to think about and anticipate stude
misconceptions and learning difficultles. The pre and post-discussions became an
avenue for them to share how students were learning or not learning the concepts.
In a collégial environment, the teachers shared theIr Ideas and suggestions about
how to address theIr students' spécifie learning dfficultles and misconceptions. They
aiso found It helpfui that they got to observe each other, gave and received feed

'V
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l l l

about how they were able to address successfully students' learning difficulties and )
/.i

misconceptions during the class. Feedback and suggestions were relevant and | i'
i ' , '

affective because they were based on what the teachers observed and/or j

experienced in a class that happened just a few hours earlier. This is another |
I

évidence that CT is situated.

3. The teachers' knowledge of teaching stratégies of PNM (KTS) shifted from

lecture-based to more student-centered stratégies.

At the beginning of the CT intervention the teachers used lecture and

reporting by students as primary teaching stratégies. A few teachers used
concept mapping to review what students know about classification of matter, The
teachers were not intentional in choosing stratégies that address spécifie
misconceptions and learning difficulties of their students. Towards the end of CT, the
teachers from the Collaborative Teaching group began shifting toward use of
models. The teachers developed a Particle Model, which consisted of circles made
from colored cartolina. Teachers used this to illustrate that matter is made up of
particles and there are spaces in between them. They aiso used this model to
explain ,he process o, supar disse,.ing in «a.er in ACi.»y Lesson 2. TPsy aiso osed
,hls modai wnen they sxpiain phss, changes in ACi.i.y Lassons 3 » 6. The
iaachens. use o, .odeis heiped s.uden.s visuaiise padides ahd .h, dis«n«
between ,hem This faoiiha.ed undars.anding o, PNM concepts and behavior o

<= The teachers aiso used higher order thinking skil s
particles during phase change . . . thP

-  mots ouestioning heiped teachers clarify to students theor MOTS question/ng HOTb quesuu y
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behavior of particles during phase changes. The KTS score of the Collaborative

Teaching group in the PCK-PNMQ increased by about 28% from 11.0 in the prétest

to 14 in the posttest (Table 4.29).

The itérative nature of GT afforded the teachers repeated opportunities to

discuss and reflect on their teaching and classroom expenences. Their reflections

included what stratégies worked and did not work well. It aiso included how to adjust

their teaching to address students' misconceptions and learning difflculties.
Collaborative Teaching fostered collaboration in the préparation and the use of

Visual and teaching aids. Their reflections, discussions and planning together led

them to corne up with creative and effective teaching stratégies and tools. The
creative stratégies and tools used by the teachers included games (e.g., "4 pics,
"one Word," and puzzles) and interactive group activitles (e.g., "Human Particle

^  modets Predict-Observe-Investigate,Activity") The teachers used artwork, moa ,

and a/«a pnaaanMona. Soma .«cders ussd c/drfa,
fo, ,ha freazino aai.i.y, codcp' "W™

music.

Research Question #2: What changes occurred in the conceptuai
understanding of PNM among students whose teachers underwent
Collaborative Teaching?

Analysis ol data Indicatas tttat Collat.or.ti,. Teaching facilitâtes change of
students' conceptuai uhderaanding of PNM Py addres.ihg students'
misconceptions, leaming ditSculti.s and limited understanding of PNM concepts.
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The classroom outputs of th6 studants are the qualitative evidence of the effect of

Collaborative Teaching on the students' understanding of PNM. These include

answers to activity sheets, responses to interviews, diagrams and drawings about

the partiale nature of matter and answers to ParNoMA. The following changes were

observed in students' conceptual understanding after Collaborative Teaching.

1. Students' view of matter changed from continuous to particle nature.

Initially, students held a Type 1 or continuous and naïve view of matter. At

least 70% of students who participated in the study showed difficulty classifying

smoke, air, heat and light as matter or not. For the students, matter is something that

they can see, touch, hold or feel. They lack knowledge and understanding of the
sub-microscopic levei of représentation to illustrate that matter is made up of

particles and there are spaces in between them. Initially, they could not use

microscopic représentation to explain why food coloring and sugar spread when
each is placed in a container of water. They could not aiso illustrate sub microscopic
représentations to explain phase changes. Majority of the students lacked
knowledge that matter is made up of particles and there are spaces between these
particles. After CT, students with a Type 1 view or continuous view of matter
underwent conceptual change shifting their view of matter from continuous to
particle nature. This shift enabled students to visualize and represent the sub-
microscopic level of phas© changes of matter.
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2. Students' conceptual understanding of phase changes of matter and the

behavior of partiales improved.

Students held misconceptions about the behavior of particles during phase

changes such as the followlng:

a. particles stop moving during freezing.

b. molécules expand during evaporation and contract during freezing.

G. melting of ice vi/ould separate it to oxygen and hydrogen atoms.

d. evaporation would separate llquid ammonia into nitrogen and tiydrogen

atoms.

e. vaporization of water would break ttie bonds between atoms.

f. when water evaporates, it would no longer exist as anything.

g. particles in solids are not moving. They aiso thought solids are compact
and have no spaces in between.

By the end et CT, students from the Collaboratl.e Teachin» gteup wer, able
te ln,pr„.e their conception o. the padide nature of matter and the behavior o,
particles during phase changes. More spedhcail,. th. students improved their

r  gpcr r-nntinue to move during freezing; thatunderstanding that particles of matter continue
•  va r,f narticles do not change during phase

particles in solids are moving; that the siz
do not break into its component

changes; that substances, e.g., water and am

atoms during evaporation and melting. In the early stages of CT, s
limited to a more narrative explanation and of what they observe.

«r dissolving in water and boiling of water, wereof their observations, e.g., sug oTeachina

limited to the macroscopic level.

.|i I «Ik
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students could aiready use sub-microscopic représentation of phase changes to

describe the partiales. Students could explain the macroscopic phenomena such as

melting, evaporation, and condensation using sub-microscopic représentations of

the partiales of water. The mean ParNoMA scores of students from the Collaborative

Teaching group increased from 5.1 out of 20 in the prétest to almost 10 out of 20 in

the posttest, or a percentage increase of more than 94%. In contrast, the mean

ParNoMA scores of students from the Conventional Teaching group increased only

by about 51 %, from 5.8 in the prétest to 8.7 in the posttest. Based on the

Department of Education NAT Mastery Level Equivalent, 103 students out of 143

students (or 72%) from the Collaborative Teaching group improved their mastery

level. Ninety-seven (97) students attained "Average Mastery" level or better. In the

prétest, only 36 students have "Average Mastery" level or better.

Research Question #3: To what extent dîd changes in teachers' PCK facilitate

student conceptual understanding of PNWI?

The PCK rating of the teachers, as assessed by PCK-PNMOR, improved

from being "Emergent" to "Proficient." The teachers' mean PCK of PNM score, as

assessed by PCK-PNMQ, increased 40% in the posttest Similarly, their students'

mean ParNoMA score increased almost 95% in the posttest.

1. Improvement of teachers' knowledge of science content enabled teachers to

address students' misconceptions and learning difficulties about PNM.

The teachers' misconceptions paralleled some of students' misconception.

These included;



(1) Water breaks down into H2and O2 during evaporation.

(2) Particles of matter stop moving during freezing.

(3) Mailing of ice will separate il to oxygen and hydrogen atoms.

(4) Phase change is a chemical change.

Improvement of teachers' PCK in terms of their knowledge of science content of

PNM (KSC) enabled them to address their own misconceptions of PNM concepts.

As a resuit, the teachers were able to address effectively students misconceptions

of students about particles of matter and their behavior during phase changes.

