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Fostering Thai ninth grade students’ higher order thinking
through urban ecosystem learning module
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To comply with the government science education reform policy and the
standards for professional development, science teachers are expected to
emphasize constructivist learning and higher order thinking skills in their
instructions. Adopting constructivist learning theory and using Bloom’s
taxonomy as an initial framework, this paper presents a learning module
on urban ecosystem to promote Thai ninth grade secondary student’s
higher order thinking. In this module, students in a group of four were
asked to choose tools for exploration and investigation of one of four
different areas adopted by their schools. Students were free to record what
they saw and then shared and discussed these data in class. The discussion
was based on the scenario of urban environment changes. Findings from
students documents, interviews and observation indicated that the
students had acquired basic systems thinking; they were able articulate
similarities and differences between the different biological
environments. They understood which factors are crucial in an ecosystem
and how they work, in particular how they impact each other
guantitatively. However, it remained problematic for most of them to
choose tools and record data by themselves.

Key Words:  active learning, ecosystem, higher order thinking,
scenario-based learning

Introduction

Abstract no. 008

Reg. no. 032Science education reforms worldwide are derived from the constructivist
views of teaching and learning. To comply with these reforms and the standards for
professional development (National Research Council [NRC], 1996; National Science
Teachers Association [NSTA], 2003), science teachers are expected to change the teaching
strategies from conventional textbook-based rote learning to inquiry-based learning
situated in real-world phenomena. The constructivist learning theory recognized that
students need to be exposed to |earning experiences that enable them to construct their own
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knowledge and promote their higher order thinking skill (Driver, Asoko, Leach, Mortimer
& Scott, 1994).

Framed in more traditional terms, higher order thinking corresponding with the taxonomy
of Bloom and colleagues (1956), overlapping levels above comprehension that are
analysis, evaluation, and synthesis (Zohar & Dori, 2003). One approach to science
instruction that reinforces these skills is using case scenario (Ward, 1998). A scenario is a
story about how the future might turn out (O Brien, 2004) that is partial smulation of
reality that present real-world problems in controlled environments (Ward, 1998). It
provides situations in which students can be required to collect information, apply theory
or technique, or follow particular analytical or decision making procedures (Ward, 1998).

A challenge facing many schools, especially those in urban setting, is a connection
between schools and students' home communities, which can have cognitive and affective
implication for students (Bouillion & Gomez, 2001). Therefore, the scenario in urban
setting may effective to promote students to connect science to day-to-day living as well as
to reinforce their thinking skills.

In this paper, we suggest an instructional learning module — scenario-based urban
ecosystem — to develop higher order thinking skills among Tha grade 9 secondary
students.

Objective

The objective of this study is to develop an instructional learning module — scenario-based
urban ecosystem — to enhance Thai ninth grade students' higher order thinking. This study
addressed the following two questions:

1. What are thinking skills developed among students as they participated in
the ecosystem learning module?

2. What are student’s perceptions of the developed ecosystem learning
module?

M ethodology

To answer the two research questions posed above, the ecosystem learning module was
developed for the ninth grade students. The study was carried out with 159 ninth grade
studentsin three classes of a high school located in Samutsongkram Province of Thailand.

In order to attain triangulation (Lincoln & Guba, 1985), data were collected from several
sources and got several points of view that gave us a deeper understanding of the research
subject. The three sources that were used are: students' documents, observation of student
activities during this learning unit, and interviews with students.

The student’ s documents such as their worksheets during investigation and discussion were
collected. These documents were analyzed by a thematic approach (Mutch, 2005). The
analysis of these documents aimed to discover what skills were developed among the
students.
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Students worked in group and their activities were observed by the researcher. During the
investigation, the researcher intervened as infrequently as possible, and then only to ask for
clarification of what the student was doing. The discourses in each group were captured on
a camera. These observation data were used for corroboration with other data collection
methods.

At the end of class, group-interview was conducted by the researcher and the conversation
was audio-recorded. The semi-structured interview was used to discover student’s
preferences and perceptions of the learning activities.

Ecosystem learning module

The ecosystem learning module took 50 minutes. Students in a group of four were asked to
choose tools for exploration and investigation of one of four different areas adopted by
their schools (that are pond, vegetable land, football field, and a yard near the school wall).
Students were free to record what they saw and then shared and discussed these data in
class. The discussion was based on the scenarios of urban environment changes. The
questions-guided for the discussion were:

(1) What would happen if the cement is poured on the backyard?

(2) What would happen if the backyard was not watered for 1 month during summer
(no raining)?

(3) What would happen if we spread 100 earthworms into the backyard?

(4) If your school was flooding for 2 weeks, the water level rose up to 1 foot, what
would further happen?

Findings
Students’ higher order thinking

The analyses of students' documents and classroom observation revealed that students had
acquired basic systems thinking as well as higher order thinking. During their
investigations, they were able to categorize between living and nonliving things in a
particular ecosystem. They could select appropriate tools for their investigation. However,
it remained problematic for most of them to choose tools; most groups did not choose
thermometer and pH paper for collecting data. During the observations, the students could
create a systematic way for recording data; however, they recorded focus mainly on the
living things.

After investigation activity, students shared and discussed data in the whole class. Their
responses revealed their abilities to analyze and interpret the data. They knew what an
ecosystem is as they stated that:

An ecosystem is made of living and nonliving things that all work together. An ecosystem
may vary in size and biological composition.

Upon the scenario-based urban ecosystem, the students were able to predict what would be
happen if the environmental change. Additionally, they demonstrated various skills such
as application, analysis, and synthesis. They could give a set of factor variables that are
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crucia in an ecosystem, and determined how they work. Indeed, they proposed the
alternative ways to conserve their urban environment. An example of their responses was:

All parts of an ecosystem are important. The missing or damaged of one part influenced
others parts, therefore the system will not work as well. In an urban ecosystem [as
discussed based on scenario], that has living and nonliving things is intensely influenced
by human, compared to the natural phenomena. Therefore, we (human) should care an
urban ecosystem for further world as we are part of the world.

These results are summarized in Table 1.

Tablel.

Student’s higher order thinking skill developed through the ecosystem learning module

Activities Students’ thinking skill development Remain problematic for students
Investigation Analysis
and recording Students categorized between abiotic and
data biotic components.
Synthesis
Students created a table for recording Most groups focused on recording
data. only biotic components.
Evaluation
Students evaluated/sel ected tools for Most groups could select
investigation. appropriated-tools for
investigation. However they did
not mentioned on thermometer
and pH paper for investigation
Sharing and Analysis

discussing data

Students distinguished the differences
between four environmental areas.

Students stated the point of view of the
particular ecosystem.

Scenario-based
discussion

Application
Students predicted what would happen if
environmental change.

Analysis

Students gave a set of factor variables
that are crucial in an ecosystem, and
determined how they work.

Synthesis
Students identified dynamic relationships
within the system

Students proposed the alternative ways to
conserve their urban environment.