Improvement of teachers' PCK In terms of their knowledge of science content of

PNM (KSC) enabled them to explain phase changes and behavior of particles using

the macroscopic, sub-microscopic and symbolic levels of représentation. This

improvement enabled them to deepen the students' conceptuai understanding of

PNM concepts in the context of phase changes. As a resuit of these Improvements,

students' misconceptions about matter, phase change and behavior of partides
were correoted. Students showed improved conceptions regarding the htiiowing:

r? onH theraforo ara classifiod as mattar.
a Air and smoke hava mass and th

b The partides o. soiids are net compact but bave spaces in b.t«en them.
c. Liduid water do.s not breah down into Hsand Os during evapomtion.

,  wiotArrn into H and O atoms during meiting.
d. Soiid water or Ice does not break down into H

e Partides of matter do not stop moving during freezing.
(Phase change is not a chemicai change but a physicai change,
g Meeting water «iii hot breah the co.aient bonds between hydrogen and
oxygen.
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h. Particles of matter do net expand during evaporation and/or during melting.

(. Particles of matter do not shrink during condensation and/or during freezing.

j. Particles of matter do not stop moving In sollds. They are In constant motion

In ail states.

2. Improvement ofteachers' PCK in terms oftheir knowledge ofstudents'

misconception enabled them to adjust their pedagogy to increase student leaming.

The empirical data aiso reveal that Improvement In the teachers' knowledge

of student understanding (KSU) of PNM enabled them to Incorporate students' prior

learning, misconceptions and possible learning difficultles Into theIr lesson

préparation. This Improvement led them to anticipate and plan appropriately, thus,

ensuring that students gain deeper understanding of concepts. Specifically, the

teachers' Improved knowledge of students prIor learning, misconceptions and

possible leaming difficultles enabled tfiem to choose tfie appropriate teaching

stratégies and tools. Thus, knowing for instance that students struggle to understand

and visualize the particle nature of matter led teachers to use models such as the

Particle Model. The Particle Model helped students represent particles of matter at

the sub-microscopic level. Students were able to demonstrate the sub-microscopic

représentations of the followlng:

a. Sugar dissolving in water.

b. Food coloring dissolving In water.

c. Liquid water tuming to gaseous water (evaporation).

d. Gaseous water turning to liquid water (condensation).



e. Solid water or ice turning to liquid water (melting).

f. Liquid water turning to solid water or ice (freezing).

g. Pushing an empty plunger.

h. Pushing a plunger with water.

As a resuit, students were able to explain more correctiy the behavior of partiales of

matter during phase changes using macroscopic, sub-microscopic and symbolic

représentations.

3. Improvement of teachers' PCK in terms of their Knowledge of teaching stratégies

improved students' understanding of partiale behavior of matter during phase

changes.

The empirical data aiso indicates that improvement In the teachers'

knowledge of teaching stratégies about PNM (KTS) enabled them to choose and

employ effective stratégies and tools that could address the misconceptions and
learning difficulties of their students. Teachers adjusted the stratégies they used in
accordance to the students' level of understanding of a particular lesson. The use of

creative and interactive stratégies increased student engagement and deeper
understanding of PNM concepts. The following were the significant changes m
teachers' Knowledge of teaching stratégies which led to greater conceptuel
understanding of PNM of students.

, Shm towards usa ot modsls to illustra», axplaln and ganarata und.rstanding of
PNM concepts. Models used by teachers include:

,,, parfida Modal «fticf. consists of olrdas, ou. ou.s of colorad carfollna to



295

illustrate various phenomena, e.g., sugar orfood coloring dissolving in water.

Some of the teachers used eut outs of H-O-H to illustrate the actual water

molecule in explaining about behavior of water partiales during phase

changes.

2). Human Partiale to illustrate the spaaes in between partiales of différent

states of matter.

3). Triendship" analogy to explain and differentiate the spaaes in between

partiales during evaporation and condensation.

b. Using Higher Order Thinking Skills questioning to improve critical thinking among

students.

a. Use of interactive stratégies such as games and music to increase student

engagement.

Recommendations

1. School-based Professional Development

The résulta of the study Indicate that school-based professional development

programs, such as Collaborative Teaching, are viable compléments to conventional
ways of teacher development. Therefore. the Department of Education and the
Commission on Higher Education should highiy encourage and support it. This
professional development approach Is cheaper because teachers do it m their
respective schools or departments. It Is sustainable because once Collaborative
Teaching becomes part of the school culture, the teachers themselves do It
(teachsM««ed), basdd on moi, own sch«l>ie and ™i«anl aid^on and naads
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(situated). It is aiso sustainable because it is collégial, which leads to the formation

of communities of practice or professional leaming communities within the school

(social). For Collaborative Teaching to be truly viable and sustainable, the principal

and the rest of the school administration must support it. They should carve out

times for teachers to meet for collaboration such as those done in lesson study.

2. Collaborative Framework of Professional Development

Professional development planners can propose a framework that includes

the three éléments of Collaborative Teaching (specify here these elements in

parenthesis). They should emphasize collaboration in teaching and discourage

isolation. In this study, teachers realized that having a safe and open environment to

share expériences with one another was very helpful. Trainings and seminars should

foster teachers working together from beginning to end and not just at punctuated

times. Planners and designers can be intentional aIso in considering the realities or

context of récipients rather than adopting a "one size fits ail modality. Finally,

professional development planners must strive to empower teachers to direct their

own development and professional growth. This encourages ownership rather than

passive dependence on the higher authorities.

3. PCK-driven Professional Development

Although there are many areas that can be targeted in seminars and trainings

for teachers, a focus on the KCS. KTS and KSC is worth emphasizing. In the study,
the teachers' Knowledge about PNM and their Knowledge of students'
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misconceptions and learning difficulties enabled them to corne up with the

appropriât© stratégies to help students leam. Teacher in-service programs that

emphasize the three components can have the potentiel to impact teacher

Knowledge and practice.

4. Chemistry Topic-specific PCK-driven Collaborative Teaching

Many researches on teacher collaboration in literature such as those in

Lesson Study and PLC are on mathematics. There is a need to increase chemistry-

related lesson studies since this could increase the level of expertise of those

teaching the subject. With the introduction of the spiral curriculum m the new Kto 12

System, many non-chemistry teachers teach the chemistry portion of the curriculum.
A chemistry-focused Collaborative Teaching will equip these teachers to handie the

subject more adequately. There are many areas in chemistry that are considered
very challenging for teachers to teach and for students to learn (Johnstone. 2010).
Aside from the Particulate Nature of Matter, other topics to include are stoichiometry,
mole, chemical reactions/equations, solutions, bonding, equilibnum,
electrochemistry, and periodicity. Collaborative Teaching focused on strengthening
the PCK of teachers around these given difficult topics can increase the confidence
and capability of the non-chemistry teachers as they handie the chemistry portion of
the curriculum.

5. Increase sample size

The samples size used in the study was small {N=12). Increasing the
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number of teacher participants can increase validity and generalizability. More than

increasing statistical power, having more teachers in PCK studies mean more

students will ultimately benefit from it. Development of PCK instruments can benefit

from broader studies to improve the factor analysis, both exploratory and

confirmatory. However, Collaborative Teaching will be more challenging for a large

number of participants. For instance finding a common time to meet may become

more difficult. Managing a large group for the coordinator may aiso be taxing. Thus,

it is recommended that the Collaborative Teaching group be kept between six to ten

teachers.

6. Longer time frame

The time frame of the study was limited to six weeks due to the scheduling of topics

in the new spiral K-12 Science curriculum. The development of the teachers' PCK

may have not achieved optimum level over a short period of time. AIso, the factors

that cause the change in PCK can be studied more in depth with a longer time

frame. A longitudinal study involving PCK of in-service teachers can help track how

their PCK develops. This should be done to help scaffold professional development

efforts of beginning teachers. Perhaps a study can be designed around the
limitations encountered by this study to include a longer time frame. A longitudinal

study utilizing whole classes could be studied for at least two school years.
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Appendix A. PCK of Particulate Nature of Matter Questionnaire (PCK-PNMQ)

Instruction: Answer the following brieHy but completely. You bave 60 minutes to
complété this questionnaire.

For items 1-5, choose the best answer and give a short explanation.

1. When water at 25«C is heated and changes to a gas at 110«C, the water molécules

A.

B.

C.

D.

E.

become more organized.
move farther apart.

stop moving.
move doser together.
move more slowly.

2. When water at 24°C is cooled to 0°C and freezes, the water mol

A. become less organized.
B. move much faster.
C. stop moving.
D. break apart.
E. move much more slowly.

Th.. firqt is solid water (ice) at 0°C,
3. Consider three samples of water m three phases. ^ater
the second is liquid water at 24°C, and the third ^ ^ jj, ti,e gaseous phase,
molécules in the liquid phase the water m

A. move faster than
B. move slower than
C. move at the same speed as
D. move more randomly than
E. travel in the samc direction as

4. When water is vaporized, it is changed to

A.

B.

C.

D.

E.

hydrogen and oxygen
hydrogen oniy
gaseous water
air, hydrogen, and oxygen
oxygen only



5. A pot of water on a hot stove begins to boil rapidly. A glass lid is placed on the pot
and water droplets begin forming on the inside of the lid. What happened?

A. The lid became sweaty.
B. Steam cools and water molécules moved doser together.
C. Water from outside leaked into the pot.
D. Hydrogen and oxygen combined to form water.
E. Steam combined with the air to wet the inside of the lid.

For items 6-10, comment on the students' responses to the following questions.

6. Describe and give examples of atoms and molécules.
"Aloms are the smallest part of a matter; example proton, neutron, electron. Molecule is
the smallest part ofan atom; example solid molécules, liquid molécules, gas molécules.

" Atom is the smallest part ofan element; example liquid, solid, gas. Molecule is the
larger part of an element; example neutron, electron, proton.

1. Describe how air, water and sugar would appear through a very powerfiil magnifying
glass.

"Air will not be seen hecause it cannot he seen. Water look like very small drops. Sugar
will look like small circles. "

8. A diagram representing water molécules in the solid phase (ice) is shown below.

Which of these diagrams best shows what water would look like after it malts (changes toa liquid)? ^ ^

•#
.<4. «t..

Student I: B; Student 2: A Smdenl 3: h

9. Give a short explanation for the following three famihar events:
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A. A toy balloon becomes smaller and softer after two days.

Student I: Air is evaporating

Student 2: "Espiritu " is losl
Student 3: Air is compressed.

B. Without stirring, ink drop spreads evenly in water.

Student I: Something is pushing the ink.
Student 2: Ink atoms are lighter than water.
Student 3: There are spaces between molécules.

C. Bagoong smells.

Student I: Oder is caitsed by the fish.
Student 2: There is air in the bagoong.
Student 3: Ihere is evaporation and mixing in the air.

10. Classify whether the drawing shown in cards below represent only elements, only
compounds. or both (elements and compounds) and give a short explanation.

Mgure A.
"Elements and compounds
because some are single,
others are triple. "

Figure B.
"Elements and compounds
because some are single,
others are connected. "

11 A teacher has a Grade 8 Science class. The class consista of m«ed-ability students;
bût overdl hey can be considered as medium-ability students. Shejust fin.shedDut, overaii, tney eau jn their next class, she wili mtroduce the
covering Unit 2 about Ea P ' class where the teacher will
particulate nature of matterto stude . .tudents have not leamed anything
mtroduce the particulate natare o „ j jjjg previous lessons. Furthermore, the
formally about the ^ "^Sce hi tojkto this particular group of
teacher is not certain about a way to mtroauce mis p
students.

I, ^,nu introduce this topic? Which teaching stratégiesIfyou were the teacher, how wouldyou mtroauce y
wouldyou use to introduce this topicl
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"Sugar wili melt in the water and its element will combine with water easiiy and coior of
water will change."

"Sugar eventually becomes water."

"The sugar disappears because it will mix into water and combine in the water."
"The sugar will melt and spread evenly into the water."

"Sugar changes into liquid sugar."

"The sugar disappears because it will mix into water and combine in the water."

îfy on were the teacher, how will you go aboul ieaching the topic on melting and
dissolvingl

15. Students were asked to draw how air in a covered flask, water in a basin, and sugar
would appear through a very powerflil magnifying glass. A few students drew dots to
represent sugar. Almost ail used wavy Unes to represent air in the flask and water in a
basin.

If you were the teacher, how will you handle the class ittsuch a way that studetUs
visualize the fact that matter is tnade up of discrète particles.
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Appendix B. Teacher Interview Questions

Initruclion to Ihe interviewer: Ask the foUowing questions plainly. avoiding comments
andasking leading questions. Record the answers Verbatim. Remittd the participants to
.speak clearly and loudiyfor audio recording purposes.

Name of Teacher:

Time Started

Section Date

Time ended

1 ) How long have you been teaching?

2) What grade levais and number of years at each levai have you taught?

3) Have you been involved in any specialized teaching (i.e. as a spécial science teacher,
etc.)?

4) Have you participated in professional deveiopinent for improving your sciencel^hingrOeLtibe L of your prof.»».»! duwlop"».

5) What university ievel science courses have you taken.

6) Wh., soiunu. cou.... »» do y» M ■»>» d»») » "«l" «"""

\ 'i
,11

X  X cripnce in hieh school ciassrooms? Why?

Do^o'u feel rtho'!iVto1s tle tL you teach science in your classroon,? Why or
why not?
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^v^rPCK; ;•
Dimension

Knowledge

of Teaching
Stratégies

Àdvanccd

[] Sclecled AT
LEAST THREE

spécifie inslructional
stratégies and
activitics based on
how students leam

and what will
facilitate studcnt
undcrstanding of
Particulate Nature of
Matter concepts.

[] Used AT LEAST
THREE illustrations,
examplcs, models, or
analogies to rcprescnt
Particulate Nature of
Matter concepts to

facilitate student
leaming and
undcrstands the
strengths and
weaknesses of such
représentations and/or
activities.

fl Variedandadjusted
more than once
teaching according to
classroom situation.

[1 Questions
CONSISTENTLY
CHALLENGED
students to explain,
reason, and/or justify.

[] CONSISTENTLY
and effectively
engaged students m
open-ended questions,
discussions,
investigations, and/or
reflections.

[] Uses knowledge of
students' leaming
diffîculties in

planning and teaching
ns.

,  Profïcîçnt :

[] Sclecled TWO
spécifie inslructional
stratégies and
activitics based on

how students leam
and what will
facilitate sludcnt
undcrstanding of
Particulate Nature of
Matter concepts.

[] Used TWO
illustrations,

examplcs, models, or
analogies to represcnt
Particulate Nature of
Matter concepts to
facilitate student
leaming and
understands the
strengths and
weaknesses of such
représentations and/or
activities.

[] SUCCESSFULLY
varicd and adjusted
the teaching ONCE
according to
classroom situation.

[] Questions
SOMETIMES
CHALLENGED

students to explain,
reason, and/or justify.

[] SUCCESSFULLY
(jQgaged students in
open-ended questions,
discussions,
investigations, and/or
reflections.

[] Uses knowledge of
students' leaming
difficulties in

planning or teaching
PNM concepts but not

Emergent.

[ j Sclectcd ONE
spécifie inslmctional
stratcgy or acti\nty
based on how

students leam and
what will facilitate

student undcrstanding
of Particulate Nature

of Matter concepts.

[] Used only ONE
illustration or

example or model, or
analogy to represcnt
Particiilale Nature of
Matter concepts to
facilitate student

leaming and may not
understands the

strengths and
weaknesses of such
représentations and/or
activities.

[] ATTEMPTED to
vary and adjust the
teaching according to
classroom situation
but was not successful

(] Questions focused
on MORE THAN
ONE correct answer;

some open response
opportunities.

[] ATTEMPTED to
engage students in
open-ended questions,
discussions,
investigations, and/or
reflections but was

not successful.