Student preferences and perceptions on the learning activities
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The student’ s responses to interview reveal that all students considered that the developed
learning module motivated them to learn. They enjoyed doing the activities. They
generally appreciated the freedom in recording their observation. They preferred to explain
their understanding or ideas to others. They thought this class enhanced them to think as
they were asked to choose tools for observation as well as to analyze the information from
the scenario. They enjoyed learning as they were actively involvement in the activities.
The students thought that the scenario help them to understand the dynamics that drive the
ecosystem. The students commented this way of learning contrasted sharply with the
content-loaded traditional learning. Using scenario of urban ecosystem setting also helped
them also help them to connect the school science to the day-to-day living. This therefore
made them interested in science learning.

Conclusion and Educational Implications

As the results of this study, the developed ecosystem learning module was found to be an
effective instruction to develop student’s higher order thinking skills such as analysis,
synthesis, and evaluation. In the light of these findings, we fell that instructors can
implement this learning module to teach the concepts of ecosystem as well as to develop
higher order thinking among elementary high schools students. It is recommended that the
class discussion and open-ended inquiry activities should be integrated in the instructions.
However, prior knowledge and pre-equisetic skills among students are needed to be
considered. Therefore, guided-inquiry may be available for young high schools students.
The scenario-based ecosystem aso challenged as it motivates students to think.
Application of the scenario to other topics may be available. It is suggested here that the
instructors need to consider day-to-day living when devel oping the scenario since it would
help students to connect the school science to their daily life.
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Research suggests that teacher should make learning more engaging for
students, while at the same time being more effective in fostering higher
order thinking as well as in promoting science literacy. However, generally,
most school teachers do not teach students to think. The teacher’s role is
perceived as that transmitting information to students. Textbooks are content-
loaded that students are expected to memorize. We report here our classroom
findings from an approach in which we mentored and actively participated in
aprofessional development program, the lesson plan, particularly on the topic
of dietary food testing, incorporating a bingo game and active learning
strategies. The results from questionnaire, interviews and observation show
that students enjoyed playing bingo game of nutrients in dietary food.

Students could see the Thai word “ins” (competent or proficient in English)

on the bingo card as they answered all correctly. Also they were willing to
test the nutrients in food that they brought from home. This learning activity
design seems to be successful in promoting students’ motivation for learning.
The results of analysis of student's worksheets indicated that students
acquired basic systems thinking; they were able to identify food nutrients,
they could draw the correct conclusion based on their investigation by
themselves. Additionally, students gained the concepts of nutrient testing as a
result from their posttest scores which were higher than those of pretest
SCcores.

Key Words: dietary food, game-based |earning, motivation, science learning

Introduction

According to constructivist perspective, learning with understanding occurs when learners
actively construct and transform their own meanings, rather than passively acquire and
accumulate knowledge transmitted to them (Driver, Asoko, Leach, Mortimer & Scott,
1994). Nowadays, students need opportunities to develop a disposition towards learning
that will empower them throughout their life to be lifelong learners. Teaching and learning
therefore should be more engaging for students, as well as more effective in fostering
higher order thinking as well as in promoting scientific literacy (National Science Council,
1996).
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As school science instructors respond to the need for fostering students' scientific literacy,
the important role of students motivation to learn has increased attention (Glynn,
Taasoobshirazi & Brickman, 2009; Odgers, 2007). Research has shown that educational
games had positive impacts on student learning and motivation (Leach & Sugarman,
2006). In this paper, we suggested an instructional module using a bingo card to encourage
students to test nutrient in dietary food which is a topic taught in al schools science
program.

Objective

The objective of this study is to develop an instructiona learning module of dietary food
testing (DFT) by using a bingo game encouraging students to test nutrient in dietary food.
This study addressed the following three research questions:

1. Does the developed bingo game encourage students to test nutrient in dietary
food?

2. Does the developed DFT learning module promote students conceptua
understanding and scientific process?

3. What are the student’s perceptions of the developed DFT learning
modul e?

M ethodology

To answer the three research questions posed above, the DFT learning module was
developed for the eighth grade students. The study was carried out with 76 eighth grade
students in two classes of a Thai secondary school located in Samutsongkram province.
The students were assessed by pre/post conceptual test, analysis of student’ s worksheet and
structured-observation to determine the students’ science process skills. Additionaly, a
Constructivist Learning Environment Survey (CLES) questionnaire (Salish | Research
Project, 1997) and semi-structured interviewing were used to investigate student’s
perceptions and their preferences on the learning before and after the implementation of
the DFT learning module. The significant difference of pre- and post-conceptual test scores
and six CLES scales were determined using paired t-test analysis. A thematic approach
was used to analyze transcripts of student interviews.

AANUIN V-4 1 9



Dietary food testing (DFT) learning module

The DFT learning module took 100 minutes. It was divided into three phases. engagement,
exploration and conclusion. The overall activities are as follow:

Phase Teaching/lear ning activity

Engagement  The students played a bingo game in that they were presented
photos of 70 dietary food (5 sec/photo) and then marked on bingo
card (70 units) if that food contains starch. Students could see the

Thai word “1ne” (competent or proficient in English) on the card
asif they answered al correctly as shown below.

Exploration  Studentsin group of 3 or 4 performed the experiment to test
nutrient (i.e. starch, sugar, protein and lipid) in diet food they
brought from home.

Conclusion Students interpreted the results and drew conclusion.

Results and Discussion

The students’ scores on post-CLES were significantly higher than those of the pre-CLES
scores (Table 1) suggested that the students percieved the DFT learning module as more
constructive than the traditional taught in their school science class.

They perceived that they had more chance to negotiate in the DFT learning unit as they
had more opportunities to explain and justify their ideas among their peers. They also
perceived that they had more opportunities to question the teacher’ s pedagogical plans and
methods. The students also perceived that, in the DFT class, they could voice their
concerns about impediments to their learning. As supported by observation data, the
students carried out their experiments in total cooperation, analyzed their results with little
control from the teacher. The student-centeredness was obvious during their laboratory
experiments. These results contrasted sharply with the traditional approach in which
students felt that they had few opportunities to share control with the teacher over the
design and to manage the learning activities.
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Tablel
Student’s perceptions of science learning environment before (pre-CLES) and after (post-
CLES) implementation of DFT learning module

Scale of CLES Mean + SE
guestionnaire Before After t
implementation implementation

Personal Relevance 3.34+0.50 3.67+0.53 -4.87*
Scientific Uncertainty 3.39+0.77 3.42+0.92 -0.35
Critical Voice 3.05+0.36 3.25+0.27 -2.11**
Share Control 2.89+0.16 3.20+0.28 -2.70*
Student Negotiation 3.37+£0.22 351+0.19 -2.31**
Attitude 3.24 + 0.56 3.56 + 0.40 - 1.77%*

* gignificant difference (p < 0.05)
** ggnificant difference (p < 0.1)

Although the students perceived the activities in the DFT class more relevant to their daily
live and more constructively compared with the one in the traditional school science class,
their responses on this scale of post-CLES were not significantly different from those of
the pre-CLES in term of scientific uncertainty (Table 1). These eighth grade students
acknowledged that scientific knowledge is evolving and provisional and that is shaped by
socia and cultural influences and arises from human interests and val ues.