(] Does NOT use
knowledge of
students' leaming
difficulties in

planning and teaching

Novice

[] DID NOT selecl
spécifie inslructional
stratégies and
activities based on

how students leam

and what will

facilitate student

undcrstanding of
Particulate Nature of

Matter concepts

|] DID NOT use
illustrations,

cxamples, models, or
analogies, to represcnt
Particulate Nature of

Matter concepts to
facilitate student

leaming and
understands the

strengths and
weaknesses of such

représentations and/or
activities.

[j DID NOT vary and
adjust teaching
according to
classroom situation.

[] Questions focused
on ONE correct

answer, typically
short answer

responses.

[] DID NOT engage
students in open-
ended questions,
discussions,
investigations, and/or
reflections.

[] Show NO
AWARENESS of

students' difficulties
about PNM.



Knowledge

of Studenls'

Underslandi

Advîihccd

[] Uses prier
knowledge in bolli
planning and teaching
PNM concepts.

[] Uses knowledge of
students'

misconceptions in
bolh planning and
teaching PNM
concepts.

[] CONSISTENTLY
and effectively
addresses all leaming
difficullics and
misconceptions of
students that lead to
correct and decper
understanding of
PNM concepts.

Profîcicnt

[] Uses knowledge of
students' prior
knowledge in
planning or teaching
PNM concepts but not
both.

[] Uses knowledge of
students'
misconceptions in
planning or teaching
PNM concepts but not
both.

[] SUCCESSFULLY
addresses some of the
leaming difficulties
and misconceptions of
students that lead to
correct and deeper
understanding of
PNM concepts.

[] Does NOT use
Itôiowlcdge of
students' prior
knowledge in
planning and teaching
PNM concepts.

[] Does NOT use
larowledge of
students'

misconceptions in
planning and teaching
PNM concepts.

[] ATEBMPTED to
address the leaming
difficulties and
misconceptions of
students for correct

and deeper
understanding of
PNM concepts.

[] Show NO
AWARENESS of

prior knowledge of
students about PNM

concepts.

n Show NO
AWARENESS of

students'

misconceptions in
about PNM concepts.

[] DID NOT
ADDRESS the

leaming difficulties
and misconceptions of
students.



Appendix D. Particulate Nature of Matter Assessment (ParNoMA)

(Used with permission from Yezierski, E. J., & Birk, J. P. (2006). Misconceptions about
the particulate nature of matter. Using animations to close the gender gap. Journal of
Chemical Education, 83, 954-960. doi:10.1021/ed083p954)

Instructions: Carefully read each question and choose the best answer.

1. A diagram representing water molécules in the solid phase (ice) is shown below.

Which of these diagrams best shows what water would look Iike after it melts (changes to
a liquid)?

/® c ̂  ®
L ̂ u

A-

Consider three samples of water in three phases. The first is sohd water (ice) at
0°C the second is liquid water at 24°C, and the third is gaseous water at 100 C.
The water molécules in the liquid phase the water molécules m the
gaseous phase.

move faster than
move slower than
move at the same speed as
move more randomly than
travel in the same direction as

Which ofthe following processes will make water molécules larger?

freezing
melting
evaporation



condensation

none of the above

A sample of liquid ammonia (NH3) is completely evaporated (changed to agas) in
a closed container as shown:

Which of the following diagrams best represents what you would "sec in the same area
of the magnifîed view of the vapor?

(i; C

When water changes from a liquid to a gas through evaporation or vaporization,
energy is required to

break the bonds between the hydrogen atoms.
form new bonds between the atoms.
break the bonds between the oxygen and hydrogen atoms in the molécules,
break the water molécules away from other water molécules,
form new bonds between the molécules.

A water molecule in the gas phase is a water molecule in the solid phase.

smaller than

lighter than
heavier than

larger than
the same weight as

When water is vaporized, it is changed to

hydrogen and oxygen
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B. hydrogen only ,
C. gaseous water
D. air, hydrogen, and oxygen fi.
E. oxygen only

i

8. A pot of water is placed on a hot stove. Small bubbles begin to appear at the ^
bottom of the pot. The bubbles rise to the surface of the water and seem to pop or
disappear. What are the bubbles made of?

A. beat

B. air

C. gaseous oxygen and hydrogen
D. gaseous water
E. none of the above

9  A pot of water on a hot stove begins to boil rapidly. A glass lid is placed on the
pot and water droplets begin forming on the inside of the lid. What happened?

A. The lid became sweaty.

B  Steam cools and water molécules moved doser together.
Q  Water ffom outside leaked into the pot.
D  Hydrogen and oxygen combined to form water.
E  Steam combined with the air to wet the inside of the lid.

10 Consider three samples of water in three phases. The first is solid water (ice) at
?C tesec^d is liquid water at 24°C, and the third is gaseous water at 100°C.
The water molécules in the Hguid phase the water molécules m the
solid phase.

A. move faster than

B. move slower than

C. move at the same speed as
D. move less randomly than
E. travel in the same direction as

11 A wet dinner plate is left on the counter after it has been washed^^er awhile it
is dry. What happened to the water that didn t drip onto t e cou

A  It changes to carbon dioxide.
B  It just dries up and no longer exists as anything.
Q  It goes into the air as molécules of water.
D  It goes into the plate. .

It changes to oxygen and hydrogen m the ai .E



12. Which of the following processes does NOT require beat energy?

A. evaporating water
B. melting ice
C. boiling water
D. vaporizing water
E. condensing water

13 When water molécules in the gas phase are heated, the molécules themselves

A. expand.
B. move faster.

C. become less massive.
D. change to a liquid.
E. release air.

14. Which of the following processes will make molécules smaller?

A. ffeezing
B. melting
C. evaporation
D. condensation

E. none of the above

JU J „„„^omavbeformedfrom liquid water through the process15. Oxygen and hydrogen gases may D

A. vaporization.
B. evaporation.
C. décomposition.
D. freezing.
E. boiling.

16. A diagram representing carbon dioxide molécules m the solid phase, also known
as dry ice, is shown below.

Which of these molecular diagrams best shows what dry ice would look like after it melts
(changes to a liquid)?
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A.

A.

B.

C.

D.

E.

B. D. E.

17. When water at 25°C is heated and changes to a gas at 110°C, the water molécules

become more organized.
move farther apart.
stop moving.
move doser together.
move more slowly.

18. Which of the following processes requires heat energy?

A.

B.

C.

D.

E.

condensation

freezing
evaporation
cooling
none of the above

19.

A.

B.

C.

D.

E.

A water molecule in the liquid phase is
phase.

smaller than

lighter than
heavier than

larger than
the same weight as

a water molecule in the solid

20.

A.

B.

C.

D

E.

When water at 24''C is cooled to 0°C and freezes, the water molécules

become less organized.
move much faster.
stop moving.
break apart.
move much more slowly.
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Appendix E, Pre-Lesson Reflection Guide

NAME: LESSON TO TEACH:
TIME STARTED: TIME ENDED; ^DATE:

1. What will be the main ideas or concepts of this class session or lesson?

2. What specifically do you intend your students to leam aboutthese main ideas or
concepts?

3. Describe how you will teach these main ideas or concepts, and explain why you chose
to use these stratégies.

4. Why is it important for students to know the aforementioned main ideas or concepts
taught during this class session?

5. What do you anticipate will be some difficulties and/or limitations connected with
teaching these ideas or concepts?

6. What knowledge about students' thinking and/or leaming influences how you teach the
main ideas or concepts?

7 How will you assess students' understanding of, or confusion about the ideas or
concepts you will cover?
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Appendix F. Focus Group Discussion Question for Teachers

Instruction ta thefacilitator: Ask the following questions plainfy, avoiding comments and
asking leading questions. Record the answers Verbatim. Remind the participants to speak
clearly and loudlyfor audio/video recording purposes.