The students were highly positive about the newly laboratory experiences as supported by
interview and observation data as well as their attitude score on post-CLES which was
significantly higher than those of the pre-CLES (Table 1). In the DFT learning module, the
students satisfied with the more active role given to them. They enjoyed playing bingo
game and were willing to test the nutrients in dietary food that they brought from home.
The learning activity design seems to be successful in promoting students' motivation for
learning. These findings are in accordance with those of Fouts and Myers (1992) that the
positive attitudes toward the learning are often related to achievement and influenceitin a
positive direction as the results of analysis of student’s worksheets and observation data.
During students’ leanring activities, the students acquired basic systematic thinking as well
as scientific process skill. They were able to identify food nutrients, they could set a
correct hypothesis and draw the correct conclusion based on their investigation by
themselves. Additionally, students gained the concepts of nutrient testing as a result from
their post-test scores which were higher than those of pre-test scores.

Conclusion and Educational Implementation

In conclusion, we return to National Science Education Standards (NRC, 1996) call on
scientific literacy. Science education researchers and science instructors could contribute
this task by fostering students' motivation to learn science. In the light of the findings in
this study, we fell that instructors could implement DFT learning module to motivate
students to learn science on this particular topic. The engagement step using a bingo game
could also be used to engage students’ learning in other science topics. It is recommended
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here that the science classrooms need to be organized around activities that intended to
help students develop and practice scientific process skills, and teaching materials need to
be devel oped with the intent to motivate students in learning as well as to engage in hands-
on activities and to discover knowledge for themselves.
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Abstract

Education for a sustainable development places education at the crucial point to
build a fairer, less troubled and more peaceful society. This makes teaching and learning
the most powerful instruments for bringing about the chances required to succeed at
sustainable development. The firefly has contributed to the rapid development in tourism
in the Samutsongkhram province because tourists of many home-stays have supplemented
the community income with tourism-related activities, especialy, by visiting the firefly
habitat by motorboats. Increasingly this activity now annoys the villagers. The latter have
begun to destroy some of the firefly habitat the “lumpu” trees nearby. We felt the need to
rectify the situation by educating local students on various aspects of the firefly tourism. A
firefly leaning module for the sustainable development proposed in this paper was
developed specifically for Thai grade 9 secondary students in this province. A deeper
connection between environment, social and economic dimensions, which lies at the core
of sustainability, became the key issue for this learning module. Also an important
dimension of the module was the empowerment of the students themselves. Through
brainstorming and ensuring activities, students were expected to act at the local level and

to develop a deeper sense of responsibility to solve the problems.

Keywords. learning module; firefly; sustainable devel opment
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Background or rationale
Education deals with what students know and can do and how they interact with
others and what they will face in the world (Drake, 1998). The educational system has to

develop not only academic and life skills, but also moral, social and persona development.
The methods of instruction as well as the curriculum content have been changing with the
times, reflecting cultural, social, and economic values and needs of communities. For
examples, the environmental educators should pay attention on the wondering the fields
and river when dealing with sense of place or sensitivity ideas (Hungerford, 2006).
Moreover, educators need to work to accommodate the changing role of environment in
lives.

Environmental education (EE) is gaining popularity across the globe including
Thailand. It can open the students’ minds to the natural existence and develop their senses
of responsibility and of self dependence. It trains them to respect the resources of the earth,
as well as teaches them the obligations of citizenship. In addition, the philosophy behind
environmental education is actually a combination of the philosophies behind experiential
education, ecological literacy, and environmenta awareness (Subramaniam, 2002). It
involves teaching children through personal discovery in natura setting, where they learn
ecologica principles that govern al life, as well as develop a sense of connection with the
land.

EE has been implemented in schools' curriculum since the past three decades, with
many different forms and varieties of teaching strategies. Most environmental education
for K-12 students occurs in the classroom; while teachers, curriculum designers, and
researchers often neglect the outdoor learning setting (Orion & Hofstein, 1994).
Development of knowledge and attitude among the children is an important issue for
environmental educators. They need to develop the environmental literacy to think about
the system and promote the awareness from knowledge to actions. Nevertheless, EE is still
inadequate, relatively inconsistent, and scattered in curriculum (Hungerford & Volk,
2003). EE took place in many venues apart from the formal school curriculum i.e., non-
formal education for children, youth and adults. Orr (1992) had addressed that EE would
be ineffective in advancing its own goa of creating an environmentally or ecologicaly
literate citizenry if it continues to effective.

During the last two decades, several research works on the connections between
school and the global ecological crisis have been reported (e.g., Bowers, 1992; Hutchison,
1998; Orr, 1994; Smith & Williams, 1999). These topics focused on philosophical issues,
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concerning the purpose of education, alternative curricular and pedagogical strategies, link
between school and community, and importance of local knowledge and trans-generational
communication. For example, the study of the educational framework for vocational
education which aimed to assist educators in restructuring their current practices to
promote environmental stewardship revealed the challenges on teacher training in
environmental concepts and teaching strategies (Arenas, 2004). A ramification of this
literature is the connection between environmental perceptions and behaviors with the
environmental education program in school system.

In many asian countries including Thailand, EE is not taught as a distinct subject in
the curriculum but is incorporated into other subjects such as science, socia studies,
geography, civics, life experience, and moral education (Bhandari & Abe, 2000).
Therefore, EE is undergoing a reorientation away from learning in classroom toward
learning by doing outside classroom. The most efficient and effective way of solving
environmental problems is to raise awareness, especialy among the youth. The
environmental awareness is raised when one is learning in practice about environmental
conservation and protection (Bureekul & Brown, 2003). In Thailand, most teaching
pedagogy is “chak-and-talk”, and the learning is based on the rote method and spoon-
feeding (Bhandari & Abe, 2000). As a result, students are encouraged to memorize rather
than examine the problems critically. Similarly, Bureekul and Brown (2003) stated that EE
in Thailand has been conducted by using traditional top-down approach e.g. teacher-
centered. Thusthere is aneed for more appropriate teaching-learning method.

In light of the above, learning modules on ecosystems were devel oped to encourage
students to learn through the scientific inquiry process. asking questions, anayzing data,
reasoning, and formulating evidenced-based explanations. This learning module was
designed to accommodate the practical limitations of time and cost. The firefly has
contributed to the rapid development in tourism in the Samutsongkhram province because
tourists of many home-stays have supplemented the community income with tourism-
related activities, especially, by visiting the firefly habitat by motorboats. Increasingly this
activity now annoys the villagers. The latter have begun to destroy some of the firefly
habitat the “lumpu” trees nearby. Therefore, fireflies and their habitats were chosen as a
model in this study because it is not easy to understand without participation in real-life
situations. This learning module focused on developing scientific skills in data
manipulation and interpretation, and amed a enhancing students conceptual
understanding in ecological topics as reported by Novak (1998).
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The developed learning module in this study was based on the collaboration of
learners community including supervisors, loca teachers, community people,
environmental educators, scientists, and science educators from university according to
Wenger’s theory (1998). The theory of communities of practice is based on imparting
“learning as social participation which is not just local events engagements but to a more
encompassing process of being active participants in the “practice” of social communities
and constructing “identities’ in relation to these communities’. This learning module
should be a sustainable development places education at the crucial point to build a fairer,
less troubled and more peaceful society. This would make teaching and learning the most
powerful instruments for bringing about the chances required to succeed at sustainable
devel opment.