1. What aspects of collaboration were you most happy about and why?

2. What aspects were challenging and why?

3. Which part of the lesson (Activity 1-6), were you most satisfied?

4. Which parts would you do differently next time?

5. What misconceptions about PNM did you identify?

6. What werethe students'hdifïiculties with the lesson on Particulate Nature of Matter?

7. What aspects of Collaborative Teaching/Lesson Study will be of value to you?

8. How do you think Collaborative Teaching/Lesson Study help improve your PCK?
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Appendix G. Teacher Post Lesson Interview

Instruction ta the interviewer: Ask the following questionsplainfy, avoiding comments
andasking leading questions. Record the answers Verbatim. Remind the participants to
speak clearly and loudly for audio recording purposes.

Name of Teacher: Section Date
Time Started Time ended
1. Which part of the lesson were you most satisfîed?

2. Which parts would you do differently next time?

3. What misconceptions about PNM did you identify?

4. What were the students' difficulties with the lesson on Particulate Nature of Matter?

5. How would you assess and describe your ability to ask good questions during the
class? Were you satisfîed with the way you responded to the questions?

6. Were you satisfîed with the questions of your students?

7.1 have selected some parts of the lesson I found particularly interesting. I want us to
watch them together and ask you some questions about them.

8. Let's watch this part (interviewer asks questions starting m one of the following
catégories based on the reason for selecting the spécifie interesting instance).

a What were you thinking when this was occurring? Tell me more about what was
when you changed your plan? Tell me about

? What do you think was the student thinking? Why do you think the student teving
difficulty at that point? What knowledge about students djd you u^ to
décisions^ In what ways, did students influence your teaching décisions today^
d Tell ™ ̂  II». (wl.liu»log,«i.ity/)» Why «
did this teaching strategy help you achieve your overall goa s.
teach it that way? intpnHed? Whv do you think that is so? How
e. Did the activities achieve the purpose you intended. y y
did your curriculum materials support or hinder you m ""P'eto g y ^
f wL do y», ddnk »,d«,.e go, ou. of .h, lee» « W
how you found out about student learning. Why did you deciae
idea come ffom? How do you think it worked?
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Appendix H. Student Post Lesson Interview

Instruction ta the interviewer: Ask the following questions plainly, avoiding comments
andasking leading questions. Record the œiswers Verbatim. Remind the participants to
speak clearly and loudlyfor audio recording purposes.

Name (s) of Student: Section Date
Time Started Time ended

1. What did you like about the class today?

2. What did you learn about (topic/concept covered during the day
of interview)?

3. How would you describe the interaction between students and the teacher?

4. Were you motivated to ask questions?

5. Which part of the lesson was not so clear to you at first or you had difficulty
understanding?

6. Did these things become clearer by the end of the class?



Appendix I. Post Lesson Discussion Guide

LESSON:
TAUGHT BY:_
REVISED BY:

DATE TAUGHT: _
' DATE REVISED:

1 What were the strengths of the way the lesson was taught particularly instructional
stratégies, teacher questioning, addressing student misconceptions and over-all teacher-
student interaction?

2. What revisions will you recommend?

3. What additions will you suggest?

4 What adjustments should be made for the next implementation w;th
improving instractional stratégies, teacher quest.on.ng, addressing student
misconceptions and over-all teacher-student interaction.

W



346

Appendix J. Collaborative Teaching Schedule

Schcdulu

Oclober

Oclobcr

Oclober

Oclober

Oclober

10

Nov

Cycle 1 Cycle 2 Cycles Cvcle 4 Cycle 5 Cycle 6

Plan lire unit goals witli Uie teaciiers and décidé
(Sce Appendix 8) (Oclober 7 )

Uie six research lessons lopics

Teacher A

préparés

Lesson Plan

l

(Ocl 10-11)

Teacher A

présents
Lesson pian
1 to Uie

group for
critiquing,
questions,
feedback and
suggestions
(Oct 12)

Revision 1:

Teacher A

revises

Lesson plan
1 according

to Ihe
suggestions
from the

group
discussion

(Oct 12)

Implementati
on 1:
Teacher A
implemenls

the revised
Lesson plan
1 while

Teachers B,

C, D, E, F
observe.

(Ocl 21 AM)

Teacher C

préparés

Lesson Plan

2

(Oct 10-11)

Teacher C

présents
Lesson plan
2 to tlie

group for
critiquing,
questions,
feedback and
suggestions

(Oct 12)

Revision l:
Teacher C
revises

Lesson plan
2 according

to the
suggestions
from tlie

group
discussion

(Oct 12)

Implementati
on 1:

Teacher C
implemenls

the revised
Lesson plan
2 while
Teachers A

6, D, E, F
observe.

(Ocl 23 AM)

Teacher E
préparés

Lesson Plan

3

(Ocl 10-11)

Teacher E
présents
Lesson plan

3 to tlie

group for
critiquing,
questions,
feedback and
suggestions
(Ocl 12)

ReNdsion 1:
Teacher E
revises

Lesson plan
3 according

to llie
suggestions
from the
group
discussion

(Oct 12)

Implementati
on L

Teacher E
implemenls
tlie revised
Lesson plan
3 while
Teachers A,

B, C, D, F
observe.

(Nov 3 AM)

Post

and smdcminicrvicw

Teacher B

préparés

Lesson Plan

4

(Oct 10-11)

Teacher B

présents
Lesson plan

410 tlie

group for
critiquing,
questions,
feedback and
suggestions
(Oct 13)

Revision 1:
Teacher B
revises

Lesson plan
4 according

to the
suggestions
from llie

group
discussion

(Oct 13)

Implementati
on 1:
Teacher B
implemenls

tlie revised
Lesson pian
4 while

Teachers A

C, D, E, F
observe.

(Nov9 AM)

Teacher D

préparés

Lesson Plan

5

(Oct 10-11)

Teacher D

présents
Lesson plan

5 to tlie

group for
critiquing,
questions,
feedback and
suggestions
(Ocl 13)

Revision 1:

Teacher D

revises

Lesson plan

5 according

to tlie
suggestions
from llie

group
discussion

(Oct 13)

Implementati
on L
Teacher D
implemenls
tlie revised
Lesson plan

5 wliile
Teachers A.

B. C- E, F
observe.

(Nov 11
AM)

Teacher F

préparés

Lesson Plan

6

(Oct 10-11)

Teacher F

présents

Lesson plan
6 to tlie

group for
critiquing,
questions,
feedback and

suggestions
(Oct 13)

Revision 1:

Teacher F

revises

Lesson plan
6 according
to the

suggestions
from Ihe

group

discussion

(Oct 13)

Implementati
on 1:

Teacher F

implemenls

die revised
Lesson plan

6 while
Teachers A

B, C, D,E
observe.

(Nov 16
AM)

I
II
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Schcdulc

Oclober

lo

Nov

October

to

Nov

October

to

Nov

Cvclc 1

Post-

implementati
on Reflection

1 &

discussion:

Teachers B,

C, D, E, F
give
feedback

about tlie

Lesson 1

implementali
on; group

furthcr

reflecl and

discuss how

Ihc lesson

can be
improvcd.
(Cet 21 PM)

Revision 2:

Teacher B

will revise

the Lesson

plan 1
according to

the input
from tlie

group.

Implementali
on 2:

Teacher B

implements

the improved
Lesson plan

1 toher

section while

Teachers A,

C D, E, F
observe.

(Oct 22 AM)

Cvclc 2

Posl-

implcmentati
on Reflection

1 &

discussion:

Teachers A,

B, D, E, F
give
feedback

about tlie

Lesson 2
implementati
on; group

furtlier

reflect and

discuss how

tlie lesson

can be

improved.
(Oct 23 PM)

Revision 2:

Teacher D

will revise
the Lesson

plan 2
according to

tlie input
from the

group.

Implementati
on 2:

Teacher D

implements

tlie improved
Lesson plan

2 to her
section wliile
Teachers A,

BC, E,F
observe.

(Nov 2 AM)

Cvcle 3

Post-

iiiiplementati
on Reflection

1 &

discussion:

Teachers A

B, C, D, F
give
feedback

about tlic

Lesson 3
implementati
on; group

furtlier

reflect and

discuss how

the lesson

canbc
improved.
(Nov 3 PM)

Revision 2:

Teacher F

will revise
tlie Lesson

plan 3
according to

tJic input
from llic

group.

Implementati
on 2:
Teacher F
implements

tlie improved
Lesson plan

3 to her
section while
Teachers A
B C, D, E

observe.

(Nov4 AM)

Cycle 4

Post-

implementati
on Reflection

1&

discussion:

Teachers A

C, D, E, F
give
feedback

about the

Lesson 4
implementati
on; group

furtlier

reflect and

discuss how

llie lesson

canbe

improved.
(Nov 9 PM)

Revision 2:

Teacher A

will revise
the Lesson

plan 4
according to

the input
from Ûie
group.

Implementati
on 2:

Teacher A

implements

the improved
Lesson plan
4 to her
section while
Teachers A

BC, D,E
observe.

(Nov 10
AM)

Cvclc 5

Post-

implementati
on Reflection

i&

discussion:

Teachers A

B, C, E, F
give
feedback

about the

Lesson 5

implementati
on; group

further

reflecl and

discuss how

the lesson

can be

improved.
(Nov 11 PM)

Revision 2:

Teacher C

will revise
the Lesson

plan 5
according to

the input
from the

group.

Implementati Implementati

on 2: on 2:

Teacher C Teacher E

implements implements

the improved the improved

Lesson plan Lesson plan

5 to her 6 to her

section while section while

Teachers A Teachers A

B C, D, E B C, D, E

observe. obsen'e.

(Nov 12 (Nov 17

AM) AM)

rrrr

> - -AS; >• A «• - •5

Posl-

implementati
on Reflection

1&

discussion:

Teachers A,

B, C, D, E

give
feedback

about tlie

Lesson 6

implementati
on; group

furtlier

reflecl and

discuss how

the lesson

canbe

improved.
(Nov 16 PM)

Revision 2:

Teacher E

will revise

the Lesson

plan 6
according to
tlie input
from llie

group.

Post-lesson teacher interview and student interview



Schcduic : Cvclc .1 Cvclc 2 Cycles Cyclc4 Cycles Cycle 6

October

Posi-

implementali
on reflection

2 : tlie group
rcflects and

discusses

how Lesson

1 canbe

improved
fuiiher.
Group
fînalizes the

lesson.

(Ocl 22 PM)

Posi-

implemenlali
on reflection

2: the group
reflects and

discusses

how Lesson

2 can be

improved
further.

Group
finalizcs tlie

lesson

(Nov 2 PM)

Posi-

implenicntati
on reflection

2: tlie group
reflects and

discusses

hoiv Lesson

3 can bc

improved
fuiflier.

Croup
finalizes tlie

lesson

(Nov 4 PM)

Posi-

implementati
on reflection

2; llie group
reflects and

discusses

how Lesson

4 canbe

improved
furtlier.

Group
fînalizes tlie

lesson

(Nov 10 PM)

Post-

implemenlati
on reflection

2: tlic group
reflects and

discusses

how Lesson

5 canbe

improved
further.

Group

finalizes the

lesson

(Nov 12
AM)

Post-

implemcntati
on reflection

2: tlie group
reflects and

discusses

how Lesson

6 canbe

improved
furtlier.

Group
finalizes tlie

lesson

(Nov 17
AM)

Focus Group Discussion I
(Nov 5 AM)

Focus Group Discussion 2
(Nov 18 AM)

■'Xt,
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Appendix K. UNIT 3 MODULE I (CHEMISTRY)

Activity 1: Which is matter, which is not?

Objectives:

After performing this activity, you should be able to:

1. Describe common properties of matter;
2. Distinguish properties of matter ffom those of non-matter; and
3. Demonstrate the skill of measuring mass.

Materials Needed:

1 teaspoon sugar in a plastic cup or small beaker
V2 cup tapwater
1 piece, stone or small rock
1 piece, bail (basketball, volleyball, or small beach bail)
3 pièces of leaves (ffom any plant ortree)
5 small wide-mouthed bottles or cups or 150-mL or 200-mL beakers
1 platform balance or weighing scale
1 small air pump

Procédure:

Among the materials displayed in front ofyou, which do you think is classifled as
matter? Put a check (û) under the appropriate coIuim in Table 1. You may make a table
similar to the one below. With your group mates, discuss the reason to explain your
answer for each sample. Write your answer in the last column.

Table 1. Identifying which is matter

Sample

Is the sample
matter?

Reason for your answer

Yes No
Not

sure

sugar granules
s  SI

water

stone

air inside bail

leaves

smoke

leat

light
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If your group cannot agree on a common answer, you may put a check mark under "net
sure" and write ail the reasons given by the members of your group.

Q1 What similarities do you observe among the firstfive given samples? Write these
common characteristics.

Q2 Does each sample bave a measurable mass? Prove your answer by demonstrating
how you measure the mass of each sample. Record the mass you got for each sample.

Q3 Do you think that each sample occupies space? Write the reason(s) for your answer.

Q4. How about smoke? Does it have mass? Does it occupy space? Explain your answer.

Q5. Do you think that beat and light have mass? Do they occupy space? Explain your
answer.

Activity 2: What is marter made of?

Objectives:

After performing this activity, you should be able to:

1  Infer from given situations or observable events what matter is made of; and
2. SplainTow these observed situations or events g.ve evdence that matter .s made up
of tiny partiales.

Materials Needed:

'/4 cup refined sugar
1 cup distilled or clean tap water
i piece, lOO-mLgraduatedcylinder

;  or™.», 250.^ t....
food coloring (blue, green, orred)
1 dropper

1 stirrer(plastic cofFee stirrer or stirring rod)

Procédure; . cvlinder pour sugar until the 20 mL mark of the
Using a dean and dry graduated cyhnae , p
graduated cylinder.

•  . a ?50-mL beaker or transparent bottle.Transferthemeasuredsugar.ntoa250
,  .an water using graduated cyhnder.
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Add the 50 mL water to the sugar and mix thoroughiy until ail the sugar dissolves. Taste
the resulting solution. (CAUTION: Do not taste anything in the laboratoiy unless
specifically told to do so by your teacher)

Q1. What is the taste of the resulting mixture?

Q2. Think about sugar and water as made up of tiny particles. With your groupmates,
discuss and give your reason(s) for the observations you made in Ql. You may draw
illustrations to further explain your reason(s).

Transfer the sugar mixture into a graduated cylinder.

Q3. What is the volume of the sugar and water mixture?

Q4. Is the volume of the resulting sugar mixture equal, more than or less than [sEpithe sum
(20 mL sugar + 50 mL water) of the volumes of the unmixed sugar [sEpjand water?

Q5. Think about sugar and water as made up of tiny particles. With your groupmates,
discuss and give your reason(s) for the observations you made in Q3. You may draw
illustrations to further explain your reason(s).

Pour one cup of tap water into a transparent glass bottle.

Add one small drop of food coloring slowly along the side of the transparent bottle.

Q6. Describe what you observe after adding the food coloring.

Set aside the bottle with food coloring in a locker or corner of your room without
disturbing the setup. Describe the appearance of the contents of the bottle aller one day.
Compare it with the appearance when you left the bottle the previous day.

Q7. What happens to the food coloring dropped in the bottle containing isEpjwater? Write
ail your observations in your notebook.

Q8. Think about food coloring and water as made up of particles. With your
groupmates, discuss and give your reason(s) for the observations you made in Q6. You
may draw illustrations to further explain your reason(s).

Activity 3: Are the particles of matter moving? What is between them?

Objectives:

After performing this activity, you should be able to:
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1. Infer from observations that particles of matter move; and
2. Represent through a drawing/illustration what is between particles of matter.