In response to the challenges as mentioned above, this study aimed to develop the
learning module to enhance knowledge and promote awareness toward firefly
conservation, and promote students behaviors for firefly’s habitats and their ecosystems.
This learning module was designed based on the inquiry approach, scientific investigation,
and community-based principle. This study aso concerned the impacts of the newly
developed learning module on pedagogic practices and students performance.

An inquiry approach (NRC, 1996; 2000) was used to apply in the learning
modul€’ s development and implementation. These are the learning module to learn about,
in, and for environment, as suggested by Lucas (1979). These learning module integrate
the knowledge gained from school together with the knowledge gained from outside
school. Through these learning modules, students will hopefully develop the suitable
actionsfor their ecosystems.

This study seems to be the first attempt in developing learning packages based on
both the principle of inquiry approaches and the collaboration of learners community. Such
a community included supervisors, loca teachers, community members, local sages,
environmental educators, scientists, and science educators from university. In the learning
module the students should experience a diversity of instructional activities including
participating in acommunity of learners both within and outside their schools.

The expected outcomes from this learning are (a) enhanced knowledge by which
students can learn to balance environmental science concepts and practice in the
community, (b) awareness of the local environmenta situations, and (c) ability to take

actionsin conserving the environment.
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Objectives
1. To develop a firefly learning module for environmental sustainable
development for lower secondary school to improve students conceptual
understanding in ecosystems, awareness, and self-reported behaviors toward
firefly conservation and their local ecosystems.
2. To investigate the effectiveness of this learning module on students

achievement and perceptions.

Resear ch Questions

This study will address the following research questions.

1. Can the newly developed learning module promote lower secondary school
students' conceptual understanding on firefly conservation and their local
ecosystems?

2. How do lower secondary students perceive the learning module based on their
experiences of the educational activities?

3. Have the students become more aware of the firefly conservation and their local

ecosystems after implementation of the learning module?

Resear ch M ethod

This study was carried out after permission to conduct the study was ensured. The
firefly learning module with different approaches was developed as a semester-long
community-based learning package which involved the collaborative efforts of supervisors,
local teachers, community members, local sages, and science educators from Mahidol
University. This learning module for lower secondary school students will be implemented

through a variety of hands-on activities, extra-time exercises, and field trips.

The researcher employed the mixed-methods research paradigm (Johnson &
Onwuegbuzie, 2004) to gather data to answer the research questions. Various data
collection methods (triangulation) will be used as an attempt to capture the complexity of
the educational study (Metz, 2000).

Needing the theoretical concepts of mixed-methods and triangulation, the

researcher employed four qualitative and quantitative data collection strategies to gather

AANUIN V-4 Wi 17



data for the present study. These included (1) classroom observations, (2) interviews, (3)
written documents, and (4) questionnaire (Patton, 1990).

During the semester-long implementation of the firefly learning module, the
researcher designed the schedule for pre-test and post-test questionnaires conductions as
well as classroom observations. The written documents including course syllabus, teaching
materials, fieldtrip reports, and student’s works will be collected. The interviews will be
also conducted. The Statistica Package for the Social Sciences (SPSS for Windows
Version 13.0) will be employed to analyze quantitative data collected from a questionnaire.
The gathered data will be analyzed with Strauss and Corbin’s (1990; 1998) open and axial
coding techniques. Finally, the analyzed data will be categorized to describe context of
developed learning packages in school, the students’ knowledge and perceptions toward

local ecosystems.

Development of Firefly L ear ning Module

1) Content Development

A firefly learning module was designed based on an instructional devel opment
framework of learning and communicative strategies for teaching (Leach & Scott 2002;
2003) and followed a five-step process of inquiry teaching by Beyer (1979). This leaning
module aimed to provide opportunities for students to learn, understand, and aware of
firefly conservation and their local ecosystems, and then take actions on firefly
conservation and their habitats. The local ecosystems in Muang District Samutsongkhram
province, Thailand were used as learning sites. The development of learning module
comprised two main phases. brainstorming for contents of the program, and construction

of the program.
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a) Brainstorming for the contents of the instruction

The scope of the learning module was gathered from brainstorming through three
focus group discussions with the participants. two supervisors from Educational Service
Area Office-Samutsongkharm (ESAO), a local school teacher, three local sages, two
science educators, an environmental educator, and two scientists. The participants
expressed their feelings, opinions, and perceptions toward the existing teaching-learning
process on school environment. They discussed the factors that supported or hindered the
teaching and learning, and proposed the expected learning process with pedagogical
content knowledge. The proposed content and concepts of the learning module derived
from brainstorming were designed to be consistent to the National Science Curriculum
Standards (IPST, 2001: NRC, 2000).

b) Construction of the a firefly learning module

After agreement on the content, the lesson plans for the instruction and self-
learning computer-assisted instruction were designed and developed. These were done
through four focus group meetings which was composed of a supervisor from ESAO, local
school teacher, two local sages, two science educators, and an environmental educator. The
local teacher who involved in this study used the knowledge and skills acquired from
teacher training workshops as well as opinions from focus group meetings to generate the
lesson plans under researcher facilitation. The list of teaching-learning activities was
generated after the first meeting and revised several times through the process of
brainstorming to improve the quality and relate with the ad-hoc events. Moreover, self-
learning computer-assisted instruction was aso developed to be used in this learning
module.

2) Learning Package Components

A firefly learning module was designed as a semester-long program using local
ecosystems as learning resources that students learn about, in, and for ther local
ecosystems. The program was composed of learning objectives, instructional materias,
lesson plans, teaching-learning activities, and the evaluation of students conceptual
understanding in ecosystems, perceptions toward ecosystems and management, and self-

reported behaviors toward ecosystems and management.
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Data collection and Data Analysis

The mixed-methods research paradigm (Johnson & Onwuegbuzie, 2004) will be
used to gather data for the research questions posed. The data include questions and
interview on conceptual understanding in ecosystems, questionnaire on awareness and self-
reported behaviors toward their local environment of students before and after participation
in the program. In addition, the written documents on concept maps, reports, and
classroom observations were al so used.

The quantitative data on pre-test and post-test of questionnaire will be analyzed
using paired t-test. The Statistical Package for the Social Sciences (SPSS for Windows
Version 13.0) will be used for quantitative analysis. The questionnaires will be collected,
coded, and analyzed. The significance at P < 0.05 will be used for mean separation and
comparing the students perception and self-reported behaviors toward water resources
management before and after participating in the program. Open coding technigue (naming
and categorizing of phenomena through close observation of data) and axia coding
technique (putting the data back together in new ways by making connections between a
category and its subcategories) as suggested by Strauss and Corbin (1990; 1998) will be
employed to analyze the qualitative data on written documents and interviews. The
qualitative data: interview data will be scored using the interview scoring rubric adapted
from Magntorn and Helldén (2007).