Materials Needed:

2 cups tap water
1 piece, 30 mL plastic syringe (without the needle)
1 piece, wide-mouthed transparent bottle (200 or 250 mL capacity)
1 piece, narrow-mouthed transparent bottle (100 mL capacity)
1 plastic or glass dinner plate
cup rock sait (not iodized sait) or Vi cup sand

food coloring (blue, green, or red)

Procédure:

Pull the plunger of the syringe until it reaches the 30 mL mark of the syringe.

Press your thumb on the tip of the plunger and use your other thumb to push the plunger
once.

Q1 Can you push the plunger all the way through the syringe while your thumb presses
on the tip of the plunger? Why or why not?

Q2. What do you feel as you push the plunger?

This time Dush the plunger of the syringe all the way to the end of the syringe. Sucktime, pus p & , 30-mL level of the syringe. Cover tightly the tip
water from the cup or container up to me :>
of the syringe with your thumb.

Q3. What do you feel as you push the plunger?

Q4. Compare what you felt when you pushed the plunger with the air and with the
water?

Q5. Explain what you observe. You may repres^
illustration of the synnge and the particles of air and anoi
and the particles of water.

Pour Vz cup of tap water into one transparent glass bottles.

Pour the H cup of tap water in step #4 into another bottle or beaker. Observe carefiilly the
flow of water.

06. Did water take the shape of the container?
This time, pour the water just on the flat surface of a dinner plate.
Q7 What do you observe? Write all your observations.
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Examine a single piece of bottle cap. Put it inside the bottle. Observe carefully what
happens as you transfer it by tilting the bottle into the dinner plate.

Q8. What do you observe? Write ail your observations.

Pour Vz cup of rock sait or sand into the narrow-mouthed bottle. Observe carefully what
happens to rock sait as you pour it into the bottle and when ail of it bas been transferred.

Q9. Did rock sait or sand take the shape of the bottle? Did the particles of rock sait
change in shape?

Activity 4: What changes take place when water is left in an open container? In a
closed container?

Objectives: After performing this activity, you should be able to:

1 Describe what happens to water when it is left in an open container for some time;

2. Represent through drawings/illustrations what happens to the particles of water when it
is lefl in an open container;

3. Describe what happens to water when it is left in a closed container for some time; and

4. Explain the processes taking place at the sub-microscopic level.

Materiais Needed:

l pSwSglass or 2 pièces, shallow transparent plastic container with covers (used
for condiments)
1 piece, 1 teaspoon or ̂2 measuring tablespoon

Procédure:

,/ t,Ki«nnon of tao water into the watch glass. This is container No. 1.

cLïSÏ rîïSS" fïï" - "•
container No. 1 and set it aside.

1/ +ahiAcnnnn of tap water into the second watch glass. This isPour 1 teaspoon or tablespoon oi wp
container No. 2. Do not cover container o.

Put container No. 2 beside container No. 1 in an area of your laboraton^ or room where

Durin^your nS s^e^f class, discuss with your groupmates the following questions
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and Write your answers in your notebook.

Q1. Describe what happened to the water m container No. 1.

Q2. Describe what happened to the water in container No. 2. Compare the volume of
water left in container Nos. 1 and 2.

Ai A th(- water eo"? Describe this process by writing your

de^cri^'on ofSng an illustration. Label the parts of your drawing. You can use "call
outs" in your drawing.

Q4, Would anything happen differently if you heated container No. 2? Explam your
answer.

I. niiire when water is heated or cooled?Activity 5: What changes take place wnen wa

Objectives:

After performing this activity, you should be able to:
■ —

what happens to the particles of water when it
2. Describe

3. Represent through drawings/illustrations
is heated and then cooled; and

4. Explain the processes
taking place at the sub-microscopic level.

Materials Needed:

100 mL tap water (or Vi or 250 mL
I piece, beaker or Erlenmeyer flask, 2uu
1 piece, small watch glass

! Ê 2e gauze (without the asbestos)
1 piece, alcohol lamp
safety matches
1 marker pen (any color)

Procédure:

Part A. Roiling Water

Pour '/2 cup or 100 mL of water intothe beaker and mark the level of water outside the
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beaker.

Put the beaker with water on top of the tnpod as shown m Figure 5.

Let the water boil using the alcohol lamp. Observe carefùlly what is happening to the
water when it is aiready boiling.

Ql. Describe what y°" "Jse^®

Add to your skit or cartoon or illustration your answers to Q2 to Q5.
Q2. What do you think is inside the bubbles that forni when the water boils? Where did
they come from?

U  hniline for more than 10 minutes, what do you think will
03 ifyoukeep the water boiling 10 whuV
rSappen to the amount of water m the beaker? Why?
Q4 Where did the water go?

Qi ou, y» «W" "y "" "
happening to the particles of water.

ninre when ice turns into liquid water?Activity 6: What changes take place when

Objectives;

Ane, puiSming Ibo aotivItV. y»,

, R.p„«through """"""""
tums to liquid; and

2 ExpWP .h. p,o««, -yi® P""

Materials Needed:

2 pièces, ice cubes
1 piece, watch glass or saucer

P^rontïL of ice cube on a watch glass or small saucer.
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Observe what happens to the ice cube after 2 minutes.

You may do any of the following: write a description or draw a cartoon or[sEPjiIlustration
to show how the particles of water behave as ice changes to a liquid.

Q1 Explain what is happening to the particles of water in ice as it tums to liquid using
the particle model of matter.

Q2 Explain what will happen to the liquid on the watch glass or saucer if it is
transferred into a small container and left inside the freezer afler a few hours or
ovemight?



Appendix L. Teacher Portfolio

357

A B C D E F G H I J K L

Pre-Teacher Observation
(PCK-PNMOR)

Teacher Interview
Questionnaire (TIQ)

Prétest PCK-PNMQ

Prétest of Students

ParNoMa

Lesson Plan of Activity
Lesson to be observed 1

Improved Lesson Plan
before teaching 1

n/a n/a n/a n/a n/a n/a

Pre Lesson Reflection
Guide I (PLRG)

n/a n/a n/a n/a n/a n/a

PCK-PNM Obs Rubric 1
n/a n/a n/a n/a n/a n/a

Teacher PL Interview 1
n/à n/a n/a n/a n/a n/a

Student PL Interview 1
n/a n/a n/a n/a n/a n/a

Le^on Plian of Acti^ty
Lesson tobe obëOrvied 2

n/a n/a n/a n/a n/a n/a

Improved Lesson Plan
before teaçhing 2

n/a n/a n/a n/a n/a n/a

Pre Lesson Refle^on

Guide2(JTJRG)l

n/a n/a n/a n/a n/a n/a

PCK-PNM Obs Rubric 2

Teacher PL Interview i

Students PL Interview 2

Pbst PCK-PNMQ

Posttest of Stud ParNoMa

fgdi
n/a n/a n/a n/a n/a n/a

FGD2
n/a n/a n/a n/a n/a n/a

Fîpld Notes

Video
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Appendix M. Improvement of Lesson Plan for Learning Activity 1

Before pre-Iesson discussion: Absence of anticipating studenls' misconceptions

MAKcr

aui .v L£SS>0\ LOC
t A»» ^

Cnedff J ^.intésaf
^ B*i^iiaSer kowirsa*»# % "WIS
ft-S«edbSz^ Ser-embtr tflt. 26l$

t-NijgfcE#3Jx Pwfot&çr % 3015
IK-VKaaires* ^irrrœÈw* 9,2015

l. (XARNïNCOSJÎICriVES ^ _
Gi'^'cn tii< Txcsssszy csa&snsls. 75 ^ fi3*is2C& 06 ssslt te.