Curriculum overview

The activities of firefly learning module were designed as a 15 two-period unit and
self-learning using computer-assisted instruction. The program activities were based on the
community-based education that students not only learned from and with local
environment, but also for their local community. The program was composed of unit
overview, learning objectives, instructional materias, activities, and assessment of
students’ knowledge, perceptions, and self-reported behaviors toward environment. The
lesson plans for firefly learning module were devel oped through collaborative efforts of the
supervisors, local teachers, local sages, science educators, environmental educators,

scientists from the university based on 5E |learning cycle (Bybee, 2003).
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Instructional materials

The instructional materials in this curriculum were textbooks, students worksheets,
self-learning computer-assisted instruction, test kits for measuring chemical properties of
water (pH, dissolved-oxygen, nitrate, ammonia), and equipments for measuring firefly
population, habitats, and distribution.

I mplementation of Firefly L earning Module

The teaching-learning activities will be conducted following the developed lesson
plans. This study will be involved one class of twenty 9th grade students from one school
in  Samutsongkhram Province, about 500 meters from the cana. The students
achievements are at the low level (GPA 2.35 £ 0.23 (on a standard 4.0 grading system). All
participants are completely voluntary and anonymous, and they are free to withdraw from
the program at anytime. For ethics and respect for human rights, the participants names

will be given pseudonym.
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Improving L earning Science through Game Activities:
Energy Transfer in the Ecosystem
Ekkarach Saengsawang', Watcharee Ketpichainarong?, Piyachat Jittam? Pintip

Ruenwongsa’

Abstract

Students learn science from lecture, reading science textbooks, and performing
experiments. However, some concepts such as energy are abstract therefore young
students cannot easily grasp the concept. This study aims to improve students' learning by
using a game on the topic of energy transfer in the ecosystem. This topic composes of two
important concepts: food chain and food web. Generaly, food webs are often taught by
making it up from a number of linear food chains. Students need help to understand the
following points and the direction of the arrows. In addition, students are often forget that
some organisms can appear in more than one chain as well as can be either predator or
prey. After participating in the Teacher Professiona Development program, the game
“Predators and Prey” was developed based on the active learning strategy. The main
objective of the game was to help students to understand rel ationships among organismsin
the ecosystem and between organisms and the environment. After completing the game,
the students draw a picture to represent their understanding about the energy transfer in the
ecosystem. Results show the compared with the no game activity class, students
understood important concepts, food web, food chain and the direction of the arrow.
However, the learning unit needs to be improved. In terms of classroom management, we
need to set more ruled and explain them to the students before performing the game
activity. Another isthat the concept map should be implemented to the students for use as
learning and assessing tools.

Key words. Ecosystem, Energy transfer, Game

'Darunanukul School, 74 Rajprasit Rd., Maklong, Samut Songkhram, Thailand
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I ntroduction

Education seems to be an enable key to develop science and technology literacy for
all Thai citizens. After Thai science educational reformed in 1999, the teaching/learning
approach was changed from a teacher-centered to a student-centered. Students should be
life-long learners which could apply what they learn in science to their daily life. They also
need to improve the understanding of the science concepts, inquiry processes, higher order
thinking skills, communication skills, decision-making skills, and the ability to solve
numerical problems (ONEC, 1999). Until year 2001,the Ministry of Education announced
implementation of the Basic Education Curriculum 2001, which served as the core
curriculum for national education at basic level. It provided goals, learning standards, and
framework which are suitable for developing quality of learners (Ministry of Education,
2010).

Meanwhile worldwide education also reformed. Many research studies promoted
the constructivist teaching/ learning theories which states that students who are not a blank
vessel while come into class could construct their own knowledge through activities or
experiences. They are not simply passive learners but could create their own knowledge.
Additionally, socia constructivism which considers that knowledge construction is the
basis of socia interactions; such interactions include sharing ideas, comparing and
debating ideas among students, and between students and teachers were introduced
(Driver, Asoko, Leach, Mortimer & Scott, 1994). Numerous constructivist-based research
studies illustrate the pedagogical knowledge needed to help students learn effectively and
meaningfully in science context such as laboratory activities, inquiry-based learning,
concept mapping, and problem-based learning (Novak, 2002; Wallace, Tsui, Calvin, &
Darley, 2003).

One of the goals of teaching science is to promote conceptual understanding of
scientific concepts. Pedagogical strategies are important for supporting students in the
process of construction, reflection on, and evaluation of ideas, in other word, instructional
activities are mediated in the science classroom (Scott & Driver, 1998). Hofstein and
Walberg (1995) also pointed out that in order to change teacher directed to student
directed, do not mean reduce teacher activity, but change teacher role to be a facilitator, or
guide. Good teachers help students learn meaningfully to achieve quality over quantity,
meaning over memorizing, and understanding over awareness (Mintzes, Wandersee, &
Novak, 1998). Teachers should utilize effective teaching strategies to ensure conceptual
understanding of science (Johnson, 2007).
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Active learning is one of instructional pedagogy that pushes students to be
responsible actively participants in the learning activities. Even there are various strategies
underpin the active learning pedagogy such as problem-based learning, small group
discussion, brainstorming, project-based learning, role-play, visual-based instruction, and
case study (Bonwell, Eison, & Bonwell, 2000; Prince, 2004), their goas are at the same
point that provides opportunity for students to reflect, evaluate, analyze, synthesize, and
communicate on or about the information presented (Machemer & Crawford, 2007). Many
classrooms that adopted active learning techniques reported that students achievement,
skills, and attitude were all increased (Prince, 2004).

The purpose of this study was to develop active learning activities by using games
to engage and enhance students understanding on the topic of energy transfer in the
ecosystem specificaly food web and food chain. . This study attempted to answer two
research questions which were 1) Can the developed games assist students to understand
concept about energy transfer in the ecosystem? 2) What are students attitude toward

devel oped |earning-teaching activity on the topic of energy transfer in the ecosystem?

M ethodology
Participants

The participants were 41 grade nine students including 20 boys and 21 girls from a Thai
secondary school in Samut Songkhram province. A developed teaching/learning activity
was implemented for 3 periods (50 minutes/period) in a science classroom which is similar

to the time spent in the traditional learning method.
Learning and teaching activity

A three-period teaching/learning unit was developed for grade nine students. At the
first period, a ssmple game called “predator and prey” was designed to engage students to
learn food web and food chain. The main objective of the game was to help students to
understand relationships among organisms in the ecosystem and between organisms and

the environment. At the beginning of the class, teacher explained rules and steps for

playing a game.

After the game was over, students then learned about food chain and food web via

PowerPoint presentation in a computer room for second period activity.
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Finally teacher further used another game named “jigsaw (puzzle in English)”
including 16 pieces of a portrait to conclude students' knowledge gained. To start the game
students selected specific number of question, they had to think and answered those
questions. If they were right, teacher opened that piece’'s cover. After that they chose other
guestions until complete. The game would be ended when students could give the portrait
name, in this case was Mendel.

Data collection tools

Three educational tools which are composed of students documents, students
reflection and observation were used to answer two research questions mentioned above.
The students’ documents such as worksheets were used to determine their understanding
on the topic. Students were also asked to write their reflection about their opinions toward
the teaching/learning activity. The observation data collecting from the class was used to
determine both students' understanding and students' attitude toward teaching/learning
activity.

Results and conclusions

Students’ documentation

The students were asked to draw picture to represent their understanding on the
topic. Most students seem to understand the concepts of food web and food chain that
composed of producers, primary consumers, secondary consumers as well as decomposers
in the ecosystem. More importantly, they linked al organisms together with corrected
arrow direction. An example of students' understanding representation is shown bellowed.
The picture illustrates an understanding of the important concepts in food web, food chain

and direction of the arrow.

Students’ reflections

Most students told that this activity was different from traditional one. They could
freely participate in the teaching/learning activities. They enjoyed learning by using games
and participating in the activities. The following statements are sample of the students
responses;

“Generally, we learned by taking lecture, reading books which made me boring.

Now we are learning by doing activity such as game. It’s was fun.”
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Figure 1. The example of students picture represented their understanding the food web
and food chain in the topic of energy transfersin the ecosystem.

“Normally, we used animal pictures but this activity asked us to act
as animal which was very fun to play the game.”

“We gained more knowledge and understanding when playing game.”

“The activity that we do made me understand energy transfers in

ecosystem clearer than before.”

Another point is that this teaching/learning activity allows them to learn with their
peers as followed quotation;
“We learned by cooperating with friends, consulting with friends to
conclude the knowledge. We are so happy.”

However, some students mentioned some disadvantages of the activity, for
example;
“This activity spent time to learn just for one topic. So we could grasp little
knowledge in longer time.”
“l did not understand the steps of the activity at the first time which made

me feel rough-and-tumble.”
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Classroom observation

From the observational data, most students enjoyed and participated the game
activities. They preferred to be some selected animals and explain their understanding or
ideas to peers about their place, who should eat them and what they can eat in the food web
and food chain, game activities. The following three figures show the teaching and
learning activities.

In conclusion, students in this study gained important concepts, food web, food
chain and the direction of the arrow as mentioned in students document. In terms of
students’ attitude, most students enjoyed and participated the learning activities as well as
like to cooperate with their friends. However, rules and/or game instructions need be
clearly explained before performing the game activity. To improve students better
understanding, we suggested using concept map during activity as learning and assessing
tool.
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Using a Local Water Problem as Case-based Scenario to Encourage Thai Grade 8
Students’ Learning of Science
Chakpet Tianchai®, Nantawadee Tianchai®, Jongdee To-im?,
Watcharee Ketpichainarong® , Piyachat Jittam®, Namkang Sriwattanarothai®,
Pintip Ruenwongsa’

Abstract

Thai educational policy requires that teacher integrate local knowledge and resources with
lessons to help students learn science with more relevance to their life. The study reported
here encouraged students to learn about water resource by using a case scenario on local
water problems. After each group of students studied the case, students were asked to
search for more information on local water resources, water quality, and comparative
quality of water. A local sage was invited to give atalk to the students who later used the
knowledge gained to discuss the way to solve the case problems. Students reported their
ideas to friends as well as constructed their own webblog to present what they had learned.
Students’ presentation, report, webblog, concept map, pre-post test, and observation were
used to assess their achievements from this lesson. The average score was 75.38 from 100
points indicating that most students achieved the objectives of the lesson. They could build
knowledge from the case, search for information on their own, and discuss with friends as
well as present the understanding via the webblog. Some problems still need to be solved
such as alowing for more time and providing computer each for the student who did not
own one.

Keywords.  case-based scenario, local water problem, learning, science

Background or rationale
Education deals with what students know and can do and how they interact with
others and what they will face in the world (Drake, 1998). The educational system has to

develop not only academic and life skills, but also moral, social and persona development.
The methods of instruction as well as the curriculum content have been changing with the
times, reflecting cultural, social, and economic values and needs of communities. For
examples, the environmental educators should pay attention on the wandering the fields
and river when dealing with sense of place or sensitivity ideas (Hungerford, 2006).
Moreover, educators need to work to accommodate the changing role of environment in

lives.
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Environmental education (EE) is gaining popularity across the globe including
Thailand. It can open the students’ minds to the natural existence and develop their senses
of responsibility and of self dependence. It also trains them to respect the resources of the
earth, as well as teaches them the obligations of citizenship. In addition, the philosophy
behind environmental education is actually a combination of the philosophies behind
experiential education, ecological literacy, and environmental awareness (Subramaniam,
2002). It involves teaching children through persona discovery in natural setting, where
they learn ecological principles that govern al life, as well as develop a sense of
connection with the land.

During the last two decades, several research works on the connections between
schooling and the global ecological crisis have been reported (e.g., Bowers, 1992; Orr,
1994; Smith & Williams, 1999). These topics focused on philosophical issues, concerning
the purpose of education, alternative curricular and pedagogical strategies, the link
between school and community, and the importance of local knowledge and trans-
generational communication. For example, the study of the educational framework for
vocational education which aimed to assist educators in restructuring their current practices
to promote environmental stewardship revealed the chalenges on teacher training in
environmental concepts and teaching strategies (Arenas, 2004). A ramification of this
literature is the connection between environmental perceptions and behaviors with the
environmental education program in schools.

This study therefore, developed a case-based scenario to encourage students
learning science beyond the classroom to learn in, with, and for community (Lave &
Wenger, 1991; Wenger, 1998). This learning unit is an integrated unit of local knowledge
and resources with lessons to help students learn science with more relevance to their life.

The expected outcomes were (@) to enhance knowledge which students can learn
about water resources by using a case scenario on local water problems to balance
environmental science concepts and practice in the community, (b) to promote awareness
on the local environmental situations, (c) to be ready to take action of their own water
resources.

This study investigated whether students who experience a diversity of teaching
activities through participation in the community, in arange of contexts, will have a better
understanding and change their perceptions. The case-based scenario, webblog, and

practices of classroom and local environmental learning are the focus of this study.
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Objectives

The aims of this study were to construct community of learning, develop and
implement a community-based environmental education program for lower secondary
students, and evaluate its effects on conceptual understanding on ecosystems, perceptions
and self-reported behaviors toward their local environment. The attitude toward devel oped
program and teachers was also evaluated.

The objectives of this study were

1. To enhance students knowledge and understanding on local water resources.

2. To promote environmental awareness on local water resources.

3. To help students learn science with more relevance to their life.

M ethodology
Participants and Context

This study involved one class of nineteen 8th grade students, 6 boys and 13 girls
from one school in Samutsongkhram Province, about 100 meters from the water resources.
All participants were completely voluntary and anonymous, and they were free to
withdraw from the program at anytime. For ethics and respect for human rights, the
participants names were given pseudonym.

Data collection

The mixed-methods research paradigm (Johnson & Onwuegbuzie, 2004) was used
to gather data for the research questions posed. The data included multiple choices
questions about the knowledge on water resources and questionnaire on perception toward
water resources before and after participation in the program. In addition, the written
documents on concept maps, reports, and classroom observations were also used.