{ tfistî.-îgs;»h pmçestKs of fssaser fifom tîwsc of iacr:-<a5ncr
2 <irT»o*V6?«^ thc of tnaaKwmog oses»
3 âcliv«Jy pamcîpûK ta lfc<
SI.TOPIC: M4acr «ad Nc»-<wK*!r
(S{ RPFFRFNrE.<ï.'
î Te»cbc£*a0«î4s
2 Olber Rcfcrewo: Ifilerart wcfeïtes
1  ̂aj Tccfeso^ofiy s 0* Gwow Z^.W. «s irf
i PrwlWtf ScMMî»Cceceï!te»^StiS»f>«fct0vfcv^ ft Ofc.=im«ï>-
maiiun^di*
LCaRNEKS^ MAtfôtIAL U$ÊO
Ttatbooi ̂ U«««f*• ï'*
îV. MAti;Rt^l^
5  ««teîkks
?  In#p<*kioei^or

I pcoee, «one or Kisftît

1 pjoge. tooîJ »©îk?b«î'w ̂  bowefc bofti
3pi«*:sofî««vo<fFom.irr/p^«0S^^* ,
S S*rafi W'«)b-«ïeînw îso?ïks er cap^ * î 50^- «» IOÛ-«ï. îsaicn
I ipUsfocm kdaaoe or• woCj^ng
Iv.srnuTeOBES

A. cti3Ëia^f» Pr^smiott
t. Prttï«r

5. CabosStiec <rf aî« OSM-S»» ̂

w^i fïky
AAorv^afsl*. MiÉsSe&m eofs^pts» tào otusceor ««**

C. Activisy Propor
wfB pteênm ÂeuMtjt ̂

^kborsE^ ra d«r«p£ek»OB»
l'ilRïtCKJD't' SUE

»  inev><ïfv wtwtfww Wkmagliewilï^air^r^jif^v e?v pe«î«ss»eu ■•se--. Il : n • sm
tecavd {kf «Èitt WWi® Iko dNpkJ «Éte or Maww

3 IderrdiV die iKoptei h«^ i>o9«NM by cbesà i <^1 «r cXi
i. by wewMgve^aowaoes^vsiiidiwîBrdkriimemSweiewemi.

ftr ̂  gocg tameuMiPag
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DATA COiJ.ECTICKS

SdssaçiSc F'gcycrt*&» of irtiorFtmi Is dhe

sarapte
ËwylAffJifiqo

Hsa Sésss

cor X>

Ha»

VoiOBBC

<Y«-

Soi, ar

tLesesoa &t y^teir

t

l  prwns£ic% j

'.r/la&ç3Sc j C^orX) | NcsSaxe) j
tibc CTtgtT' '< !

I  ffj l
\  î

t

Z "arsfficr

> SSX5C

4

5 icKvcs

6 ks&
4- r.

7

1 I

ANASLVm

l'ftag 'f-< 'ftwi

1 Does «adb osBipêe a
ms^i^ctbdhsm^k:

We^dîwôCTaâa^ S3w^lWB«OTS^?Doa^oc«B^l^p5a^

5.Eh»yae

7  ̂ naaafeBT.

fe-

Vefejes-



After pre-lesson discussion: Added application 011 Pollution to address 
Students' difficulty classifying smoke and air as matter. 

L LBARNTNG 06lE'CTIV8S 
GiYUl di(. ee:r� � 75 &: of l'h?i t:ax:f� � � � t1iJ: 

l. � � of maua- � � c,f �
:Z.. prow tlw pr� of� fmm � c4 � 
3.�D=rti�ein th:�� TOMC: V..ma£-'JdN�

m. REBERENCRS: 
1. r�·s Gui.de � i
2.. Odla-� Inlanct "'� 
J. Sd� � Tedmo!crgy ! by �ZJ;i;,. a
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,, \. 1 

., 

-4. � Sciengc; Ola� cid Slifb Ch,:dc: B � 1:-n:��· ltT• � d..d. 6-. 6. OCSS �
$� 

1.BARNPS' MAT'ERIAL USB.0 
T� 1 �•1 �
IV. MA.nm.MZ.S
Am,jo V" a:uaJ �=ion
Pdl:ltcd��·

112 

I �jl(!Off�i:lapb:fflccup«�
� <:Up capwa��
l��arsmlJroclt
Fb.shliafu 

·� ea41o
(: . I pi«c. btlJ � ,<0Il:)1'1d!. or sm2B � 
fu\· 3 � ofka"w (fitun my plsl o:r �) 
�\.S���bouk:s« «lSO--tc1at�� 
f: �· 1 � � « �� 
·\'' IV. STRATS6JES·' ,. A.. Quaoom Roo:dAd� 

1.� 
2. <.hcli;,;g tff ��
J. �ofts • bylheG,oapk=ader

aaecuJJ 
� \f,'flf � •«-h:!! � .� • � e.r:� wz;ad) @oUI. 

c. Gr,:,, p P'rc,sm-fa'{ioo
The �cm ta adl group will �a1 tht:dr petfo.w;::oe � 1"hib cze,:i ip� ttm A"!iptesres 

DA.TA COUBCfiON 
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^r
\be maM

3. «OGC

4. air iatide bail j

5. toov»

6.be«(

1 T.tisttf
!•

ANALVSIS

,. X , „„n.i- »«M0» the ta fi*« cppta ssBptef? Wrt» fte» o«an>wï
I. WTïtidmiIariticidoyoe<A8enreflSEaao6mcBronTT|9»«.-«^
dursctentfka^

J. Do« «ch

esKbiaai^.

y.t)Qywt^sèt^^^^

4^ Do you Ûd:^ ̂  ^
5.Bascd

ClKiERAUZATI^

6.

A?PUCATîO^'î

) for yotor cnsmar.

■? c.

»«fii«aer?

Ak" U*

6v RidM
N«f*«SefrMC

J-12-5

'..ifiJXlg m toc tnff^ ̂ wfeefegL bBodgeda of fodoricA «ad

Ind k» tbsl CBofcs » ooe of foe
isnraeer of i^dhaldâ !
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Before pre-lesson discussion; Implementation 2: Addcd plan to ..niock possible
difTiculties of stiidents; use of an activily for classification of matter

ItSSC^f toc «a. w

'

T  o.' ^
r^sttC

If lOPsC
U»7W' «otwrjî»

:?)

fcéi/net'» Oii»4r Gw"» » •
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fv.

s*,» «w» «W»*
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•dhçct cî *»«>«"«*
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•. ActiiiAy

#. Pr« jeîiw®^

. KTiïùeùwN»
•  proocdwwsro^***

^ f»o4i ACSNtr* ,. „

fijium

P€ 17Î?

V!«U
c.MBrMcnoN ..^...

m. mwt «rf «f ebï«'* •

* M(n« eccifiw»» »*«• **• ■"'
i ^ «MO •* c-i»*»?

cr»*'4ctrf%si»
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a»c ma» ci «*:?» tarait Acco-< :w

naïuL fCK^ gce tof «:*<•>?'*
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«  rte* ^owî w***? >» 'v *>•* «v«a&? 0o«3 «

oesapv ssace? U^jt r»- as**®'
t. o® *ow SSé^ ««C

Ûvv CCCOOV Ik^UiA >AM«

l.<aes«ïitBiûett.
Scjfîe jhê ptjsertjç. c?

f.t^f/k-gskm

Mft «aâ Q»i«<^r
ev KtfU«< Cai^so, 1^0

Î-WS
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After pre-lesson_disçussion; Implementation 2: planned to use H^OT^questions or
clarifying questions during discussion; clarify the ternis, volume and mass

tcana Oemùsljet^t

I 0[tj>iiîTinii
■jHnîn Ihs iwifiiiiiiT|i 794* Boiatfdsass etaiO
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Appendix N.
Students

Particulate Nature of Matter Assessment (ParNOMA) scores of

Conventional Teaching
Group

Collaborative Teaching
Group

PosttestPrétestStudentPosttestPrétestStudent
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126 4 15

127 1 12

128 1 10

129 4 11

130 5 11

131 4 9

132 2 13

133 5 9

134 9 12

135 5 12

136 3 12

137 3 10

138 4 10

139 1 8

? 7