This learning unit was implemented in first semester academic year 2009. The
several learning activities were employed including guest lecture, webblog development,
field tripsin local community, and presentation in public hall. A local sage was invited to
give atalk to the students who later used the knowledge gained to discuss the way to solve
the case problems.
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Data Analysis

Quantitative Analysis

The quantitative data on pre-test and post-test of the questionnaire were analyzed
using the paired t-test. The Statistical Package for the Social Sciences (SPSS for Windows
Version 13.0) was used for quantitative analysis. The questionnaires were collected, coded,
and analyzed. The significance at P < 0.05 was used for mean separation and comparing
the students perception and self-reported behaviors toward water resources management
before and after participating in the program.

Qualitative Analysis

The qualitative data were analyzed using content analysis technique and holistic
scoring rubrics technique. The transcribes from the interview on environmental perceptions
conducted after program participating were categorized into four levels using the scoring
rubric: poor (almost al answers do not show any concerns about the water resources
management), fair (some or all answers show that students seem to be aware about water
resources management), good (most answers show students’ concerns on water resources
management), and excellent (all answers show students concerns on water resources

management).

Findings

Students’ conceptual under standing

The results on students' conceptual understanding of local water resources about
water resources, usages of local water resources are as the percentage of correct answers
from twenty multiple choices questions before and after participating in the learning unit.
The paired t-test of the questions showed a significant increase in percentage of correct
answer in all items tested. The percentage of difference between the pre- and post-test
ranged from 10% to 80%. The average score was 75.38 which were higher than standard
line.

The students were asked to search for more information on local water resources on
local water resources, water quality, and comparative quality of water. Webblogs were
evaluated by experts and teachers, most of them were ranked in good level. Only 2% were
categorized in fair level.

The results on concept map of students on water resources and conservation were
significantly different after enrolling in this learning unit. The holistic scoring rubrics
increased from 28.4 to 55.3 from 60 points. The overall results indicated that students
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behaved much better conceptual understanding on water resources in several aspects
indicating that most students achieved the objectives of the learning unit. They could build
knowledge from the case, search for information on their own, and discuss with friends as
well as present the understanding via the webblog.

Students’ Awarenesstoward Local Water Resour ces

The students awareness toward their local water resources before and after
participating in this learning unit indicated that there were significant increases in students
awarenessin all 20 itemstested. The average score was 79.05. The results reveal ed that the
misconception on the reason for location of industries near the river was corrected. In
addition, students had increase awareness about water conservation, including how to
maintain good water quality. The overal results indicated that students behaved much
better toward conservation of water resources in several aspects.

The interviewing results from ten students also revealed that students awareness

changed toward a good level after participation in thislearning unit.

Conclusion

The statistical analyses of the pre- and post-test on students conceptud
understanding and awareness on local water resources were a significant increase in
awareness as well as a significant increase in conceptual understanding. The students also
made some interesting shifts in their stances as illustrated in the comparisons of interviews
before and after program participation. In analyzing the qualitative data, the results
supported the importance of a case-based scenario which was implemented in this learning
The very fact that there was a significant increase in perceptions appeared to indicate a
connection to the teaching strategies used to provide the students with the firsthand
experiences necessary to develop a conceptual understanding of ecology concepts and the
perceptions toward their local environment.

In this study, the local environment was used as educational resources to provide
students to develop environmental literacy and promote awareness from knowledge to
actions which according to Orion and Hofstein (1994) and the idea of community-based
and place-based education that has been described by Sobel (1996). This study reveals with
Gruenewald (2003) that place-based learning connects to the experiential learning,
constructivist, outdoor education, indigenous education, and environmental education.

The results from this study indicated that this learning unit can be seen as a mean

for situated learning based on participation and interaction among community members
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both in school and outside the school context. The developed learning unit established as a
culture in community, one in which local people, local teachers, science educators, science
educational researchers, students, and family hold expectations for engaging together in
learning. The teaching sequence of the program provides the opportunities for students
experiences of interacting with community people, researchers, and teacher that could lead
to trust, mutual understanding and shared the practices as Wenger (1998) states as social
aggregation for learning.

This study indicated that it is this reality that community members have been
experiencing within the community of learning, local environment, and the wider
professional. The results suggest that students have been experiencing within the
combination of university, workplace and the wider professional and academic community.
The results suggest that the virtual community of practice has provided an arena in which
students have been able to develop their identities as practitioners and scholars in a
supportive and challenging environment.

To conclude, the study has indicated that the ethos and requirements of situated
learning can be created virtually with possible benefits for community-based learning
students. The results of this study provide strong support for the views expressed by Lave
and Wenger (1991), Drake (1998), Wenger (1998), and others that learning and interacting
with the nature can provide insight into their perceptions about the natural world. The
results of this study indicate that it is possible to develop a multidisciplinary learning unit

through community involvements since devel oping to implementing the learning unit.
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Abstract: The study reported here encouraged students to learn about water resource by using a case
scenario on local water problems. After each group of students studied the case, students were asked
to search for more information on local water resources, water quality, and comparative quality of
water. A local sage was invited to give a talk to the students who later used the knowledge gained to
discuss the way to solve the case problems. Students reported their ideas to friends as well as constructed
their own webblog to present what they had learned. Students’ presentation, report, webblog, concept
map, pre-post test, and observation were used to assess their achievements from this lesson. The average
score was 75.38 from 100 points indicating that most students achieved the objectives of the lesson.
They could build knowledge from the case, search for information on their own, and discuss with
friends as well as present the understanding via the webblog. Some problems still need to be solved
such as allowing for more time and providing computer each for the student who did not own one.

Keywords: Case-based Scenario, Learning, Local Water Problem, Science

Background or Rationale

DUCATION DEALS WITH what students know and can do and how they interact

with others and what they will face in the world (Drake, 1998). The educational

system has to develop not only academic and life skills, but also moral, social and

personal development. The methods of instruction as well as the curriculum content

have been changing with the times, reflecting cultural, social, and economic values and needs

of communities. For examples, the environmental educators should pay attention on the

wandering the fields and river when dealing with sense of place or sensitivity ideas (Hunger-

ford, 2006). Moreover, educators need to work to accommodate the changing role of envir-
onment in lives.

Environmental education (EE) is gaining popularity across the globe including Thailand.

It can open the students’ minds to the natural existence and develop their senses of respons-

ibility and of self dependence. It also trains them to respect the resources of the earth, as

well as teaches them the obligations of citizenship. In addition, the philosophy behind envir-
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onmental education is actually a combination of the philosophies behind experiential educa-
tion, ecological literacy, and environmental awareness (Subramaniam, 2002). It involves
teaching children through personal discovery in natural setting, where they learn ecological
principles that govern all life, as well as develop a sense of connection with the land.

During the last two decades, several research works on the connections between schooling
and the global ecological crisis have been reported (e.g., Bowers, 1992; Orr, 1994; Smith &
Williams, 1999). These topics focused on philosophical issues, concerning the purpose of
education, alternative curricular and pedagogical strategies, the link between school and
community, and the importance of local knowledge and trans-generational communication.
For example, the study of the educational framework for vocational education which aimed
to assist educators in restructuring their current practices to promote environmental steward-
ship revealed the challenges on teacher training in environmental concepts and teaching
strategies (Arenas, 2004). A ramification of this literature is the connection between envir-
onmental perceptions and behaviors with the environmental education program in schools.

This study therefore, developed a case-based scenario to encourage students learning
science beyond the classroom to learn in, with, and for community (Lave & Wenger, 1991;
Wenger, 1998). This learning unit is an integrated unit of local knowledge and resources
with lessons to help students learn science with more relevance to their life.

The expected outcomes were (a) to enhance knowledge which students can learn about
water resources by using a case scenario on local water problems to balance environmental
science concepts and practice in the community, (b) to promote awareness on the local en-
vironmental situations, and (c) to be ready to take action of their own water resources.

This study investigated whether students who experience a diversity of teaching activities
through participation in the community, in a range of contexts, will have a better understand-
ing and change their perceptions. The case-based scenario, webblog, and practices of
classroom and local environmental learning are the focus of this study.

Objectives

The aims of this study were to construct community of learning, develop and implement a
community-based environmental education program for lower secondary students, and
evaluate its effects on conceptual understanding on ecosystems, perceptions and self-reported
behaviors toward their local environment. The attitude toward developed program and
teachers was also evaluated.

The objectives of this study were
1. To enhance students knowledge and understanding on local water resources.
2. To promote environmental awareness on local water resources.
2. To help students learn science with more relevance to their life.

Methodology

Participants and Context

This study involved one class of nineteen 8th grade students, 6 boys and 13 girls from one
school in Samutsongkhram Province, about 100 meters from the water resources. All parti-
cipants were completely voluntary and anonymous, and they were free to withdraw from
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the program at anytime. For ethics and respect for human rights, the participants’ names
were given pseudonym.

Data Collection

The mixed-methods research paradigm (Johnson & Onwuegbuzie, 2004) was used to gather
data for the research questions posed. The data included multiple choices questions about
the knowledge on water resources and questionnaire on perception toward water resources
before and after participation in the program. In addition, the written documents on concept
maps, reports, and classroom observations were also used.

This learning unit was implemented in first semester academic year 2009. The several
learning activities were employed including guest lecture, webblog development, field trips
in local community, and presentation in public hall. A local sage was invited to give a talk
to the students who later used the knowledge gained to discuss the way to solve the case
problems.

Data Analysis

Quantitative Analysis

The quantitative data on pre-test and post-test of the questionnaire were analyzed using the
paired t-test. The Statistical Package for the Social Sciences (SPSS for Windows Version
13.0) was used for quantitative analysis. The questionnaires were collected, coded, and
analyzed. The significance at P < 0.05 was used for mean separation and comparing the
students’ perception and self-reported behaviors toward water resources management before
and after participating in the program.

Qualitative Analysis

The qualitative data were analyzed using content analysis technique and holistic scoring
rubrics technique. The transcribes from the interview on environmental perceptions conducted
after program participating were categorized into four levels using the scoring rubric: poor
(almost all answers do not show any concerns about the water resources management), fair
(some or all answers show that students seem to be aware about water resources management),
good (most answers show students’ concerns on water resources management), and excellent
(all answers show students’ concerns on water resources management).

Findings

Students’ conceptual understanding

The results on students’ conceptual understanding of local water resources about water re-
sources, usages of local water resources are as the percentage of correct answers from twenty
multiple choices questions before and after participating in the learning unit. The paired t-
test of the questions showed a significant increase in percentage of correct answer in all
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items tested. The percentage of difference between the pre- and post-test ranged from 10%
to 80%. The average score was 75.38 which were higher than standard line.

The students were asked to search for more information on local water resources, water
quality, and comparative quality of water. Webblogs were evaluated by experts and teachers,
most of them were ranked in good level. Only 2% were categorized in fair level.

The results on concept map of students on water resources and conservation were signi-
ficantly different after enrolling in this learning unit. The holistic scoring rubrics increased
from 28.4 to 55.3 from 60 points. The overall results indicated that students behaved much
better conceptual understanding on water resources in several aspects indicating that most
students achieved the objectives of the learning unit. They could build knowledge from the
case, search for information on their own, and discuss with friends as well as present the
understanding via the webblog.

Students’ Awareness toward Local Water Resources

The students’ awareness toward their local water resources before and after participating in
this learning unit indicated that there were significant increases in students’ awareness in all
20 items tested. The average score was 79.05. The results revealed that the misconception
on the reason for location of industries near the river was corrected. In addition, students
had increase awareness about water conservation, including how to maintain good water
quality. The overall results indicated that students behaved much better toward conservation
of water resources in several aspects.

The interviewing results from ten students also revealed that students’ awareness changed
toward a good level after participation in this learning unit.

Conclusion

The statistical analyses of the pre- and post-test on students’ conceptual understanding and
awareness on local water resources were a significant increase in awareness as well as a
significant increase in conceptual understanding. The students also made some interesting
shifts in their stances as illustrated in the comparisons of interviews before and after program
participation. In analyzing the qualitative data, the results supported the importance of a
case-based scenario which was implemented in this learning The very fact that there was a
significant increase in perceptions appeared to indicate a connection to the teaching strategies
used to provide the students with the firsthand experiences necessary to develop a conceptual
understanding of ecology concepts and the perceptions toward their local environment.

In this study, the local environment was used as educational resources to provide students
to develop environmental literacy and promote awareness from knowledge to actions which
according to Orion and Hofstein (1994) and the idea of community-based and place-based
education that has been described by Sobel (1996). This study reveals with Gruenewald
(2003) that place-based learning connects to the experiential learning, constructivist, outdoor
education, indigenous education, and environmental education.

The results from this study indicated that this learning unit can be seen as a mean for
situated learning based on participation and interaction among community members both in
school and outside the school context. The developed learning unit established as a culture
in community, one in which local people, local teachers, science educators, science educa-
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tional researchers, students, and family hold expectations for engaging together in learning.
The teaching sequence of the program provides the opportunities for students’ experiences
of interacting with community people, researchers, and teacher that could lead to trust, mu-
tual understanding and shared the practices as Wenger (1998) states as social aggregation
for learning.

This study indicated that it is this reality that community members have been experiencing
within the community of learning, local environment, and the wider professional. The results
suggest that students have been experiencing within the combination of university, workplace
and the wider professional and academic community. The results suggest that the virtual
community of practice has provided an arena in which students have been able to develop
their identities as practitioners and scholars in a supportive and challenging environment.

To conclude, the study has indicated that the ethos and requirements of situated learning
can be created virtually with possible benefits for community-based learning students. The
results of this study provide strong support for the views expressed by Lave and Wenger
(1991), Drake (1998), Wenger (1998), and others that learning and interacting with the nature
can provide insight into their perceptions about the natural world. The results of this study
indicate that it is possible to develop a multidisciplinary learning unit through community
involvements since developing to implementing the learning unit.
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